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SULFUR ISOTOPES AND TRACE ELEMENTS IN COPPER ORES AND
PYRITIC SCHISTS FROM BALAN (EAST CARPATHIANS)

llans G. KRAUTNER, Constanta UDRESCU, Filofteia GAFTOI

Institutul de Geologic gi Geofizicl. Str., Caransebes 1, 78 344 Bucuresti 32.
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Abstract: Sulfur [solopes and Trace Elements in Copper Oves and Pyrilic Schists from
Bdlan [East Carpathians}). Al Bilan metamorphosed pyrite-chalcopyrite ores and pyritic
schists oceur at different lithostratigraphic levels, The distribution of sulphur isotopes
and trace elements in pyrite of ores and pyritic schists show lithostratigraphic control, no
regional metamorphic homogenization is recognisable. There is no isotopic equilibrinm
between pyrite-chalcopyrite pairs of the ore, due probably, at least partly, to metamorphic
isotopic fractionation, especially in the chalcopyrite phase. In 2 vertical profile through
the ore lenses a continuous variation of &S values and trace clements in pyrite was
recognised. A genelic model is proposed based on relluxing convective circulation of
hydrotherms charged by reduced sea water sulphur and metals leached {rom volcanic or

nonvolcanic rock assemblages in the source area.

General Remarks

The ore deposits at Bilan are represented mainly
by disseminated pyrite and chalcopyrite ores concor-
dantly interlayered with low grade metamorphites of
the Tulghes Group, Cambrian in age (Fig. 1). Massive
-sulfide ores occur only subordinately in discontinuous
thin pirite-chalcopyrite bands and locally in small Cu-
Zn-Ph ore lenses (Balan, Medias). The ore deposits arc
considered of hydrothermal-sedimentary (or voleano-
sedimentary) origin, metamorphosed in the greenschist
facies during an early Caledonian event (Sardic phase).
Together with other similar copper and base metal
ore deposits of the East Carpathians (Lesul Ursului.
Fundul Moldovei, Baia Borga) the ore deposits from
Bilan have been assigned to an ore (metallogenetic)
province associated with a Cambrian rhyolitic volean-
ism, mainly of submarine character. Therefore the ore
deposits were assumed to be ol Kuroko type, in spite of
the fact that some of them present pecularities linked
especialy to their depositional type (Krdutner, 1984,
1989).

Iu the Slovakian Carpathians (Spis-Gemer Mts) sim-
ilar ore deposits are mined from the Gelnica Group at
Smolnik and Mnisek. Their resemblance with the ores
from Bilan was recognized some time ago (Foldvari,
Panto, 1950). Due to equivalence in age and geological
setting they were assigned to the same Cambrian ore
provinee (Krdutner, 1984).

Fig. 1 = Geological cross section through the upper part
of the Bilan ore deposil (ace. to Kreintner, Popa, 1972).
I, Valea B Member, sericito-cliorite schists; 2, Bilan
metarhyolites; #-5, Bilan ore member; 3, dissemi-
nated copper ore; 4, chlorite quartzites and chlorite
schiststpyrite, locally with magnetite and for iron carbon-
ates; 5, sericite-chlorite phyllites with local intercalations
of graplite phyllites.

According to the proposed depositional model
(Krautner, 1989) the Bidlan ores were formed at the
waler-sediment interface from outflowing hydrotherms
in marine environment. An intensive dispersion, of the
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sulfides concomitant withfor subsequent to their depo-
sition (intraformational resedimentation), is suggested
by: 1) lenticular shape of the ore deposits; 2) pre-
dominance of disseminated ore and scaree, incomplete
development of massive ore; 3) change in the lithologic
support of the disseminated ore; 4) relict sedimentary
structures as banding, breccia-like mixing of different
types of massive ore; 5) locally interlayered iron car-
bonate or magnetite-bearing schists, indicating unsta-
ble Eh and pH conditions; 8) lithostratigraphic con-
trol at the rank of a member in a volcano-sedimentary
formation. Thus the whole ore member from Balan
has been cousiderd a "hydrothermal-sedimentary sul-
fide ore sequence” (Krautner 1989).

Disseminaled ores (Fig. 2) are the most [requent
type. Usually they consist only of sulfide + chlorite
+ quartz. The sullides, represented mainly by pyrite
and chaleopyrite, are disseminated in chlorite schists
or chlorite quartzites. Pyrite appears usually blas-
tic in idiomorphic crystals, unevenly distributed, or
concentrabed parallel to the primary banding. Chal-
copyrite is xenomorphic, it migrated on the meta-
morphic schistosity or was mobilized in metamorphic
quartyz and carbonate veinlets, or lenses, disposed both
concordantly and discordantly to the schistosity, sug-
gesting suceessive stages of melamorphic mobilisa-
tion, Sphalerite and galenite do appear only subor-
dinately. Bournonite, tetrahedrite, mispickel, galeno-
bismuthite, jamesonile, Leallite and cubanite, as well
as native bismuth, gold and silver have been mentioned
(Petrulian et al., 1971, Krautner, Popa, 1972, unpubl,
report} as sporadic components.

Non -metallic C?-?‘" A2
components

Pyrite Cpy+Sp+Gl Cu Pb+Zre Pb .
Fig. # - Main components of the Balan ores,

I, disseminated copper oves (statistic distvibution); 2,
massive polymetallic ore (average).

Massive ores (Fig. 2) occur only locally in centimet-
ric and decimetric concordant bands or small lenses.
The amount of sulfildes may exceed 80 %. Pyrite
chalcopyrite, sphalerite-galenite and polymetallic (Cu,
Pb, Zn, Fe) varietics are known. Relict sedimentary
structures may be reorganized in these ores, {or exam-
ple banding, breccias a.o.

Schists with disseninaled pyrite £ chaleopyrite
(pyritic schists) occur associated with the ore de-
posits, bul also at different lithostratigraphic levels of
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the metamorphic sequence (Fig. 3).. They are rep-

resented by chlorite-sericite schists, sericite-chlorite-

quartz schists, white sericite-quartz-feldspar schists

(epiclastic volcanic material) and graphite sericite

phyllites. Pyrite usually forms idiomorphic blasts, but
sometimes large porphyroblasts have been noticed.

Isolaled idiomorphic pyrite crystals were found lo-
cally in graphite quartzites (metalydites), blastode-
trital quartz-feldspar schists and greenschists (basic
metavulcanics).

Magnelite or tron carbonaies (siderite, ankerite) ap-
pear locally in the chloritesquartz rocks instead of
pyrite, suggesting temporal changes of the Eh and pH
conditions during the ore deposition.

Data on the isotopic sullur composition of Bilan ores
have been available only since 1981 (Borcos, Gaftoi,
1981; Popa, Serbanescu, 1984, unpubl. report). Con-
sidering these first data the mentioned authors re-
marked a relatively wide spreading of § values and sug-
gested either different genetic processes or late mod-
fications of the isotopic ratio (Borcog, Gaftoi, 1981,

unpubl. report), as well as bacterian activity in sed-
imentary deposits (Popa, Serbinescu, 1984, unpubl.
report).

The new analitical data are presented in tables
1, 2, 3, 4, 5, as well as some of the older isotopic
data (Borcog, Galtoi, 1981, unpubl. report; Popa,
Serbanescu, 1984, unpubl.  report) that could be
atributed to the collectivites used for the present pur-
pose. All data refer to a quantity of about 0.2 g of sul-
fide erystals, or crystal [ragments, selected carefully
under the sterecscope from a rock volumes of about
100 em®. Therefore the values of tables 1-5 represent
average values for the respective sulfides and thus re-
[er 1o Lhe global geochemical character of each sulfide
phiase from hand speciimen volumes, No information is
available on the degree of geochemical homogeneity at
both intra- and intergranular levels.

The samples were collected systematically fram pro-
files through selecied ore bodies as well as informa-
tively from different lithestratigraphic levels: Bilan
member, Valea Baii member, Arama Oltului member
and the grahite phyllite member below the Pingirati
blastodetrital schists. The latter belongs to the top
sequence of the Tulghes Group (upper part of Tgy for-
mation in the Sindominic Sequence) and is in tectonie
contact with the other sulfide-bhearing levels assigned
to the Tgs formation of the Bilan Sequence (Bilan
nappe). The tectonic and lithostratigraphic setting of
the analysed samples is shown in Fig. 3.

A general look on the trace element distribution and
the ratios of sulfur isotopes in pyrite and chalcopyrite
(Tabs. 1-6, Fig. 3) shows a rather unhomogencous
picture with a 6 Spy spread of 56.47 %y, from ~18.27
oo 1o +38.20 %o. From Figures 3 and 4 it is obvious

——
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Fig.3 - Lithostratigraphic position of ores and pyritic schists at Bilan.

that there are some correlations between the lithos-
tratigraphic position and the §*'S distribution. Sim-
ilar correlation results also from the trace element
picture (Tab. 6, Figs. 8, 9, 10, 11). Therefore it
seems evident that the recrystallizations due to the
early Caledonian regional metamorphism and the sub-
sequent Variscan overprint did not produce a homog-
enization of sulfur isotopes and trace elements in the
sulfide phase of the metamorphic pile. Oppositely,

the mentioned unhomogeneities can never be explained
only by metamorphic differentiation. Thus, one may
admit that the actual picture reflects the main geo-
chemical characters of the primary (premetamorphic)
stage and requires interpretation on these terms. As
a matter of fact, it is widely accepted that the green-
*schist grade metamorphism was not of sufficient inten-
sity to alter significantly the §*8 values and that the
degree of lack of equilibrivin noticed in low meta-
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Table 1
518 values for pyrite and chalcopyrite samples from ores and pyritic schists of the Blan area
No Sample | Rock | Provenance | Sample ] EJ*S;;GDT Yoo
BALAN ORE MEMBER

Disseminated ore l

375 || Py+epy in chlorite quartz schist | Fagu; level+4405; br.15 Pyrite +10.67

375 " " Lense 26 m.234.0 Chalcopyrite +23.68

377 9 i " m. 233.6 Pyrite +16.56

377 2 H " m. 233.6 Chalcopyrite +29.29

378 " o m. 233.1 Pyrite +16:58

380 i " " m, 231.5 Chalcopyrite +7.56

381 i o i m. 231.0 Chalcopyrite +29.35

383 || Cpy in ankerite lense " m. 229.5 Chalcopyrite +15.73

384 || Py+cpy in chlorite gquartz schist . m. 229.5 Pyrite +20.05

385 - " . m.-227.5 Pyrite +22.68

385 7 2 il m. 227.5 Chalcopyrite +25.17

386 % o £ mi. 225.5 Pyrite +22.44

387 iy iy i n. 2225 Pyrite +16.29

388 » g " m. 218.0 Pyrite +16.75

389 " it b m. 216.5 Pyrite +10.63

390 || Py+epy in chlorite quartz schist | Idem, lense 25 m, 195.0 Pyrite 421.77

391 R, ad " m. 188.5 Pyrite +16.97

392 . % 5 m. 185.0 Pyrite +16.11

393 » > o m. 178.0 Pyrite +16.48

393 4 ¥ u m. 1T8.0 Chalcopyrite +10.52

304 . 3 : m. 177.8 Pyrite +24.26
297/3(P) || Py+cpy in chlorite quartz schist | Fagu; drillhole 297 Chalcopyrite +18.31
207/5(P) i i o *.ou Chalcopyrite +18.36
297/7(P) R » L Ay Chalcopyrite +18.64
A || Py in chlorite quartz schist Fagu; level+590N Pyrite +19.39

B " i = i Pyrite +22.06

5(B} || Py+cpy in chlorite quartz schist | Bdlan {(Central) Pyrite +12.41
5(B) 2 . ' " = Chalcopyrite +19.09
512/2(P) || Py in chlorite quartz schist Medias; drillhole 512 Pyrite +18.64
512/3(F) 3 o " ¥ Pyrite +17.08
512/8(P) ¥ » » " Pyrite +17.52
512/9(P) » " " " Pyrite +18.95
510/3(P) i * Medias; drillhole 510 Pyrite +16.89

Massive ore
3(B) || Polymetalic ore Mediag, Gal. 35; lense 1 Chalcopyrite +11.76
® “ " > " . Galena ore +12.39
-(P) 8 ¥ *  lense 2 - Galena ore +11.60
VALEA BAIl MEMBER (pyritic schists)

B-156 || Py sericite chlorite schist Bilan; nivel -435; tr.0 m.129 | Pyrite +3.42
B-156A " {py porphyroblasts ) | * " R Pyrite +32.52
B-158 || Py sericite chlorite schist ¥ # m. 150 Pyrite +14.33
B-1588 " {py porphyroblasts ) | * o " Pyrite +32.65
B-158A || 2 cm band massive py. " . " Pyrite +7.54
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Table 1 {continued)
No Sample I Rock Provenance J_ Sample | 8 jepr Yoo
ARAMA OLTULUI MEMBER (pyritic schists)
604 || Py sericite chlorite gquartz schist | South Olt; gal 18 Sabo Pyrite +6G.99
Dir. 25; Br. m. 78
605 ® % il ¥ m. 76 Pyrite +5.72
606 R " » 8 m. 75 Pyrite +4.27
608 » H " # m.37 Pyrite +16.61
609 i * 4 " .36 Pyrite + 14.50
607 " ” i " m.21 Pyrile +9.70
610 " » Dir. 25; Br. 4V; m. 9 | Pyrite +10.13
611 it “ 2 g m.12 Pyrite +14.52
612 e i 7 " m.41 Pyrite +16.94
613 2 i 3 .44 Pyrite +7.23
408 [| Py sericite chlorite quartz sclist | South Olt; drill. 335, Pyrite +35.77
m. 106
349 || White py sericile quartz schiste oo odell, 337 Pyrite +38.20
. 710
SINDOMINIC SEQUENCE (Pyritic schists)
508/13(P) || Py sericite graphite schist Medias: dnll. 509 Pyrite -7.58
514/249(P) b N T drill. 514 Pyrite -3.18
523/ 5(P) b i " drill 523 Pyrite -8.51
523f 5(P) " " " . Pyrite <830
523/6A(P) % A i B R Pyrite -T.14
5231 7(P) » "' e " Pyrite -7.90
406/ 6(F) & A T drill. 406 Pyrite -5.64
409/25(F) || PyLcopy sericite graphite schist & drill. 408; m 870 Pyrite =15.93
109/20(P) 2 g i P aE Pyrite -14.40
1{B) || Py sericite graphite schist i drll. 205; m.A75 Pyrite -18.27
2(B) ¥ + " drill. 16 pyrite -12.54

Abrevation: (B) = Data from Borcog, Gaflloi (1981);

Py = pyrite; cpy = chalcopyrite,

morphic ores is mainly due Lo the original conditions
of deposition (e.g. Gregory, Robinson, 1984; Gehrisch
et al., 1975). This means that during the low grade
metamorphism the system was closed for sulfur on re-
gional scale, but it could be open on local scale, due
to recrystallization and metamorphic mobilisations by
siliceous and carbonatic fluids.

Bearing in mind the mentioned facts it seems ap-
propriate to diseuss the 6**S values and trace element
distribution according to the lithostratigraphic assign-
ment of the samples. This means that each sample
collectivity represents sinchronous ores andfor pyritic
schists, whereas sulfides from different collectivities did
originaly deposit. during different time periods; but all
collectivities were submitted to the same metamorphic
events.

DISSEMINATED AND MASSIVE SULFIDE ORES
OF THE BALAN ORRE MEMBER (BALAN, FAGU
AND MEDIAS ORE DEPOSITS)

Spread of §*'S values
8918 values for pyrite range from +10.63 %o to
+24.26 %y, and for chalcopyrite from +7.56 %y to

(P} = Data froan Popa, Serbiinescu (1984);

+29.35 Y%g. Pyrite has a 6 spread of 13.63 %g around
an average value of 2 = + 17.77 %y, while the chal-
copyrite spread is of 21.79 %, around an average of Z
= 10.61 % (Tab. 6). This is the é range within which
many of the stratabound sullide ores are placed as well
as the modern hydrotherms (Nielsen, 1979)(Fig. 4).

Average differences from the Cambrian sea water
(6348 =+30 %y ), as can be inferred from Cambrian sul-
fate deposits (Nielsen, 1979), are of (A = 5343{503- -
§%7) = 12.23 %y for the BElan pyrite and of A = 16.73
%o for the pyrite of Smolnik (Kantor, Rybar, 1970).
Thas the Balan ore deposits and the equivalent Smol-
nik ores in Slovakia are not exceptions from the faet
mentioned hy Sangster (1968) that in most cases the
6*18 average in sulphide ore deposits is about 15 %o
lower than in the sea water sulfate of the same age.
Sangster (1976) suggests that the differences between
548 values recorded in different (volcanic or sediment
hosted) hydrothermal sedimentary sulfide ore deposits
are controled by the global change of §*'S in sea water
sulfate, and that there is in fact no real statistic differ-
ence between the sulfur populations of the mentioned
ore deposits, if these are related to the sincronous sea
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Table 2
Trace elements in pyrite samples from ores and pyritic schists of the Bilan copper ore deposit
Sample |  Cu Pb Zn [ Ni Co| Ag Sno Bi As| Ti Mn
FAGUL CETATII SOUTH (disseminated ore)
& | 12500 550 300 40 300 3.0 115 65 700 110 170
8A 300 320 260 3 170 4.0 1 30 900 | 1300 a0
10 | 30000 1200 1000 G5 340 5.5 150 Th 500 170 550
204 1000 21000  GOOO | 38 370 | 24.0 1T 75 1100 105 83
205 4400 6200 260 40 320 26.0 22 130 GO0 105 115
203 2700 1900 1000 48 380 12.0 17 48 a00 130 28
B4 430 25 100 | 180 350 1.0 10 10 900 370 45
85 | 6500 60 150 | 55 500 2.0 16 40 600 140 225
A 1300 650 160 | 100 560 6.0 m Tz 500 | TO0 120
B 2600 5600 3400 42 260 13.0 16 10 2600 | 4200 a0
375 | 11000 19000 6300 24 650 24.0 a8 20 1100 | 1200 120
370 | 30000 22000 24000 | 24 420 | 120.0 150 500 2600 110 320
378 | 30000 30000 2600 | 26 850 | 135.0 1700 400 2300 | 970 150
379 TT00 4300 30 40 380 14.0 a0 G0 2400 | 4000 95
381 | 14000 950 800 | 105 260 7.5 85 TO 500 700 72
384 1700 G600 220 30 190 2.5 I8 28 500 400 13
385 | 15000 850 260 a8 200 22.0 514) G2 - 850 670 65
386 | 2R000 G600 60 70 BTN 15.0 360 Gl B50 280 670
38T | 24000 320 220 52 8a0 23.0 180 115 1000 1010 a0
388 | 30000 2500 1500 58 320 T70.0 260 46 500 140 520
389 | 30000 G600 G0 G5 GT0 920 a0 46 650 125 550
Jan | 15000 11000 4400 e G20 44.0 35 250 1100 500 12
391 | 30000 1500 460 a0 G50 34.0 380 G0 500 270 280
392 | 2400 1700 130 | 155 430 [ 10.0 s 70 TO0 | 1200 230
393 | 30000 2000 1400 | 100 370 40.0 s00 0 110 550 135 420
354 | 30000 8000 4400 38 520 T0.0 120 180 500 190 55
B-72 1000 1200 110 | 95 GO0 B.O 10 44 1500 | 530 70
438 4000 2000 1600 26 210 24.0 10 Th 1300 140 30
B-73 1400 170 340 | 100 520 5.0 70 32 1050 200 55
B-73A | L1000 170 280 | BO 480 4.0 105 20 1200 150 &0
B-74 | 5300 270 o [ 16 360 3.6 570 20 500 30 16
B-75 | 13000 1400 110 20 160 19.0 280 a0 0o 320 L
B-76 340 34 100 | 650 a0 1.0 1n 1 500 | 2600 10
B-77 2200 3000 400K 40 105 5.5 1o 13 500 370 32
B-78 50 100 mno | 170 160 1.3 i 14000 185 11
BALAN CENTRAL (disseminated ore)
B-107 | 13000 100 10 58 620 T0.0 24 35 2800 125 48
B-108 4200 1700 110F | 280 Ton 4.0 10 17 300 280 23
B-109 1 GO0 85 {E]] G5 1400 5.5 28 42 2600 1560 4l
B-110 1900 180 1no 65 Galk 3 100 a0 2000 2000 a2
B-120 4200 900 106 T 1600 .0 1o 36 500 200 14
G6(B}) 220 110 3.0 10 annn ]
412(13) 2500 46 135 | 54.0 1000 100 500 63
69(13) 1000 42 26D | 150 150 120 500 1030
16{ B) 1300 33 T70 18.0 120 240 3000 125
17(B) 2300 ¥ 450 33.0 TH 240 3000 165
23(B) 3000 40 540 | 0.0 0 IR0 100 3000 210
31(B) 210 160 230 | 230 g0 0 3n0n 220
16{ P} 3000 380 fifiil 432 255 6.5 35 (IS L] 22010 230 an
18(P) | 30000 TO00 4100 10 EH 26.0 2 120 300 60 a4

E

et



Table 2 (continued)

Sample | Cu Pb Zn Ni Col| Ag. Sn Bi As | Ti Mn
PYRITE DISSEMINATED IN DIFFERENT ROCK TYPS OF THE ORE SEQUENCE
In limestones

B-79 | 1600 1800 11000 | 34 270 | 85 190 14 1250 | 52 55
In white quartz-sericite schists

B-82 420 190 100 44 40 1.0 10 10 550 210 330

502 l 50 2400 360 17 38 6.0 i 20 1100 46 21
In grey (&grafitic) sericite schists

503 | 140 900 170 | 280 125 | 2.0 10 10 1300 | 600 12
Big crystals in chlorite schists

439 | 100 40 90 | 200 135 | 100 10 10 1400 | 1100 48

Big crystals in carbonate ore

206 | 120 70 400|380 130 1.0 10 10 500 ] 120 95

In pyritic schists below the ore:
Graphite chlorite phyllite

482A 300 1200 1100 | 44 230 2.0 m 15 500 900 38

483 100 4500 260 | 650 380 4.5 15 2000 360 3z

4 105 500 160 | 160 330 1.0 m 1o 750 500 55

Quarlz chlorite schists
437 | 400 470 100 | 110 10| 15 10 10 500 | 280 460
MEINAS (massive ore)
20(P) | 22000 20000 3750 18, 10 | 150 65 48 300 aba 290
12(P) 1500 900 2350 18 176 | 20 1 32 300 | 1750 1100

Provenance: 375 — 389 = level +440 S, bresa 15, lense 26
390 - 354 = level +440 5, bresa 15, lense 25 A
B-72 = B-78 = level 4408, transy. put. 5
B-107 - B-120 = below level Ferdinand
(B3) = levels Wetter; 450, -50; 83
[P) = levels Rutoc 0; Rutoe +50

water sulfate. Therefore accepting sea water sulfur
as a source for both volecanic and sediment hosted
stratabound sulfide ore depesils, a similar evolution
of sulphur fractionation may be supposed for all these
deposits.

Figure 5 shows the 'S of pyrite from Bilan
ore comparatively to pyrite of representative voleanic
hosted (Kuroko) and sediment hosted (Rammelsberg)
stratabound sulfide deposits. By shifting the 6**S val-
ues of the mentioned deposit for equilibration with the
Precambrian sea waler value, a good concordance may
be obtained for the pyrites from Bélan and from the
two "classic” sulfide deposits (Fig. 5. dashed lines).
The same conclusion is drawn on a larger scale by
comparing Sangster’s (1976) 8*18 average distribution
pattern for 110 stratabound "voleanic™ and “sedimen-
tary” sulfide ore deposits, equilibrated in Fig. 5 with
the Balan ores by Cambrian sea water equivalenece,

From Figure 5 results a narrower 85 spread in vol-
canic hosted sulfide ore deposits comparatively to the
larger scattering in sediment hosted ores. “This niay
indicate for the latter a supplementary sulfur fraction-
ation due to the local sedimentation envirenment and
bacterial activity, Clomparatively to the mentioned

data the 8 distribution in the Bilan pyrites (Fig:
5) shows an intermediate picture, suggesting volcanic
hosted distribution extended Lo a low populated larger
spread as noticed in sediment hosted deposits. This
conclusion fits well the mentioned deposition model
(Krautner, 1989) which presumes for the Balan ores
dispersion and resedimentation of sulfides due to an
active hydroenergetic environment.

According Lo the genetic model (Kraotner, 1966,
1984, 1989) the Bilan ores were deposited from out-
flowing hydrotherms. The %S spread indicates that
these fluids do not bear mantle sulfur nor "volcanic”
silfur. 1t is mostly assumed that the metal-bearing
thermal Muids belong 1o conveelive systems ol ocean
water which gather their sullur and metal charge by
leaching deeply seated rock formations, In such geo-
logical eoviromments the mentioned related acid vol-
enmisin iy act as heat engine promoting the convee-
tive eirculation and metal extraction, Thus, even for
voleanic hosted deposits, Tor example the Kuroke type,
medels have been inmzmed in which the ascending hy-
drotherms are charged by sulfur of sea water origin
(Ohmoto, Kajiward, fide Sasaki. 1974). The 88 pat-
terns of these ore deposits may be explained by kinetie



Table 3

Trace elements in pyrite samples from the pyritie schists of the Arama Oltului and

Valea Bain member

Sample ] Cu Pl Zn | Ni Co [Ag S5n Bi As | Ti Mun
ARAMA OLTULUI MEMBER (pyrite in sericite-clilorite schists)
604 160 1800 6500 | 230 320 | 4.0 10 32 1000 [ TIO 46
G602 260 1250 5500 | 420 650 [ 4.0 10 G5 1100 650 65
606 450 1000 9000 | 230 380 [ 2.5 10 105 1000 800 35
607 360 420 250 | 200 120 | 20 10 6% 1000 | 850 12
608 a0 2200 4200 | 220 180 | 3.5 10 32 3600 650 32
609 280 2400 11000 | 170 220 | 3.5 1O 30 3700 6340 25
G610 190 1100 600 | 180 175 | 5.5 10 T5 1000 | 1400 15
611 150 1350 11000 | 300 270 | 2.0 10 19 3200 750 18
612 150 1150 2800 | 280 210 | 2.0 10 16 1000 | 1300 50
613 150 1600 4800 | 260 240 | 5.5 10 13 1000 | 1450 13
614 145 650 185 | 260 220 | 5.0 10 10 2500 | 1000 10
22 650 19000 22000 | 320 260 12 10 24 1900 250 50
23 95 2400 1600 | 210 340 [ 1.5 10 10 1200 620 10
57 900 750 500 | 160 660 | 3.0 10 18D 500 480 40
58 1600 620 14000 | 250 620 | 3.5 10 130 850 8O0 95
59 1100 200 180 | 165 150 | 25 10 39 500 | 460 10
B-226 1800 2500 210 | 110 280 | 1T 100 220 75l THO 32
408 270 1800 2600 | 240 140 10 10 10 1100 | 1000 22
110 750 11000 12000 | 300 440 | 7.5 1D 10 1050 Ton GR
463 720 140 85 | 160 180 | 1.0 10 10 500 950 42
B-141 1900 340 135 | 370 440 | 3.0 10 100 G70 G50 18
B-142 1000 320 100 [ 380 350 | 1.5 70 500 | 750 10
pyrite in while sericite schists)
349 | 550 440 3000 | 110 480 | 5.0 10 10 500 | 150 46
VALEA BAII MEMBER (pyrite in sericite-chlorite schists)
470 230 Gal) 100 | 220 180 | 1.0 110 10 1250 700 10
480 220 570 130 ) 340 210 | 1.5 10 oo | 1500 13
481 an 280 1ma | 1an 54 | 1.0 10 1 SO0 | 1500 10
1ihY 320 600 150 | 200 275 | L5 10 LR L 400 16
477 A a0 n |2 340 | 1.5 1 1 550 750 12
_ lower level (pyrite in sericite-chlorite schists)
04 an 400 100 63 135 | 1.0 10 1 a0 450 10
B-154 220 70 130 ) 320 260 | 2.0 10 10 1500 T20 G0
B-156 144) 400 125 | 300 250 | 2.5 10 10 1200 | 1750 11
B-157 461 o IO | 190 150 | 1.5 10 B U 11 500 36
B-158 a7 210 g [ 120 60 | 1.0 10 I RO0 | E350 10
{pyrite porphyroblasis)
B-154A 100 350 e 120 210 | 30 W 18 G30 | 2300 GO
B-156A 20 260 oo | aeo 85 [ 4.0 100 10 520 | 900 GO
B-1588 50 AT 260 | 180 a0 | Lo 10 L0 1450 | 1500 13
(pyrite band)
B-158A | 45 250 110 ] 95 90 |70 10 10 1450 | 2000 10




SULFUR IZOTOPES AND TRACE ELEMENTS IN COPPER ORES FROM BALAN

Table 4

Trace elements in pyrite samples from graphite plyllites, graphite guartzites and blastodetrial

rocks of the Sindominic sequence (Tgy formation of the Tulghes Group) in the Bilan area
-

Sample | Cu Pb Zn | Ni  Co | Ag  Sw Bi As | Ti Mn
GRAPHITE PHYLLITES
500 220 460 250 17 170 5 <10 <10 <500 | 1100 27
32(P) 75 115 100 | 190 340 | <1 <0 <10 600 300 T0
28(F) 50 i 100 | 285 110 | <1 <10 <10 <500 | 2000 100
a(P) 360 5000 G200 57 150 2 <10 1B <500 | 1000 20
15(P) 110 270 100 | 270 245 | <1 <10 <10 G060 | 1500 19
17(P) 75 270 100 | 13 75| <1 <I0 <10 900 | 150 13
GRAPHITE QUARTZITES
136 2200 150 200 | 450 240 3 <0 <10 <B00 | 1300 Tal
. 29(P) 3000 160 100 [ 5350 550 | <1 <10 <10 <500 200 325
30(P) 30 55 100 | 80 100 | <1 <10 <10 Gog | 2350 65
BLASTODETRIAL ROCKS
26(P) | 14000 7800 000 46 5] 21 210 110 <5300 GO 530
25(P) 4000 G000 11500 35, 130 ] 20 36 190 <500 350 2000
B(P) - 32(P): Data from Papa, Serlidinesen (1051}
& ! :
fom € : J T ealen
ol it .
Bk & ; -
E e L T - .
@ ! i -10 -5
: i £
Hikey : - R — ] Kuroko e
i 1 301 & =10
; ! J |
Vileo BAd — ,i..-..,ﬂ a '9 . 10 1 It-—*“"l
i ; /e i L. 08 5 Ly
: H =10 -5 [} *5 4 15 #2320 - 35 30
_ﬁmﬂhﬁn = __,__L_I.I___;_.l_l ks gu’::?-".- d"s
F'i'ngﬁm!i . = Rammelsberg e
o j_E, = i = bl
' ’ 2 n ; ki
» B N w & wm ads Y iy = £ e O
: : ¥ 5 a 5 ) B an e25 @
] i's
Fig. 5 Comparative histogranis for &8 frequency in

pyvite from ores at Bilan, Karoko provinee and Ramels-
berg:  Broken lines indicate the §48 values for the
Miocene Kuroke deposits and the Devonian Rammelsherg
depusit shilted for Precambrian sea waler by adding A =
FM5(Cambrian sea water) - §795(x sea water). Average
values used: A Miocene sea water = +10%0; ADevonian
sea water = +7 Yo for central BEurope and +9%o on
global seale {(Kureke data Sasaki, 1971, Rammelsberg
[ramm Anger ot al., 1966; sea water Trom Nielsen, IQTQ}.

Duze b § sws

ligtoee oy 8 pynibe chaitante &% A olaetzlic o

Drppemingled ow ond bomen pende schests Mgntae, Qgnie porpiyrates, Sapls bond,
T ohslegytite

The "sedimentary™ and "voleanic” lines represent the dis-
tribution of average AHS eties rom 110 Phanerozoic vol-
vapie hosteel and sediment hosted deposits, equated for

Precambrian sea water (data from Sangster, 1976),

Fig, -t A0 elistpibatbon i oo caned it sehiests
at Bilan (Synopsis patterns of patural geochemical sys-
tems after Niclsen, 1979; Smoluwk alter Kantor, Hybar,
1970; Isipoaia=Legul Ursului after Kriutner, Galtol, un-

publ. data).

fracticnation due to norganie reduction of sulfate at
depth (Nielsen, 1979), According o the experimental
data of Ohmoto (1976) temperatures of 300-500" C
iy promote such reactions,



10

H. G, KRAUTNER et al.

Table 5
Trace elements in chalcopyrite samples from ores of the Bilan deposits
Sample | Ore type [ Zn Ph Ni Co Ag Sn Bi As In [ Ti Mn
FAFUL CETATII (Sect. south, 4440, br. 15, lenses 25,246)
57 A 16000 29000 | <10 Ta T4 380 130 <300 4.5 | 110 200
381 A 3000 550 | <10 <10 31 420 16 <500 3.0 30 &G
385 A 3600 155 | <10 T0 28 185 14 <500 6.0 | 150 150
393 A 2700 1150 | <10 56 B0 1200 T8 <H00  28.0 40 500
380 A 20000 30000 | <10 12 95 B0 90 <500 T.D 412 125
353 ] 1700 60 | <10 <10 19 820 <10 <500 34.0 G GO
60( 1) - 22 30 280 190 <10 <300 32
BALAN CENTRAL (sect. Ferdinand)
B-118 3 320 2400 | <10 31 75 G50 190 <500 57.0 | TGO 23
B-122 B < 100 o0 | <106 <18 43 320 240 <300 270 O <10
B-123 [ <100 170 | <10 <10 18 30 240 <300  19.0 | 105 12
B-i26 B 180 500 | <10 12 63 TH0 gnn <h00  36.0 | 110 20
B-113 & 550 220 | <10 34 62 T50 180 <500 55.0 30 42
B-115 & T30 140 | <10 17T 53 BOO 60 <500 46.0 | 30 60
B-121 | D) 160 an | <10 28 73 135 130 <500 19.0 58 <10
103(13) <10 44 1100 10 <300 50
1{B) 3000 | <10 1200 120 1050 130 <3nn 175
15(13) 2300 | <10 <10 65 360 10 <300 50
47(B) <10 36 1300 10 <300 300
57(B) 3000 | <10 60 160 120 200 <300 28
61{B) 66 400 35 n 350 2000 56
fid ( 1) 360 | <10 a0 T4 L0} 10 <300 250
66( 1) 2500 | 15 185 115 370 1600 850 1100
19(B) <10 <16 19 350 10 <300 30
22(B) 280 175. 175 85 130 140 600 a0
T7(B) 2000 o0 45 30 20 1700 35

OCd «<30: Ga <3; Tl <10; Ge < Mo <10: V <10; Cr <30: Sb <100
Ore types: A Disseminated chaloopyrite in guartz-chlorite sehisis
B Disscminated c]lalrn]'l_rrilc in chlorite schists I{p;m,]y m:)l)iEi‘m:l}

O Chaleopyrite in veins aned Ienses of mobilized quartz

D chaleopyrite in veins and lenses of mobilized carbonaies

15 Massive chaleopy rite mobilized nelilorite selagis

TT(H) - 1{B} Data according to Boter et al. [1971)
As it is shown in figure 5, for the Bilan ores the
528 spread and the average difference with respect to
the isotopic ratio of sulfur from Cambrian sea water
fit well this sea water convective systemi model. As
it was mentioned the large scattering of Spy in the
disseminated ores may reflect local deposition condi-
tions. This could explain also the tendency of values
to form more than one statistic collectivity, suggesting
a polygenetic evolution of the pyrite sullur isotopes,
The narrower & spread in massive ore at lower %18
values as m disseminated ores (Figs. 4, 5, Tabs. 6,
7} seems Lo be a conumon features for both Bialan and
Smolnik ore deposits, as well as for other stratiforin
sulfide ore deposits (e.g. Sulitjelma; Tab. 7). Massive
ores are probably elaser in their isotopic ratio to the
primary ore [uids, due to the fact that Fast and abu-
dant precipitation of nearly the whole sulfide content
of the solution may reduee to a minimum the isotopic

fractionation under the'influemee of the sedimentation
enviromment. I this holds true, a range of %S from
about +9 %qu to +13 %q can be supposed for the iso-
topic ratio in the metal and sulfur carrying ore fluids
frem Balan and Smolnik.

The enrichment of heavy sulfur in pyrites of dissemi-
nated ores (Tab. T) can be explained neither by closed
system deposition conditions (Sangster, 1976) nor by
temperature Tall and fO5 increase due to the outflow in
the marine environment. In opposition with the first
presumplion is the geological evolution requiring an
open, ventured depositional system [or the Bilan ores,
The second madel would eontrarily produce an enrich-
ment of lighter sulfur (Kapwara, fide Sasaki, 1974)
in the disseminated ore. A possible explanation may
he sugpested by Sakai's statement (Sakai, 1968, fide
Gelirisch et al., 1975) that Fead in isotopic equilibrium
with an ore solution will be enriched in %S with
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Table &
Average valnes for 58 and trace elements from pyrite and chalcopyrite samples of the ores
and pyritic schists of the Bilan arca
LITHOSTRATIGRAPHIC ¥ = - - =pr | = :
Hid e | o |X€So® | |%Cu | *Pb|RZn|%Ni | %Co| xAg|%Sn|XBi |%As|RTi |2Mn
ROCK. TYPE 5% Spread) tneth | ety [ et | ne | adnen | sdnent | ednen | iden | deen | ednen |idnen
Balan M. | #1777 13318 [152] 2833) TY | &29 | 263 (135 | 99 | %8B | 605 (175
Dissemingted gopper ore in | PYRITE T s | gaaz | isazsr] 0561 | zzay | oo | zosd | oot | (seBd | o938 | (mu
chioribe schists:
Bilan ond Fogu oierevmme | 1| #1981 Ll 25| — | 4061 (44721 13 63728 | 516 | 195 | 546 | 123 | 140
(756 435 150 sl gizy Leeny Loses | psen | oo [eesm | uaseg | tean
Disseminaled o in e | PYRITE | +1778 5 | 11750 [10450| 4050| 18 | 157 | 85| 379 40 | 300 {1157 | 695
schists: 1 % (audosy | (qasnsn el 01 lizsy Diean L liw | oem |ueam s
Hadlos esceopmie | 15| + 1176
Howste poiyseinliic oe: e B +NP 1% | 22000 (200005750 18 | 0 |15 65 | 48 | 300 | 565 | %0
— Medas 1180 «1235)
Pyritic sc-chior schat — g | 487 [ 1667 | 405 | 261 | 282 | 22 <10 | 125 | 537 | 510 | 146
Fagu wzn) | v | sy | e | tmmg | s 29 | imm | s | e
Valeo Bai M. o o * Ba7 : W7 | 404 | 1MW [T | 16 | <10 <10 | 1060 1056 | 25
mﬂ: N bl schist PILT L3 st | v | v | ooam | o | 108 wo3) | 500 | 123
Idem « mossive pyrite bond| pyTE 1 * ?550' 1 45 2501 10 95 0 7 <10 | <10 1450 ZUIP ‘10
3 223 | 326|156 133 | 1 0)|=12 | 86 |1 A
Kom : e porpinredlents | PYRITE Bl mmﬂ 3| B8 | s | em | rrzg {zs.g: =R 508) n_r:g& @
2 226 | K70 | 116 224 212 | 13 860 | 070 | 12
e peRCE e X | aane 5| G | om | on! oo | oon| e | <] | x| oo | es
Arama Oltului M o | Lt 20| 5 | 000 |28 496 | 206 | 311 ] b | <10| 5B | 1346| B30 |
Pyritic zar~chl schist 11 1+3577) 1567 | Waoe) | GeWl | B9 | DED e sa) | mAm | (e | (Em
Pric whie seicke shst | pype 1| +38%20 4| 550 | 440 3000) 110 | 480 | 5 | <10)<10 |<500| 150 | 46
Sindominic. sequence x| -1031 | x| %8 |1031) 1| 139|181 | 19} <10 <10 | 6001018 41
Pyfic grophite phylite o L -3 -am e | s | e | s | sey | G nss | wen | 1
; : R O743 | 122 150 380 | 289 | 16 | <10 < | 533} 1250 | 300
il ol T £ 3| s | oo | o | o | e | an =8 | ool |
X1 3780 | 2840| 90| T6 | 133 | 92| 55 | 66 | 560 | 580 | 607
il 5| s | oven | stz [ W e iy [ (aesy . [ 4o |

% Dot pecording fo: Popa, Serblnoscu (1984) , Borcos, Coffol | 1981)

respect Lo Lhe dissolved species. This fractionation is
higher by increasing pH and decreasing temperature
(e.g. 2 %oo-T %o 625 in neutral and alkaline conditions
at 250°C) and fits the order of values from Table 7.
Therefore the enrichment of §%1S in the disseminated
ores from Bilan (26Spy=17.77) could be explained
by a preferentially §%*S bound in lately and/or slowly
precipitating FeaS (isotopic fractionation by precipita-
tion). Surely addition of heavy sulfur from sea water or
coincidence with & variation in ore solutions cannot be
excluded as alternative or supplementary explanation.

The problem of isotopic equilibrium

Between the two main sulfide phases of the ores
from Bilan (pyrite and chalcopyrite) there is no iso-
topic equilibrium (Fig. ). Both pyrite and chalcopy-
rite show a large §*'S spread (Fig. 4) which could
be partly inherited from the premetamorphic sulfide
deposit. The 58 scatlering in pyrite results mamly
from trends of 898 increase and decrease during the

deposition of the ore bodies (Pl. 1). On the contrary
68 of chalcopyrite shows no such regular trends and
spread in domains of both higher and lower & values
as pyrite. This peculiar character of S isotope rafios
in chalcopyrite is shown in Figure 6 by the plotting
of the pyrite-chalcopyrite pairs on either side, exter-
nally to the equilibrium domain in hydrothermal sys-
tems in the range of 100-450° C. This suggests two
types of chalcopyrite in the ore, both lacking in iso-
topic equilibrivm with the are pyrite. Due to the fact
that during metamorphism chaleopyrite is more mobile
than pyrite, the mentioned lack of isotopic equilibrium
might. be explained. ai least partly by metamorphic
isotopie ractionation.

Metamorphie isotopic fractionation

Metamorphic isotopic fractionation may be recog-
nized in chalcopyrite and pyrite phases due to both
mctamorphic mobilization and loeal (in sitn) growth,
Asredactions go fster with the lighier S isotope (8
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Table 7
845 average for pyrite from niassive ore and disseminated ore
573 (pyrite) Yoo | 675 (pyrite) %o | Ad
massive ore disseminated ore

Bilan +11.99 (n=2) +17.77 (n=17) 5.78
Smolnik +10.1 {n=4}) 410,10 (n=4) 3.20
(Kantor, Rybar, 1970}
Sulitjelma +3.2 +7.14 3.94
{Gerisch et al., 1975)

AS=5S (disseminated ore pyrite) — §*S (mmassive ore pyrite)

Table 8
Comparalive average values for #'S and trace elements in common sulphides and in sulphides
migrated (mobilised) during the regional metamorphism of the Bilan areas.

[ 775 % | N | Co | Ag |

As. [ In | Ti | Mn

CHALCOPYRITE (Bilan)

Mobilized:
In quartz veins or lenses
(B-113; B-115)

In ankerite veins or lenses

<10

+15.73 | <10

25 57 175 30 51

63

Common ore:
Migrated on schistosity

in chlorite schists (380; 393)
Recristallized in chlorite
schists (357; 377; 381; 385)

+9.04 | <10

+9.,04
(4+22.7%)

<10

41 312

PYRITE (Valea Biii Member)

Large porphyroblasts +32.5
(B-154A; B-156A; B-158B)
Common pyrite in the same
samples (B-154; B-156;

B-157; B-158; B-158A)

+8.4

13 44

<I0 <10 1250 25

* Including data of Popa, Serbiinescu (1984) and Borcog, Galtoi (19581).

All values are in ppim

may be theoretically presumed that the sulfides formed
from sulfur migrated in fluids during metamorphisin
are enriched in #25 and consequently *5 increases rel-
atively in "remanent” sulfides.

Chalcopyrite. The mentioned statment holds true
for the mobilised chalcopyrite sample (380) from the
Fagu ore (6%'S=-+7.56 %q). Therefore it may be
suggested that the group of low &5 chalcopyrite
(6HS=47.56 %q to + 15.75 %y) represent metamor-
phic mobilisates, while the high &S chalcopyrites
(63S= +18.31 Yy 1o + 29.35 %) are recrystallized re-
manent sulfide phases (only " mechanieally”™ migrated
on schistosity planes).  The trace element content
in chalcopyrite only poorly suggests some geochemi-
cal differentiation by such metamorphic miohilisations,
The most evident correlation with thie mentioned sul-
fur isotape fractionation is shown by a Sninerease in
low %S chaleopyrite (Fig. 7). The Sn content in

these "mobilised” chalcopyrite exceeds by more than
10 times the possible amount of isomerphie substitu-
tion (Tabs. & 9). It seems therefore that Sn migrates
together with Cu in metamorphic fluids and form Sn
mineral inclusions in the mobilised chalcopyrite. A
similar trend is suggested for In, not related to con-
comitant Zn increase. On the contrary, the Co, Mu, Ti
contents deerease in this mobilised chalcopyrite, due to
the depletion of some mineral inclusions (e.g. the Co
content reaches values below the limit of isomorphic
substitution).

Pyrile. In the Valea Biii Member a remarkable §%48
difference of about 24 %, appears between dissemi-
nated pyrite [ ¢ = 0.3-1.0 mm) and large pyrite crys-
tals (¢ = 5-15 mm) formed by blastic growth in the
same rock volume of about 0.5 m3 (Tabs. 6, 8). It is
assuiied that the mentioned large erystals consumed
remanenet sulfur of smial rock volmme, depleted of the



LFUR IZ0TOPE

more mobile 3?8 by the generalion of metamorphic
fluid phases migrated towards sulfur deficient parts.
The 'S spread between these “remanent” porphy-
roblastic pyrites and the "remanent” chalcopyrile of
the Bilan ore is narrow (6**Spy - §%* Scpy = +3.2 to
+ 7.3) but it does not plot in the domain of isotopic
equilibria (Fig. 6). This implies again isotopic frac-
tionation due to the kinetic reactions by which sullur
is included in metamorphic fluids. Trace element dif-
ferentiation between the mentioned pyrite types is not
obvious (Tab. 8).

ISy

Fig. 6 - &5 ratio in pyrite + chalcopyrite pairs
from the Balan ores.

1, pyrite + chaleopyrite pairs; 2, interpo-
lated pairs; 3, interpolated mobilised {vein)
chalcopyrite-rack pyrite; 4, interpolated "rema-
nent” chaleopyrite and "remanent” pyrite; 5, do-
main of isotopic équilibrium in the Lemperature
range 100%-450° C {ace. to data from Niclsen,
1979); values are sample numbers and differences
between 6315 values of pyrite-chalcopyrite pairs
{(A™MBpy — 680y )

Trace element content

The trace element content in the disseminated ore
(whole rock), as well as in pyrite, chalcopyrile, mag-
netite and chlorite (monomineral samples) from the
same ores are shown in Table . There is a clear ten-
‘dency of selective concentration (marked in Table 9)
for Ni, Co, As in pyrite, for Ag, Sn in chalcopyrite,
for Cr, Ga in chlorite, for V in magnetite and for Bi,
Mo, Ti, Mn in independent minerals (native bismuth,
molybdenite, rutile, carbonate). Generally, it is worth
nothing the relatively constant Ni:Coratio between 0.1
— 0.4 for all the main mineralogic constituents of the
copper ores (pyrite, chalcopyrite, chlorite, magnetite)
as well as for the respective whole ores (Tab. 10).
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This reflects a strong and persistent Co predominance
in the Bilan ore member, contrasting to the tendency
of higher Ni content in the pyrite of pyritic schists from
other lithestratigraphic levels,

d¥s
+30 3%‘1
35 ,
________ i
- zﬂ‘
1o
L]
i
i
- 10 ] o
380
0

200 L0 600 800 W00 1200 SN ppm

Fig. 7 - 580 corvelation in chalcopyrite
[values are sample nunber)

The ore pyrite .

The distribution of the main trace elements is rep-
resented by histograms in Figures 8, 9, 10, 11.

Ni and Co show an obvious concordance with the
general distribution pattern in syngenetic (stratiform)
sulfide ores according to Cambel, Jarkovsky (1967)
(Fig. 8). The Ni and Co contents probably do not ex-
ceed the limit of isomorphic substitution. [t is worth
noting that pyrites with low Co content (<100 ppm)
are lacking. This reflects the relatively high Co con-
tent all over the ore province; Co:Ni ratios > | have
been mentioned also for the other main ore deposits
of the province, both in pyrite and whole ores (Fundul
Moldovei, Krautner et al., 1973; 1974, unpubl. report;
Lesul Ursului, l{r%i.ul.ner el al., 1976, 1978, unpubl. re-
port; Baia Borsa, Zincenco et al., 1973; Smolnik, Cam-
bel, Jarkovsky, 1967). This regional geochemical pe-
culiarity may be due to the primary character of the
sodree.

The Ni:Co ratios in pyrite from ores and different
pyritic schists are represented in Figure 12. The ore
pyrites scatter around the Ni:Co = 0.1 line while those
from pyritic schists plot near the Ni:Co = 1 ratio,
The pyrite from disseminated ores spreads near the
Ni:Co clark intervals for pyrites from stratiform and
hydrotherimal sulfide ores, with some tendencies to-
wards higher Co and Ni contents, Thus the ore pyrite
from Bilan resembles with respect to Ni:Co contents
the Co-rich pyrites frem Rio Tinte (10:480), Zlate Hory
{76:458) in Czechoslovakia, some Scandinavian ores as
Oblarn (29:410), Rbros (12:600) or Falun (20:600) or
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Table 9
Average of trace elements in disseminated ores and pyrite, chalcopyrite, magnetite
chlorite samples from the Bilan are deposit

Disseminated ore Pyrite Chalcopyrite Magnetite Chlorite
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Canadian ores as for example Noranda (93:600) (data
according to Cambel, Jarkovsky, 1967; Mercer, 1976).
Pyrite from pyritic schists shows Ni values above the
mentioned clark demain and lower Cao content, except-
ing the Arama Oltului pyrites placed around the Co
clark interval. Pyrite from schists not related Lo the
sulfide bearing horizons scatters in a relatively large

area around Ni:Co=1 and differs from the ore pyrites
espectally by the low Co content,

In massive ores most of the pyrites plot at lower Ni
content compared to pyrites from disseminated ores
(Fig. 12). The statistics distribution of the Ni:Co ratio
in pyrites of these two ore types is shown in Figure 13.
Thus a tendency of preferential Co concentrations in
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Fundul Moldovel, Krautner ot al., 1973, 1974; Lesul
Ursului, Krautner et al., 1976, 1978; Smolnik, Cam-
bel, Jarkovsky, 1967).

chlorite rich cres is suggested. A similar trend was
mentioned by Zincence et al. (1973) for the chlorite
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copper ores from Baia Borga, This conclusion may be
supporied also by the relatrively high Co content in
the chlorite of the Bilan ore {Tab. 9).

Figure 14 shows the statistic distribution of the
Ni:Co ratio in pyrite of disseminated copper ores
from Balan compared with other similar ores of the
same metallogenetic province. The low Ni content
in pyrites from the Fundul Moldovei sulfide horizon
may be related to its higher lithostratigraphic posi-
tion (Krautner, 1984). Thus a change in time of the
Ni:Co ratio in the source may be suspected. At Bilan
a lithostratigraphic control of the Ni:Co ratio in dif-
ferent sulfide bearing horizons is evident (Fig. 13).
A similar conclusion resulted alse from the isotopic
composition of the pyrite sulfur (Fig. 3). At present
there s no proof of these facts being really due only
to the mentioned lithostratigraphic control or whether
they pomt in [acl to differences between ore deposits
amd barren pyritie schists. In favour of the last hy-
pothesis is 4 general trend of concomitant Co and ("u
increase inchuding pyrites from Valea Baii and Arama
Oltului pyritic schists as well as frem Balan ores (Fig
13). This suggests a Co-Cu correlation irrespective
of the lithostratigraphic position. Therefore it secis
that the mentioned lithostratigraphic control delimits
silfide horizons with different Cu concentration and
only the latter controls Co distribution, bolh below
and over the clark values (Fig. 15). It is worth not-
ing that pyrite crystals (rom different schists external
to the mentioned sullide levels, as graphite phyllites,
graphite gquartzites, quarlz scricite-clilorite schists (ex-
cepling the two blastodetrital schists, Table 4) plot
along the sane trend (Fig. 15).
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3, Valea Baii pyritic schises; o, (he same, large pyrite
porphyrellasts 5 sericite graphite phyllites, graphite
quartxites, quarte sericite-cllorite schists; 6, blastode-
trital schists,

Comparatively to NiCo ratios in pyrite fron sulfide
ore deposits of different genetic types and geological
environments (Bajwah et al., 1987) the pyrite (rom
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Fig. 16 - Ni ¢ Co disteibution in pyrite and mag-

netite from Bilan comparatively lo ore deposits
of different genetic type and gealogical envivon-
ments: Avepsge values, (redrawn from Bajwal et
al,, 1987),

Pyrite: 1, magmatic deposits; 2, sedimen-
tary deposits; 3, skarn deposits; 4, submarine
hydrothermal-sedimentary deposits; 5, dissemi-
nated ores and pyritic schists (Bilan); 6, massive
are (Bilan); V. B, Valea Biii: A. Q. Avarna Ollu-
lui; B. d., Balan dissenimated ore: H. om., Bilan
masive ore. Muoguelic: 1, magmatic deposits; 2,
sedimentary deposits; 3, submarine hivelrotherinal-
sedimientary deposits; A disgenniated TIIEI..,IZ_,II".‘LH'E'.

B, Balan; BIF,; Bavded [ran Fomation.



Balan ores is placed between the submarine (exhala-

tive) hyvdrothermal-sedimentary deposits (Fig. 18],
in concordance with the accepted genetic model
(Krauvtner, 1966, 1984, 1988). The pyrite of the Arama
Oltului and Valea Baii pyritic schists plots between the
sedimentary and liydrothermal- sedimentary ores (Fig.
16). This fits well with their geological environment
from which a metal charge dispersed by submarine
transport or intraformational resedimentation may be
supposed. The Ni:Co ratio in magnetite from the ore
chlorite schists plots again near the submarine (ex-
halative) hydeothermal-sedimentary deposits selected
by Bajwah et al. (1987) (Fig. 16).

Cu, Zn, Ph are systematically highly concentrated
in ore pyrites, exceeding isomorphic substitution and
clark values. The nonconcordance with Cambel and
Jarkovsky's (1967) (requency curves (Fig. 49) is due
to chalcopyrite, sphalerite and galena inclusions some:
times seen under the microscope. These mineral in-
clusions are not separable by current technies. They
either have been included by the blastic growths of the
pyrite crystals or were infiltrated through fissures by
metamorphic mobilisation. Pyrite from schists not re-
lated to ores, as for example from the Valea Baii mem-
ber or from the Sindominic sequence (Fig. 9) system-
atically has lower Cu, Pb, Zn content {in approximate
clark values) than the ore pyrites.

Mn shows a distribution similarly to the general
pattern for "syngenetic” ore pyrites according to Cam-
bel, Jarkovsky (1967) (Fig. 10). It does not exceed the
isomerphic substitution in pyrite,

As has a tendency to bimodal distribution, suggest-
ing two pyrite types in the ores (Fig. 10). Pyrites rich
in As occur either locally or systematically in ores en-
riched in Pb and Zn, as for example in the upper parl
of lens 26 (P1. ).

Sn, Bi, Ag (Fig. 11). As no isomorphic substitution
in the pyrite lattice is possible, these elements are due
to micrescopic and submicroscopie inclusion of other
mineral pliases. This is proved for Ag by its positive
correlation with the Pb content (Fig. 17) sugggesting
a Pb sulfide as mineral suport. The general behaviour
corresponds 1o Cambel’s (1967) frequency curve for
ore pyrites (Fig.11). Sn increases with Cu (Fig. 18)
and is probably related to chaleopyrite inclusions. [ts
concentration in ore pyrites is definitely higher than in
pyritic schists (Fig. 11). Bi shows no evident corre-
lation with other trace clements, it forms independent
mineral inclusions, as lor example native Bi, noticeable
ab microscopic scale.

Chalcopyrite

Excepting the lew Ni content, the main trace el-
ements are ahove the clark values and the limit of
isomorphic substitution suggested by Cambel et al.
(1977) (Tab. 9). Thus in the analysed samples most
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ol the trace elentents are due to hefcrogeneous min-
eral inclusions. Such inclusions are partly visible un-
der the micrescope (eg. native Bi, sphalerite, ete.),
but they lie below separation technics. The mentioned
mineral nclusions resulted from metamophie growth,
recrystallisation or mobilisation and are nol products
of immiscibility segregation.
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pyrite.

Co and Nt follow the general distribution patern in
chalcopyrite as it is inferred from data collected by
Cambel et al. (1977) (Fig. 19).

B displays a bimodal distribution in concordance
with the two frequency peaks marked on the general
curve in Figure 19. This means that in the analysed
samples there is a population with Bi-bearing inclu-
sions and another population lacking in such inclu-
sions. The relatively high frequency of chalcopyrite
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with Bi inclusion (Fig. 19) is a peculiarity of the Bilan
ores. Bi in chalcopyrite shows no correlation with the
Pb content (Fig. 20). This pattern is in concordance
with microscopic data indicating native-Bi, contrary to
other deposits of the same province in which galeno-
bismuthite is mentioned.

Mﬁg énm:unn

£ 1.
W Bi ;1 mmw "'\1" o
/)
Ere Fd
L
e
P
£
Jlf [ "
= i
woo-
CLans ay
B o s
]
! Pb n
m o o R
Fig. 20 — Ag : Pboand Bi ¢ Pb eorvelation in
chalcopyrite,

Sn displays a different distribution with respect to
the general frequency curve for chalcopyrite (Fig. 19).
The most frequent low Sn chalcopyrites are lacking
at Balan. Relatively high Sn content in chalcopy-
rites seems to be another geochemical peculiarily of
the Balan ores. There is a tendency of bimodal dis-
tribution in the ranges of 100-400 ppm and T700-1000
ppm which is also marked by the sulfur isotopes (Fig.
7). The two mentioned populations are suspected to
represent mohilized and "remanent” chaleopyrites:

Ag shows also a different distribution compared to
the general frequency curve for chalcopyrite (Fig. 19).
This is probably due to galena inclusions in the anal-
ysed samples as it is suggested by the Ag-Pb correla-
tion represenied in Fig. 20.

Mn trend to a normal distribution pattern in chal-
copyrite (Fig. 19). The position of the maximal fre-
guency at Bilan in a neighbouring elass may be due
to the relatively low number of data for statistic aims,

Pb is systematically above Lthe clark content in chal-
copyrite (Fig. 19). This is due to the mentioned galena
inclusions. Chalcopyrite mobilized in quartz and car-
bonate veins has relatively low Pb content being the
most depleted in mineral inclusions. This might be
a means to explain, at least parily, the tendency of
bimodal distribution shown in Figure [

Zn has also a tendeney to bimodal distribution;
"normal” low contents contrast with high Zn content

: { BALAN 23

due to sphalerite inclusion (Fig. 19).

Magnetite

In the ore deposits from Bilan magnetite occurs
mostly as idiomorphic crystals disseminated in the
same quartz-chlorite schists as the ores, but only on lo-
cal levels depleted of sulfides. It is presumed that these
levels correspond to periods of temporary Eh (fO3) in-
crease during the ore deposition due to ventured oxy-
genated ocean water. The trace element content of
these magnetite crystals is indicated in Tables 11 and
12 by comparison with the average values for mag-
netite fromother schists of the Tulghes Group as meta-
Jaspilites, sericite-chlorite schists and greenschists (ba-
sic metavolcanics),

Compared to magnetite from the other mentioned
environments, the ore magnetite from Bilan has sys-
tematically higher Cu, Sn, Mg and Al contents. This
proves both the affiliation to the copper ore seguence
and to the peculiar chlorite-quartz rock assemblage
of this sequence, rich in Mg and Al. Noteworthy is
also the Ni:Co ratlio specifically lower than 1 in all
ore components (Tab. 10), contrary to the Ni preva-
lenee in magnetite from all the other mentioned en-
vironments (Tab. 11). On the Ni:Co diagram of Ba-
Jwah et al. (1987) the magnetite from Bdlan plots
between ("exhalative”) hydrothermal sedimentary de-
posits (Fig. 16).

Table 10
Co: Ni ratio in the whole rock and in the main
mineralogical components of the disseminated

pyritic copper ore from Bilan

Co:Ni Ni:Co
Whole ore (n=98) 113:26.8=4.2 0.24
Chalcopyrite (n=25) 63:13=4.8 0.21
Pyrite (n=42) 429:71=6.0 | 0.17
Chiorite (n=6) 108:17=6.3 0.16
Magnetite (n=5) 37:16.2=2.3 0.44

The ore magnetite from Balan differs from the mag-
netite of basic metavolcanics by its lower content in
all siderophile elements: Ni, Co, Cr, V, Ti. Compared
with the iron metajaspilites the ore magnetite from
Bilan has higher average trace element content, ex-
cepting Mn, Ni and V.

Chlorite

Chlorite is besides quartz the main non-metallic
component of the ore (Fig. 2). It is presumed that
chlerite ¢rystallized from the primary "ore mud” de-
posited on the sea floor by hydrethermal are fluids.
The trace element content and the average values are
indicated in Tables 9 and 13. Specifically high Cu and
Sn contents stress oul the appurtenance to the ore.
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Table 11

Average values for trace clements in magnatite samples from the Bilan ore and other Paleozoic schists

Cu Ph Zn Ni Co Cr v Ti Mg | Mn Al Sn | Ga L
Dissem. ore’ 214 3 308 16 3T 45 | 131 464 | 1234 | 102 | 3939 12 | 3.6 B6
(Biilan-Ferd. lev.) _
Sehists? B <3| 315| 13| <10 92| 130 | 955 | 520 [ 290 | 1300 | <10 | <3 92
(Balan)
Metajaspilite® 19| <10 | <100 22 | <10 | <30 | 150 | <30 850 | 150 | 2500 | <10 | <3 | <10
(Sindominic)
Greenschists? 34 | <10 150 | 235 85 150 | 110 | 2700 400 | 290 1950 | <10 | <3 52
(Sindominic) -
Cireenschists® 5 <3 3nn 90 70 | 130 | 6206 | 4800 35 52 | 2550 | <10 | 83 | 180
(Poiana Rusca)

1, n=5; 2, n=2%; 3, n=1; 4, n=%9; 5, n=2
All values arc in ppm

Table 12
Trace elements in magnetite from the gquartz-chlorite schists of the top sequence from
the disseminated ore of the Central Bilan ore deposit {Ferdinand level)

Cu | Ph n | Ni|Co| Cr VI Ti]l Mg | Mn Al Sn| Ga| Zr
B-124 a8 4 300 | 14 32 46 | 140 | 290 TO0 57 | 1750 22 a 514
B-125 al ) 340 | 13 | a7 80 | 180 | 450 950 52 | 4200 | <10 G 60
B-128 | 135 | <3 | <300 | 16 | 27 | <30 | 105 | 420 920 82 | 2400 | <10 | <3 | 115
B-129 | 460 | <3 | <300 | 18| 34 | <30 | 130 | 540 | 1450 | 120 | 4800 | <10 | <3 BE
B-130 | 390 | <3 | <300 | 20 | 56 38 | 100 | 620 | 2100 | 200 | 6500 | <lO T3 | 115

All values are in ppm

Table 13
T'race elements in chlorite samples from disseminated pyrite-copper ores in quartz-chlorite schists
(Bilan and Lesu Ursului ore deposits)

Ce n | Ph Bi Sn Ti Mo | Ni|[ Co | Cr | V | Ga | Se Zr| Y | La Ba Sr
B-111 150 110 2 <10 22| 3400 | 1500 16 GD | B2 { 38 16 T |-38D 21 a4 <10 <10
B-112 550 240 2 <10 62 | 2300 (] 16 55 T 43 20 5 115 149 a2 <10 25
B--120 500 165 20 <10 55 | 4200 950 14 110 T 48 22 10 240 15 33 145 <10
B-122 10040 200 18 16 | 135 | 2000 | 1100 22 170 | 90 | 50 A a 180 12 37 58 <10
B-123 TH0 2060 2 <100 ) 300 | 2100 850 18 | 150 o0 | 50 s a 160 15 >3 135 14
B-125 200 80 2 48 3 1850 as0 17 105 46| 25 A0 G 150 17 34 10 10

] 530 | 236 | 11 17 | 101 | 2641 968 | 1T [ 108 | 75 [ 42 | 30 G| 206 | 17 | 36 61 13
(n=6)

(Gn-1) 317 92 | 10 15 | 105 944 | 338 3] 46 ) 16 | 10| 12 - s | 3 4 63 8
% LU 522 | 1158 | 36 10| 30| 1190 [ 3520 | <2 16 4] 4] as] a | w6s 31 [ A1 90 | <10
(n=5) ,

(Go-1} | 473 | 1087 | 71 1 10 65 | 988 12 2| 2 1 1 15 | 6| 23 91

B - Bilan; & B average for Bilan, # LU average for Isipoaia (Lejul Ursului)
All valoes arve in ppm

.

Noteworthy is also the Ni:Co ratio (0.16) as mentioned pared with chlorites of the other similar disseminated
similar with the same ratio in the ore pyrite (Tab. 10). copper ores of the same provinee, as for example from
Variable and relative high amounts of Cu, Zn, Snand the Isipoaia horizon at Legul Ursului (Tab. 13),

Zr result from mineral inclusions. Peculiar are the sys-

tematically high Sn, Ni, Co, Cr and V contents. com-
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Trends in the vertical change of §*8 and in
the chemical constitution of the ores

Variations of 45 [rom bottom to the lop are ev-
ident in the ore bodies from Balan and have already
been deseribed from other stratiform ore deposits (e.g.
Rammelsberg, Anger ct al., 1966; Shakanai - Kuroko
type, Sasaki, 1974; Sulitjelma - Scandinavian type,
Gehrisch et al., 1975). Such changes in time of 635
during the deposition of ore have been referred either
to the source or to the depositional conditions,

a) §3%S variations in the source were differently ex-
plained. Supporters of the magmatic origin suggest
sulfur isotopic lractionation favouring the light isotope
to be accumulated in the early differentiates and pre-
cipitates (Anger et al., 1966). Adepts of refluxing cells
suppose: 1) distillation in closed systems according
to the Rayleigh equation (Gehrisch et al., 18753); 2)
change of position and depth of the convective cells; 3)
change of temperature, pH, Oz and admixture of sea
water (Kajivara, 1971; Sato, 1973; Coomer, Robinson,
1976); 1) mixing of different convecting cells (Secombe
et al., 1985) or-of volcanic sulfur with sea water sulfur
(Lusk, 1972).

b) 6%1S variations due to depositional effects may
involve: 1) physico-chemical changes in the sedimen-
tation area; 2) variable amounts of the supply; 3) bae-
terian activity.

No systematic or general sense of vertical 6*15 vari-
ations may be recognized from literature data, but in
many cases a trend to light sulfur enrichment towards
the top of the deposits is mentioned (e.g. Shakanai,
Sasaki, 1974; Sulitjelma, Gehrisch et al., 1975; Ram-
melsberg, Anger et al., 1968).

For testing the stratigraphic (vertical) 8§ varia-
tions in the Bilan ores a geochemical profile through
the Bilan depesit of the Fagu mine was sampled (two
superposed ore lenses). Plate | shows the 6*S vari-
ation and the concomitant changes of trace elements
content in pyrite and chalcopyrite, as well as of the
bulk mineralogical composition of the sulfide phases,
deduced from chemical analyses. A prevailing trend to
3g enrichment may be recognized in both lenses (L.25
and L.26, PL. 1) and a strong S increase on the top
of lense 26, therefore at the end of ore deposition. For
pyrite this trend covers a MG spread of about 12%g.

Coucomitantly with the mentioned 8 increase on
the top of the ore sequence an increase of Ph and Zn
appears both in the sulfide phase of the whole ore and
in pyrite (PL 1).

Trace elements in pyrile show some systematic
trends following roughly the increasing Cu, Ph, Zn
supply (Cu, Pb, Zn content in ore}, Co and Sn follow
the Cu trend, while Bi, Ag and As follow the Ph-Zn
trend. Ni is constant and shows no correlations with
other elements. Thus most of the mentioned trends of

-
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trace elements reflect Lhe amount of mineral inclusions
in pyrite,

Models for the source and the vertical
reochemical trend

As it was mentioned, for the Balan ores a sedi-
mentary deposition fed by a continuous supply from
hyvdrotherms in an open basinal system is accepted.
Therefore it seems suitable to suppeose the mentioned
598 variation mainly from thie source and only sub-
sidiarily Irom depositional conditions (¢.g. local devi-
ations from the general trend}. This is strongly sup-
ported by the concomitant change of the ore fluid
chemistry, indicated by variations of the metal and
trace element content in pyrite, chalcopyrite and in
the bulk composition of the sulfide phases (PL 1) If
we accept as source of the sulfide-sulfur anerganic ki-
netie reduction of previous sea waler sulfate, as it was
suggested by Nielsen (1979), then the time-bound iso-
topic fractionation may be explained by the faster re-
acting light sulfur. Thus the refluxing cells carry firstly
preferentially light suifur and later enrich in 33S. This
implies sulfur extraction from a closed system. Reset-
ting of ™8 values in different ore lenses (L 25, L 26)

as well as different senses of 8 trends could suggest

change of the sources area (mobile source). Therefore
we can suppose either (Fig. 21) 1) changes in time of
the "source position”, as for example the depth and/or
the place of sulfur and metal extraction; or 2) changes
of the physical conditions in the same source area (e.g.
increasing T and pH will enlarge the sulfur and metal
extraction), as well as 3) mixing of ore fluids from two
different sources.

1) According to the first model the §'S variation
recorded from Bilan could be explained as follows: at
the heginning lens 25 was fed by a deep seated prefer-
ential extraction of ancrganically reduced light sulfur,
followed by a persistent depletion of the remanent #*8
enriched sulfur from the same rock volume (extraction
from a closed system). As no geochemical and space-
time continuity exists between lenses 25 and 26, the
cell of lens 25 died out and lens 26 was fed later by a
new convective eirculation. In the lower part of lens 26
the 848 trend resembles that one of lens 25, Therelore
in the new source the history of the previous source (of
lens 25) was roughly repeated. But to the end of the
ore deposition & gradual change of the source position
is suggested by the increasing supply of Pb, Zn and As,
Bi, Sn, Ag, Co, concomitantly with a strong increase
of light sulfur (PL 1).

2) Aceording to the second model a continnous m-
crease of temperature and pH during the life of the
convective cell of lens 26 favoured a more and more in-
tensive metal and sulfur exteaction in the same source
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area, or a continuous growth of the source region. Con-
sequently the ionic charge of fluids increases and sul-
fur becomes lighter due to preferentially **$ depletion
in the growing source area. An alternative explana-
tion for the trend of increasing light sulfur may be
the increase of f04 and/or pH of the ore solutions in
the source, or during their ascension to the surface.
Such a model was proposed by Kajiwara (1971) for
the Shakanai deposit of Kuroko type (at a tempera-
ture of 250° C an isotopic fractionation of about 8 %
may be performed by a pH variation from 5 to § or by
a log {04 increase from —35.5 to ~33).

SFA LEVEL

I

14T, pH105) L 2{TRpH A0,

Fig. 21 - Models for sulfur and metal extraction
by convective cells that may explain the vertical
geochemical trends in the ore deposits from Bilan
(expianation in the text).

3} The third model assumes in the last stage of ore
deposition (lens 26} a mixing with fluids of another
convective eell, rich in Pb, Zn and in the other men-
tioned trace elements.

The mentioned trends are recorded only for pyrite
sulfur. The chalcopyrite sulfur shows an irregular scat-
tering, probably due to the suspected metamorphic
fractionation. Only the %S increase in the uppermost
part of the ore sequence may be recognized coneomi-
tantly in both pyrite and chalcopyrite sulfur (F1. 1).
A supplementary organic fractionation cannot be ex-
cluded for the top of the ore deposit.

Pyrite-copper deposition, followed by Ph and Zn
supply towards the final deposition stages have been
described from some prominent ore deposits (e.g.
Hammelsherg, Kuroko type ores). In most cases the
Pb, Zn supply develops concomitantly with a system-
atic increase of light sulfur. If such trends really are a
common feature of some types of stratiform sulfide ore
deposits, a similar change of the source position (ac-
cording to model 1) in all cases is less probable. There-
fore the second model that explains the mentioned geo-
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chemical evolution of the ore fluids by changes of phys-
ical factors (T, pH, {02} in the same source area seems
to be more suitable. Thus modification of the geother-
mal gradient might be one of the main promoters of
the mentioned geochemical trend during the ore depo-
sition.

Similar geachemical constitution of voleanic hosted
(Kuroko type) and sediment hosted (Rammelsberg
type) sulfide ore deposits as well as similar trends in
the vertical zoning of such ore bodies, suggest that the
sourse of metals is not strictly related to volcanic en-
vironments.

PYRITIC SERICITE-CHLORITE SCHISTS OF THE
VALEA BAII AND ARAMA OLTULUI MEMBERS

Isotopic dala are scarce, therefore only informative
and not conclusive (Tabs. 1, 6; Fig. 3). Differences
with respect to the disseminated ores of the Bilan
member are evident for 8*18, Ni, Co, Sn, Bi, Ag (Tab.
6, Figs. 8,9, 10, L1).

For the Arama Olfulu: pyrites the higher amounts of
Cu, Zn, Ph, Co and Bi suggest deposition from metal
carrving hydrotherms, as it is proved by some small
and local copper ore accumulations south of the Fagu
Mine (Bore holes 337, 317). The §*Spy average is
simmilar to that of the Medias massive ore from the
Bilan Member, but the spread is definitely larger and
includs lower values (Tab. 6}, semblable with those
of the Valea Baii pyrite. An informative geochemical
profile (Gal, 18, Sabo) of 10 samples show no system-
atic vertical variation of §*'S values as in the ore lenses
of the Bilan Member. Therefore in the Arama Oltu-
lui horizen more constant sourse and/or depositional
conditions may he presumed. Diflicult to explain are
the two isolated hight S values (4+35.77 and +38.20
Y%o) which would suggest Cambrian sea water sulfur
(648 = 430 %), localy shifted to the sulfide stability
field due to increasing temperature and {0, (Nielsen,
1979).

For the Valea Béii pyrites the §*S average is slightly
below that one of Lhe ore pyrites. A similar sea water
sulfur source could he presumed, but not associated
with metal careying hyvdrotherms as the ore fluids had
been in earlier connectiv cells (Fig. 3). For this counts
also the low trace element content of Lhose pyrites.

For both Arama Oltului and Valea Baii pyrites the
trace element distribution is in good concordance with
the general data of Cambel, Jarkosky (1967): Cu, Zn,
Pb show maximal frequency around clark values, with
some tendencies to hizher values in the Arama Oltului
pyrites (Fig. 9). The same clark distribution may be
noticed for Ag and Mn (Figs: 10, 11), Both Arama
Oltului and Valea Baii pyrites fit for Co and Ni the
second (high value) maxinmum of Cambel's frequmlcy
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curves (Fig. 8). For Ni this is an obvious differ-
ence comparatively to the Balan-Fagu and Sindominic
pyrites (Fig. 8).

SERICITE-GRAPHITE SCHISTS WITH
DISSEMINATED PYRITE IN THE SINDOMINIC
SEQUENCE

Generally pyrite does not exceed a 10-15 volume
percentage of the rock. Only locally scarce chalcopy-
rite dissemination may occur {Popa, Serbinesecu, 1984,
- unpubl. report), sometimes associated with chlorite
schists. Pyrite 6*!S values range from about -18%; to
-3%o (Tab. 1) (26™S = -10.31 %,). Popa (1975) sug-
gested that these pyritic schists represent the northern
extension of the Bilan ore member, assuming that the
Pingirati blastodetrital schists could be an equivalent
of the Bilan acid metavolcanics. Such a correlation
has no real lithostratigraphic, lithologic and geochem-
ical support (Fig. 3).

For the pyrite sulfur of the Sindominic schists a bio-
genic reduction of sea water sulfate, supposed by Popa
{1981, unpubl. report; 1982), is suggested by the
scarce pyrite dissemination in graphitie phyllites, as
well as by the higher amount of **S than in pyrites from
sulfide disseminations of the ore-hearing levels. The
average T6°'Spy differences Lo the mentioned pyritic
schists are of 28.08%, (Balan), 19.18 %, {Va.lea. Baii)
and 21.57 % (Arama Oltului).

Comparatively with the §'S = 430 % of Cambrian
sea water, as it can be inferred from Cambrian sulfate
deposits (Nielsen, 1979), an isotopic fractionation of
6318 33-48 %o (2=40.31 %q) does result. This value
exceeds the experimental and theoretical data for dis-
similatory ("respiratory”) bacterial sulfate reduction
(~25 %) but fits the order of the studied natural sys-
tems (—40 to -65 %qg) in which a more advanced frac-
tionation develops due to the slow rate of the process
and possible steady state replenishment of sulfate nu-
trient (Nielsen, 1979; Schwarcz, Burnie, 1973).

By comparison to the theoretical §*S distribution
in open and closed natural systems with bacterial re-
duction proposed by Sechwarez, Burnie (1973) the hys-
togram of pyrite sulfur from the Sindominic graphitic
schists fits an open system distribution with-a narrow
5318 range around A# = 40 %. (Fig. 22). Such open
systems may be either sedimentation in anoxic sea wa-
ter or permeable wet sedimenis in which sullate can
diffuse from overlying oxigenated sea water as [ast as
it had been consumed by reduction or precipitation.
In such conditions the spread of 65 values can be
enlarged (skewed to higher A) by reduction of sea wa-
ter sulfate trapped in the sediment below the depth
of diffusion of fresh sulfate. This could account for
the tendency of bimodal distribution in the mentioned
histogram (Fig. 22). But the low number of analytic
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data and the metamorphic overprini render such con-
clusions only speculative,

Generally A (6MS,. urrate= 07 Shiog.ut fide ) vaTics as
a function of the specific acling bacteria. According
to Schwarez, Burnie (1973) A appears to be larger in
yuiet, undisturbed marine environments than in more
agitated, higher energy sysiems. In this mode] the
relatively low (2=40.31 %;) and narrow §*S range o
the pyrite below the Pingirati Member fit well the sed-
imentologic environment in the Sindominic sequence,
where the pyritic graphite phyllites have local inter-
calations of blastodetrital schists, showing temporary
high energy disturbances:

Foaney sxpglar
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e Ala-25%0—

L el

-30 e o A s

S
=
=

Fig. 22 - §M8 histogram lor pyrite from Sindeminic
sericite-graphite schists (Llack} compared to the theo-
vetical S distribution in open and elosed natural sys-
tens with bactenal reduction according to Schwarss,
Burnie (1973).

The mentioned data suggest strongly the provenance
of pyrite sullur in the graphite phyllites north of Bilan
by biegenic reduction of sea water sulfate in spite of
the fact that a broad and nonsystematic 8**S spread-
ing required according to Nielsen (1979) as test for
bacterial activity is lacking. This could be explained
by hoth the "open™ character of the sysfem requir-
ing a narrower 618 spread and by a tendency of local
isotopic homogeneisation by metamorphic erystallisa-
tion (blastesis). A relict tendency to nensystematic
spreading in locall distributed "closed cells” could be
speculatively supposed in the bimedal distribution of
43 (Fig. 22).

As a supplementary explanation it may be sup-
posed that concomilantly, but only locally, the sys-
tem was fed by conveetive cells of hydrotherms, car-
rying from depth dissolved biogenic sulfur and cop-
per. This may account for local oceurrences on the
same lithostratigraphic level of small lenses of chlorite
schists with searce pyrite and chialcopyrite dissemina-
tions (e.g. Bore hole 205, Beleina).

The trace element distribution in pyrite is shown
in Figs. 8 9, 10, 11. For all the elements relatively
low contents are prevailing, close to Cambel’s (1967)
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distribution patterns. This is the main geochemical
difference from the ore pyrite with higher amounts of
trace elements (Fig. 23). Ni is an exception with its
similar distribution, but the Co:Ni ratio is below 1,
due to the low Co content, Among different types of
pyritic schists the blastodetrital rocks show the lowest
Co content,

I3s9,

0 4
+30 -
+20 4

40 1

=10

---& Sindominic

5%

Fig. 23 - Differerices in §15 and trace elements av-
erage valiues between the Bitlan ore pyrite and pyrite
from the Sindominic graphite-sericite schists.

Conclusive remarks

Sulfur isotopes and trace elements in pyrite of ore
and pyritic schists show lithostratigraphic control. No
metamorphic (greenschist facies) homogeneisation is
recognisable on regional scale.

A concordance in the §'S values of the Bilan ores
and of other syngenetic sulfide ore deposits may be ab-
tained by equilibration of the recordet ore 675 values
for the sea water 6*1S values during the respective ore
deposition.

There is no isotopic equilibrium between sulfur of
pyrite—chalcopyrite pairs in the ore. This may be
explained either by an initial desequilibrium in the
premetamarphic ore, or by metamorphic isotopic lrac-
tionation (mainly in the chalcopyrite phase).

Local metamorphic isotopic fractionation of sulfure
and trace element differentiation is suggesied for mo-
bilised chalcopyrite and for large porphyroblasts of
pyrite.

A continuous change of §'S and trace element con-
tent occurs in a Lransversal section through the ore
lenses. This may be explained by variable leaching
(extraction} conditions in a growing source area from
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which a convective circulation of hydrotherms was
charged by sulfur and metals. The sulfide sulfur of the
ore is presumed to originate in sea water sulfate by
kinetic isotopic fractionation at depth. Metals could
be extracted from both, velcanic or nonvolcanic rock
associations.

Organic reduction of sea water sulfatle is suggested
for the pyrite sulfur of the Sindominic sericite—graphite
schists.
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METALLOGENY OF THE CENTRAL SOUTH CARPATHIANS AND SOME
REMARKS ON THE SOURCE OF GOLD IN METAMORPHITES

Ghec:-;*ghe UDUBASA, Paulina I]AMDPANU. Jon HARTOPAN U, Serban J’;N{\ST&SE
Institutul de Geologie si Geofizich, sir. Caransebes 1, 78344 Bucuresti 32.

Key words: Metallogeny. Metamorphic rocks. Gold sources and bearers. Au. Neu-
tron activation analysis. South Carpathians - Getic and Supragelic realms - Lotru and
Capitina Mts, Cibin Mts, Sebes Mts.

Abstract: Metallogeny of the Central South Carpathians and Some Remarks on the
Source of GGold in Metamorphiles. Four major types of mineral deposits have been rec-
ognized in the Upper Proterozoic melamorphics of the South Carpathians, i, e, (1) re-
gionally metameorphosed sedimentary and magmatic deposits (Lrue protoliths), (2) meta-
morphic deposits, (3) shear-zone related ore ocourrences, (4) sulfide disseminations in
sltramafics tectonically pierced inlo supracrustal rocks. As concerns the gold sources
(mainly for alluvial concentrations) the following hierarchy has been established: 1, the
shear-zone related ores; 11, titanian hematite inclusions in kyanite and nests within quartz
lenses in micaschists accompanying the manganiferous belt; 111, accessory magnetite in
schists and chremian spinel in ultramafics. Additional gold bearers in the mature allu-
vial depuosits are the greigite (microconcretions up to 300 pm in size) and the framboidal

pyriie,

The Precambrian metamorphites cccurring in the
central South Carpathians (the Getic Crystalline arca)
are usually poor in relevant mineral accumulations, the
only exception to the rule being the pegmatites. How-
ever, there are several eccurrence Lypes, of different
structure and genesis, assigned to several metamorphic
sequences. They are of different importance, if one
considers that the deposition of mineral résources took
place during several stages, by extremely varied geolog-
ical processes. According to the prevailing character
of the metallogenetic process, the mineral occurrences
are grouped as follows (Udubaga, 1987; Udubasa, in
Balintoni et al., 1989).

1. Regionally metamorphosed sedimentary
or igneous occurrences
1.1 Manganese-bearing rocks (Sebeg-Lotru Series,
Sebeg-Cibin-Lotru Mts)
1.2 Pb-Zn ores (Suru Fermation, Fagirag Mts)
1.3 Ni-Cu-Co ores (Micarele Formation, Fagirag
Mts)
2. Metamorphic occcurrences
2.1 Pegmatites (Sebes-Lotru Series, Sebes-Cibin-
Lotru Mts)
2.2 Kyanite (the same)
2.3 Iron ores in retromorphic metamorphites
(Sibigel Series, Lotru and Sebes-Cibin Mts)

3. Ore occurrences velated to shear zones
3.1 Au-Cu ores (Capitina Mts)
4.2 Iron sulphide ores (Capitina Mis)

4. Ni-Fe-Cu sulphides in exotic ultrabasite
bodies (Sebes-Cibin-Lotru Mis)

Although almost all these types of mineral deposits
plaved a more or less important part in the accumula-
tion and redistribution of gold, it is difficult to present
them thoroughly. Therefore, special attention will be
paid to those of particular metallogenetic significance
to the gold.

Manganese-bearing rocks. The axial area of the Cen-
tral South Carpathians (C5C) contains a manganese
belt generally trending E-W which delimits two inde-
pendent realms of the Sebes-Lotru Series: (1) one ly-
ing south of the manganese belt, consisting mainly of
metapelites which abund in pegmatite bodies, kyanite
and exotic ultrabasite bodies, quartz-feldspar gneisses
and eclogitic rocks and (2) another one in the north
of this belt, consisting mainly of partly migmatized
paragneisses (PL. 1), It has not been proved yet that
the manganese-bearing rocks yield relevant gold con-
tents (a sample of nearly monomineral spessartinite
from the Cugir Valley shows only 0.0025 ppm Au),
but it is interesting to note the local oceurrence of ti-
tanian hematite near the manganese ores; this mineral
is one of the important gold bearers in the CS5C meta-
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morphites (Tab. 1).

Table 1
Gold content in minerals and rocks (RNAA method)
A, Minerals
Minerals Sample No. Au (ppm]}
Titanian hematite 5-87 0.0541
(hems)
(ditto) S-4 0.0326
Kyanite 5-10 0.0326
Muscovite (pegm.) 1058 0.0293
Garnet y 1033 0.0195
Spessartine 1059 0.0025
Microcline (pegm.) 1063 0.0010
Biotite 1067 0.0007
B. Rocks
Rock type Locality Au {ppm)
Amphibolite . Pianu Valley 0.1300
(retrogressed)
Garnet amphibaslite Valea lui Stan 0.0446
Amphibolite Vasilatu Valley 0.0305
{retrogressed)
Ultrabasite Canciu 0.0086
Biotiie gneiss Valea lui Stan 0.0075
Micaschist Valea lui Stan 0.0037
Red gneisses Valea lui Stan 0.0025
Ultrabasite Valea lui Stan 0.0022
Ultrabasite Cildarea brook 0.0011
(trib. Sebeg Valley)

Kyanite deposits, There are kyanite micaschists in
which the kyanite amount ranges from 2 to 20 % and
constitutes in places megablasts of 10 cm; according
to Hartopanu (1982) the kyanite-bearing rocks oceur-
ring in the CSC show a marked preference for the Up-
per metapelitic unit of the Sebes-Lotru Series forming
here a tabular, nearly horizontal primary structure.
Hartopanu (1978) gives a detailed description of the
relationships between kyanite and staurclite, as well
as of massive disthenites apparently with no feliation.
It is important to note that kyanite exhibits system-
atically titanian hematite inclusions, which point to
coexistence PT domains and also account for some rel-
atively high gold contents of kyanite (Tab. 1).

Iron orcs an velvomorplic melamorphites. Aceord-
ing to Haun and Balintoni (1988) the Sibigel Se-
ries in the Lotru Mis is equivalent to the Capilna-
Carpinig one (Chivu, 1964), these authors also prov-
ing the retromorphic character of metamorphites and
suggesting their Precambrian age. In this view, the
Sibigel Series is an independent metamorphie sequence,
characterized by iron (magnetite) ores, considered by
Minecan et al. (1979) and Chivu (1980) to represent
regionally metamorphosed syngenetic ores, but proved
to be formed as a result of intense retromorphism
(Hann, Szasz, 1984). The latter opinion is confirmed
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by the relationships between ilmenite and magnetite
{Fig. 1); the magnetite porphyroblasts have resulted
from the deferrization of ferromagnesian silicates, syn-
chronous with ilmenite destabilization within a com-
plex metamorphic process of prevailingly static and
essentially retrograde nature,

Fig. 1 - Magnetite {(mgt) porphyroblast ex-
hibiting elongated Hmenite (ilm) inclusions
partly altered to rutileftitanite aggregates
{similar alteration both inside the porphyrob-
lasts, where ilmenite parallels 5., and out-
sicle them). HRetrogressed amphibolites of the
Sibigel formation, CHrpinig, Cibin Mis.

The Sibigel Series on the whole is viewed as a
Precambrian green schists belt which acted as gold-
bearing protore in the CSC (Udubasga, 1987), generat-
ing the "tectogenetic” Au-Cu ores from Valea lui Stan
in the Cipitina Mts by means of processes related
to alpine (probably pre-alpine, too) shearing zones
{(Udubasa, Hann, 1988).

Au-Cu ores and Au ores. So [ar, primary gold de-
posits are known at Valea lui Stan (Udubaga, Hann,
1988) and in the Costegti Valley in the Ciapitina Mts
{Apostoloin et al., 1987; unpublished data); they are
related to intense shearing zones of different ages which
affected the above mentioned green schists belt (Valea
lui Stan) or a similar sequence of the Sebes-Lotru Se-

‘ries (Costesti Valley). In the last case, the blastomy-

lonitic protore was later reactivated and affected by
intense metamorphic differentiation processes result-
ing in gold-bearing quartz bodies.

Important alluvial concentrations are reported from
the north of the Sebeg Mts (Valea Pianului) and from
the Lotru and Olt Valleys; the source of alluvial gold
will be treated further on.

Iron sulfide ores. 1n the Capitina Mis iron sulfide
ores have been identified by Trifulescu et al, (1962,
unpublished data); according te Hann et al. (1988)
they are associated with the mylonites occurring in
the contact area between Ursu and Vaideeni forma-
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tions. The main component is pyrrhotite, partly al-
tered to pyrite, marcasite (via Zwischenprodukt), to
which different amounts of chalecopyrite, graphite, il-
menite, picroilmenite, rutile, titanite, sphalerite, tocili-
nite (7) are added; magnetite occurs only as inclu-
sions in the pyrite formed at the expense of pyrrhotite
(Udubaga et al., 1988, unpublished data). Within the
shear zone there are decimetric lenses of fine carbonate
rocks exhibiting numerous graphite inclusions, as well
as nonmetamorphosed dolerite bodies. Pyrrhotite-
dominated ores occur also in the Cerna Valley (Danu-
bian realm). Unlike the above mentioned occurrences,
the pyrrhotite ores in the Cerna Valley contain also
graphite, pyrite and chalcopyrite but show a strong
transformation of pyrite into pyrrhotite as a result of
thermal effect produced by Late Precambrian grani-
toids. A massive pyrrhotite sample from Cerna ores
has yielded 0.0276 ppm Au.

Ni-Fe-Cu sulfides m wlirabasites. The Getie Crys-
talline in the CSC contains numerous partly serpen-
tinized ultrabasite bodiés of varying size, which to-
gether with the eclogites and the granulitic rocks rep-
resent deep-seated bodies tectonically included in the
supracrustal metamorphic rocks of the Sebes-Lotru
Series (lancu et al., 1987). ‘The metallic compo-
nents of these rocks are represented by chrome spinels,
pyrrhotite, pentlandite, chalcopyrite, magnetite (sub-
ordinale, as coronas round the chromite grains or fila-
mentous, arranged in serpentinic cells or veinlets sub-
stituting olivine); millerite oecurs in places. Some ul-
trabasite samples have been analysed for gold and the
contents yielded are generally low (Tab. 1). It is;
however, to note the presence of gold inclusions in the
chromite of some alluvial concentrates, keeping the ul-
trabasites among potential gold bearers as the ultimate
source of this metal in the mantle.

Analytical Method

The gold contents of the rocks, minerals and alluvial
concentrates have been determined by radiochemical
neutron activation analysis (RNAA). This method is
particularly sensitive to all concentration levels; for the
lower limit of 0.1 ppb (10'® or 0.1 mg/t) the accuracy
of measuring is of 7-8 %.

The gold ratio is inferred from the nuclear reaction:

197Au (n, 7) — 8Au

by means of which ' Au is obtained, subsequently to
the sample irradiation inside the reactor; T 1/2=65
hours, E=0.412 MeV. A Nal crystal detector coupled
with an 800 channel analyser have been used. The
spectra have been calculated by using the photopeak
area method. The standard used was pure spectral
gold (produced by Johnson and Matthey Chem. Lid.)
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dissolved in aqua regia. The samples weighing 100-
200 g have been finely ground and homogenized to
be simultaneously used for determining both the gold
content by RNAA and the trace elements (titanium in-
cluded) by emission spectroscopy. The sample amount
undergoing neutron activation was of 0.2 g after 24
hours drying at 105° C.

Gold Distribution in Metamorphites

While the source of alluvial gold in the Lotruand Olt
Valleys is relatively easily detected (mainly the Valea
lui Stan ore occurrence), in the other areas the alluvial
gold is of still unknown origin. In order Lo elucidate
this problem and to make progress in the geochemical
study of gold in metamorphites, a systematic investiga-
tion ‘of the alluvial deposits has been carried out. For
obtaining significant geochemical results second and
third order tributaries have been chosen. Thus, the
sampling included both areas with known alluvial con-
centrations and the adjoining zones. Informative sam-
pling of different rocks and minerals was also added,
The analyses of gold by neutron activation have been
associated with quantitative spectrographie analyses,
partial chemical analyses and minute microscopic stud-
ies, especially of polished sections obtained by resin
inclusion of concentrates, The analytical flow gener
ally included magnetic separation (for certain samples
at several intensities of the magnetic field) and the
simultanecus analyses of both the magnetic fractions
and the bulk samples or the non-magnetic remnants.

The analytical data are presented here either as syn-
thetic markers noted on the map (Pl. I) or as maxi-
mum and minimum values (Tab. 2). These synthetic
markers on the map point formerly to the presence
of the free gold (bulk samples or non-magnetic frac-
tion with high gold content) or gold inclusions in dif-
ferent. minerals (higher gold content of the magnetic
fraction). The latter is most frequent, the immature
alluvia contaiming gold inclusions mainly in other min-
erals.

It is to mention that the gold was observed under the
microscope in relatively few samples; the main cause is
its aleatory distribution and sometimes its being very
fine- grained; for the latter, the name of "analytical
gold™ is more appropriate, at least till its investigation
by the electronic microscope or by microprobe analysis
which represent the second stage of the geochemical
study of the CSC gold oceurrences.

By using the RNAA and the microscopic investi-
gation the main bearers of "included gold” in meta-
morphites have been identified. According to fre-
quency, the main gold bearers are: magnetite, titanian
hematite, chromite, goethite and framboidal pyrite
(the last two minerals from mature alluvia or/and
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formed at the expense of sedimentary rocks). The "op-
tical” proof of the occurrence of gold in these minerals
will be given in a separate paper.

Table 2
Some data concerning the gold geochemistry
of the stream sediments

1. Highest(H) and lowest(L) values
Whole Magnetic
samples (A) concentrates{ )
H 0.1294 0.3248
L 0.0007 0.0005
I1. Enrichment factors
Sample No. AB Sample No A:B
5-75 1:319 S-110 a5:1
5-105 1:39 5-56 13:1
5-28 1:31 S5-T7 10:1
5-102 1:21 C-140 6:1
C-126 1:1 L-127 3:1
IT1. Variation of gold content versus
magnetic intensity®
Mu{0.1 A) | Mz (**) | M3 (7.5-8A) | N (***)
1. 0.2655 0.0178 0.0645 0.0085
2 0.0190 1.3279 0.0177 0.0123

* Inan electromagnetic separator My, Mgz, Ma, N - from

the same sample).
** The remaining portion from Ma.

"¥* Nom-magnetic fraction.

As regards the "analytical gold” certain relation-
ships between the gold contents and other elements
have been sought; the successive testing has shown
positive correlations between gold and titanium and
between gold and some other elements. The diagram of
Figure 2 illustrates the positive Au/Ti correlation and
implicitly the preference of gold for titanian hematite.
It is interesting to note also the positive correlation
between the gold content and the sum of the following
elements Cu, Pb, Zn, 5n, Mo, Cr, Ni, Co (Fig. 3),
its significance - statistically determined — being not
wholly elucidated yet.

The gold protore nature of the Precambrian green
schists belt represented by the Sibisel Series is statis-
tically confirmed., Several alluvial concentrate sam-
ples from the developing areas of these metamorphites
yield higher contents as compared to the Sebes-Lotru
Series. The gold contents exhibit in both cases great
variations. It is presumed that the Sibisel Series was
primarily inhomogenous as regards the gold content;
it forms an elongated belt several tens of km long (see
Fig. 4). For the Sebes-Lotru Series gradual gold con-
centration on restricted areas (blastomylonite belts, lo-
cally developed quartz lenses with titanian hematite
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nests) must be taken into account.
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Iig. 2 - AuwfTi corvelation diagram.

I, rock samples; 2, alluvial concentrates (magnetic [ractions);
3, minerals (particularly titanian hematite). Positive correla-
tion disturbed mainly with respect to the very reduced gold
contents (next to the clarke).

Discussions

Starting from the very non-uniform distribution of
gold in rocks, it has been considered that the study of
alluvial conecentrates from small hydrographic basins
can inform, to a greater extent, on the primary sources
of gold in metamorphites. This premise has been con-
firmed. The systematic investigations led to the con-
clusion ihat metamorphites should contain preferen-
tial gold bearers, i.e. minerals including elements with
geochemical affinities for this metal or rocks exhibit-
ing wide geochemical spectra which also include gold.
Some types of amphibolic rocks and certain rock se-
quences also containing amphibolic rocks (eg. Sibigel
Series) play this role in the CSC. As regards the min-
erals, the available data show that, at present, mag-
netite, titanian hematite and chrome spinel frequently
associate with gold. .

It is more difficult to discuss the nature of the pro-
toliths yielding the metamorphic rocks or rock se-
quences which exhibit at present anomalous gold con-
tents. If according to Petrovskaia (1973) the geochem-
ical spectrum of alluvial gold as a mineral reflects the
geochemical features of the primary ore, the same is
true for our samples of alluvial concentrates; the sam-
ples vielding relevant gold contents usually eontain
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such elements as Cu, Pb, Zn, Su, Mo, Cr, Co, Ni,
the correlation being positive in case their sum total
is considered. Thus the source rocks or formations
are supposed to contain all these elements. There are
several samples yielding anomalous contents of one or
two of these elements and lacking in significant gold
amounts, thus accounting for the fact that the primary
sources contain a well defined association of elements.
The common factor is Ti(ZFe) for which the positive
correlation with gold is preserved independently of the
fraction type (global, magnetic) pointing to the impor-
tance of these elements to the primary fixation of gold
in sediments.

(L)

i PRRra |
100 000 10000

L [fu,Pb, Zni, Sn, Mo, Cr o Hil

Fig, 3 - Aufsum total of Cu, Pb, Zn, 5n, Mo, Cr,
Co and Ni correlation diagram,

1, variant without Co and Ni (better positive cor-
relation); 2, variant including Ce and Ni (poor
positive correlation especially with respect to the
reduced gold contents). For details, see the text.

Iablokova (1972) emphasizes the role of colloidal iron
hydrate and of organic carbon to the migration and
deposition of gold in sediments, as well as the active
role of ferruginous imicroconcretions to the "coprecipi-
tation” of gold. Therefore, it is easily understood how
the gold-iron association is preserved during the meta-
morphism, finally resulting in gold inclusions in mag-
netite, A similar association can be supposed between
colloidal gold and the cryptocrystalline titanium hy-
drated oxide of the a-titanium acid (present in nature,
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acc. to Mareu, 1979, as TiO».H20). This may account
for the gold-titanium-hematite association in kyanite-
bearing rocks. Saager et al. (1982) caleulated an aver-
age value of 0.0130 ppm Au for the ferruginous rocks of
the greenstone belt in Southern Africa (ranging from
0.00005 to 0.667 ppm) and of 0.0011 ppm (0.00001-

1 0.0372 ppm) for the associated basic voleanics.

Accepting the hypothesis that the ultimate source of
gold is the mantle and, by direct observation, the rocks
originating in the mantle (Anhauesser et al., 1969), the
CSC ultrabasites considered of deep, infracrustal na-
ture (lancu et al, 1987) can be viewed as potential
source of gold. However, as the analyses of ultrabasite
samples have not pointed to significant gold contents
(Tab. 1) and as far as the alluvial concentrates con-
tain gold inclusions in chromite, it is supposed that
the role of ultrabasites in generating or increasing the
gold content of metamorphites is mediated by their de-
gree of "processing” in areas with blastomylonites or
mylonites,

There are numerous data which account for the pref-
erential concentration of gold in melanocratic minerals
and particularly in magnetite; the magnetite of some
granitoids may yield as much as 0.8 ppm Au (Scer-
bakov, 1974), by contrast to quartz (0.0018 ppm at
the most), feldspars (0.0020), biotite (0.0207), chlorite
(0.0412) etc. Saager et al. (1982) suppose that in the
Archean basic volcanics from South Africa sulfides are
the main gold bearers, although the analyses were per-
formed on rock samples; no gold inclusions have been
observed in the rocks analysed nor in the sulfides en-
countered so such a conclusion seems to be purely spec-
ulative. It is however true that the metamorphosed Ni-
Cu-Co ore occurrences in the Vilsan Valley (Udubaga
et al., 1988) have shown gold inclusions in sulfides,
while the alluvial concentrate samples from the area
adjoining to the ore deposit yield gold contents higher
than those in the adjacent areas.

The primary gold sources can be thus numerous,
the available data on the CSC metamorphites sug-
gesting that the main gold bearers are: metamor-
phic sequences of green schists type (Sibigel Series)
rich in magnetite; titanian hematite associated with
quartz lenses resulting from metamorphic differen-
tiation within the kyanite-bearing micaschists; the
chromite of ultrabasites occurring in blastomylonite
areas; blastomylonites themselves containing slight
gold concentrations of shear-zone type.

Considering these possible sources and the shear
zone related gold concentrations such as in Valea lui
Stan and Costesti Valley (Capdtina Mts), the distri-
bution of alluvial gold in the CSC is easily understood
(Fig. 4). Moreover, "anomalous areas” can be de-
limited within the metamorphites of the Getic realm
{exhibiting free gold or gold inclusions in other miner-
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Fig. 4 — Sketch of the Central South Carpathians showing the main gold protores and the
gold migration within stream sediments. )

1, Sibigel Series; 2, manganiferous belt; 3, titanian hematite nests in quartz lenses; 4, kyanile-
rich rocks; 5, blastomylenite belts; 6, gold migration from protores; 7, gold concenlrations:
a, primary (mainly shear-zone related); b, secondary (alluvial).
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ISOTOPIC COMPOSITION OF OXYGEN, CARBON AND SULPHUR IN
SIDERITE ORE DEPOSITS ASSOCIATED TO NEOGENE VOLCANISM

IN THE EAST CARPATHIANS - PRELIMINARY DATA.

Alexandru SZAKACS, Filofteia GAFTOI
Institutul de Geologie si Geofizick. Str. Caransebes 1, 78344 Bucuresti 32.

Key words: Mineral deposits, Siderite. Volcanic rocks. Neogene. Stable isotopes. *0.
*C. 5. East Carpathians - Neogene-Quaternary eruptive — Cilimani, Harghita Mts.

Abstract: lsotopic Composilion of Ozygen, Carbon and Sulphur in Siderite Ore De-
posits associated to Neogene Voleanism in the East Carpathians - Preliminary Data, The
isotopic composition of oxygen and carbon in siderites and of sulphur in associated marca-
sites, from siderite ore deposits related to the Neogene volcanics in the East Carpathians,
has been measured. The obtained 6% 0 values (~7.56-9.16 %o PDB) are consistent with
the meteoric origin of water in the carbonate forming hydrotherms. Siderite formation
temperatures (ca. 60° C), obtained using Epstein’s isotopic thermometer, are in agree-
ment with both mineralogical features of siderites and geothermal data concerning their
oceurrence areas. The O values in the samples from the Harghita Mis can be explained
—as in the case of free CO; from the actual thermomineral systems in the same area - by
thermal decomposition of marine carbonates. The isotopic composition of sulphur from
marcasites is consistent with their magmatic origin but also other hypotheses (filtration
of hydrotherms through sulphate-bearing formations for instance) may be taken into

account.

1. Iptx‘odttctiun

By the courtesy of Dr. Wang Zhonggang and Dr,
Yu Xueyuan preliminary 30 and '®C data have been
obtained in the Institute of Geochemistry — Academia
Sinica — from Guiyang (Pecple’s Republic of China)
on siderite samples collected in the Harghita and
Calimani Mis., Romania. Simultaneously Sulphur iso-
topic composition of marcasite associated to siderite
in the Harghita Mts. has been determined in the In-
stitute of Geology and Geophysics, Bucharest.

Informations concerning isotopic composition of
Oxygen, Hydrogen and Carbon have recently been ob-
tained for hydrogeological systems in the aria of the
Neogene Voleanic chain (Criciun et al,, 1989).

2. Geological and metallogenetical framework

Two major siderite occurrences forming accumu-
lations of economic interest at Lueta-Vldhita and
M#darag, and a large number of minor occurrences
scattered along the western and eastern sides of the
volcanic range are known in the Harghita Mts. Small-
scale siderite outcrops have also been found within a

limited area in the southern part of the Cilimiani Mts
(near Toplita).

The siderite deposits oceur either at the contact zone
between Neogene andesitic voleanic rocks and their
pre-voleanic basement or within the Volcaniclastic for-
mation produced during the first phase of volcanic evo-
lution. They have been denominated as the "Lueta
type” and "Vlihila type” respectively (Peltz et al.,
1982).

The deposits essentially consists of sideritized rocks
of various original eompesition: Precambrian meta-
morphics. (at Madarag), Neogene sedimentary rocks
(at Lueta-Vldhita and Maddrag) and Neogene vol-
caniclastics (in all occurrence areas). The mineral
paragenesis includes, besides host-rock mineral assem-
blage, siderite & opal £ marcasite, as neoformation,
the monomineral siderite deposits being however the
most frequent ones.

Siderite genesis has largely been debated, the opin-
ions differing from one author to another or even
at the same author {rom one ore type to another.
Thus, for instance, Tandsescu (1967) stressed the hy-
drothermal origin for the Méidiras siderites. Peltz
et al. (1983) stated different genesis for various ore
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types: volcano-sedimentary (Lueta type), volcano-
sedimentary + hydrothermal-metasomatic (Vidhita
type) and hydrothermal-metasomatic (Chirui type

siliceous siderite deposit). Szakacs (1988, unpubl. re-

port) assumed a hydrothermal genesis for all types of
siderite deposits in the Harghita and South Cilimani
Mts.

3. Sampling localities

Three siderite samples have been analysed for their
siable isotope composition: sample V-1 Vldhiga-
type sideritized clay, Tirbuc brook, Biile Homorod
{Harghita Mts); sample L-2 Lueta-type sideritised clay,
Lueta mine (Harghita Mts.); sample Ro-37 Vlihita-
type sideritised clay "soft pebble” from volcaniclastic
deposit, Piriul Popii brook, Toplita (Cilimani Mis).
The marcasite samples are localised as follows: sam-
ple Fe-29 Vldhija-iype ore, borehole 733 Selters m.
232-235, Vlihita; sample Fe-39, Lueta-type ore, Lueta
mine; sample Fe-47, Lueta-type ore, borehole 25133 m.
522-524, Midirag.!

4. Analytical method

Isotopic composition of Oxvgen and Carbion has
been analysed al the Departament of Isotopic Geo-
chemistry of the Institute of Geochemistry - Academia
Sinica - from Guiyang, People’s Republic of China by
the analysts Qiu Xivhua and Liu Deping, After testing
their mineralogical composition by X-ray diffractome-
try the samples have been chemically disaggregated
by etching with HsPQu 100 % at 75% C for five hours.
B0 and '*C have been measured using a MAT 230-C
type mass-spectrometer yielding an instrumental error
of 0.04 %. The obtained results are rendered as §'50
(%) and 6'9C (%) values® according to the PBD In-
ternational Standard. §'%0 is given according to the
SMOW Standard as well *

Sample processing and analytical method for Sul-
phur isotope analysis used at the Tustitute of Geol-
ogy and Geophysics, Bucharest have already been pub-
lished (Udubaga, Gaftoi, 1985). The analytical results
are given as 68 (%) according to the CDT Interna-
tional Standard,

! The sample has been taken off from borehole core kept in the
Lithoteque of the Institute of Geology and Geophysies with the
contribution of dr. Mugat Gheorghian to whom we are grateful,

*The isotopic composition of an element X is rendered as &,
representing the relative difference between isotopic ratios of the
sample and that of the Standard, acording to the formula:

§. = HEample—BStandard 1P (%
z = = ernderd v 1P (%),
where R is the isotopic ratio for sample and standard
respectively.
'“'Thr_:- transformation is made using the formula:
ﬁlsﬂsj\,fﬂw = 1.03086 x §IEOF1{JH 4+ 30.86
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5. Analytical results and discussion

5.1. Oxygen isotopes

A narrow range of '*0 in CO; of the three analysed
siderite samples (80 = -7.56 to -9.16 %y PDB) can
be observed. This becomes obvious as compared with
the wide variation field in different types of carbon-
atic rocks (+0.6 to +34 %o, Degens, 1967) suggesting
the formation of the discussed siderites under similar
conditions of isotopic equilibrinm, in similar thermo-
dynamic conditions respectively. '

In most natural media the isotopic equilibrium be-
tween aqueous solutions and minerals precipitating
from them is reached for Oxygen and Hydrogen due
to the high rates of their isotopic exchange reaclions,
Thus minerals usually preserve isotopic composition of
the fiuid at precipitation temperature (Ohmoto, 1986).
For this reason Oxygen and Hydrogen isotopic compo-
sition is frequently used for water origin determination
in mineralizing solutions. Since the great deal of hy-
drothermal solutions have been proved Lo be formed
of meteoric water (Sheppard, 1986) and since Criciun
et al. (1989) reached the same conclusion for hydro-
geothermal systems associated to the Neogene volcanic
areas in Romania, the exogene origin of water in hy-
drothermal solutions from which the study siderites
have been generated, can also be presumed. A simple
caleulation based upon experimental data concerning
Q0 fractionation in the calcite-water system (Q'Neil
et al,, 196Y) points to the fact thal our siderites could
be in isotopic equilibrium with a water having §'% =
+0.93 %y at a temperature of 60° C. This value is con-
sistent with the hypotesis of meteoric origin of water
in the ore generating hydrotherms.

The higher 8'70 in geothermal systems as compared
with unheated local meteoric waters - the so called
"oxygen-shift™ - is largely explained by heavy isotope
enrichement as a result of rections between geother-
mal waters and percolated crustal rocks. The higher
50 content of our analysed siderites and their gen-
erating hydrotherms respectively — assuming isotopic
equilibrium between them - with respect to that of wa-
ters from the actual geothermal systems of the arcas
(Créciun et al., 1989) could be explained by the same
mechanism.

The isotopic composition of Oxygen from siderites in
base-metal hydrothermal veins at Rudnany (Slovakia)
(~11.7%g PDB) has been interpreted by Cambel et al.
(1984} as indicating the magmatic origin of water in
the generating hydrotherms.

The Oxygen isotopic geothermometer has been
stated by Epstein et al. (1953, fide Sheppard, 1984)
and it is widely used especially in sedimentary petrol-
ogy. It has also been used in the study of thermal
conditions of hydrothermal carbonate mineral genesis
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(e. g Cornides et al., 1966). Taking into acount
that Epstein's geothermometer has been calibrated for
the calcite-water system, its use in our case would not
be justified. There are, however, several favourable
circumstances for such an atfempt even only to test
the consistency of the obtained thermic parameter, as
order of magnitude, with that suggested by the para-
genetic and mineralogical features of the siderite ore.
The structural identity of siderite and caleite makes
possible the use of the isotopic reaction constants of
the laiter as already has been done by other authors
(Cambel et al., 1984, for instance). Furthermore, the
high probability that an isotopic equilibrium state has
been reached as suggested by chemical equilibrium in-
ferred from mineralogical studies (Szakdcs, 1988, 1989,
unpubl. reports), the mineralogical and chemical sim-
plicity of the system and the recent age of the ore form-
ing process (Szakécs, 1988, unpubl. report) making
improbable isotopic exchange reactions subsequent to
ore deposition, are all in favour of the use of the iso-
topic thermometer.

Table 1 presents isotopic temperatures obtained for
each sample using Epstein’s equation:

T ("C)=16.5~4.3(bc-bw ) +0.14(be-bw)? *

were dw~{. The obtained values of about 68°C (61.24"
C in average) are in agreement with both the thermal
tlomain suggested by the mineral paragenesis (siderite
+ marcasite + opal) and the mineralogical features of
siderite (Szakacs, 1988, unpubl. report). They are
also consistent with regional thermal features in the
occurence areas, as reflected in heat-flow anomalies
(Veliciu, 1988).
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abundance of **C in the mantle (ca. —5%g in aver-
age)(Ohmoto, 1986) points to a high participation of
the heavy Carbon iselope in the Viihila siderites ex-
ceeding the common values of carbonate rocks.

Carbeon, unlike Hydrogen and Oxygen but like Sul-
phur, tends to preserve ibs initial isotopic compesition
during precipitation process of minerals from solutions
because the low rate of the isotopic exchange reactions
at low temperatures that usually makes impossible iso-
topic equilibrium to be reached (Ohmoto, 1986). Thus,
§13C data are interpreted rather in terms of Carbon
(COg2) source than in terins of thermodynamic and
chemical conditions of precipitation. Consequently, a
possible explanation for high '*C content of Harghita
siderites has to be locked for in connection with GO,
SOUrCE.

Using published data, Degens (1967, Fig. 2) pre-
sented a sketch showing *C fractionation in carbon-
atic systems from different natural media. In order
to explain ¥C enrichement in travertines the origin of
COs by thermal decomposition of marine limestones
has been admitted. The increase of ®C content takes
place during COy disselution in thermal water, the pre-
cipitated carbonate from these solutions having 6'*C
of ca. +7 - +8%¢g. Such a hypotesis is worth consid-
ering for the COs origin in the Harghita siderites as
well.

Considering 8'?C data Criciun et al. (1989) pre-
sumed Carbon origin in thermal waters of the Pannon-
ian Plain in carbonate deposits. They also assign the
isotopic values obtained for free CO3 on the Tugnad
and Poiana Cognei mineral waters (6'*C = -2.9 - -5.2

Table 1
Isotopic composition of oxygen and carbon from siderites
No | Sample | Siderite % | 80 %, PDB | 68 %y SMOW | §7°C %, PDB [ t{°C)
1 RO-37 95 -9.16£0.2 2142 -0.184£0.2 67.63
2 L-2 90 -T.881£0.2 22.74 +4.2740.2 59.07
3 | VA g0 -7.96+0.2 23.07 +6.81£0.2 | 57.01
Average -8.20 2241 61.24

5. 2. Carbon isotopes

The two samples from the Harghita Mts. present
close positive 6'3C values whereas that from Toplita
shows a low negative value with respect the PDB Stan-
dard (Tab. 1). The comparison of these results with
the isotopic composition of Carbon in various natu-
ral media (ca. -T%g for-atmospheric CO3, -2 to 4%
for marine limestones, -22%y in average for organic
Carbon in marine environment and <28 %o lor organic
Carbon in terrestrial environment} or with the inferred

#5c and §w represent the isotapic composition of Qxygen from
carbonate and water respectively.

Yo) either to the "probably thermal transformation®
of certain carbonatic formations or to mixing processes
between CO; originating in carbonatic rocks with ju-
venile CQx in proportion of 3/1 (p. 35).

The isotopic composition of Carbon in siderites of
hydrothermal veins at Rudnany (Slovakia) with an av-

erage §1°C = -4.2 %, is interpreted by Cambel et al.

(1984) as indicating the mixing of 2/3 deep-seated Car-
bon (with 8'*C=-6.5 %q) and 1/3 sedimentary carbon
(with 8C = 0 + +1 %o).

The value of §'*C=-0.18 % abtained for the Toplita
siderite sample is clearly influenced by the organic Car-
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bon pointed out in the composition of the initial sider-
itized clay (Szakdcs, 1988, unpubl. report).

5. 3. Sulphur isotopes

Two of the analysed marcasite samples present pos-
itive 69248 values (+2.32%, and 1.54 %y) close to the
CDT Standard. The third sample shows a higher pos-
itive value (4+10.76 %) (Tab. 2).

Table 2
Isotopic composition of sulfur fromn marcasite samples
No | Sample no. | '8 %o CDT | T25/7%8),
1 Fe-29 +1.54 22.186
2 Fe-30 +2.32 22.169
3 Fe-47 +10.67 21.983

A value of 518 = -3.60 %y has been measured ear-
lier for a marcasite sample occuring within a siderite
occurence hosted in a fault clay localised 1n metamer-
phic formations near Frumoasa (Ciuc Mts) (Runceanu,
Voicu, 1988). This auterop is considered to be geneti-
cally linked with the nearby Harghita Neogene volcan-
ism (Runceanu, Voicu, 1988).

Udubasa and Gaftoi (1985) presented Sulphur iso-
topic data for numerous hypogene Neogene ore sul-
phide deposits from Metaliferi Mts. According to these
data 6%9S varies frony 146 to +3.60 % in pyrites,
+0.25 to +4.43 %q in sphalerites and -1.52 to + 2.32
%o in galenas. The 6™S values for the Lueta-Viihita
marcasites are placed in the varialion domain of pyrites
from the Neogene hydrothermal ores in the Metaliferi
Mts. The marcasite from Midirag displays: higher *18
content.

Gienetical interpretation possibilities of our analyti-
¢al results are strongly limited by the lack of informa-
tion concerning 'S distribution in several associated
sulphidic and/or sulphatic phases. The low §*'§ val-
ues close to the Standard are usually considersd to
be consistent with the magmatic origin of Sulphur.
Although our Sulphur isotope analyses on marcasite
samples from the Harghita Mts are not contrary to a
deep-seated (magmatic) origin, other interpretations
can also he taken inlo account, especially if we con-
sider the probable nen-magmatic origin of Carbon in
siderites as suggested by Carbon isotopic data. Cam-
bel et al. (1984) for instance explained the &*'S range
(2.0 = +2.5 %o ) measured in pyrites in siderite gangue
of the hydrothermal ores at Rudnany (Slovakia) by the
deep-seated origin of Sulphur; the high values (+4.5
to +12 %q) obtained Tor pyrites in the main ore body
are assigned to a pessible filtration process of the hy-
drothermal solutions through sulphate hearing Pale-
ozoic rocks. The influence of a sulphate phase dur-
ing the generation and movement of ferriferous hy-

AL. SZAKACS, F. GAFTOI

drotherms is not out of question in the Harghita Mts,
at Madarag especially,

Further detailed isolopic investigations involving
larger number of samples, both carbonates and sul-
phides, would provide more accuracy in genetic studies
of siderite deposits associated to the Neogene volean-
ism in the East Carpathians.
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METASOMATITE OCCURRENCES IN THE UPPER BASIN OF THE
MRACONIA VALLEY (ALMAJ MTS.) AND THE SUPERPOSED
MINERALIZATION

Stefan MARINCEA
Institutul de Geologie 5i Geofizich. Str. Caransebes 1, 78 344 Bucuresti 32.

Key words: Mineralization. Skarn. Metasomatism. Optical mineralogy. Infrared
spectra, X-Ray data, Lithologic control: Structural control. South Carpathians - Almij
Mits.

Abstract: Metasomalite occurrences in the upper basin of the Mraconia Valley {Almdj
Mts.) and the superposed mineralisation. The mineral parageneses identified in the caleic
metasomatites from the npper basin of the Mraconia Valley account for a pyrometaso-
matic evolution followed by a hydrometasomatic one; thus the rocks were defined as
pseudoskarns. A mineralization of hypo-mesothermal temperature, genetically related to
granodioritic intrusions, which generated.the mentioned thermal and metasomatic con-
tact phenomena is spatially superposed. A Lectonic coniral of the ore mineral location as
well as some recurrence and rejuvenation phendmena have been pointed out, The P-T
conditions estimated for the Mraconia pseudoskarns are compatible with a classical”
evolutional model hinting at decrease of temperature under a varying pressure of the

fluid phase.

1. Introduction

In the upper basin of the Mraconia Valley, north
of its confluence with the Neamtului Valley, metaso-
matite ocurrences of limited areal extent have been
identified (Vlad et al., 1984) and investigated by min-
ing works, in the contact area between some granite-
granodiorite dykes of uncertain age (Gunnesch, Gun-
nesch, 1977, Vlad et al., 1984) and crystalline lime-
stones and calcschists of the Corbu Series (Codarcea,
1940).

The Mraconia metasomatites are represented by
pseudoskarns as defined by Korzhinskii (1965), with
hydrothermal reaction minerals superposed on the pri-
mary skarn paragenesis. Their presence both in the
thermal contact aureale of igneous bodies and in areas
with no obvious contact between granitoids and crys-
talline limestones, suggests a tectonic controled affiux
of pneumatolytic and hydrothermal fluids.

Therefore the practically monomineral character of
the paleosome (92-96 % carbonates containing 4-8 %
quartz, muscovite, chlorite and opague minerals as iso-
lated crystaloblasts) account for the relatively poor
mineral parageneses of the primary Mraconia meta-
somatites, Calcite is the only carbonate phase in the
mentioned limestones, as it was pointed out by differ-
ential therinal analysis. The calcic character of the
Mraconia metasomatites was obviously determinated
by the mentioned facts.

2. Pseudoskarn Mineralogy

(zarnel occurs as a relict mineral of the initial pneu-
matolitic stage. It is frequently substituted by late
pyrometasomatic minerals (i.e. vesuvianite) or by hy-
drothermal minerals such as pistacite, clinozoizite, cal-
cite, quartz, albite. The microscopic study points out
the following characteristic features:

a) Garnet are commonly "cataclased”;

b) Two fissure systems may be recognized: a "pri-
mary” system affecting garnet crystals with rhom-
boidal dedecahedron (110) and cubic trapezohedron
(211) faces, usually filled by calcite and epidote; and
a "secondary” system extended in the whole ground-
mass of the metasomatites. Calcite, quartz wifﬁ typi-
cal "en flammes” extinction, pennine and hematite are
frequently disposed on this system.

¢) Optical anomalous garnets are scarce. They
show sectorial ("sector twinning”), concentric-lamellar
("polysynthetic lamellae”) or mixed anomalies but
most of the Mraconia grandites are isotropic. Secto-
rial anomalous garnet exibiting isotropic nucleus and
extremely anisotropic sectors ("garnet type V" sensu
Zimmernink, 1985) ocecurs locally. Their distribution
seems to be controlled by some palecfractures or ar-
eas of pressure discharge which favoured the develop-
ment of a late grandite generation. In garnets show-
ing concentric - lamellar anomalies (PI. I, Fig. 1) an
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evolution of the crystal habit from rhombic dodeca-
hedron — the typical high temperature form (Kalinin,
1966 fide Vlad, 1974) - to cubic trapezohedron — the
stable form at low temperatures is obvious. The op-
tical anomalous garnet may be assigned to a late, low
temperature generation as it is suggested by heating
experiments showing that birefringent crystals invert
at about 800-860°C to strictly isotropic ones (Kozu et
al., 1940; Zimmernink, 1985).
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characterizes andraditic terms, Pyralspitic moles are
in reduced amounts, below the limit of the grandites-
pyralspites miscibility gap on Boecke's (1914) dia-
gram (Fig. 1). Occurrences of andraditic garnet have
been previously mentioned in Mraconia metasomatites
(Vlad et al., 1984). The relatively high TiO; content of
some samples, but with lower values than in melanitic
and schorlomitic varieties (Moore, White, 1971) ac-
counts for their specific optical behaviour:. dark brown

Table 1
Wet-chemical Analyses of Grandites: (in wt %)
Sample no. 3(1) 25(b)(2) | 30(3) 832(4) | 846(5)
Si0; 33.75 35.84 36.01 | 37.67 42.89
TiO; 0.17 0.86 0.18 0.84
Al O3 1.89 4.00 2.89 1.35 2.00
Fea Oy 23.58 22.74 26.71 28.92 24 82
FeO 0.65 1.98 0.49 0.24 0.91
MnO 2.00 0.17 0.65 0.55 0.61
MgO 0.07 1.40 0.27 0.07 0.07
Cal 32.30 29.61 31.68 30.46 28,32
K20 2.30 0.23 0.02 0.04
Na,0 0.14 1.14 0,12 0.03 0.05,
P20s* 0.03 0.01
CO." 5.58
H, Ot 0.37 0.03 0.02 0.06
Total 94,18 899,94 9951 | 100.12
Cation Based on 24 Oxygens
sitt 6.3142 6.0219 | 59017 | 6.2716 | 6.8564
APV 0.0083
APV 0.4167 0.7934 | 05584 | 0.2649% | 0.3768
Ti'* 0.0239 0.1076 | 0.0225 | 0.1010
Fe* 3.3197 | 2.8799 | 3.3443 | 3.6231 | 2.9857
Fe?t 0.1017 0.2787 | 0.0682 | 0.0334 | 0.0548
. Mn?t 0.3169 | 0.0242 | 0.0016 | 0.0776 | 0.0826
Mgt 0.0195 0.3512 | 0.0670 | 0.0174 | 0.0167
Ca*t 5.0255 5.3393 | 5.6477 | 5.4334 | 4.8438
Kt 0.4938 | 00488 | 0.0042 | 0.0082
Na*t 0.0508 0.3720 | 0.0387 | 0.0097 | 0.0155
0% 23.5398 | 24.0000 | 23.9667 | 23.9778 | 23.9365
(OH)~ 0.4602 0.0333 | 0.0222 | 0,0635
grossularite 3.06 10.69 10,06 447 T.80
andradite 88.92 78.40 86.08 831.23 89,12
' pyrope 0.36 5.86 1.14 0.31 0.33
almandine 1.86 4.65 1.16 0.60 1.10
spessartite 5.80 0.40 1.56 1.39 1.65

* P20y was climinated as hidroxyl - apatite with stoechiometric
formula Cas(PO4)s (OH) and COz as CalOa.

d) Some anisotropic lamellae in concentric-lamellar
anomalies are substituted by calcite and quartz ar-
ranged acording to (211) or (110) planes. Lamellar
pseudomorph zones resulted, alternating with isotropic,
garnet lamellae (Pl I, Fig. 2).

Wet-chemical analyses of [our Mraconia garnets
(Tab. 1) reveal an end-members participation which

megascopic colour and brown-yellowish hue in thin
section.

Cell parameter refinements, based on X-ray powder
data (Tab. 2) show lower values than those reported by
Huckenholz and Yoder (1971) for the andraditic end-
member {a=12.05640.003 A). This may be explained
by the pyralspite content, which determine obvious de-
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crease of the cell parameter in granditic solid solution
(Constantinescu, 1980),
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1971; Vlad, 1974) and a ferrogrossularite spectrum
{Dimanche, 1969), due to isomorphic substitutions in

Table 2
Powder Diffraction Data for some Mraconia Grandites®

Nr, 25h 233 30 832 846 25a (hkl}
at. [ d/n (A} [1/T | /0 (X)) [ 1T | d/n (A) [ /1o | djn (A) | /e | a/n (A} [ I/Ts | a/n (A) | /i

1 4.255 8§ 4.25 11 [ 4.255 18 | 4.234 20 | 4.24 25 4.253 14 | (220)

b 3.01 a5 | 3015 50 | 2.005 70 | 3.00 T0 | 3.013 95 3.00 60 | (400)

3 2.69 100 2.695 100 2.687 100 2.68 100 2688 100 2.682 100 | (420)

1 2.569 7| 2368 10 | 2563 11 | 2.5 10 | 2.561 10 | 2.560 8 | (332)

5 2.455 45 2.456 50 2:453 60 2.451 50 2451 65 2.442 45 | (422)

6 2.359 16 | 2.38 14 | 2257 18 | 2.352 18 | 285 17 2.344 12 | (431)

T 2,196 12 | 2.198 13| 219 16 | 2,193 14 2.19 14 2.187 12 | (s21)

8 1.953 18| 1.951 5 1.950 20 | 1.8 20 1.948 25 1.941 17 | (611)

9 1.906 10 1.908 10 1.901 15 1.900 10 1.602 20 1.898 8 | (620)
10 1.738 7 1.738 10 1.735 7 1.734 8 1.733 10 1.732 7| (444)
11 1.672 14 1.670 20 1L.667 16 1.667 20 1667 25 1.661 15 | {640)
12 | 1608 as | 1.807 50 1.607 50 1,605 | 80 [ 1.605 65 1,601 a0 | (642)
13 1.507 10 | 1.505 9 | 1503 7| 1502 13 1.501 13 1.503 7 | (800)
14 1.348 10| 1.346 15 | 1.343 10 1.342 12 1.342 15 1.334 7 | (840)
15 1.314 12 1.314 12 | 1312 12 1.311 10 1.310 11 1.304 6 | (842)
16 1.283 i) 1.283 6 1.281 7 1.280 8 1.280 7 1.277 B | (664)

ag(A) 12.0405 A 120411 & 12.0213 & 12.0058 A 12.0097 A 11,9839 A

* Cula, A = 1.5418 A, analyst ©. Cristea, 1GG

Samples location: 25k, m 9, 14/9 Tr.; 233, m 45, 1/12 Tr.; 30, m 23, éuﬁ Tr.; 832 and 836, Mraconia waste.
Samples 25h, 233, 30, 832, 846 : andradites; sample 25a: hydrogamet (1)

Pyrope spessartite olmondine
(Mg Fie, My i 1510, Iy 1P, Mg, Ml Fe,[Si0.],
17
L?ﬁ]zﬁ J
A |
4
ﬂf!
P = -‘.‘——“
. : i
GIRIAIN|D|I T |E IS ks
[ 19
R I R Y %W
CoyAly [5i0c 1y CoyFez 151001
Orossulorite Andradite

Fig. 1 - Plot of the Mraconia grandites in the
. Boecke diagram.

{percentage values of end-members moles $):

2-5, personal analyses; 1, ace. to Viad et al.

(1984).

IR absorption spectra recorded for three Mraconia
andradites in the frequency range between 400-1300
em™! sliow some pecularities by comparison to others
andradites spectra (Moore et al. 1971; Moore, White,

sixfold ecordinated cations position (Fig. 2, Tab. 3).

The oceurrence of hydrogarnet in the Mraconia
metasomatites was supposed due to an obvious "dou-
bling” of the characteristic andradite peaks in X-
ray powder patlerns. For sample no,. 25 refined
cell-parameters correspond to an andraditic member
with a=12.0406 A and to an another garnet with
a=11.9839 A, which may represent a hydrogarnet (Ito
and Arem, 1970 described synthetic hydrogrossularite
with a=11.92 A) (Tab. 2). The infrared absorption
study of this sample , within the frequency range of
3000-4000 em™!, pointed to a single absorption band,
around the 3420 cm™! value (Fig. 3). This band is
due to stretching vibrations of a virtually free hydroxyl
group, showing a different character by comparison to
the bands obtained for a Bushveld hydrogarnet (Di-
manche, 1969). The just mentioned things make us feel
unconfident on the hydrogarnet occurrence at Mraco-
nia. !

Vesuvianile oceurs as a late hypothermal product
in the Mraconia metasomatites. Crystalloblasts with
anhedral, amoeba-like contours, of low but not anoma-
lous birefringence, penetrate as inlets into the garnet
groundmass. These morphologic features suggest the
formation of vesuvianite at the expense of hydrogar-
net. The garnet-vesuvianite boundary is marked by a
reaction zone where the vesuvianite birefringence con-
siderably increase. This fact is probably due to a Fe-
enrichement of vesuvianite, as supposed by Constanti-
nescu { 1980).
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Table 3
Position of Absorption Bands for Grandite Samples within the 400-1000 cm™' Frequency Range

Na. Location Mineral (variety) Position of bands (cm™")

1! Dognecea Andradite 433 476 | 507 | 587 810 | &30 | 886 | 925
(90.3%) _

2? | Ginevro Ferrogrossularite 455 | 475 | 545 | 619 850 | 863 | 918 | 925

(Elba) (77.8% Gr; 15.6% Al)

3? Andradite 138 438 | 510 | 589 811 | 831 | 888 | 929
{An 93) _

4? Titaniferous 435 477 | 513 | 589 | 670 | 734 | 810 | 826 | 866 | 924
andradite ,

5' | Mraconia V. | Andradite” 430 | 450 | 470 | 520 | 600 800 915

6° Mraconia V. | Andradite®™ 430 | 460 | 480 | 530 | 605 | 605 830 | 210

i Mraconia V. | Andradite™ 435 482 | 516 | 595 825 | 900 | 230

1, Vlad (1974); 2, Dimanche (1969);.3, Moore et al. (1971); 4, Sample 25; 5, Sample 233; 8, Sample 30

* analyst C. Criiciun; ** analyst T. Delghicin.

Vesuvianite idioblasts of short prismatic habit (Pl. 1,
Fig. 3) or sheaf-like vesuvianite aggregates have been
observed localy. In both cases a sporadically recog-
nised relict cleavage along the vesuvianite prism face
suggests vesuvianite pseudomorphs after wollastonite.

Minerals of the eptdofe group oceur in important
amounts in the Mraconia pseudoskarns. They ei-
ther substitute garnet in microcrystalline aggregates of
"mantean d’arlecquin” type, in association with chlo-
rite, calcite, quartz and hematite, or develop inde-
pendently, in proper epidotites. Varieties of pistacite
(yellow-greenish to yellow pleochroism, extinction an-
gle a: ng = 25-27°, optically positive) and clinozoizite
(colourless to-light yellow pleochroism, extinction an-
glea: Ng = 14-21° optically negative) locally coexist
in agaregates where clinozoizite relicts are surrounded
by a pistacite groundmass.

Apatite is constantly present in the Mraconia meta-
somatites. Occurrences in metasomatic contact areas
have also been reported (e.g. in the Moldova Noud
skarns ; Gheorghita, 1973). Its crystal morphology
is characterized by anhedral, "corroded” amoeba-like
contours, which suggests a hydrothermal transport, a
process similar to the one deseribed by Willians and
Cesbron (1977).

Actinolite typically occurs as pseudomorphs after
calcic pyroxene. It is represented by a member of the
tremolite-ferroactinelite group with extinction angle ¢
: Ng = 13-15", very slightly pleochroic in yellow green
shades after Ng-light yellow after Np. Long prismatic
amphibole crystals develop as pseudomorph aggregates
after calcic pyroxene, somewere being accompanied by
quartz (which it corrodes in places), caleite, minerals
of the epidote group and chlorite. In some cases this
mineral assemblage surround diopside relicts (with ex-
tinction angle ¢ : n, = 41-43% and (+)2V =

58-60").

Chlorite oceurs either as an alteration product of the
garnet and diopside (in complex pseudomorph zones)
or as precipitate from late hydrothermal solutions.
Pennine with lamellar habit, sometimes forming ra-
dial aggregates, was observed in both cases. It is opti-
cally negative, with a small 2V angle, exhibits anoma-
lous birefringence with brown and indigo interference
colours as well as a strong pleochroism in blue green
(after Ng) - light gréen (after Np) shades.

Wollastonite was only localy observed in the Mraco-
nia metasomatites, as small relicts in a groundmass of
quartz + calcite that presumably represent a product
of its supergene alteration. But wollastonite has been
probably more abundant as it is suggested by "wol-
lastonite shadows”, consisting in optically continuous
quartz with liniary included calcite, crystallographi-
cally oriented along the (100) planes of the host wol-
lastonite,

A "clear"” orthese (with extinction angle Np :
(001) = 6%) scarcely occurs in the Mraconia meta-
somatites within a mineral assemblage which charac-
terise an apogranitic periskarn: garnet + sericitized
alkali feldspar. This occurrence suggests the super-
position on the periskarn zone of some minerals as-
sumables to a granitoid alteration hale, which can be
related to the "potassic facies” model of Lowell, Guil-
bert (1970) or to the "phyllic facies, biotitic type” of
Burnham (1962) model.

3. Mineralization

Disseminated (impregnation) ores hosted by the
Mraconia metasomatites are related to some pseu-
doveins resulting in a "fosil” fracture system. The
mineral assemblage in the mineralizated zones consist



of scheelite, magnetite, hematile, pyrite, pyrrhotite,
chaleapyrite, g&if!nﬂ., sphalerite,  molvbdenite and
tetraedrite.
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Fig. 2 - Infrared absoption spectea of some grandites,
recorded within the 400-1300 cin™! frequency range:
1, andradite (Vlad, 1974); 2, ferogrosiularite (Di-
manche, 1968); 3. andradite (Moore, White, 1971);
4, titaniferous andradite (Moore, White, 1971); Mea-
conia andradile (Sample 25); 6, Mraconia andradite
{sample 2:33); 7, Mraconia andradite {(sample 30).

Scheelite occurs frequently as submuny - w0 crystals
of short prismatic habit and idiomorphic contours. In-
vestigations with ultraviolet rays (A = 254 nm wawe-
length) points out the presence of two scheelite gener-
ations:

- an early generation, showing yellow luminiscence,
which points to molybdoscheclite (Vlad et al., 1984) is
exclusively associated with andradite. Crystals of this
generation occurs sometimes in partial psendomorphs
after garnet (PL 1, Fig. 4).

- a late generation, with blue-violaceous luminis-
cence oceurs in a quartz-sulphides—carbonates associ-
ation (Pl, I, Fig. 5). ;

Hemalite shows morphologieal lfeatures which indi-
cate two different geneses:

- oligiste with tabular habit, associated with mag-
netite and andradite, frequently oceurs as inclusions
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in the pyrite or chaleopyrite groundmass, lis muske-
tovitisation lias a Lypical character, die Lo magnetite
advancing along lamellar twin planes (0112).  Com-
plete magnetite pseudomorplis alter oligiste have been
frequently observed (P11, Fig. 1),

S sample. 75
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Fregquency (o)
Fig. ¥ - Infrared absaption bands of a Buslivéld

hydrogarnet - O stretehing vilisations - (Di-
manche, 19689) compared to a Mraconia garnel
{saanpade 509,

specularite ocenrs in secondary nuneral associa-
tions.  Sontelines rosette-Jike specularite agpregates
(PLOAL Fig. 2) are superposed on hydrothermmal alter-
ation arcas (withguartz, ealeite, pennine), Commonly
fine bematite plates are disposed on "secondary™ fis-
sitres in andradite.

Magnetite frequently lorms complete pseudomorphs
alter oligiste as it was mentioned. Exeepting pyrite 1,
magnetite shows the strongest idiemorphizm tendency,
oetahiedral crystals being [requently observed. Be-
sides the magnetite + oligiste assemblage, magnetite +
pyrite [ and magnetite + chalcopyrite assemblages are
developed. Some times the magnetite crystals show an
allotriomorphic contour due Lo corrasion by the men-
tioned sulphides (PL 11, Fig. 1).

Pyrite iz the meost widespread mineral in metallic
mineral associations. It shows maorphologic features
which suggest at least two generations:

— pyrite 1 is characterized by allotriomorphic or hy-
pidiomorphic contours. [t is frequently engulfed by
chalcopyrite, quartz, carhonates, galena, tetrahedrite
or sphalerite, which commonly border 1. All these
minerals penetrate along the fissures which affect the
pyrite | groundmass (PL. 11, Fig. 4). Pyrite | scems
to be disposed along a fossil fracture system on which
mineralised veins were formed in the skarn areas.

= pyrite 11 is eharacterized by idiomorphic, only sel-
dom hypidiomorphic contours. Mestly cubic crystals
have been identified. [t occurs as disseminations in the
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granitoid, metasomatites or in crystalline limestones,
being probably the result of a late pyritisation process.

Pyrrhotile occurs in minor amounts in the miner-
alisated zones. Extremelly small pyrrhotite inclusions
have been observed in magnetite, as well as in pyrite
L.

Molybdenite occurs in a typical "quartz and molyb-
denum™ association, developed in anastomosed and
highly fasciculated quartz veinlets, mostly disposed
nearby the contact between granitoids and the Corbu
crystalline, Molybdenite impregnations in granitoids
and metasomatiies, commonly associated with quarta
and clear” K-feldspar (Gunnesch, Gunnesch, 1977),
occur only scarcely. In beth mentioned situations
lamellar molybdenite crystals usually form sheaves-
like, rosette-like or scally aggregates (P1. LI, Fig. 5) in
which the mineral s mechanical translated (slightly
bended), Molybdenite aggregates moulding pyrite
crystals suggests a molybdenite—pyrite I crystalisation
sequence. Due Lo the absence of direct relationships
with the other sulphides it is nol possibie to recog-
nise the exact pesition of molybdenite 1 the gen-
eral deposition sequence of minerals, The relatively
high rhenium contents in molvbdenite (50-75 ppm,
determined by high-resolution gamma spdclrometry,
[. Tiepac, personal communication) indicate however
a high crystallisalion temperature.

Chalcepyrite morphology also suggest two possible
generations of different genesis:

~ chaleopyrite 1 (a high temperature generation 7)
occurs as finely exolved tear-like inclusions on (111)
twin planes of sphalerite. According to Betehtin (1953)
such exolution process need temperatures of 350-1007
C.

— chalcopyrite Il occurs as disseminations i meta-
somatites or granitoids, where it is always associated
with ilimenite. Massive aggregates of chalcopyrite 1l
enclose pyrite I, oligiste, magnetite, sphalerite and
penetrate along fissures in the pyrite [ groundinass.
It exhibits allotriomorphic contours and is localy bor-
dered by calcosine. Generally the aspects of chalcopy-
rite I point to a late remobilisation of chalcopyrite
I.

Sphalerite usually occurs in association with galeua,
(centripetally engulfed, by advancing along (111) twin
planes) or with chalcopyrite and pyrite . Polysynthetic
twin planes (easily pointed out by chemical attack)
are frequently delimited by linear chalcopyrite 1 exolu-
tions. Morphologycal features show that the chalcopy-
rite II inclusions in sphalerite are not oriented inter-
growths within the high temperature range as defived
by Ramdohr, 1969, but they are of exclutive origin (1.
I1, Fig. 6).

Galena seems to be a late product in the crystallisa-
tion sequence of sulphides. It frequently enclose chal-
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copyrite II, sphalerite with chalcopyrite 1 exolutions,
pyrite [ (Pl. [I, Fig. 3) tetrahedrite and even car-
bonate metacrysials with rhombohedric habit. The
characteristic "dull” lustre of the Mraconia galena is
corelatable with its relatively high Ag (240-900 ppm),
Bi (6-90 ppm) and Sb (270-1000 ppm) contents.*

Tetrahedrite.  Relation with galena suggest a
sinchronous crystalisation. Both minerals engulfed
magnetite, sphalerite, chalcopyrite 11 and pyrite 1. A
striking feature of the tetrahedrite are olive hues su-
perposed on his characteristic grey microscopic colour,
indicating a stibian member of the tetrahedrite-
tennantite series.

Remarks on Thermo-barriec Evolution and of
the Geochemical Environment of the Mraconia
Pyrrometasomatites and Hydrometasomatites

It is difficult to specify the thermodynamics of pyro-
and hydrometasomatic evolution of the Mraconia pseu-
doskarns due to the fact that the depth at which the ig-
neous bodies were intruded and implicitly the thermo-
barric environment of the initial thermal metamor-
phism and metasomatism can nol be accurately deter-
mined. The mineral parageneses correlated with some
experimental topologies lead to an evelutional model
comparable to the classical one proposed by Korzhin-
skii (1965). The presence in endocontact assemblages
(endeskarns and apogranitoid periskarns) of some min-
erals which characterize the hydrothermal alteration
halo of granitoids, might be due to a spatial super-
position caused by telescoping phenomena. Mutual
relationships between minerals of such alteration ha-
los and the minerals of the hydrometasomatic stage
in pseudoskarns allowed a comparation between intra—,
and extramagmatic retrograde evolution.

There are several succesive stages in the evelution
of metasomatites in respect with the continuous tem-
perature decrease subsequently to the emplecement of |
the magmatites, l

A. Pneumatolytic Stage

The maximum temperature admitted for the reac-
tions in this stage is of ca. 750° C (the granodioritic
magma temperature at P=1 kb, according to Turner,
Verhoogen, 1963). The temperature was however lower '
than that delimited by the tremolite out-enstatite in
curve (Schreyer, 1976) (Fig. 4). Based on mutlual
relationships between minerals, it may be accepted
that the evolution during the pneumatolytic stage took
place in the P-T conditions within the wollastonite +
grossularite in ~ vesuvianite out (Ito, Arem, 1970) and
the calcite + quartz out - wollastonite in (Schreyer,

YAnalyst Ana Serblinescu, IGG, The contents was deter-
mined by emission spectromelry.



1976) curves (Fig. 4). These P-T conditions gener-
ally correspond to those of the pyroxene hornfels fa-
cies (Winkler, 1967). Any reaction which take place
at temperatures and pressures between these curves
and which state the stability of a metasomatic phasc
is possible. This rections are influenced by the pres-
sure of volatile phases, the presence and mobilyty of
cation suply, Lhe mole fractions of CO4, H20 and other
volatile phases etc. This multiple interdependence im-
poses a thermal model to be adopted, which follows
a temperature decrease under varying pressure eondi-
tions.

P
{kbars)
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T

Fig., 4 - P=T stability field of the main minerals
involved in metasomatic processes (according to
experimental data).

1, acc. to Schreyer (1976); 2, acc.  to Ilo,
Apem {1970} 3, acc. to Miyashire (1975);
4, ace. to Burnham (1962); 5, acc. 1o
Strens (1965). law=lawsonite; preprelnite;
zo=zoisite; ce=calcite; kao=kaolinite; qz=quarty;
gr=grossularite; hgr=hydrogarnet; di=diopside;
ves=vesuvianite; woll=wollastonite; an=anorth-
ite; me=melilite; mo=monticellite; tr=tremolite;
en=enstatite.

The prograde crystallisation sequence of the pneu-
matolytic stage minerals is calcic pyroxene-grandite
I (isotropic)-wollastonite, identical with that one de-
scribed by Seki; 1961, fide Miyashiro, 1975 in calcic
hornfels.

The high Fet® content in andradites, (FeOg/FeO
ratio between 11.46 and 120.50) accounts for an alka-
line sindepositional pll and for a positive El (Zharikov,
1966), which characterize the "early alkaline stage” as
defined by Korzhinskii (1965).

B. Hypothermal stage

The P~T limits which define this stage in the evo-
lution of the Mraconia metasomatites can be appro-
ximate by the curves hydrogarnet out-vesuvianite in
and vesuvianite cut-wollastonite in (Ito, Arem, 1970)
in Fig. 4. The temperature in this range generally
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correspond to the amphibole horufels facies (Winkler,
1967). The characteristic paragenesis for this stage in-
cludes vesuvianite + grandite I1 (anisolropic) + diop-
side. Like in caleic hornfels (Seki, 1961 fide Miyashiro,
1975) the occurrence of wollastonite seems to be con-
ditioned by the local decrease of carbon dioxide pres-
sure. The crystallisation of the clinozoizite + pistacile
assemblage, stable at temperatures lower than 550° C
(Strens, 1965) (Fig. 5), also may be assumed to this
stage. It points to an increase of the Fet? A1+ ratio,
prior to hematite erystallisation. The assignement te
Lhis stage of the end of apatile migration, based on
its relations with the epidote group minerals, agrees
with the assumptions of Williams and Cesbron (1977)

“that the mineral migration is early started in the hy-

drothermal systenm.

n
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Fig. 5 - P<1 stability fickd of thie main epidote
group minerals (ace, to Strens, 1965)
an=anorthite, gregrossularive;  zo=goigite;
ce=clinozoisite; p=pistacite; law=lawsonite,
pr=prehnite,

A W and Mo supply in high oxygen fugacity condi-
tions allows the crystallisation of scheelite I {molyb-
doscheelite). Its presence, as well as the abundant
occurrence of hematite and vesuvianite (vesuvianite
crystallisation being compatible with low alkaline so-
lutions; Kesals; 1968 fide Vlad, 1974) point to an ox-
idizing (Eh) and alkaline (pll) environment. The ini-
tial oxidizing character is obviously reduced by reac-
tions betwen fluids and the Corbu limestones, leading
to musketovitization of hematite.

. Mesothermal stage ("subsequent stage” Kor-
zhinskii, 1965).

To this stage corresponds a P-T interval between
the curves lawsonite 4+ prehnite out-zoizite in Strens,
1965) and hydrogarnet out-vesuvianite in (Ito, Arem,
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1970) (Fig. 4). The mentioned thermal range gener-
ally corresponds to the conditions of the epidote horn-
fels facies (Winkler, 1967). During this stage in ‘the
evolution of the metasomatic system mineral assem-
blages of the pseudoskarns were formed. The charac-
teristic paragenese includes hydrogarnet (7) actinolite,
pistacite, pennine. The replacement of hydrogarnet by
vesuvianite can be normally regarded as a prograde
transformation, bul it is also compatible with a pres-
sure decrease under isothernal conditions. Thus a ret-
rograde hydrogarnel-vesuvianite sequence in the Mra-
conia metasomatites may be satisfactorly explained by
a relevant decrease in fluid pressure (mainly in COs
pressure), do to a possible activation of some fractures.

To this stage may be assigned also some transforma-
tions in granitoids, where minerals of the hydrothermal
alteration halo, assignable to the biotitic type of the
phyllic facies ("clear” orthose + quartz 1) and to the
propyllitic and sericitic types of argillic Tacies (epidote
+ chlorite + calcite + quartz 11 + albite + actino-
lite and sericite 4+ quartz ) (Burnham, 1962), crys-
talized. These parageneses integrally or partly oecur
in hydrometasomatites, pointing out the synchronous
evolution of the subsequent intra= and extramagmatic
transformations.

The previously mentioned mineral assemblages sug-
gest a continuous pll decrease in low positive Eh con-
ditions. Initially the Eh was higher, as proved by
the crystallisation of pistacite, actinolite and hematite
II (specularite). It is presumable that hematite 11 is
formed at temperatures of ca. 470" C nearby the lower
limil experimentally determined for its crystallisation,
at important agqueous vapor pressures (Martin, Piwin-
skii, 1969). The decrease of oxygen fugacity simul-
taneous with a substantial sulphur lugacity increase,
favour the stability of the scheelite II + molybden-
ite assemblage. The base metal sulphides developed
later, initially the pyrite I + chalcopyrite [ + molyh-
denite assemblage being stable. A gradual increase of
sulphur fugacity determines the succesive initiation of
pyrrhotite, sphalerite, chalcopyrite I, pyrite 11, galena
and tetrahedrite crystallisation,

D. Epithermal stage

The pressure-temperature conditions which control
the evolution of metasomatites during this stage are
theoretically superposed on a P-T field situated at the
left side of the zoizite ont-lawsonite 4 prelinite in curve
(Strens, 1963, Figs. 4, 5). In fact lower pressures de-
termine a reaction of zoizite out—zeolite in type and the
adequate P-T curve. Due to aslightly decrease of tem-
perature, hydrothermal residual solutions of colloidal
character formed during this stage. They produced in
the skarns wollastonite replacement by carbonate and
quartz, Deposition of quartz + carbonate on "second
generation” fissures (Pl T, Fig. 6) can also be assumed

ST. MARINCEA

to this stage. The negative Eh and the low pH values
correspond to the "late alkaline stage” [Korzhinskii,
1965) and are compatible with chalcosine erystallisa-
tion.

5. Coneclusions

The presented mineralogical data, correlated with
the general geologic setling, point out the following
conclusions:

= The ore mineral deposition was controlled by local,
ruptural lectonic factors, as proved by the spatial rela-
tion between the *quartz and molydenum™ assocation
and some fractures near the contact belween grani-
toids and crystalline rocks or between the other mi-
neralisated zones and some paleofractures (fossil frac-
ture system). Both [ractural systems (oriented N-8 or
NE-SW) seem to be parts of a fractural network con-
jugated to a regional ruptural dislocation, the Dubova
fault {Cristescu et al., 1975 fide Guunesch, Gunnesch
1977).

— The ore mineral deposition was also controlled by
petrographical factors, as proved by the molybdenite
aflinity lor the silicatic host-rock or by the scheslite,
sphalerite and galena affinity for the carbonatic rocks.

— The Mraconia skarn system is spatially associated
with a near vertical swarm of granodiorite porphyry
dykes, trending N-S. These are intensively hydrother-
maly altered and the Mraconia mineralisations are ge-
netically related to them. A late generation of lam-
prophyre dykes (kersantites, spessartites) is considered
to be intruded after the mentioned mineralisation, be-
cause it is not significantly hydrothermaly altered.

- Some inversions in the normally deposition order of
ore minerals are due to a recurrence phenomenon. The
occurrence of two chalcopyrite, hematite and pyrite
"generations” suggests rejuvenation phenomena which
are obviously due to a polyascendent mineralising pro-
Cess.
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Fig. 1 - Concentric-lamellar optical anomaly of garnet Fig. 2 = Quartz + calcite pseudomorphs on birefrin-
IL W 4, x 10, gent garnet II lamellae. N +, x 10.

Fig. 3 - Vesuvianite pseudomorph after wollastonite, Fig. 4 — Scheelite T pseudomorph after garnet. N 4,
N+, x 10. x 10.

Fig. 5 — Scheelite crystal in a sulphide (black) grond- Fig. 6 - Calcite and guartz showing "en flammes"
mass. N 4, x'20. extiction, on second generation fissures. N +, x 20.
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Planga 11

Fig. 1~ Musketovite and chalcopyrite (cp). Magnetite
penstrate along oligiste twin planes. N II, x 10.

Fig. 3 — Galena (ga) in association with pyrite I {py). Fig. 4 = Pyrite I with chalcopyrite deposition en fis-
M II, x 20. sures. N I[, x 10,

Fig. 6 - Sphalerite (sph) with partly remobilized chal-
N II. x 20. copyrite I, exolutions in association with chalcopyrite
11 (ep). N II, x 20.

Fig. 5 - Scaly crystalline molybdenite aggregate.
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GEOCHEMISTRY AND MINERALOGY OF ALTERED ROCKS AND
PYRITES ASSOCIATED WITH THE PORPHYRY COPPER-GOLD
MINERALIZATION OF THE TERTIARY SUBVOLCANIC BODY
FROM TALAGIU, ZARAND MOUNTAINS

Ion BERBELEAC, Vasilica NEACSU
S.C. PROSPECTIUNI S.A., Str. Caransebes 1, 78344 Bucuresti 32.

Alla ZAMIRCA, Irina BRATOSIN
Institutul de Geologie i Geofizici, Str. Caransebeg 1, 78344 Bucuresti 32.

Key words: Porphyry copper. Andesites. Calderas. Hydrothermal alteration. Zoning.
Major elements. Minor elements. Apuseni Mts - Neogene Volcanism - Vata-Sebig area.

Abstract: Geochemistry and Mineralogy of Altered Rocks and Pyrites Associated with
the Porphyry-Gold Mineralization of the Terliory Subvolcanic Body from Téalagiu, Zarand
Mountains, Intensive hydrothermal alteration of rocks accompanied by significant migra-
tion of elements in the Tertiary subvoleanic andesite-microdiorite body with porphyry
copper mincralization remove strongly Na, Ca and Mg while Al and Si were released
only slowly. The alterd rocks were enriched in 2O, H20 and S. A significant hori-
zontal and vertical wonality of the hydrothermal alteration and mineralization has been
remarked. Horizontaly it ranges [rom propylitic o advanced argillic stages and from a
py-Au (Th Co) zone to a Ph-Zu-Cu-Au-Ag('Ti, Co) zone. Towards the depth it covers
the advansed and interinediate argillic stage (with py-Au) through the propylitic to the
phyvllic-leldspathic {putassium] alteration as wel as a transition from the Pb-Zn-Cu-Au-

Ag(Ti, Co) veins and stockwork zone to the Cu-Au{Co) porphyry type zone.

Geological Setting

At Talagiu, in the eastern part of the Zarand
Mts an important caldera is probably  present
(Savu, Neacsu, 1962; Berbeleac et al., 1974, un-
publ.  report, 1981), This ecaldera is built up,
by the following rock types: 1. hornblende and
hypersthenestaugite andesites (Upper Badenian 7}, 2.
pyroxene andesites with augitethypersthene or with
hypersthenedaugitethornblende (Upper Badenian-
Sarmatian 7) and 3. hornblende and hypersthene
andesites and microdiorites (Sarmatian-Pannonian 7).
These rocks appear in lava pyroclastics and intrusions.
The basement is formed especially by Tertiary and
Cretaceous sedimentary deposits.

The Tilagin caldera (9/4 km) comprises an in-
ner collapsed part, characterized by an umporiant
andesite-microdiorite subvoleanic body, and some pre-
and post-collapse volcanoes, and an outer part with
post-collapse voleanic centers and minor microdiorite
bodies (Fig. 1la). The subvolcanic body, as well as
other small intrusions of andesite-dioritic composition
show a polyphase evolution. They intruded later than

the andesitic rocks [rom the volcanic centers and are
surrounded on large arcas by thermal metamorphism
(hornfels) and hydrethermal alteration. Some faults
are present in the caldera (Fig. 1). The caldera has
been recently investigated by boreholes, Thus a large
extend, and a wide range of alterations have been iden-
tified, as well as their connection with a postmagmatic
activity, closely associaled with a subvolcanic andesite-
diaritic hody.

Mineralogical Data

Mineralogical and geochemieal studies enabled us to
identify a horizontal and a vertical zonality of the hy-
drothermal alteration: 1. As regards the horizontal
zonality from Lhe auter te the inner part of the caldera
and of the subvoleanic bady, the following products of
hydrothermal alteration have bheen recognised: propy-
litic rocks - intermediate argillitic rocks — advanced
argiliitic rocks; 2. As regards the vertical zonality, in
the central part of the caldera and in the subvoleanic
body five types of alteration have been remarked {fmnl
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Tointrosion: 8, siall dyke; 9, possible procollapse voleanic centre;

H, possilde post-cellapse voleanie eentre; 11, sdvanced argillic alteraion: 12, intermediate
argillic alleration; 13, important fanlis: L4, hovizontal projection of the porphyry eopper-gold

body; 15, locntion of smnple,

surface to depth): advanced argillitic -~ intermediate
argillic - propylitic = phyllic - felspathie (Fig. 3). Be-
tween the mentioned alleration Lypes (ranzition zones
(Fig. 2, lia, Hla, IVa) with mixed mineral assemblages
occur. The position of a quartz-alunitic alteration in
the schieme presented above remaing uncertain.

The rocks are alfected by different intensity,
from partial to total alteration. The following
main mineral assemblages have been recognised: 1,
chlorite+albite+carhonatestopaque minerals (pyrite,
chalcopyrite; magnetite) and chlorite4-albite+epidote
+auartz-tanhydritedopague nincralstadular, biotite,
sericite, argillie minerals in the propylitic altered
rocks (Fig. 3, H): 2. quartz+sericitod+chlorite,
biotiteargillic  minerals+anbydrite+opaque  miner-
als and quartz+sericited-albite+adular+argillic miner-
alstauhydreitelgy psum ) +opague minerals pyrites+
other sulphides+uguetite) in the  phyllic and felds-
pathic aliered rocks (Pig. 3, 1) 3. quartz+argillic

nineralsganbydrite{gy psum)+opaque minerals (sul-
phides) and quartz + argillic minerals+anhydrite+sul-
phidesztadular+albitetsericiledalunite in the inter-
mediate (Iig. 3, lla) and intense argillie altered
rocks (Fig. 3, IV), and 4. quartz + argillic
mineralstalunite-+pyrite in alunitic rocks (Fig. 3, V).

In the propylitic alteration plagioclase, was par-
tially replaced by albite, adular, epidote, carbon-
ates, anhydritetargillic minerals, sericite, while liorn-
blende, augite, hypersthene were sometimes wholly al-
tered and pseudomorphased by fine flake of chilorite to,
small ageregates of carbonates and quartz, pyrite and
magnetitedchalcopyrite. It is supposed that the chlo-
ritisation and pyritisation proceeded simultaneously,
In some parts of the andesite-dioritic body, epidote
and actinolite develop as aggregates or fill small cracks.
The groundmass of the rock is highly altered, but thege
are some parts with preserved primary minerals and
original structure. Quartz aggrepates resulted both
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Fig. 2 - Geological cross-section in the Tlagiu aren,

1, Bademan; 2. hornblennde-pyroxene andesite (pyrockstios and lava-oiq ) 3, py-
roxene andesite (a, intrusion; b, pyroclastics and lavasz); 4, andesite-mierodioritic
subvolcanic body {oz-mé); 5, late andesite dyke: 6, hornfelses; 7, intermediate aned
advanced argillic zone; 8, propylitie; 4, phyllic-feldspathic zone; 10, veins and Mrac-

tures: F2 - barehole.

Fig, 3 Mineralogical details of alteeation zones,

I, fresh vocks: TRV, hydrothermal alterations: 1L jpropy-
litie; Tla, propyliticphyllie; UL phvilic-Feldspahic (potassic],
Il 1a, plt_!.'liir'—l'cid:cpilﬂli:‘.-inl\:rqu].lil:n ﬂ.l'gillil?: 1V, acdvanced
argillicy [Va, argillic-quariz-alunitic; V., quactz-alunitic; B,
hornblende: Px, pyroxene; Fi, feldspar; Ab, allite; Ep, cpi-
dnl.t‘.; Py p_!,'r]l,c; M, ma‘gllr:i]lt.'; Sr, servicite: Ol ehilorite; Ma,
argillic minerals: Q. guartz; A, alunite.

from the alteration of primary minerals and of the
groundmass.

F'rom propylitic to argillic and alunitic alteration the
substitution of primary minerals and groundmass in-
crease in intensily.  Thus, in the phyllic and felds-
pathic alteration plagioclases are preserved only in
suiall amounts and dark minerals are substituted com-
pletely by sericite, chlorite, argillic minerals etc. In
somes of imensive alteration elidorite was leached and
decomposed into light-coloured fine flaked aggregates
exhibiting multicoloured interference. Also a decrease
of carbonate content may be noticed in zones of inten-
sive alteration.

The potassic alleration, developed in the deepth
(400-900 m) iuside the porphyry copper deposit. The
primary minerals are rarely preserved, the hiotite and
adular form small aggregates within the substituted
phenocrystals and groundmass; sometimes quartz fills
the cracks.

More imtenswve argillic and alumitie alterations are
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Table
Statistical paramcters of major chemical components in fresh
Type of rock o px I; n=23 e hpx I; n=10 o hpx 1I; n=10
A £ 5 A S 5 A s 5

S5i0, 54.71-59.01 5736 L2101 | 59.03-60.37 59.53 039 | 53.23-60.54 57.52 4.46
Ti02 0.68-0,97 0,78 0.08 0.60-0.80 0.62 009 0.48-0.84 057 D.15
Alp Oy 17.28-19.07 I17.85 0.39 | 10.87-18.10 17.58 0.33 | 11.86-17.7% 15.84 5.88
FesOa 2.69-5.77 404 0,75 3.37-6.39 4,06 0.88 0.94-4.55 233 148
FeQ 1.49-4.24 323 0.73 0.7T4-3.19 245 073 0.88-4.05 2.69 L.47
MnO 0.11-0.17 N4 0.02 0.11-0.17 08,13 0.02 0.01-0.31 0.08 0.09
MgO 2.08-4.16 347 051 2.25-3.16 281 043 1.14-2.98 223 073
Ca® T.0l B.T8 T.67  0.43 6.35-7.29 6.89 0.34 1.03-6.70 461 1.68
20 ILE2 136 109 07 0.49-1.48 1.0 027 L10-4.57 235 0.94
NazO LR A4 300 016 2.82-3.39 302 0.19 0.84-2.97 2:84 115
P20y 016032 n.z1  0.04 0.16-0.25 20 0.o4 0.14-0.25 0.15 05
Ha O (19 -1.25 065 0.34 0.72-1.65 11T 0.36 1,31-4.85 261 112
COs w 06 0.25 028 0.10-1.26 026 0.34

5 K b 23 0.09  0D.L6 0.03-0.18 0.07  0.04 0.77-7.59 249 285
Fe(S) w19 0.06 0.5 u-0.15 006 003 | 0.67-661 218 248
S04 0.14--4.36 1.36  1.53

Symbaols: opx 1, pyroxene andesites; ahpx, homblende-pyroxene andesites; Altered rocks: II, propylitic; 111,
phyllic-Teldspattic: [fa, intermediate argillics 1V, advanced argillic;

Naﬂ';e’tc.
5i0, ®la
ole :
oCpX whpx g8
1

Col 1 1 L v v
2117
2076
604 1845

50,

59 1614
| S, L
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57 Ty a0 1212
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Alra— o
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Fig. - - Variation of oxides in fresly and altered rocks.

I, fresh rovks; opy, pyroxane andesite; ohpy, hornbdende
pyroxene andesite; Altered rocks: 1, propylivieed; 11 phyllie
feldspathie {potassic): IV, intermediane argillic; V, advanced
argilliec.
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e hpx 111; n=8 a hpx [la; n=6 o hpx IV; n=5
A £ 8 A S s A i 8
51.74=T0.70 . 57,39 6.93 | 51.88-62.15 56,88 1333 | 48.05-63.44 5938 .68
0.44-0.82 0,62 0.09 0.50-0.66 0,62 0.08 0.34-0.80 064 0.19
11.69-16.91 1548 1.59 | 15.36-17.80 1658 (.19 | 5.64-18.00 1423 4.90
0.29-5.30 207 1.44 0.81-3.30 209 115 ﬂ.%ﬁ—l 45 .02 0.54
0.24-5.53 169 145 1.69-3./8 223 Y7 0.28-1.03 0.58 (.74 -
0.01-0.07 0.04  0.03 0.01-0.09 0.04  0.03 0.61-0.08 003 0.03
0.26-2.96 200  1.05 1.03-3.97 =88 047 1.37-4.34 229 143
1.18-5.13 430 1.52 4.60-5.80 532 053 1.03=787 491 244
1.17-288 2158 111 2.90-288  1.83 (:BH 1.30-2.47 1.78 062
0.88-4.28 212 1.36 0.25-4.09 224 147 0.22-3.30 1.53 1.33
0.13-0.22 018 005 0.16-0.22  0.1% 0.02 0.15-0.23 0.9 0.03
2.31-5.71 3.26 071 0.69-3.3 310 187 LA1-45T 281 1.34
0.98-5.33 3.71  3.86 0.90-4.30 257 162 2.45-T.68 362  1.20
0.85-4.70 325 1.64 0.78-3.74 224 141 2.13-6.69 382 L4
0.52-3.60 1.69 1.19 0.21-3.38 1.62 1.18 ﬂ.:lﬂ—!}.BU J.64  4.08

A, limits of variation; #, arithmetical mean; s, standared devia

accompanied by strong silicifiation and argillization.
Within eracks the secondary quartziappears in fine
aggregates with cloud-like extinction, The stage of
argillic and alunitic alteration preeceded the replace-
ment of chlorite, carbonates, albite, adularia biolite
and other minerals by quartz, argillic minerals and
alunite (Fig. 3). The alunitic alteration is, al Jeast
partially, of supergene origin.

On the vertical scale, the argillic, propylitic and
phyllic allerations are very representative. In argillic
altered rocks white, and white-grey fine-grained ag-
gregates of clay minerals are represented by: hy-
dromica, montimerillonite, illite, kaolinite, pyrophyllite
and smectite identified by X-ray difraction (lanovici,
Neacgu, 1989).

Chemical Data

The average chemical composition of fresh and al-
tered rocks is given in Table 1. and the migration of
elements during Lthe hydrothermal alteration is sliown
in Figure 4. From the chemical analyses it may be
inferred that during hydrothermal alteration the rocks
were potassium enriched, This lead to the formation of
adular, biotite, sericite, illite ete. by metasomatic pro-
cesses (Tab. 2, Fig. 4). The rocks were also enriched
in H4O and S. Increased amounts of K20 have been
remarked in propylitized, sericitized and feldspathized
rocks (Figs. 5. 6. Tab. 1). Concomitently the average
contents of Na»,Q, CaQ, MgO decrense (Tabs. 1, 2,
Fig. 5).

tion; 1, nuinber of the analyses.
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Altered tocks: 1, advanced argillie; 2, interme-
diate argillic; 3, phyllictfeldspathic: 4, felds-
pathic; 5, propylitic. (For 1I-V see Fig. 4.)

Cantitative data regarding the differences of aver-
age contents in fresh and altered rocks are given in
Table 2. The difference is bigger for aluminium, cal-
civm and natrinm (Tah. 2). Therefore these elements
were stronger removed. The higher NaoO values in
the propylitie assemblage, pomts to the replacement
of pligioclases by albite, but generally the NasQ con-
tent of altered rocks decreases gradually to the argillic
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assemblage. Magnesium reicased during the decom-
Tahble 2 position of lemic minerals {pyroxenes, amfibole) is
Supply and removal of elements prevailingly fixed in secondary chlorites, epidote and
. montmorillonite of the propylitic and argillic assem-
= ] !I I ; v v : hlages. Excepting the quartz-alunite assemblage, there
‘h'géa ??g; Ig;g 1;;; '2::‘; ;g':i is no significant change of the 510; content, although
T. -10. -13. -1 -23.5 o 1l :
MO 981 -26.00 4050 4243 2270 nhum{{nlﬂ. uartz Flll_ui fissiires oceur in the sericitic,
Ca0 6.89  -4Y.45 -6023 -29.51 gn.3s | Propyhtic and argillic assemblages. But sometimes in
ka0 LOY  +53.61 +49.30 +4043 +38.76 a more intensive stage of rock alteration a Si0; en-
Naz | a0 633  -4745 -34.82 -97.38 | richment oceurs in close connection with adularization,
sericilization, propylitization and argillization. This

4+ etiterd - rensiavals 1 feesho rocks; Alterated rocks: 11, propy-
litic; THI, phyllic-Feldspathic: IV, interimediate argillic; 'V, ad-

vanced argilic,

Si0s increase implies a decrease of Al, Fe, Mg, Ca, K.
It is ddue to the formation of secomdary quartz at the ex-
penze of the secondary minerals previously formed. In
the porphyry copper-gold mineralization the increased
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Si0; contents are correlated with increased Cu and
Au conlents. In the advanced argillic assemblage the
lowest contents of oxides were recorded excepting 50
and Si0s.

A characteristic feature of the hydrothermal pro-
cesses associated with the porphyry copper miner-
alization from the subvolcanic body, is the rela-
tive abundance of anhydrite at depth (350-1200 m)
and of gypsum at the upper part of the structure.
The SO5 contents of altered rocks decrease from the
argillic, through the phyllic-feldspathic and intermedi-
ate argillic to the propylitic alteration.

In comparison with the fresh hornblende-pyroxene
andesites, trace elements in allered rocks associ-
atied with the porphyry copper-gold mineralization of
the subvoleanic body show the following pecularities:
(Tab. 3, Fig. 6):

1. Cu, Mo, Sn and Ga show higher average va-
lues in all hydrothermaly altered rocks, but the highest
Cu and Mo contents are in propylitic (1808; 4.3 ppm)
and phyllic (1319.5; 4.46 ppm) rocks. Sn contents arc
higher in the phyllic-feldspathic (5.45 ppm) and argillic
(4.91 ppm) rocks and Ga in the intermediate argillic
(18 ppm) and phyllic-feldspathic (16.0 ppm) rocks;.

2. Zr, Y, Yb, Se, V and Sr values are lower in
all types of altered rocks. The highest contents for
Y (20.6 ppm), Yb (1.38 ppm}, Se (13.66 ppm) and V
(97.5 ppm) have been remarked in thé advanced argillic
racks;

3. Cr (14.6 ppm), Ni (11.58 ppm) and Co (12.5 ppm)
values only in advanced argillic rocks are higher than
in fresh rocks;

4, Ba content (436.8 ppm) is higher in intermediate
argillic rocks:

5. Ph contents in phyllic-feldspathic (11 ppm) and
intermediate argillic (10.3 ppm) rocks show almost
similar values to the fresh rocks (114 ppm). I is
strange that the Zn average in intermediate argillic
rocks is approximately 2.7 times higher (472.6 ppm)
than in fresh andesites (178.2 ppm) and that the lowest
values have been remarked in advanced argillic rocks

(41.5 ppm).

It is worth to notice that immobile elements like Y,
Yb (Fig. 7), Ti, V (Fig. 8) were removed by the hy-
drothermal alteration processes. The distribution of
Y, Yb, Ti and V (Figs. 7, 8 ) oh borehole sections
and in fresh rocks, obviously shows a positive correla-
tion. Another conclusion is that there is no significant
correlation between Cu content and Ph, Zn and all
the other trace elements. Only a positive Cu and Au
correlation is possilble.
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Fresh rocks: 1, pyroxene andesite; 2, hornblende.
pyroxene anclesite; Altered rocks: 3, advanced amd
4, intermediate argillic; 5, feldspathic: 8, phyllic-
feldspathic {(potassic); 7. propylitic.
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I, pyroxene andesite; 2, hornblende-pyroxene an-
desite; 3, pyrite; Altered rocks: 4, advanced
argillic; 5, intermediate argillic; 6, propylitic; 7,
guartz-alunitic.

Contents of trace elements in pyrites are listed in
Table 4 (IV, [11, la, II) for 34 samples from cutcrops
and in Table 4 (111 1) for 18 samples from drill cores.

The distribution of trace elements in pyrites shows
a broad concentration interval (Tab. 4). According to
the a reduced number of available analyses, the pyrites
seemt Lo be poor in microelements. The Ti0Os contents
is higher in the pyrites [rom surface than at depth.
With » lew exceplions the Co:Ni ratio, 18 > 1;a simi-
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Table
Trace elements contents (ppm) of fresh and
Type of rock apx [; n=23 ahpx I; n=10 ahpx II; n=10
A - 5 A - 5 A £ 5
Zr B2-140 10510 19.11 52-130  104.70  27.60 55-90 76 11.65
Y 20-32 24.54 a4.55 17-32.5 22.50 5.98 <10-20 16.3 5.48
Yb 2.3-34 2.84 3.57 2-4.20 2.69 1.25 <1-1.7 1.16 0.45
Ca 2.3-21 17.38 5.29 13.60 4.23 11-22 15.7 4.81
Sc 13-25.5 22.54 4.67 14.10 3.06 6.5-12 10.3 4.02
v 125-340 20916 47.19 80-165 127.80 24.82 G3-110 83.1 23.41
Cr 5-36 20,64 13.42 4.5-23 11.30 9.97 3.5-9.5 6.7 4.09
Ni 6-23 13.08 4.33 4.5-12 7.70 2.43 <2-T.5 5.5 1.97
C 7-25 13.12 4.27 7-18 9.80 3.14 G-14 8.9 4.99
Mo <1-4 <1 <l <1-7 <1 <1 <2-14 4.3 5.64
Pb 4-28 9.54 5.05 4-43 11.40 11.20 2-17 6.0 9.01
Chu 16-120 5143 2793 15-60 34.40 14.88 | 150-10000 1808 2969
Zn 95-360 215.62 9286 T2-360 17820 B2.68 42-620 129 17824
Sn <1-9 <1 <1 <I-1.5 <1 <1 <2-T.5 3.4 2.3
Ba 130-370  222.30 5890 | 135-360 27550 59.90 40-300 156 158.87
Sr 2T5-450 364,60 4926 | 230-400 309 A8.40 15-270 160 61.37
Symbols: apx [, pyroxene andesite; ahpx I, homblende-pyroxene andesite; Alterated racks: T1, propylitic;
I, phyliic-feldspathic (potasic); la, intermediate argillie; 1V, advanced argillic;
Table 4
Trace elements contents (ppm) of pyrites from Tilagiu
| Pb Cu | Zn | T |  Mn | Ni | C | © [ 'V
py+m.a,. 1V {(n=25)
A 27-135 34-1500 Ta-470 J20-4400 T-300 12-145 43-125 | <10-17 | 7.5-246
& 65.38 200.56 176.80 1670.80 67.40 41.08 8542 10 36.88
5 37.63 377.01 113.59 1003.98 84.81 25.23 23.18 52.70
py+m.a, IIl a (n=>5)
A 80-300 3.5-145 175-400 | 1200-3000 18-205 15.5-225 T0-130 <10 16-110
E 195 T1.7 400 2330 B35 80.1 100 45
] 106.3 50.33 141.69 799.69 82.15 92.41 27.61 37.68
py+m.a. 1T (n=2)

A B80-430 160-370 270-300 | 5400-6000 66610 1661 G0-140 <10 | 55-250
£ 255 265 285 5700 338 18 100 152.5
py+m.a. Il (n=2)

A &7-110 100-330 175-300 | 1200-3000 T-160 32-145 43-190 <10 7.5-54
& 98.5 215 237.5 2100 83.5 BE.3 116.5 30.75
py+ ant gs, cp, mg, he 111,

A | <10-290 | <10-4800 | <100-100000 | <30-380 | <10-180 | <10-16.5 | <10-280 | <10 |

Symbols: py, pyrite; cp, chalcopyrite; mg, magnetite; he, hematite; an, anhydrite; g5 gyps: A, limit of contents; &, arithmetical
average; s, standard deviation; n, number of the samples; Type of alternation: 11 - propyllitic: 11T a — intermediate argillitic {at
the surface); IIL) — phyllic-feldspathic (in the boreholes); 11T - phyllic-feldspathic; TV - argillic.

lar ratio is shown by the fresh pyroxenic, hornblende-
pyroxenic andesites and hydrothermally altered rocks
(Fig. 9) collected from the surface and by the pyrites
which proceed from depth (boreholes 2, 3. 4). The
Co:Ni ratio in pyrites ranges within wide limits (0.20-
11). According to Cambel and Jarkovsky’s data (1967)
the irregular distribution of Ni and Co in pyrites shows
their hydrothermal origin.

The trace element content of pyrites seems to be
influenced by the type of hydrothermal alteration.
Thus, the Ti, Mn, V, Pb and Zn contents increase in
pyrites from advanced argillic rocks through interme-
diate argillic rocks to phyllic-feldspathie rocks; Co in
pyrites increases from argillic to propylitic rocks; Cu
shows high values in pyrites from the advanced argillic
rocks and phyllie-feldspathic rocks.
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o hpx I11; n=10 alpha hpx Illa; n=3 alpha hpx IV: n=6

A L s A £ 5 A & 5
42-85 67.2 13.73 58-120 81 23.20 47-90 75 16.18
<10-25 19 4.26 15-18 17 1.95 15-34 20.6 3.62
<1-2 1.3 0.37 <]=-1.2 1.06 0.48 «1-2.1 1.38 0.42
9.5-23 16.0 3.97 15-21 18 3.97 6.5-24 1525 6.44
6.5-17 11.0 3.58 12-15 i3 3.32 6-21 131.G66 41.68
47-125 TT 26.85 85-110 96.6 25.96 28-135 97.5 38.76
2-14 6.5 3.06 7-15 10.6 4.10 T-13 14.25 11.96
<2-9 5.85 3.39 315 5.66 1.62 4.5-33 11.58 12.02
<2-6 104 390 T-8.5 666 8.13 11-15 125 2.51
<2-16 4.46 4.28 <2-T 3.6 2.24 <217 - 3.6 T.41
<2-17 11 6.24 <2-20 10.33 7.36 | <2-27 966 6.84
105-2300 131%.5 2824 | 200-1900 1200 T51.2 | 16=36G00 298  1501.18
<30-210 112 63.28 981200 4726 497.01 30-60 41.5 41.35
<212 545 3.61 <2-5 2.66 2.97 <2-0.5 4.91 3.25
T0-570 166.1 94.21 BO-1100  436.6 41579 | 150-300 1916 67,46
18-160 90.2 57.3% 83150 1226 36.69 32-130 79 39.44
A, vange of variation; #, arithmetical means; 5. stancdard deviation; n, number of the analyses,
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Fig. 9~ Co:Ni ratio diagram.

1, pyroxene andesite; 2, hornblende-pyroxene andesite;
3, pyrite; Altered rocks: 4, advanced argillic; 5, inter-
mediate argillic; 6, phyllic-feldspathic; 7, feldspathic;
8, propylitic; 9, quartz-alunitic.

Conclusions

Intensive hydrothermal alteration of rocks by sig-
nificant migration of elements occurred in the Ter-
tiary subvolcanic andesite-microdiorite body con-
nected with metallogenetic process. Similarly as in
other ‘Tertiary subvolecanic structures (Voia, Valea
Maorii, Berbeleac et al., 1981; Borcog el al., 1980;
Stiavnicke, Harman, Forgaé, 1988) Na, Ca and Mg
were: strongly removed from the rocks, while Al and
Si were only slowly released. The altered rocks were
enriched in K, H20 and §.

A siguificant horizontal and vertical zonality has
been remarked. It includes propylitic te ad-
vanced argillic stage in horizontal position and in-
termediate and advaneed argillic through propylitie
to phyllie-feldspathic (potassium) alteration towards
depth.  These zonalities are in direct connection
with the subvolcanic body and the porphyry copper-
gold mineralization. Associated with this structure
the mineralization seems to exhibit also a horizon-
tul and vertical zonality showing the following se-
yuence from the border to the centre and from
the surface to depth: py+Au(Ti,Co)—Pb-Zn-Cu-Au-
Ag(Ti.Co)—Cu-Au(Ce) (porphyry) (Figs. 1, 2). An
obvious positive correlation is recognized between K
and Au, Cu, Pb and Zn. Potassium and Au, Cu,
Pb, Zn, Ti and Co may be considered as indicative
clements for py-Au, Ph-Zn-Cu-Au-Ag (veins, stock-
works, etc.) and Cu-Au (porphyry) prospecting in the
Téalagiu region.
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A characteristic feature is the abundance of anhy-
drite in the area of phyllic-feldspathic (potassium) al-
tered rocks in the deep part of the porphyry copper-
gold mineralization.
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ZACAMINTELE DE SKARN CU MAGNETIT SI SULFURI DIN ZONA

BAISOARA (MUNTII APUSENTI)

Ion INTORSUREANU, LCons!.autin LAZRRI

Institutul de Geologie si Geofizici, Str, Cavanseley 1, 78344 Bucuresti 32

Key words: Mineralization. Skari. Banatite. Magnetite, Sulfides, Lithologic controls.
Apuseni Mis - Neocretaccons-Paleogene magmatites - Biisoara.

Abatract: Magnetite and Sulphide Skarn Ore Deposits from Biizoara {Apuseni Mes).
Magnetite and sulphide ore deposits in Lhe skarns from Biisoara (Apuseni Mis) have
been identified and investigated mainly these last twenty years. They are related (o
the banatitic magmatisim, represented by biotitedhornblende granodiorite intrusions,
Maastrichtian-Paleocene in age, which pencrated a contact aurcole, of complex struc-
ture, Cﬂns]sting of hornflelses, marhles, skairns and mineralizalions, Skarns are classi-
fied according to the paleosome {exo- and endoskarns), chemistey (magnesian skarns,
caleic skarns) and mineral composition,  Exoskarns are widespread and result both
from the substitution of a carbonate complex (crystalline limestones and dolomites)
of Paleozoic age (Masca-Biisoara amd Cacova lerii deposits) and from some flysch-
like Senonian deposits (marls, sandstones) (Valea Lita deposit), According Lo their
chemistry, the exoskarns are divided into magnesian skarns {(spinel, lorsterite, diopside,
phlogopitetelinohumite) with MgO/Ca0 ratio > | and caleic skarns (salite-hedenbergite,
garuets, epidotedwollastonitevesnvianitetilvaite) with MpO/Ca0) ratie < 1. The ore
deposits are represented by several metasomatic bodies of complex shape and rela-
tively small size, randomly spread among caleic or magnesian exoskarns.  Four mine-
ralizations types have been identified : the iron ore occurs in the Masca-Biisoara
and Cacova leri deposits and consists of oxides [magnetitethematitetmaghemite)
and iron sulphides (pyrrhotitedpyritedmarcasite); the zine mineralisation {sphalerite£
galenatpyritedchalcopyrite) is present in the Valea Lita deposit: the base metal ore
(galena, sphalerite, pyrite, chalcopyritetmispickel£molybdenite) occurs subordinately
in peripheral areas; the boron mincralisation (Indwigitexszaibelyite) is sparscly related
to maguesian skarns, The skarns and the related mineralisations formed during two
successive stages: the magmaltic stage, less developed, including the magnesian skarn
plase beaning spinel£lorsterite, generated by diffusion: the postmagmatic stage, largely
developed, with four phases; the skarn phase, the borate phase, the magnetite phase and
the hydrothermal phase including alterations and sulphides. The postmagmatic meta-
somatites were gencrated by infiltrationdilfusion processes assigned o a temperature
range of 620-1507C,

1. Introducere

Zacamintele asociate skarnelor din regiunea Biisoa-
ra sint situate pe rama esticAd a masivalui Giliu, in
apropierea comunelor Baisoara gi lara, judetul Cluj,
Lucririle de explorare efectuate de 1.5 E.M. in pe-
rioada 1953-1958, reluate in anul 1961 si continuate
de IGEX, apoi de LP.E.G. Cluj, (galerii de coasti,
foraje, patru puturi si lucriri miniere subterane) au
conturat trei zaciminte: Magca-Baigoara, Cacova lerii
gi Valea Lita. primele doua fiind de magnetitsalluri,
iar ultimul preponderent zincifer. Ziacinintul Magca-
Baigoara, (1n exploatare), cuprinde mineralizatiile din

sectorul Magea (putul 1), ait si cele din perimetrul
Dealul Grecului (putul IT), care in unele documentatii
au fost tratate ca un zdcAmint separat. Zacimintul
Cacova lerii a fost deschis pina la adincimi de 300-500
m, prin putul IV, iar zicAnnutul Valeéa Lita se afli in
stadiul final de explorare.

Dintre studiile anterioare mentiondim pe cele re-
feritoare la geologia regiunii (Borcos, Borcos, 1962;
Marza, 1969; Selomon et al., 1977. raport nepubl.);
Hartopanu et al., 1982), la prospectiunile magnetice
(Romanesen, 1957, raport nepubl.; I964; Cristescu,
Trifuleseu, 1965, raport nepubl.), la rocile eruptive ba-
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natitice (Lazar et al., 1972; Stefan et al,, 1985}, la
skarne gi mineralizatii asociate (Stoiea, llieseu, 1966,
raport nepubl.; Lagar, 1970, raport nepubl.; Intorsu-
reanu, Popescu, 1970, raport nepubl.; 1973; Popescu
et al., 1972, raport nepubl.; Stoicovici et al., 1973; In-
torsureanu, 1976; Gheorghitescu et al., 1979; Lazir,
Intorsureanu, 1982; Pomarleanu et al., 1988). La aces-
tea se adangd documentatiile asupra lueririlor de ex-
plorare elaborate de: Savu (1957 (raport nepubl.);
Harosa, Cucuietu 1969 (raport nepubl.); Burz, ‘T'ibad,
1980 (raport nepubl.); Magyari, Burz, 1986 (raport
nepubl.).

2, Cadrul geologic

Cele trei zacaminte din zona Baigoara, dispuse
aproximativ pe directia N-5, sint localizate in aria
de contact morfostructural dintre doud unitati geolo-
gice majore reprezentate de Muntii Apuseni, situafi in
partea vesticd gi Bazinul Transilvaniei, in partea es-
tica. La structura geologica a zonei participa sisturi
cristaline, formatiuni sedimentare si roci eruptive ba-
natitiee (pl. I).

Sisturile cristaline, apartin masivolui Gilin s au
fost atribuite seriilor de Baia de Aries, Biliaria gi Vul-
turese - Belioara (Hartopanu et al,, 1982; Lazir et
al,, 1984 (raport nepubl), Metamorfitele seriei de
Baia de Arieg, atribuita Precambriannlui, afloreaza pe
arii restrinse (Valea lara, Valea lertii, Valea Vadu-
Ini, Piriul Miei) i sint reprezentate prin micagisturi,
gisturi cuarlitice micacee, cuartite cu biotil, amfibo-
lite, sisturi cu granati. Metamofismul regional s-a
desfasurat in condifiile faciesului amfibolitelor, dupi
care a urmat un retromorfism in faciesul sisturilor
verzi. Formalinnile serici de Biharia atribuitd precam-
brianului superior (Visarion, Dimitrescu, 1971) ocupéd
arii extinse din partea vestich. Sint constituite din
gisturi cuartitice, plagiometavuleanite, gnaise albitice,
sisturi amfibolice, sisturi cloritoase cu porfirablaste de
albit, sisturi tuflogene bazice la care se asociazid meta-
granite. Sisturile cristaline au fost metamorfozale in
conditiille faciesului sisturilor verzi. Seria de Vul-
turese - Belioara, de virstd paleozoici, ocupd arii re-
duse (Valea Vadului, Piriul Cacova, Piriul Miei), fiind
aledtuitd dintr-un termen bazal detritogen, cu meta-
conglomerate si cuartite sericitoase si o formatiune car-
bonatici, situati la partea superioard, reprezentati
prin calcare 5i dolomite cristaline. Anterior, aceastd
formatiune carbonatici a fost atribuiti seriei de Baia
de Aries in (Lazdr et al., 1972; Marza, 1969).

Formajiunile  sedrmentare apartin  Permianului,
Senonianului, Tertiarului i Cuaternarului, Depozitele
permiene apar in Valea Iertii gi sint costituite din con-
glomerate, microconglomerate i gresii rosii-violacee
(Borcog, Borcog, 1962). Senonianul este reprezen-
tat printr-un facies calecaros (Piatra Mare, Valea
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Vadilui) gi un facies {ligoid (Valea Lila, Valea lara,
Valea Vadului), aledituit din microconglomerate, gre-
sii, marne, marno-caleare, argile, atribuite Santonian-
Maastrichtianului {M. Lupu, in Hartopanu et al.,
1982). Depozitele teriare, preponderent eocene, dis-
puse Lransgresiv peste formatiunele mai vechi, ocupi
aril importante, constituind unplutura Bazinului [ara
s sint alcatuite din argile rosii, argile nisipoase,
nisipuri, conglomerate, tufuri, marne. Formatiunile
cuaternare se degvoltd in lungul retelei hidrografice,
formind terase, aluviuni, conuri de dejectie.

Rocile eruplive banalifice (laramice) formeazd un
complex intrusiv alcituit «Jdin numeroase corpurl,
apofize sau filoane orientate NNV-55E, mai rar NE-
SV sau N-5, care sugereazf prezenta in profunzime a
unui plutoen major cu caracter hipabisic. Banatitele
sinl reprezentate prin granodiorite, granodiorite por-
firice, porfire granodioritice, perfire microgranodiorit-
ice, diorite ¢uartifere, diorite porfirice, granite, an-
dezite cu hornblendi, dacite, riolite, aplite granitice,
lamprofire (Lazdr et al., 1972; Stefan et al., 1985).
Granitele, aplitele granitice, lamprofirele nu sint fi-
gurate pe harta alaturatd (pl. 1) intrucit au fost
mitilnite numai in foraje. In general predomind gra-
nodiorte cu biotitthornblendi, care formeazi citeva
corpuri mai mari, situate in partea centrali a zonei
cercetate. Aceste roci prezintd frecvent strueturi por-
firice g1 contin plagioclazi zonati, ceea ce denoti ci s-
au consolidat in conditii subvulcanice (Giuged et al.,
1866). Datele petrochimice indicd provenienta din
magme calco-alealine de compozilic cuarl-dioritici-
granodioriticd (Lazar et-al,, 1972; Stefan et al., 1985).
Din relatiile cu rocile inconjuritoare rezulti i s-au
pus in loc in intervalul Maastirichtian-Paleocen. In-
truderea corpurilor banatitice a generat o importanti
aurecla de contact in care s-au produs intense re-
cristalizari termice succedate de variate procese meta-
somalice i metalogenetice,

Structura fecionicd a masivului Gildu, configurati
in lintile i esentiale m ciclurile tectonice prehercinie gi
hercinic, a fost desfivirgiti in tectogeneza alpind. Se-
ria de Baia de Arieg prezintid contacte tectonice atit
cu seria de Vulturese - Belioara (Valea Vadului, Piriul
Miei), cit si cu depozitele senoniene (Valea lertii, Valea
lara, Piriul Sacel ete.). ’

Tectonica  disjunctivi a  produs  impor-
tante modificari in configuratia regiunii, Datele ge-
ofizice (Airinei, 1980), evidentiaza prezenta unei frac-
turi crustale (G 10), situaid aproximativ la limita de
NE a masivului Gilau. In lungul acestei dislocatii si
a fracturilor sale adiacente, s-a produs in Cretacicul
superior -scufundarea Bazinulni Transilvaniei si ridi-
carea masivului Gilau. Segmentul Baisoara - Paniceni
al acestei fracturi crustale este marcat de numeroase
intruziuni banatitice si probabil a avut un rol major
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in evolutia magmatismului laramie (Marza, 1982, p.
162). Existenta fracturii mentionate a fost confirmati
si de datele unor foraje exceutate in bazinul viii Lita
(Intorsureanu, Gheoghitescu, 1978, raport nepubl.).
Pentru aceastd dislocatie regionald, marcati gi in as-
pectul morfostructural al zonei, propunem denumirea
de "falia Baigoara - Péaniceni”.

in Paleogen, migcarea de scufundare a Bazinului
Transilvaniet s-a continuat, depunindu-se formatiunile
eocene cu dezvollare regionald, care acoperd in mare
parte contactele Lectonice menfionate.

3. Metamorfisnml de contact

Metamorfismul de contact generat de intruziunile
banatitice a determinat aparifia unel aurcole de con-
tact, cu structurd complexd, aleituita dintr-o gami
largs de corneene, marmure, skarne, mineralizalii ctc.,
care se dezvoltd pe distante de ordinul zecilor sau
sutelor de metri, in rocile inconjuritoare.

Corneene, marmuare, delomile recristalizate. Neta-
morfismul termic cel mal intens s-a manifestat i jurul
corpurilor granodioritice, 1 timp ce intruziunile mici
(filoane, apofize) au produs transformart slabe. Prin
recristalizarea metameorfitelor s-au format corneene cu
biotit + hornblendi, corneene cu biotil + andaluzit,
Calcarele cristaline au fost decolorate i transformate
pe scard mare in marnmre albe cu gtructuri granoblas-
tice, inechigranulare, sau in calcare co brueit (prodass-
ite). Dolomitele au suferit, de asemenea, procese de
decolorare i recristalizare, 1ar impurititile au condus
la formarea dolomitelor cu forsteritminerale serpen-
tinice (oficaleite). Pe seama rocilor sedimentare per-
miene sau senoniene ai apirut corneene cu diopsid,
corneene cu epidottactinot, corneene cu biotit, Aceste
produse arald ci metamorfismul termic s-a realizat in
faciesul corneenclor cu hornblendi si cel al corneelor
cu albit si epidot.

Skarpe.  Produsele metamorflismului pirometaso-
matic sint larg dezveltate filnd reprezentate prin vari-
ate tipuri de skarne, formale in aurecla de con-
tact. Corpurile de skarue, intereeptale cu numeroasé
foraje sau lucriari miniere subterane, au fost intilnite
pind la adincimea de 800 m (forajul 31783). Ele
se caracterizeazi, in general, prin dimensiuni relativ
mici gi forme variate (lentile, cuiburi, stilpi, pseudo-
filoane, corpuri cu conture neregulate ete.). In cele ce
urmeazd adoptam clasificarea skarnelor in funciie de
natura paleosormului (exoskarne, endoskarne}, chimism
(skarne magneziene, skarne calcice) si compozitia mi-
neralogica.

Exoskarnele Exoskarnele ssan format
prin substitutia rocilor mconjuratoare gi au o larga
rispindire. Paleosomul este reprezentat indeosebi prin
complexul carbonatic al seriei de Vulturese-Belicara,
in cazul zicAminielor Magca-Baigoara si Cacova lerii
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si prin depozile senoniene, e¢u caracter fligoid, in
perimetrul Valea Lita. Dupéa chinism, exoskarnele se
divid in skarne magneziene in care raportul MgO/CaQ
eqle supraunitar gi in skarie ealeice, eare au acest ra-
port subunitar.

Skarnele magneziene apar in zicimintele Masca-
Baigoara i Cacova [eril, fiind formate la contac-
Litl direct dintre granediorite si.dolomite sau caleare
dolomitice din complexul carbonatic. Aceste skarne
au culori coenusii-negricioase eu tente verzui, textura
masivi si structura fin granolepidoblastica sau helero-
blasticit. Observaliile microscopice an condus la iden-
tificarca urmiitoarclor tipuri: skarne cu spinel, skarne
cut forsteritEspinel, skarne cu diopsid=+lorsterit, skarne
cu flogopit, itre care se remarci treceri gradate, In-
trucit mineralele magneziene sint deseori substituite de
granati, se deduce ¢a formarea skarnelor magneziene a
precedat formarea skarnelor calcice, Probabil skarnele
cu spinelxforsterit s-au format in stadiul initial mag-
matic al intruziunilor banatice, stadiu in care se con-
siderd i aluminiul a avut o mobilitate ridicatd. Skar-
nelor magneziene li se asociaza frecvent concentratii de
niagnetit, pirotind gi, mai rar, de ludwigil. + szaibelyit
{ascharit), In faza hidrotermald aceste skarne au fost
adesea serpentinizale si, uncori, flogopitizate,

Skarnele calcice alcituiese masa principald a
pirometasomatitelor.  S-au formal indeosebi, prin
substitutin marmmrelor  metamorfice  (zAcAmintele

Masca-Biisoara §i Cacova leril) si a depozitelor seno-
niene, cu caracter flisoid reprezentate prin marne sili-
cioase g gresii cu cimenl marne-argilos, (conservate in
proportii pind la 40-50 % din volumul rocii; zacamintul
Valea Lita). In mod subordonat, skarne calecice s-aun
format si pe seama metaconglomeratelor cornificate
sau a skarnelor magneziene. Skarnele caleice se carae-
terizeazd prin culori inchise (maronii- cenusii-verzui),
texturi masive gi structuri granoblastice-heteromere,
cu granulatic de la find la grosieri, Observatiile macro-
s microscopice, au permis separarca urmditoarelor
tipuri, in functie de mineralele dominante: skarne cu
granati, skarne cu grana{izpiroxeni, skarne cu piro-
xeni 4 granati, skarne cu piroxeni, skarne eu granati
+ piroxeni + plagioclazi, skarne cu wollastonit, skarne
cr epidot, Intre aceste tipuri de skarne exista frecvente
combinatii in care apar asoeciatii mineralogice com-
plexe. In exoskarnele calcice este localizatd masa cea
mai importantit a mineralizatiilor din regiune.

Endoskarnele rezultate prin substituirea
rocilor granodioritice, prezintd o rispindire relativ re-
dusd. In unele cazurl (zicAmintul Masgca-Biigoara,
putul 1. oriz. =80 m), skarnificarea s-a produs pe
fisurile din granodiorite, pma la distante de citiva
metri de contactul cu rocile carbonatice, roca eruptivi
rimine ca reliet m masa endoskarnelor. La compozifia
mineralogicd participd piroxeni, granati, feldspati pla-
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gioclazi (B8-60 % An), tremolit, epidot, sfenzpirita
La contactul cu dolomite s-a remareat gi prezenta llo-
gopitului.  Ca minerale relicte s-au observal plagio-
clazi zonati, partial substituiti de piroxeni sau granati
si apatit. Chimisiml endoskarnelor este caracterizat
printr-un continut ridicat de AlaOz (16,83 %), loarte
apropial de cel al gravodioritului (17,29 %), iar ra-
portul MgO/Ca0 este subunitar, asemanitor cu cel al
exoskarnelor ealcice.  Aceste observatil, imprenni cu
localizarea endoskarnelor fa contactul dintre granodi-
orite cu roci carbonatice, sugereazii i endoskarnele s-
au formal prin procese bimetasomatice. In endoskarne
mu s-au intilnit mineralizatii semnificative suby aspeet
cantitativ.

In general, skarnele din zona Biisoara nu reprezinti
zonalildfi bine conturate. 5-a observat uneori dis-
punerea skarnelor apocarbonatice cu pivoxeni la con-
tactul cu roca granodioriticd, trecindu-se, apoi, spre
exterior, la skarne eu piroxeni + granati, skarne
cu granaii §i caleare. O tendintd de zonare mai
bine exprimatd se remarcd la skarnele din zicimintul
Valea Lita unde s-a mtilnit urmitoarea succesiune:
corp eruptiv-skarne eu piroxeni-skarne cu granati-
skarne cu  wollastonil-skarne cu  epidol, Limi-
tele dintre tipurile mentionate st confuze; se re-
marca preponderenia skarnelor cu epidot.  Skar-
nele formate pe seama metaconglomeratelor corilicate
prezintd urmaloarea dispozilic zonard: corneene o
biotit=skarne cu piroxenidplagioclazigranati-skarne
cu piroxenitgranati-skarne cu granali-skarne cu
granatitmagnetit£pirotind-pirotinifimagnetit
{zacamintul Cacova leril, orizontul <250 m).

Tabel 1
Compozitia moleculari a granatilor din zdcimintul
Masca-Diisoara®

Minerale | Ex 183 Fs1283 Es 776 Es2233
Almandin 0,51 287 147 2,13
Pirop 040 5,00 .10 10,50
Spessartin 0,51 1,86 2,66 317
Andradit 08,58 70,11 22,68 10,8%
CGirossular 20,05 (G5.39 734

* Dupi Popescu et al, (1972)

[Es. 183 - granat din skarme fonuate pe lsur in
caleare cristaline;

Es, 1283 - granat din skarne cu magnetit formate
pe caleare cristaline;

Es, 776 - granat din endaskarn cu Hogopit£amfibol;
Es. 2233 - granat din endoskarn cu granati,

3.1 Minerale de skarn

Granafi sub forind de agregate mono- sau polimine-
rale, sint foarte raspmndili aproape n toate tipurile de
skarne. Cristale bine dezvoltate, cu dimensiuni pini
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la =% e - mtilnese freevent inoskarne apocarhona-
tiee siepdestaene, e timp ce skarnele din zicimintul
Valea Lita an granali cu dimensiuni submilimetrice.
Formele criptocristaline frecvente sint cele de dode-
caedru romboidal (110), mai rar apar cele de tetra-
trioctaedru (211). Culoarea este galben-maronie, mai
rar verde-oliv.  Granatii din skarnele apocalcaroase
sint preponderent izotropi, spre deosebire de cei din
skarnele farmate pe alte roci (dolomite, marne, gresii,
granadiorite), care au adesea efecte de anizotropie ce
evidentiazii macle secloriale cu zone lamelare. Dupa
compozitia molecular ealeulatd pentru patru probe
(tab, 1}, granatii din exoskarne se caracterizeazd prin
dominarea moleculelor de andradit si participarea re-
dusd a piralspilitelar, spre deoschire de granatii din
endoskarne care sint preponderent grosularici si au un
continut mai ridical in piralspite. In general, granatii
substituie piroxenii gi pol fi inlocuiti de magnetit,
pirotind, epidot, clorit ete.

Perorenii din seria diopsid-hedenbergit se intilnese
atit in skarnele magneziene cit gi sub forma de mase
aproape monominerale 1 asociere cu alte minerale for-
mate ulterior. Diopsidul este freevent in skarnele mag-
neziene putind ajunge pind la aproximativ 95 % din
volumul rocii. A fost de asemenea intilnit g1 in skarnele
cu piroxeni din zacinuntul Valea Lita, Mai raspinditi
sinl, piroxenii cu compozitie salit<hedenbergitica din
skarnele apocarbonatice.  Se prezintd sub forma de
cristale prismatice eu lungimea pind la 1-2 cm, de cu-
loare versui-cenugie, dispuse adesea in agregate radi-
are. In sectiuni subtiri sint incolori sau verzui cu ¢:Ng
de 42°-45" 51 2V de 56"-63". In endoskarne apar cli-
noenstalil sau salit substitnind feldspatii sau biotitul
din granodiorite. Piroxenii smt adesen substituili de
granaki, magnetit, pirotingd, tremolit, actinot ete,

Eprdolul este mineralul de skarn predominant din
gacimintul Valea Lita. S-a lormat prin substitutia
componentilor din paleosom (cuart, minerale argiloase,
carbonati} san pe seama piroxenilor si granatilor
formati anterior.  Apare In agregate fine compacte,
de culoare verzuie, adesea sub formi de cristale pris-
matice, cu dimensiuni submilimetrice, divers orientate.
Este reprezentat printr-un termen ferifer, pistacit cu
un pleocroism promungat (galben pal - galben verszui)
sioen e:Ng de 4% 5 2V de 65° C (Gheorghitescu et
al,, 1979). Epidotul se asociazi frecvent cu piro-
xeni, granatl, zoiziti, tremolit, blendi, pirita ete. In-
trueil este frecvent substituit de blenda feriferd for-
matd aproximativ intre 360°-400% € (Gheorghitescu
et al.,, 1979), rezultid ci epidotul din skarne s-a for-
mal la temperaturi ridicate, céea ce este in acard cu
date experimentale (Liou, 1973). Subordonat apare un
epidot hidrotermal depus pe fisuri sau formind pseu-
domorfoze dupd unele miverale din skarne (granati) si
din banatite (hiotit, hornblenda),
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Tabelul 2
Compotilia mineralogici a gacdminlelor de skarn din zona Bdisoara

Nr. Minerale Zaciminte Nr. Minerale Ziacimintle
ert. metalive MB Cl VL | ert. nemelalice MB CI VL
1. Magnetit +44+ 4+ 1. Spinel + +-
2. Hematit -+ + ' 2, Forsterit + +
3. Maghemit . . 3. Piroxeni +4  +4+ 44+
4.  Ludwigit + S 4. Granati + + ++
5. Pirotind + e % 5. Wollastonit " *
6. Pirita + -+ ++ 6. TFlogopit + &
7. Mispichel * 7. Clinohumit %
8.  Malibdenit "' 8. Secapalit "
9, Blendi -+ 4 o 9, Vezuvian »
10,  Caleopiriti + o + 10, Hwail .
11, Galend + 4 -+ 11, Epidot + + +
12, Tetraedrit * 12, Tremolit-actinot + + +
13,  Mackinawit * I3,  Ferohastingsit ¥
14.  Boulangerit 3 4. Zoizit-clinozoizit " . +
15. Cubanit * 15.  [Ilercinit ¥
16, Marcasiti -+ -+ -+ 16.  Albit + 3
17. Bornit * » 17.  Sericit + + +
18. Covelind 1 * 18, Magnezit + +
19.  Goethit - = 19.  Daolomit -+ +
20,  Hidrogoethit o e 0. Brucit + +
21, Malachit k4 * 21, Minerale serpentinice ++4 4+ ¥
22, Azurit i ' 33, Sepiolit b
23 Palygorskil ¥
24, Minerale argiloase + - -+
250 Hisingerit ) ¥
26.  Szaibelyit {ascharit) *
27, Cuart ++ A
28, Auhidrin *
29, Caleil ko S L R
30.  Caleedanie * 2 *
31, Feolig - + +

Legenda: 444, mineral dominant; ++4, mineral foarte pispindit; 4+, mineral raspindit: =, mincral rar
sau foarte rar; MB, Magca-Baisoarn; Cl, Cacova lerii; V0, Valea Lita.

Spinelul s-a intalnit exelusiv in skarnele magnezicne.
ca idiohlaste sau relicle, uneori aseciat cu forsierit,
diopsid, magnetit, pirotind. In sectiuni subiri se re-
marci fisuri pe care s-au dezvoltat minerale serpen-
tinice.

Flogopitul este [reevent in skarnele magneziene gi
mai rar in endoskarne. Formeazd eniburi sau lentile
decimelrice, in care lamelele de flogopit versui-argintii
ajung pind la dimensiunea de 4-5 e Aunaliza chimici
a flogopitului din zdcinnnenl Magea-Baigoara (pulul
1, suborizontal -50 m), aratd un continul relativ mie
(5,49 %) de K20 (Popescu et al. 1972, raport nepubl.).

fvattal a fost identificat i gacanuniul Magea-
Baisoara (putul 1) sub formé de cuiburd sau i zone
aproape monominerale cu grosimi pin& la 3 m, la con-
tactul skarnului granato-piroxenic cu rocile carbonati-
ce (Popescu, 1973). Apare asocial cu piroxeni (salil-
hedenbergit) granati, magnetit, pirotind, actinot.

Heveintnl  s-a it mte-un singur esantion de
skarn cu piroxeni prelevat din zacinminial Magea-
Bagoara pugul | (pl. UL fig. 3).

4. Mincralizatii

Mineralizatiile apartin tipului genetic pirometaso-
matic-hidrotermal.  Sint localizate cel mai frecvent
m exoskarnele caleice sau magneziene i subordonat
i rocile imconjuritonre (caleare, dolomite, corneene)
sau in banatite slab alierate hidrotermal.  Clorpurile
metasonatice de mineren au morfologia foarte variatd,
cu diniensinni relativomici giosint dispessate neuni-
form it anreola de contact. Predomind minercurile
wiasive gicele de impregnatie caracterigate prin vari-
ale toxturi metasomatice, $i o gami largh de strge-
turi relicte formate prin substitngii.  Mineralizagiile
au o conipozitic nuneralogica complexi gi dilerentiati
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in cele trei zicAminte (tab. 2). Se constali o mare
asem#nare mtre zicimintele Magea-Biigoara gi Cacova
Terii, formate prin substitutia accluiagi paleosom car-
bonatic, in timp ce ziacAmintul Valea Lila, formal pe
seama marnelor §i gresiilor marnoase, prezinti o mi-
neralogie sensibil diferitd. Dupd eompozifia chimich
si mineralogicid se deosebese urmiitoarele Lipuri de
nuneralizalii;

- mineralizatia de fier, reprezentata prin oxizi de fier
(magnetit £ hematit £ maghemit) si sulfuri de fier
{pirolind £ piritA £ marcasild), larg dezvoltatd atit
in zacamintul Magea-Baisoara (Lazar, Intorsureanu,
1982), cit si n zAacimintul Cacova lerii.

- mneralizatia de zine {(blenda £ galenda £ eal-
copiriti £ pirita) este preponderentid . zAcinuntul
Valea Lita {Gheorghitescu et al., 1979);

- mineralizatia polimetalicil (galend, blenda, piritd,
caleopirita £ mispichel & molibdenit), uneori asociala
cu mineralizatia de fier, apare mai ales 1 sectoare
periferice ale aurcolel de contact, afectale de alteratii
hidroternale;

~ mineralizatia de bor (ludwigit & szaibelyit) apare
sporadic si este localizatd in skarne magneziene,
mai rar m dolomite.  Initial a flost identificata
in zdcamintul Magca-Baisoara (putul 1){Intorsureams,
Popesen, 18973).

4.1 Minerale metalice

Mineralele metalice din zicimintul Masca-Biisoara
(putul 1) si Valea Lita an fost deserise anterior de
Lazir, lutorsurcanm, (1982); 51 Gheorghiteseu et al.,
(1979).

Maguctilul  este mineralul metalic dominant n
zéciimintele Magea-Bitisoara si Cacova lerii, in care
formeazd numeroase corpuri metasomalice cu forme
neregulate si eu dimensioni relativ miei, de ordinul
zecilor de wietrl, rar depiigind 100 m. Aewoulirile
de magnetit e prezintd adesea ca mase compacte,
cu textura masiva, inocare uneorl s pastreazd struc-
turi relicte,  ln zona marginald a corpurilor apar
impreguatii san pseudofilotage de magnetit i skarne
ori in roci earbonatice. Roeile cu nragnetil prezinti
unecri aspecte ligrate, mai rar leopardine san eolo-
morle, ultimele sugermd o depunere m goluri. Stroe-
tura fin cristaloblastici este speeificd pentru minereul
compact, constituil din cristale anhedrale de mag-
netit cu dimensiunl submilimetrice.  In zonele cu
impregnalil apar uneori porfiroblaste cn dimensiuni
care pol ajunge pind la 1-2 o, in forme de oc-
taedri (111) san dodecacdri romboidali (110). Pe fetele
cristalelor de magnoebit se observii frecvent sirialii pa-
ralele cu diagonala longd a romburilor sau urne de
coraziune; de aseinenca, s-a observat prezeata maclelor
dupd (111). Analiza chimicd partiald efectuati pe pa-
tru probe de magnetit din zicinnntul Masgen-Baisonr
(putul I}, aratd urmitoatele conlinuturi : MgQ = 0.65-
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7.1 %, MaQ = 0,13-037 %, De asemeneca, deter-
mindrile spectrale pe 11 probe de magnetit [Popescu
el al, 1972 {raport nepubl); Lagdr et al., 1984 (ra-
port nepubl.)), au evidential urmitoarele continuturi
medii {in ppm): Mg (64507, Mu (1LB0Y, Al (2600), Zn
(730), Su (120), Cu (A7), Pb (< 5), Zr (< 30}, Ti (50},
Ni (< 10), Co (< 10), Cr (30), ¥V (14). De remarcat
ci magnetitul format prin inlocuirea skarnelor mag-
neziene se caraclerizeazit prin confinuturile cele mai
ridicale m magneziu, semnalate atit prin analize chi-
mice (Mg = 7.11 %), cit si prin analize spectrale (Mg
> L0000 ppm). spre deoschire de magnetitul format
prin substitutia skarnelor ealéice care an coneentratii
mai miei (MgO = 0.65-1.64 %; Mg = 2900 ppm). Su-
bliniem, de asemenca, coptinuturile reduse de Ti, Ni,
Co, Cr, V, ce caracterizeaza magnetitele formate prin
procese pirometasoniatice.

Observatiile microscopiee au permis identificarea a
trel generatii de magnetit (Lazdr, Intorsureanu, 1982):
magnetit de generatia I, apare ca mict ineluziuni in
granati, reprezentingd probabil meeputul eristaliziei
mineralelor metalice; magnetit 1T constituind faza
principald de formare a mineralizaliei de fer; mag-
netit L, putin raspindit, legat de faza hidrotermali
tardivd. Asociatiile maj lreevente ale magnetitului
cuprind: magnetit 4 granagi andraditici 4 piroxent;
magnetil + liematit £ maghemit; magnetit + pirotini;
magnetit + Indwigit £ szaibelyit; magnetit + mag-
nezit £ dolomit; magnetit £ blendd & galend + cal-
copiriti £ inarcasitic Determindrile decrepitometrice
(Pomarleanu et al., 1988), indica temperaturi de for-
mare cuprinse mire 460-500%C, pentru magnetitul de
generatia Il

Peratiiva, suby aspeel eantitativ, este al doilea com-
ponent metalic al mineralizatied de fier. Apare freevent
asociati o oagnetitul g manifesta tendinla de lo-
ealizare m zonele wargiiabe ale corpurilor de minereu.
Pirotina formensd wlesen coneentratii locale aproape
monominerale en Lexbura masivid gi structuri gra-
noblastice san =l formi de agregate lamelare.  Se
remred prezentan dezamesteenrilor de caleopirita in
piroding {Lazar, 1970, caport pepubll) sioa pirotinet
monoclinice alituri de coa hexagonalii (Popescu et al,
1972, raport nepubl), Piroting s-a format - cea mai
mare parte. i faza hideotermald, dar unele relatii cu
magnetitul aratii ¢ pargial a luat naglere gi in conditii
pirometasomatice.

Mewda principalul  mineral  metalic  din
gdchmuntul Valea Lita. fiind loealizatd preponderant
moskarne en epidot. Blenda forimeazd uncori plaje
cotpacte cidimensiuni centimetrice 51 conlure sipu-
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opse e tnasa skarnnlui, Cluloaren este neagei cu tente
calenii g urma brundi ecoa cosngereazi o varicbite ho-
pativ e fier: GCisonlelbs de Blemsdd an contuee llatri-

omorle g1 divenstinm pa b b o dar s microseop
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se observi dezamestecuri de calcopiritd, sub formi de
granule micronice, dispuse uneori dupa direciii crista-
lografice. Analizele spectrale efectuate pe 12 probe de
blend3 arati urmétoarele confinuturi medii (in ppm)
Cd (4750), Mn (4680), Bi (695), Co (190}, Ni (70), Ag
(270), In (7,5). Blenda a fost intilnitd in urmitoarele
asociatii de minerale; blendd + piritd + galend +
marcasitd; blendd + piriti + caleopiritd + cubanit +
mackinawit; blendi + galeni + tetraedrit.

Blenda impreuni cu galena, pirita, calcopirita £
mispichel £ molibdenit, reprezintit principalii compo-
nenti ai mineralizagiei polimetalice din zAcamintul Ca-
cova lerii (orizontul —250) 4i din sectoarele mvecinate
(forajele (31762, 2, 4, 7, 14, 17, 18, 24, 93, 941),
galeria IV, Valea Vadului; galeria 1 Nerghes; allori-
mente pe Valea lara si fragmente pe pinml Fintinii,
afluent drept al Vaii Vadului). Mineralizatia polime-
talick e prezinti sub form3 de cuiburi, filonage sau
impregnatii, cu dimensiuni relativ reduse, localizate in
exoskarne si in banatite sau gisturi cristaline hidroter-
malizate. Distributia mineralizatiei polimetalice su-
gereazi prezenta unei zonalitdti periplutonice, cu as-
pect asimetric i discontinuu, vag conturati. Astfel
in partea centrald a zonei predomind mineralizagia de
fier in timp ce sulfurile polimetalice sint localizate,
indeoselii, in secloare perilorice alectate de procese
hidrotermale, .

Ludwigitul este componentul principal al niine-
ralizatiei de bor care se asociazd cu skarnele mag-
neziene formund cuiburi, leatile, benzi, impregnatii, in
general cu dimensiuni de ordinul metrilor. Minereul
de bor in general negricios, prezintd texturi com-
pacte, uncori rubanate sau aproape sub formi de
impregnatie, Cristalele de ludwigit au habitusul fibros,
cu lucin mat, rar sticlos, aleituingd agregate cvasipar-
alele sau radiare. Ludwigitul este adesea transformat
in szaibelyit, care formeazd inicroagregale aciculare
alb-gilbui. Ludwigitul substituie minerale magnesiene
{forsterit, diopsid, elinchumit, dolomit), g este mloeuit
de magnetit, pirotind, minerale serpentinice,

Produsele metalogenetice mentionate mai sus, se
caracterizeazd prin prezenta in concentragii relativ
ridicate a Sn (Popesen ot al, 1972, raport nepubl.:
Popescu, 1973 Lazir et al, 1984, raport nepubl.:
Stefan et al., 1983), atit in unele tipuri de roci o
gl w minerale (ppm): banatile (H-120). skarne (12-
490}, mineralizatia de bor (3800}, granati (90-1400G),
magnetit (20-900), ludwigit (10-30), ilvait (500), To-
gopit {3-100), ferohastingsit (1600), turmaling neagri
(150). De asemenea, au fost semnalate continuiuri re-
lativ ridicate 1 W (ppin), imounele banatite (30-500),
in skarne (300-800) si wm mineralizagin de bor (500).
Aceste date sugereazi eventuala prezenti a unor nune-
rale de Sn si de W, atit in skarne eit g in rocile turma-
linizate din bazinul Vi Vadului, w aurcola de contact

7l

a plutonului granodioritic,  Rocile turmalinizate au
rexultat prababil prin aperturi de bor in faza pneuma-
tolitied, in masa unor metamorfite cuarto-felidspatice
(gnaise, plagiometavuleanite) si se caracterizeazi prin
asociatia turmalind neagri + cuar £ mice + piritd
(Laziir et al., 1984, raport nepubl.). Dupi Nacovnic
(fide Kuree, 1954), asemeneca roci apar in faciesul cu
turmalin -+ cuart al gnaiselor, i pot fi gazda unor
mineralizatii de Sn = W % sulfuri metalice.

5. Consideratii genetice

Cleneza skarnelor gi a mineralizatiilor asociate a fost
controlatit, pe lingit conditiile fizico-chimice respective,
de factori magmatici, structurali 51 litelogici, cu rol de
metalotect,

Factoru! magmatie (magmatismul banatitic) a fost
caracterizat, printr-un potential metalogenetic ridicat
cielerminal de NMuidele mineralizate cu Fe, Zn 4+ Pb,
Cu, S, B elc., separate din magini.

Far.l,urn structurali s-au manifestat la scard re-
gionali i locali. La scard regionald sint reprezentati
de falia Biisoara-Piiceni si fracturile sale adiacente
care au controlat evolutia .-}i localizarea intruziunilor
banatitice. Circulatia ascendentd a fuidelor mine-
ralizante a fost asigoratit indeosehi de structurile lo-
cale repregentate de fracturi. zone de contact, diaclaze,
pori, spalii itergranulare cte.

Factorii litolagici au fast reprezentati, in principal
prin formatinnea carbonalici. din seria de Vulturcse-
Belioara gi prin depozitele ligoide, senoniene.

Proprietitile fizice (grad ridieat de fisurare, spatii in-
tergrannlare) st chimice (solubilitale accentuatd pen-
tru Ca. Mg, CO4), specifice rocilor earbonatice, au
favorizat desigur, m mod pregoant dezvoltarea larga
a proceselor netasomatice. Influenta rocilor car-
probabil, gi print a) asimi-
e admeinwe, de efitre magmele ba-
patitice. resultmed astfel o imbogidire m fi:*.r's{: o Con-
centeare o aeestuin e fluidele postmagmatice (Ovein-
wicov, 1958) 1 L) chiminarea unor canlitagl insemnate
de (100, prin procesul de skarnificare, contrelind in
acest fel, m aunreala de contact medinl oxidant care a
influenat depunerea magnetitulod (Butler, 1923, Nok-
feherg, 19T3). In acest sens, este concludent faplul ¢
gaeanuntul Valea Lita, deevoltal pe seama unor marne
i gresii, se caracterizeazi, prin absenia magnetitului.

Factorii izico-chimici (lemperaturid, presiune, chi-
mism, pll-ul fluidelor. mobilitatea componentilor etc.),
an controlat, in maod direer, ati reactiile chimies de
substitutie cit si natura si suceesiunea produselor, Din
bilantul metasomatic (tab. 3), mtoemit dupid metoda
Gioroh (1964), pentra principalele tipurl de skarne ne-
mineralizate, rezoltd msemnate selimburi de materie,

bonatice s-n nwnifestat,
Lrea acestara,
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T2
Tabelul 3
Bitaniul metasomatic
Tip Oxizr | K=6u/A | Paleosom Dolomite (R) | Skarue cn diopsid fforsterit (3) Bilant
the skarn PD=2.84 D=3.36
C x ¢ % Aport. | Levig.
Si0); 1,00 0,496 273 37,08 124,42 121,69
A0 059 | 028 0,47 4,11 8,15 7,68
F‘C!g{)ﬂ_ “.31' 1 1‘1‘1. 1 |52 3.‘1 4 ';..34 2162
e () 0,53 02z 0,52 1,62 4,24 372
MpO 1,48 | 20,35 853,54 29,06 144,51 58,97
Exoskarne | CaQ LoT | 30,04 91,59 9,90 35,60 55,99
magneziene | MnO 0,85 0,43 1,04 0,24 0,69 0,35
Na: O 0,96 | 0,09 0,25 0,11 11,36 3
K0 0,63 | 0,08 0,15 0,83 1.76 ;
T 0,75 {01 213 021 03 L.60
20, 42 0,02 .03 0,03
Oy 136 | 45,57 16,01 10,43 A7 .66 128,35
1,0 $.34 2.0 3205 342,55
Tetal HL5T 04 47
Paleosom Caleare (3) Skarne cngranat (3) Aport Levig,
[y=274 [}=13,61
=), 1.0 | G 36,07 B 11 el 126,71
Al 1,539 141 1,65 1.56 bR N 24,68
Fara s 1,37 i,22 0,23 206,68 G A5,28
Fet) 0,84 0,63 1,89 1,89
MpO 1,448 |22 4,95 1,806 9,04 4,499
Clald 107 | 53,00 155,85 28,53 1121 45,44
MnO 0,50 0,04 0,14 049 1,51 1,47
Naz O 0,946 0,13 35 0,14 A9 0,14
K:O 0.6 LS 14 005 1z 0,02
Ti0, 0,75 0,13 0,46 01,36
s 42 nn2 003 3,03
€0y 1.36 | 42,69 ILR]E 2.7 1.3.70 145,38
0 3.0 a8 5749 5.79
Iixoskarne | Total 4 |7 HHEH
caleies Palcosam alvare {3) Skarne ci piroxeni (2) Aport. | Levig.
=2l 1¥=3,41
Sy 100 s ] 4,51 41,95 [EENIE 134,54
r‘\.lz();\ l'l,ﬁ!j “,-“I 1,65 |55 3.12 2.47
FesgOny 0,37 .22 0.3 S0 fi, 82 6,59
FeQ) 0.8 F.004 1141 14,41
Mg LAk P 4,95 b 485 43,90
Clad) LT | 509 155,85 2504 9137 64,28
MnQ 085 0,00 IR B! .an d.00 3,05
Naa() (PR I B 0,35 0a7 ih56 0,21
I $) 14 (VRIS (1,14 (TR THIE] 0,09
T, i3 0,11 ;249 0,24
Padd thA2 [TRIE| 10,80 0,06
0, Tk | 42650 1549 1n B 3,00 119,89
1.0 d | S (T 1400
Vevial 99,17 0e) K
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Tabelul 3 (continuare)
K=60/M Paleosom Marne (1) Skarne cu epidot (1) Aport. | Levig.
=242 D=3,08
5102 1,00 | 50,65 122,58 48,37 148,08 24,40
Al O 0,59 | 15,78 22,53 11,65 21,17 1,46
Fey 04 0,37 | 3,01 2,70 8,54 9,74 7.04
FeQ) 0,83 | 3,88 7,80 1,96 5,01 270
MgO 1,48 1,53 5048 1,82 B30 2,82
Ca0 L7 | 9097 25,30 19,06 62,82 37,52
Exoskarne MnO 0,85 0,08 0,17 0,61 1,76 1.59
caleice Naz() 0,96 1,85 4,30 4,30
[Rz0 063 | 2,83 4,32 4,32
TiOs 0,75 0,52 0,95 0,40 0,93 0,02
POy 042 | 0,08 0,00 0,07 0,04
Cir—2 1,36 7,10 2337 6,40 245,581 3,44
1,0t 334 | 2.5 20,29 1,42 14.61 5.68
Tatal 99,59 100,36
Palcosom Granodiorit (4) Skarne cu pirox.4granali (7) | Aport. | Levig.
D=278 D=342
Si0y 1,00y | H8.48 163,97 43,18 147,68 16,29
Al Oy 0,59 | 17,20 28,36 16,83 33,96 5,60
Fiey O 04T 1,36 1,40 3,82 4,484 344
Fety .53 4,06 9.37 2.05 6,82 3.55
MeO 1,48 3,01 16,00 5,65 248,60 12,51
Cal) 1,07 G, 46 19,22 23,05 B4,35 G5,13
MnQ» 0,85 002 (105 0,38 1,1 1,06
Endoskarne NasO 0,946 3.35 8,04 0,71 M 6,60
[0 063 | 226 3,95 0,32 0,69 3,26
Ti0, 0.75 0,62 1,44 0,67 1,72 0,28
a0y, A2 Q17 {1,201 0,17 0,35 0.05
0k [, 46 (.54 2,05 1.65 7,68 5,63
Ha O .34 0AT 4,37 1,16 13,25 888
Total 99,56 B, fid

- Date analitice dupd Laziie ob al. (1971, 1981, rap. nepuabl ) Popescu et al, {1972, rapr. nepubl.).
= Cifrele din paramtese bdici ommdral analizelor chimice utilizats:,
- Formula wiiliati: x = DOK (5 = ooedeul molemlelor dinte-un volmm standard e 10000 A% 10 = densitatea rocii
C = media avitmetied a oxidului in procente greatate din roci: 1] = coeficient de calenl: M = grentaten moleeulard a oxidului,)

Formarea exoskarnelor noplich pe de o parte apartur
substantiale de SiOu, FeaQg, Fel), st subordonat de
AlaOg, MgO, iar pe de altd parte climinarea unor can-
tita importante de Ca si CO4. Endoskarnul implica
levigarea partiali a S04, FeO, NasO, K20 5 adansori
de Ca(d, h‘IgO‘ :’1[1_:03. ('(.}_-:

Formarea acwmulirilor de magnetin san de sulluri s-
a produs prin aportari de metale i sall s levigarea
componentilor din mineralele substituite: Sursa meta-
lelor o presupunem i magnicle bauativiee, din care
s-au separat prin diferentiere.  Cantitaten mare de
fier transportatd ascendent de uidele postmagmati-
cecar putea provent din diferenierea nnor agine ha-
natitice. bogate u fier, fa eare s-a addugat s fieeol
remobilizat din roci preexistente, de eatee aceleasi fo-
ide pestmagmiatice, Clontinutel ridient m fier al me-
melor s=ar puten explien atin prin chinusmul Lo i il
cit g1 privtr-o mabogative wlterioard, datoritd asimilari
partiale & unor roei din forod innei carbanaticd e

Belioara (Intorsureann, 1976). care loarle probabil a
confinut # roct lerifere (paraankerite. dolomite feri-
fere), asa cum s-a mentionat i zona Plega Runcului
(Marza, 1969).

Madelele elagiee privind snccesiunea de formare a
skarnelor g1 imneralizatiilor asociate (Korjimski, 1965:
Lharikov, 1870; Pertsev, 1974) sint m acord cu
observaliile din regiunea cercetatd gt cu rezultatul
studinlui tnelnzinnilor fluide (Pomacleanu ot al., 1938),
In zoua Biigoara an fost recunoseute doud stadii sue-
eesive, aleituiie dovana nmlie Taze si soblage,

Stadand magmalee este reprezentat prin Gz sk
nelor magneziene e spinel 4 forsterit, localizate la
contactul nemjlocit dintre granadiorite s dolomite,
Aceste skarne par-noaven o degvoltare subordonati,
Fibe an luad patere prin difuzie si implicd o mohilitate
rihicati o alummula

Stadinl postougninlie o generial, aproape mireaza

masi o metasomabielor.  Aeestea an rexultal prin
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procese de infiltratie si difuzie, dupi cum sugereazid
modul lor de localizare, relatiile structural-texturale
si caracterele mineralogice. Metasomatitele postmag-
matice s-an format dupd consolidarea, cel putin peri-
ferica, a intruziunilor granodioritice st intr-un interval
de temperaturi cuprins aproximativ intre 620° i 150°
C (Pomarleanu et al., 1988). Dupi natura produselor
se disting patru Taze:

-.a) Faza de skarn (620°-400° C) este caracterizatd
prin aporturi de 5i0s, FeaOgz si levigarea CaQ, COy
etc. Se remarcil trei subfaze, primele doud sint bine
reprezentate in zacimintele Masca-Baigoara st Cacova
lerii, tar ultima in zicammtul Valea Lita.

~ Subfaza skaruelor magneziene (~620" C) eu
forsterit, diopsid, flogopit + elinohumit,

~ Subfaza skarnelor ealcice (620°-400° ), cu
granati, piroxeni 4+ vezuvian + wollastonit + ilvail +
magnetil [,

— Subfaza skarnclor en epidot (> 400" C).

b) Faza cu borati (~530° (1) este determinati
de metasomaloza borului s formarea ludwigitului
(loneseu eb-al.; 1071). Prin aportul de bor a rezuliat,
de asemenea, lurmalinizarea metamorfitelor cuargo-
feldspatice (Valea Vadului).

¢) Faza cu magnetit (500°-460° C) este cea mai im-
portantd din punct de vedere metalogenetic,  Se dis-
tinge prin apor! de fier care s-a coneentrat in aureola
metasomaticd, unde Mgacitatea oxigenului este relativ
ridicatd, determinind astfel formarea magnetitului 11,

d) Faza hidroterinali (400°-1507 C) este larg dez-
voltald si cuprinde trei sublaze intim asociate:

— Subfaza alteratiilor hidrotermale a generat vari-
ate transformiri dintre care mai senomificative sint:
biotitizarea, propilitizarea, sericitizarea, albitizarea,
argilizarca (illit, montmorillonit, caolinit) + anhidri-
tizarea ~ dezvoltate m special pe seama rocilor ha-
natitice; serpentinizarea s fogopitizarca — alocteazi
skarnele magneziene;  actinolitizarea, epidotizarca,
cloritizarea = substituie skarnele caleice. Dintre nu-
meroasele neoforniatinni amintim prezenta ferohastin-
gsitului i scpiolitului (Popesen et al,, 1972, rapert
nepubl,), a hisingeritului (Margn, Marza, 1974) si a
palygorskitului (Lazar ot al., 1980, raport nepubl.).

~ Subfaza cu sulfuri se remarcii prin aporturile de
5 gi metale (Fe, Zn, Ph. Cu ete) si cresterea aciditd(n
solutiilor, ecea ce a determinat depunerea sulfurilor +
magneiitul L, oltimul implicmd aparitia unui medip
slab oxidant.

- Subfaza en ealeit si zeoliti, marcheazd incheicpen
proceselor afiliate magmatismului hanatitic.

In stadiul crogen, procesele de erozinne la nivelul
Eocenului, an deschis partial onele miperalizate. Pro-
dusele sim. constituite din depozite detritice si de o-
xidatie en blocuri si fragmente de manmure, skarne +
mineralizatit, opalite ferngimaise ebe,, prinse ile-o nia-
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trice argiloasi-limonitici de culoare brun-cirimizie.
Dintre mineralele metalice’s-au intilnil goethit, hidro-
goethit, bornit, covellind, marcasiti, malachit, azurit.

Din datele expuse rezulti ¢ii zécAmintele de
skarn (sau metasomatice de contact) de la Biigoara
alcdtuiesc un cimp metalogenetic cu mineralizatii de
fier, zine, polimetalice si bor, Dispunerea pe direclia
N-S a zacamintelor sugereazi prezenta unui aliniament
metalogenetie, care coincide aproximativ cu un seg-
ment de 6 km al falici Biisoara-Paniceni.

Multwmir:.  Multumum dr. G, Udubaga pentru
observatiile si sugestiile date in [aza de manuscris, care
au contribuit la imbundtatirea luerdrii. De asemenea,
mulbumim urmaterilor analigti: Alla Zamircd, pentru
dozarea spectrali a elementelor minore din blenda si 1.
Vanghelie, pentru determinarea eu Rx a magnezitului
i dolomitului din asociatin eu magnetit,
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THE CIOCLOVINA ORE OCCURRENCE : MINERALOGICAL DATA AND

SOME REMARKS ON ITS GENESIS
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Abstracts The Ciocloving Occurrence: Mineralogicel Dale and Some Remarks on dts
Genesis. Although of small size and situated in an isolated area, the Cioclovina ore occur-
rence is interesting due to its contrastimgs mineral assemblages and ils geological setiing.
Both concordant and discordant ore bodies are present exhibiting quite distinet mineral
+ assemblages, i.c. lenses and beds (sometimes folded) in gneisses, containing sphalerite,
galena and pyrite as well as veins or veinlets and impregnations in breeciated gneisses
with nickeliferous pyrite, jamesonite and arsenopyrite. Greigite globunlar aggregates are
present too, showing advanced transformations into pyrite and marcasite intergrowths.
Sulfur isolope analyses show a greal variation interval, i.e. from - 4.64 to +12.76 %
£*18, The sulfide pairs are in isolopic disequilibrium. Overlapping parageneses, the lack
of hydrothermal-like alteration and the relationships between ore bodies, host rocks and
S-planes suggest that the Cioclovina ore eccurrence belongs to the shear-zone related

mincralizations.

Although seemingly unimportant, the Cioclovina
ore occurrence s particularly of interest due to both
its contrasting mineralogical leatures and its geologi-
cal setting and genetical affiliation. The present study
is based on the data yielded by numerouns (ea 100)
polished and thin sections and available reports. The
mineralogical composition has proved to be more com-
plex than previously known, while the location of the
ore bodies is quasiconcordant to the metamorphic fo-
liation. The data newly inferred and the apparently
contradictory aspects justify this study, aiming at ar-
guing a new hypothesis on the genesis of this ore oc-
currence.

Previous Investigations

Fragments of mineralized rocks were identified by
Paveleseu L. and Constantinof D, (1955, unpubl. re-
port) on the waste dump of an’old gallery privately
duged in 1940-1942, Other ore occurrences are men-
tioned later by Teodoru L. (1963, unpubl. report), as
veins of decimetric thickness located at the top and
base of a fault. Benea Gh. (1963, unpubl. report)
draws up some geochemical anomalies for Zn and Ph
of relatively high value and reduced extent. A thor-
ough report of the mining works from this area is pre-
sented by Harosa S, (1964, unpubl. report). Secliman
M. (1981, unpubl. report), Pitropov O. et al. (1984,
unpubl. report) and Hartopanu L et al. (1984, unpubl,

report) cite other mineralized places and put forward
global analytical data on the ore oecurrences, inform-
ing on the epigenetic character of the mineralizing pro-
cess associated with a deep-seated intrusive body.

Geological Setting

The Cioclovina ore occurrence is located in the west-
ern part of the Sebes Mis, north of the well-known
Cioclovina cave. Ore occurrences are located along
the Cioclovina brook, within the metamorphites of
the Sebeg-Lotru Series (Group){ Precambrian), uncon-
formably overlain by Permian sedimentary deposits
(Fig. 1). The tectonic contact between the sedi-
mentary rocks and the metamorphites is due to two
important structural elements, out of which the re-
verse [ault west of Cioclovina brook represents here the
boundary between the lower formation (plagiogneisses)
of the Sebes-Lotru Series and the upper formation
(plagiogneisses and micaschists). The metamorphic
rock pile on the Cioclovina brook is cut, according
to Pitropov et al. (1983), by faults of reduced ex-
tent, along which the mineralizing hydrothermal fluids
did flow, Igneous (non-metaniorphosed) rocks occur
sparsely, as metric bodies represented by rhyodacites
(Fig. 1). The radiogenic age of biotite contained by
these rocks is of 9.5 Ma (Hartopanu, in Pop et al.,
1985).
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Ore Bodies Morpheology

All the previous studies- mention mainly vein-like
concentrations located in metamorphites with scarce
gangue minerals (quartz, calcite). M. Jeclaman
{oral communication, 1988) points out ore occurrences
within Liassic sandstones. It is worth noting that
Harosa (1964) mentions the occurrence of some my-
lonites associated with sulfides, as well as lens-like orc
bodies, conformable to the metamorphite foliation, ac-
companied by uneconformable bodies (Fig. 2}. The
ore 18 massive, exhibiting sometimes oriented texture
(mainly compact sphalerite fragments), which under
the microscope is proved to be due to lammation.

v

Fig. 1 - Geological sketch of the Cioclovina area (ace. to
Pap et al., 1985).

1, rhyodacites (Mesozoic 7); 2, Cenomanian marly de-
posits; 3, mainly carbonate deposits (Lower Jurassic-
Aptian); 4, Permian gritty depesits; 5, Sebes-Lotru Series
{Precambrian metamorphites): (a) plagiogneisses and mi-
caschists formation; (b) paragneisses formation; 6, reverse
[ault; 7, normal fault; 8, ore ocourrences. ’

Ore Struetures and Textures

Mesoscopically, one. notices defornm_t‘ic;n_ {Iai‘n'ina-
tion) structures, compact and breccious textures, with
gneiss fragments looking like sulfides-cemented. Mi-
crofolds er parts of them, parallel sphalerite and galena
strips or laminaied sphalerite strips crossed by parallel
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or sheaf-like pyrite and marcasite veinlets. Particularly
interesting are the globular aggregates 1-3 mm in size
congisting of pyrite and marcasite, isolated, attached
to or intermingled with compact strips (Fig. 3). Un-
fortunately the contrasting aspects mentioned cannot
be surely reported to the main morphelogical types
illustrated in Figure 2.

Fig. 2 -

Mesoscopical features of the ore occurrence
(sketchies deawn ace. to mining works){ace. to Harosa,
1964).

1, marcasite veinlets; 2, breceias; 3. mylonites; 4, con-
formable and unconformable massive ore {sphalerite and

galena); 5, micaschists and paragneisses: (a) ocellar

migmatites; 6, faults.

Mineralogical Composition

Excepting the data presented by P. Hartopanu et
al., 1984), all the previous studies mentioned the fol-
lowing minerals: sphalerite, galena, pyrite, chaleapy-
rite, marcasite, gold, silver, quartz, calcite. However,
the number of mineral species contained by the Cio-
clovina ore occurrence is higher (Table 1), Sphalerite
is the prevailing mineral; galena and pyrite occur sub-
ordinately, while the other minerals are components
observed only under the microscope; jamesonite forms
dense aggregates of centimetric size.

Iron sulfides.  Although quantitatively subordi-
nate, the four iron sulfides (pyrite, marcasite, greigite
and pyrrhotite) together with bravoite or nickeliferous
pyrite mostly inform on the ore genesis. Excepting

i the common intergrowths with sphalerite and galena,
© pyrite, also forms monomineral aggregates of different

shapes, out of which the "lamellar” aggregates are
worth mentioning (Pl I, Figs 1-3), which are in fact
pyrite/silicates intergrowths; pyrite veinlets (local re-
mobilisations 7) pierce the lamellar structures (Fig.
dc). The features illustrated in PL I, Fig. 4 are also
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characteristic ones, prismatic pyrite aggregates: being
surrounded by or "floating” within filigree-like pyrite
and marcasite groundmass,
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in diameter)(Fig. 3¢) which under the microscope ex-
hibit lamellar-radial structure, the lamellac consisting
of pyrite and marcasite converging into a pyrite nu-

Table 1

Mineralogical Composition of the Cioclovina Ore Occurrence

Major components:  sphalerite
galena
pyrite
chalcopyrite

arsenopyrite

Minor components:

jamesonile
greigite
tetrahedrite
bournenite 7
cobaltite 7
pyrrhotite®
magnetite”®
hematite™
gold

rutile®
graphite®™

bravoite (Ni-pyrite)

Obsgerved with the naked eye

Observed only under the
microscope, encountered
in several polished
sections

"Minor minerals” occurring
in some polished sections
or as isolaled grains

T Qecurring exclusively as inclusions in pyrite

=¥ "Pelrogenic” mincrals

? Single grains of redluced sive (preliminary diagnosis)

i) 002 E

Fig. & - Mesoscopical Teatures of the ore com-
ponents (drawings ace.to polished sections,
natural size).

1, marcasite veinlets; 2, compact pyrite strips
containing globular pyrite-mareasite forma-
tions: 3, microfolded andfor laminated ore
(prevailing sphalerite); 4, galena-rich strips; 5,
paragneisses.

Pyrite usually occurs as globular aggregates (1-2 mm

cleus (Pl I, Figs: ‘5, 6; PL II, Fig. 1). These ag-
gregates are supposed to be the final product of grei-
ile evolution, a metastable mineral, usually forming
spheroidal or ellipsoidal aggregates (Pl. I, Fig. 2).
Cireigite is preserved only sparsely and exhibits pyrite
or marcasite rims; its colour resembles the colour
of pyrrhiotite, its hardness is lower and it is com-
pletely isotropic. Marcasite 1s more abundant than
pyrite, with which it is frequently associated either in
globular "melnicovite pyrite” structures or in lamel-
lar structures (probably a pseudomorph after a sili-
cate), Pyrrhotite has been sparsely noted as minute
inclusions in pyrite which suggest a pre-existing iron-
poor mineralizing stage preserved by massive pyrite.
Pyrrhotite is associated in places with magnetite which
occurs also as inclusions in pyrite arguing for the hy-
pathesis according to which part of pyrite was formed
at the expense of early pyrrhotite,

Sphalerite is the main mineral, often f{orming
monomineral aggregates, massive or laminated, ex-
hibiting deformed strips resembling locally microfolds
(Fig. 3 a, b). Macroscopically galena is very sparse,
constituting bands in the sphalerite groundmass (Fig.
3 d); in spite of its small amounts, galena is frequently
observed under the microscope, intergrown with spha-
lerite; worth mentioning are the siructures based on
esitating” relationships between the two sulfides (PL
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II, Fig. 3), marked by mmtual insertion and quasi-
isometrical grains, which account for structures typ-
ical of regionally metamorphosed ore.  Sphalerite is
relatively homogeneous, of dark brown colour, with
orange-brown or red-orange internal reflections. Ex-
tremely fine pyrite veinlets which mould or pierce the
sphalerite aggregates (Pl II, Fig. 4) are of interest.
These features suggest the deferrization of sphalerite,
pyrite being a "residual” product of (Zn, Fe)§ solid
solution destabilization under pressure.

Arsenopyrile is a minor component: il occurs as
isolated, euhedral grains included in sphalerite, but
il often associates with nickeliferous pyrite/bravoite-
jamesonite;, usually as inelusions v pyrite.  The
bravoite-jamesonite-arsenopyrite assemblage is Lypical
of the Cioclovina are oceurrence, but unfortunately the
relationships to the other sulphides have not been de-
fined. The nickeliferous pyrite or bravoite zoned grains
often show uneven contours (ig. 4) and are cemented
by prismatic to acicular erystals of jamesonite. The
grain goning 15 nol always obvious, (P 1T Fig. »).
Other details of the structure of Lhese grains are pre-
sented o Figure 4,

PUAREI,
& &R

Fig. 4 - Microscopic features of zoned bravoite-like
pyrite grains (drawings ace. to polished sections).
The pyrite grains are euhedral or anhedral and always
moulded by compact jamesonite aggregates.

The prismatic jamesonile aggregates often moulds
subhedral or anhedral bravoite grains: jamesonile in-
clusions in pyrite or hravoite are freguent, poimting to
local zowed arrangement. Acicular jamesonite aggre-
gates form reticulate structures in quartz, The "spatial
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arrangement” of these aggregates can be seen under
the microscope by crossed nicols (PL 11, Figs 6).

The Cioclovina ore contaius also some minor miner-
als which occur mainly as inclusions. Tetrahedite and
bournonite (7} form fine inclusions in galena. Sub-
hedral grains of a mineral resembling cobaltite and
chalcopyrite grains and laths have been observed in
sphalerite. The latter mineral contains also small in-
clusions of gold(?) (RNAA analyses of sphalerite gave
0.1 ppm Au). Small hematite inclusions are locally
present in pyrite. Rutile prisis and graphite lamellae
occur associated with quartz and micas, respectively,

Two still unidentified minerals appear intimately
associated wilh jamesonite, e the mineral A - a
sulphosalt optically related with i but with different
color shades and bireflectance intensity and the min-
eral B - a produet of the jamesonite decomposition,

Supergene alteration invelves scarce development. of
goethite and cerussite at the expense of pyrite and
galena, respeetively.

Analytical Data

Quantitative emission spectrographic analyses (an-
alyst. Alla Zamired, 1.G.G.) show for pyrite (Tab. 2)
high Sb, As and Ni contents in accordance with the
nimerous janesonite and arsenopyrite inclusions and
the composition zoning imposed by nickel. Ti and Ca
amotunts are rather interesting, as far as they are usu-
ally immobile during geological processes. The Ni:Co
ratio is oseillating, the nickel amount usually exceed-
ing the cobalt one. Sphalerite (‘Tab. 3) stands out due
to its high and relatively constant cadmium and sil-
ver contents partly the antimony ones, due to the nu-
merous inclusions of other minerals. A single galena
sample (‘T'ab. 1) has been subject to the monomineral
analysis; the Sh:Ag ratio and the lack of Bi eliminate
the problem of the ore assignment to the banatitic met-
allogeny.

The analyses of bulk ore samples (Tab. 5) yield simi-
lar high contents of the same minor elements identified
on monomineral samples. Worth mentioning are the
high Cr and Ti contents and Mn ones which account
for a "syngenetic support™ of ores,

The chemical data reported by Pitropov et al,
(1983) and the spectrographic ones from Table 5 were
plotted on the diagram of Figure 5, which suggests the
zinciferous character of the ore occurrence.,

The sulfur isolopes analyses are presented in Table
6. Due to the sulfide intergrowths, only a single sample
exhibiting coexistent sulfide pairs was obtained. The
variation of the sulfide isotope composition analysed
is worth noting. The heaviest sulfide is the globular
pyrite, suppesedly formed at the expence of greigite.
The lack of mineralogical equilibrium, noticed under
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Table 2
Minor Elements in Pyrite {ppm)
Sample No. | 2 3 4 5 6 T ] & 10 11
Cu 34 * = 50 B5 170 &0 i 270 T 50
Pb 3200 240 420 G000 120 160 | 360 00 | >3% | >1% | <30
L 4500 130 < 100 16500 | < 100 < 1o 180 < 100 22% | < 100 | < 100
‘Ag 16 34 a8 90 15 12.5 24 180 240 65 15
Sh 2200 300 580 200 1700 3200 | 1400 = 1% | 2300 1350 | < 300
As 5400 [ < 1000 | < 1000 | < 1000 | 10500 | < 1000 | 8500 | < 1000 400 Lis0n | 1ooog
MNi 40 140 240 300 75 410 a7 1o 740 30 30
. o 11 17 36 55 ¥ a0 5 200 120 14 *
Ti * 170 150 190 o 60 170 " 1200 55 55
M ¥ 24 an 145 = . Lt 125 R{H]] . L
Cr 200 ¥ ¥ ¥ ¥ ¥ 280 s 230 . *
(*) Below the detection Bmit: G (10), Cd (1000, Su (10), Bi (10), Mo (10), V (10}, Cr (30), Co {10}, Ti {30), Cu (30),
Isclated contents: 200 ppm Me (sample 6), 160 ppm T (sample 33), 33 ppm V (sample 2], 80 ppme Ced (sample 9),
Table 3
Minor Elements in Sphalerite {ppm)

Sample 1 2 4 4 5 3 ¥ 8 [3] 10 11 12 13 14
Cu 170 60 170 280 180 260 160 160 210 400 180} 260 180 210
Pl 3% | 9% | 0 | 3% | 3% | 18% | 200 | 1% | >3% W | 53% | 15% | >3% | 22%
Cd 15001 140003 1500 1750 2200 1500 1500 1700 1900 | 2300 1800 1500 190 1600
Ag > 100 TEMY A7 =100 100 =100 56 (] =100 160 650 > 100 =100 =100
Ga 30 22 12 a 39 22 16 26 52 42 2] 56 25 38
Ge 50 A6 12 65 5 65 52 52 77 52 26 B0 70 55
Sh BH) G0 380 7a0 TH0 42 | <300 | <300 00 170 650 5500 550 480
Mi 52 i 10 ¥ e o » 23 = 11 31 B e 30
Co 135 o0 G5 125 135 105 a5 96 a5 95 120 135 75 155
Ti 120 15 = 100 105 300 id 170 -3 GO0 180 o 140 140
M 46 55 48 115 58 150 A5 a9 5 750 G5 100 4 48

The iron content exceeds 3 %, (™) Below the detection limit:

Snf10), T1 (30), In (10}, Bi (10), As (1000}, Mo {10}, Ni (10),

Ti (30). Isolated contents: 31 ppm Su (sample 3): 11,5 ppm In (sample 9); 16 ppm In (sample 11).

Table 1
Minor Elements in Galena (ppm)
Cu 46 Sh 2800
n | =3 % | As | <1000
Cd 340 | Co 26
Ag 1200 | Mn 200

Below the detection limit: Ga (10),
Sn {30}, T1 (30), As (1000}, Ni (10),
Bi (10}

the microscope, is also confirmed by the sulphur iso-
tope composition. The isotopic geothermometer is not
possible to apply, not even by averaging the individual
values to the global values of +6.48 % for pyrite and
+3.48 % for sphalerite.

Genetic Remarks

The Cioclovina oceurrence cannot be considered as
being lormed by syngenctic or epigenelic processes in
the elassical sense. Its syngenetie character is dillicult
to harmonize with the relatively monotonous nature of
the host rocks {migmatic gneisses) i which the lithe-
logic unconformity (clements typical of most of the re-
gionally metamorphosed syngenetic ores) are ahsent,
The confermity of some ore strips (see Fig. 2) to the
hiost rocks as well as the obviously unconforinable ore
botlies, the ores localed i breccias or assoctated with
mylonites prove the relalionship with a postmagnatic
epigenetic process diflicult. The absence of hydrother-
mal changes is also obvious: the host rocks of ores are
laminated. cataclasized, breecifiated and mylonitized
resulling in nests or lenses  (sometimes noticed only
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Table 5
Minor Elements in Bulk Ore Sample (ppm)
AL Blightly mineralized samples
Sample No 1 2 3 4 5

Ph 55 480 | 9000 130 100
Zn 140 4200 | 520 320 170
Cu a7 24 100 100 T
Ag 10 7| 100 1 1
Sb <100 230 | 8600 | <100 | <100
As <300 | 4400 | 8600 | <300 | 3200
ar 30 T <3 KT 16
Ga 14 5 7 17 &
Ni kL 13 20 28 G
Ca 24 4 10 25 &
Cr 160 3 4 160 3
Vv 160 1 14 124 6
Ti 5000 | 210 T2 | 4600 92
Mn 4200 | <30 40 | 580 | 1600

Below detection limity Ged (30 ppm), Ge (10), In (3),

Sn (5}, Bi (3).

B, Highly mineralized samples
Sample No G ) B ! 10 11 12 13 14 15 1G

Cu G2 ol 420 290 130 40 76 <430 52 30 72
Ag 240 340 480 230 200 44 280 14 170 10 80
d 4510 380 1050 1100 A50 22 a0 54 2010 160 GO0
Cie 14 14 40 34 10 <10 <10 <10 <10 <10 20
In 3.5 <3 5.5 9 3 <3 <3 <3 <3 <i <3
Sh 300 J&0 GO0 270 a00 | >100 TOO0 | =100 406 600 | =100
As <300 | <300 | <300 | <300 | <300 | <300 [ <300 [ <300 | <300 | 1.1 % | <300
Sn <D <5 13 7 6.5 <h <3 18 T <5 <5
ar 34 50 a2 15 36 30 64 36 TG 15 84
Ga 17 22 34 43 23 13 11 23 24 3 28
Ni 21 10 G B G2 26 400 <3 250 36 15
Co 36 25 115 115 55 32 1] 13 44 28 48
v 42 85 30 46 34 G0 76 36 932 <B 6B
Ti 400 1100 J00 480 370 380 To0 i 1] 1000 14 1200
Mn 480 T 620 160 105 300 92 TGO 42 44 280

Not found: Cr (30), Bi {3).

under the microscope) consisting of quartz and carbon-£:fides it is still difficult to get a unitary image of the nor-

ates, with subordinate amounts of sulfides. The rela-
tionships between sulfides arc contrasting, and charae-
terized by a general lack of mineralogical and isotopic
equilibrium. The sulflides contain minor elements (Cr,
Mn, Ti) which account for a syngenetic or rather "pet-
rogenic” support of sulfide crystallisation process or
processes,

The presence of pyrrhotite (as relicts within pyrite)
associated with greigite, of cobaltite with jamesonite,
of hematite with pyrrhotite, éle. point to a complex
assemblage, vielding uncompalible minerals and super-
posed parageneses (Udubaga, 1986) which suggest the
polygenetic character of the ore oceurrence. By the
very detailed analysis of the relationships between sul-

mal erystallization sequence, thus a mosaic-like image
of the heterochronous parageneses is inferred instead
(Fig. 6).

In spite of the numerous data on the Cioclovina ore
occurrences, a thorough reconstruction of the miner-
alogenetic process is difficult, mainly because of the
lack of a connection between mesoscopic, microscopic
and analytical data. Therefore, the genetic model pre-
sented below is only a tentatively one.

The metamorphite pile of the Sebes-Lotru Series
(Group) is supposed Lo have contained rocks yielding
Zn, Pb, Ni contents exceeding the characteristic aver-
age values of gneisses and micaschists, The migmatisa-
tion processes were probably a former stage of metal
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Table 6
Sulfur lsotope Analyses (6345‘1 Fn)

Pyrite | Sphalerite | Galena Remarks
1] +2.02 Compact pyrite with fine inclusions of sphalerite,
pyrhotite and jamesonite
2| +238 Compact pyrite, partly enhedral, with filigree-like
pyrite envelopes; compact pyrite is locally marcasitized
ancd exhibits fine pyrrhotite and magnetite inclusions
3| 45095 + 6.62 242 | The three sullides are finely intergrown; pyrite
also oceurs on Lhe micas cleavages, being partly marcasitized
4| + .28 Pyrite associated with maccasite forming globular aggregates
(Fig. 4) with greigite relics
5 | +12.76 Compact pyrite; slightly brecoiated, exhibiting braveoile appearance
6| - + 7.59 Massive sphalerite, exlibiting galena veinlets or nndulated bands
T + 4.29 Compact sphalerite, slightly laminated, within graphite-bearing
gneissic rock
8 - 4.64 Breccia containing feldspar fragments cemented by sphalerite,
galena and pyrite

Analyst: Filofteia Gafuei, LG.G,, Bucharest.

Cu

/ B

Fig. 5 - Cu b dn diagram of ore
{deemical and spectrographic data).

Pb

concentration, viewed as an indireet "residual” process
imposed by the volume reduction of restites. There
fore, a protore partly transformed during regional
metamorphism is supposed. The ore bands or lenses,
slightly folded, mainly cansisting of sphalerite {probaly
pyrrhotite, too), unconformable to the main S-plane of
gneisses, might account for this stage of metal concen-
tration. Alpine or older structural elements (mainly
intrafolial shearings) allowed the continuity of the min-
eralzing processes, by the presence of P'T gradients and
the volume increase of interstitial fluids which carcied
the metals to dilatant zones and fixed themas sulfides.
The destabilization of pre-existing sulfides in rocks

rg ——=py.ma

a brv—apy — jom

o tr, b, cab
* I
\" i ma
\ | .r‘ r
B0 sph— gn — [pol——=py, mgt grf
[Au)

Fig. tv =kevelal the luiin’:l'-itlizihg P TR O
Contimeils  arrows sugeest  mineral
tions sl ddstted ones  exsolutions and/for  quasi-
simultancons crystallization, Abbreviations: apy, ar-
senopyrite; b, bournonite; by, bravoeite; ca, calcites
ep, chaleopyrite; vob, cobaltite jam, jamesonite; gn,
galena; gl graphile: grg, greigite; mgl, magnetite;
po, pyrrhetite; py, pyrite; Q) quartz; sph, sphalerite;
tir, tetrahedrite; ra, ratile; ma, mareasite. Hectangles
suggest the maih ove parageneses,

Lriu Iﬁrlll'l Flit-

reaching high PT zones was a process which ensured an
additional souree ol sullur. Pyrrhotite was thus altered
Lo pyrite, concomitantly with the appearance of pseu-
doexsolution phenomena mainly imposed by pressure:
chalcopyrite in sphalerite, tetrahedrite and bournon-
ite in galena. The distension areas (open [ractures)



84

offered the favorable environment for the concentra-
tion of low Ltemperature iron sulphides (greigite, pyrite
and marcasite as spheroidal aggregales), probably also
related to a moderate flow of ftuids (or only heat), as-
sociated with Mesozoie magmatites (small-size bodies
scaticred in the arca). '

The Cioclovina ore oceurrences could be thus as-
signed to the "tectogenetic” group (shear-zone related)
of ores; a poorly individualized protore was processed
during several stages, leading to contrasting morpho-
logical features of orebodies, According to the classifi-
cation proposed by Udubaga (in press), the Cioclovina
ore occurrences ocuppy an intermediate position be-
tween those of Leaota-Rimesti type (small dispersion
of negative 1S values, prevalence of ecarbonates over
quartz) and those of Valea lui Stan type (wide range
of 6*18 values, prevalence of quartz over carbonates).
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Planga 1

PN

Fig. 1 — Parallel bands of pyrite (white) and silicates Fig. 2 = Lamellar pyrite {white); silicates (bladk} in-
(black) crossed by pyrite veinlets, probably represent- tergrowth surrounded by subhedral pyrite grains. RL,
ing local regenerations. Reflected light {RL), x 150. x 150.

Fig. 3 — Fine silicate (black) inclusions in almost com- Fig. 4 = Madsive pyrite ageregate enveloped by fine-
pact pyrite (white). RL, x 100, grained pyrite. RL, x 1500

Fig. 6 — The same image with crossed nicols; the

Fig. 5 - Mushroom-like marcasitedpyrite aggregate; ;
nearby, subhedral pyrite. RL, x 100. lamellar structure of the aggregate is noticed.
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Plansga II

Fig. 1 -Globular aggregate of lamellar mareasite radi- Fig. 2 - Ellipsoidal greigite aggregate (grey-white),
ally disposed, exhibiting pyrite nueleus, RL, N +, with pyrite aureole (white}, partialy included in spha-
% 5. ! lerite (grey) and gal=na (white), RL, x 150.

Fig. 3 = Sphalerite (grey) intergrown with galena Fig. 4 — Sphalerite envelo by "filmy" pyrite
{white); galena also occurs as subhedral inclusions, {:ﬁ;jie]. HI-)L oil jmﬁ}{‘)}nl x 25%:6" d

similar to the sphalerite ones in galena (see Fig. 1). :

RL, x 100.

Fig. 5 — Subhedral pyrite grains exhibiting :.oniugof Fig. 6 — Needle-like jamesonite in quartz, Crossed
braveite type cemented with pnsmntm-mculu jame- nicols, x 150,
sonite (grey). RL, x 150,
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OBSERVATII ASUPRA SKARNELOR SI MINERALIZATIILOR DIN ZONA

SOPOT (BANATUL DE SUD)

lon INTORSUREANU

Institutul de Geologie 5i Geofizick. Str. Caransebes 1, 78 344 Bucuresti 32

Magnetite. Sulfides. Lithologic
an Magmatites - Sopot-Semenie.

Key words: Mineralization. Skarn. Iron Ox,des
Controls. South Carpathians — Neocretaceous Pal

Abstract: Remarks on the Skarns and Minevalization in the Sopot Avea (Southern Ba-
nat). The products of the contact metaniorphism generated by the (Laramian) bavatitic
subvolcanic badies from the Sopol arca are represented by hornfelses, marbles, skarnoids,
carbonate metasomatites, skarus and Cu % Fe ores. They resulted mainly from the trans-
formation of Upper Cretaceous carbonatic sediments and subordinately at the expense
of erystalline schists. The metasomatites are particularly represented by calcic exoskarns
exibiting CaQfMgO ratio>1. According to the mineralogic composition they arc garnet
skarns, pyroxene skarns, thremolite skarns and epidote skarns. The mineralization was
pyromelasomalic (hematite £ magnetite) and hyd rometasomatic (pyrite + chalcopyrite
+ pyrrhotite £ sphalerite £ galena). Significant metasomatic supplics and levigations
generated the garnet and pyroxene skarns. The evolution of the processes and the as-
sociated mineralization implies a pyrometasomatic stage (skarns and ivon oxides) and a
hydrometasomatic stage (hydrothermal alteration; sulphide mineralization and carbon-

ates + zeolites deposition ).

Introducere

Skarnele din zona Sepot sint situate in partea ves-
ticd a muniilor Almas, intre localititile Sopolu Vechi
gi Liubcova. Aceste produse s-au formal in aurcola
de contact a intruziunilor de banatite ce afloreazd in
bazinele viilor (ogagelor) Lilicei, Purearu, Nasoviit, i
dupi Giusca et al., 1966, apartin aliniamentului, con-
tral de magmatite laramice.

In prezent existd putine informatii asupra skarnelor
si mineralizatiilor din zond. Inainte de anul 1948 skar-
nele au fost cercetate cu citeva galerii de coastd cu
lungimi metrice; despre care nu definem alte date,
Frospectiunile geologice (Ianomolo et al,, 1961, ra-
pori, nepublicat) au dus la identificarca unor tipuri de
skarne si mineralizatii de Cu % Fe, iar prospectiunile
genchimice (Buracn, 1962, eaport nepublitat). efectu-
ate in sectoarcle Liliced gi Purcaru, an evidentiat citeva
anomalii de cupri i sol, cu concentralii ee ajung pini
la 0,2 %. Mineralizatiile din zond an constituit obiec-
tul unor lucrari de prospectioni s explorin, efeciu-
ate de LS. E.M. (Neguy, Popa, 1965, raport nepublicat;
Negut, 1970, raport nepublicat). Cercetarile ulterioare
(Gunnesch et al., 1973, raport nepublicat; 1975) au
aritat prezenta exoskarnelor (granat, diopsid, epidot,
wollastonit) si a unei mincralizalii de tip porphyry

copper, slab dezvoltald (Intorsureanu et al., 1980, ra-
port nepublicat).

Cadrul geologic

Zona cercelatd apartine domeninlui getic i este si-
tuatd m apropierea contactului tectonic eu unitdiile
danubicne (fig. 1).

Sisturile eristaline apariin seriei de Sebeg-Lotrn
g1 smt reprezontate  preponderent prin paragnaise
eu bictit, an eare se alli intercalate  micasigturi
en biotit si mmseovil, mivasisturi en granati, am-
fibolite, sisturi amfbibolice s nupmerpase filowe sau
lentile  de pegmatite cuarto-feldspatice Para-
genezele principale {euar-plagioelaz-nmseovit-hotit-
hornblendi-alimandintstaurolit) aratid ol melamorfis-
mul regional, atribaii Precambriznulon superior A s-a
produs i comdipih Geresalob smfibslitie zona en al-
mandm (Savn et ol W77 raport nepublieat)

Fortatinmile scdwntare se atribuic Cretacienlui
Deparzitele
cretaciee se ddegvolth me enlinen Sicheviga, aleiatuiud
o structurdt sinelinalii orientald NNE-55V i la Tilva
Torenila sub foros unet zone mai rest rinse, Clodareea
51 Pop (1963) an sepavat patru unitdd litostratigrabice:

superior. Badenmmnlue st Coaternaralag,
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orizontul calcarelor grezoase organogene gi al gresi-
ilor calearoase, cu grosimi de ordinul zecilor de metri,
probabil de virstd cenomaniani, transgresiv pe [unda-
mentul eristalin; complexul de gresii marnoase; marne
grezoase §i marno-calcare, de virstd turoniand; ori-
zontul conglomeratic, cu grosimi reduse; complexul
de marno-caleare, marne grezoase gi gresii de virsta
santonian-campaniand, 1 partea supericari a sue-
cesiunii. Depozitele badeniene formeazd umplutura
baginului Sicheviga, la sud, i a baxinului Bozovici,
la nord. Aceslea sint constituite din conglomerate,
pietriguri, nisipuri, gresii, marne argile, carbuni, tu-
furi ete. (NistAseanu el al, 1981). Cuaternarul este
reprezentat prin depozite de terasa, aluviuni 5i conuri
de dejectic.

Rocile banatitice (laramice) sint reprezentate prin
numeroase intruziuni sub forma de filoane, apolize
san alte corpuri subvulcanice care striipung sisturile
cristaline i depozitele cretacice. Dintre numeroasele
intruziuni, dispersate neuniform in aria cercetatd, mai
dezvoltate, dar fard a depiigi 1 km in zona de aflo-
rare, sint corpurile subvulcanice situate in sectoarele
Lilieei, Purcary, Nasovil, alcatuite din monzodiorile
cuartifere, porfire monzodioritice cuariifere, granodi-
orite si porfire granodioritice (Intorsureanu, 1986). La
compozitia mineralogicii a acestora participd plagio-
claz (44,4-61,8 %) cu 32-48 % An, leldspat potasic (11-
18,1 %), cuart (12,3-16.3 %), hornhlendi verde (7-21.7
%), biotit (0,2-2,3 %) §1 mincrale accesorii (magnetit,
apatit, sfen). Datele petroclimice aratd i rocile ba-
natitice au dervival din magme caleo-alcaling, cu ugoare
tendinte shoshonitice (Intorsureaun, 1986).

Metamorfismul de contact

Metamorfisimul de contact determinat de intruziu-
nile banatitice a dat pastere unor aurenle de contact,
aleatuite din corngene, marmute, skarnoide, metaso-
matite carbonatice, skarne £ mineralizatii. Aurcole
de contact mai importante au fost intilnite in jurul
corpurilor subvulcanice din perimetrele Lilieci, Pur-
caru, Nasovil, atit in depozilele cretacice cil §iom
formatiunile cristaline. Au putut fi remarcate toate
stadiile de tranzijie de la roci integral transformate la
rocl neafectale. Gradul ridieat de acoperire a terenul
i a permis stabilirea exactit a extinderii produselor de
transformare. Ineele ce urmeazd acestea vor fi descrise
aproximativ in ordinea de [ormare.

Corneene, marmure

Corneenele apiirute prin recristalizivi m depozitele
crelacice se caracterizeazd prin culori cenugii-veraui,
textura masiva si structurt fin granoblastice. In zona
internid a auecolel de contart se disting corneene cn
diopsid + cuary + caleit £ granati; corneene cu
tremolit + caleit 4+ cuary £ granaii, iar n zona ex-
ternd cornecne ci epidot 4 caleit 4+ alhit & tremolil
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cuart, de la care se trece gradal spre roci slab alectate,
cu aspect de sisturi patale. Corneenele formate pe
seama metamorfitelor au fost iutilnite in ogagele Lilieci,
Praznici, Tunesti. Caracterele lextural-structurale
ale roeii iniliale sint bine conservale, macroscopic
deosebindu-se cu gren de paragnaisele neafectate. Mi-
neralele formate prin metamorfismul de contaet sint
reprezentale prin biotit brun cu structurd decusatd,
enary poligonal & epidot £ albit. Aceste asociatii araté
ci metamotfisminl termie s-a desfsurat in conditiile fa-
ciesului corneenelor eu albit-epidot.

Marmure, formate prin recristalizaren calcarelor gre-
zoase organogene, alloreazi in bazinele ogagelor Liliec,
Puciosul, Tunesii, Bobot gi pe culmea Cracul Lilicci.
In vecinitatea contactului eu intruziunile banatitice,
calearele sint larg recristalizate, au structuri granoblas-
tice si culoarea albi,

Spre exteriorul aureolei, se trece treptat la marmure
cenugh, eu granulatia mai find gi urme de cochilii. De-
colorarea calcarelor, pe scardl largh, sugereazi prezenia
unui fenomen de oxidare a materiel organice sub
actiunea fluxului termie gifsau a unor fluide de ori-
gine magmaticd, proces aseminitor cu cel descris de
Fonteilles si Machairas (1968), in zdcAmintul Salau
{Arigge).

Skarnoide

Skarnoide, in accepiiunea lui Korjinski (1948), s-au
identificat in aurcolele de contact din sectoarele Pur-
carn g Nasovdf. Dupd tipul de transformare g pa-
rageneze acesie roci par a se situa inlre corneene §i
skarne, degvoltindu-se indeosebi pe seama gresiilor cal-
earoase sau a marnelor. Macroscopic se caracterizeazi
prin culori cennsgii, eu tente maronii, duritate ridicata.
granulaiie find i pistrarea strabificatiel inigiale. In
sectiuni sublirl se observi structurt microgranoblas-
tiee. Ca mincrale de neoforimatic apar granati, epidot,
Lremelit, oo sinl dispersate relativ uniform mir-o ma-
trice rocristalizgatdi, aledtuitd preponderent din caleit
si/sau cuart, eu numeroase incluziuni de epidot, gi/sau
minerale argiloase

Granatii an dimensiuni miei (0.02-0,4 mm), ocupd
pindi la 30-35 % din volwmul rocii i contin adesea
nimeroase nehzinni solide primare, Freevent se ob-
servit eristale cmbrionare de granati la care s-an de-
voltat doar zonele marginale cu forme poligonale, in
interiora] efirora se pistreazi resturt din mineralele
rocii initiale. Cristalele embrionare sint, de obicei, ani-
gotrape 5i zonate, Fle crese transversal peste mineeale
din roca primari (earbonadi, cuarl, feldspat), ceea co
presipune o slabi metasomatori de difugre (g 2).
Aceste observalii sngereaza ¢ dezvollares cristalelor
de granati s-a produs de iy exterior spre interior, fapt
e pledeazit pentrn prezenli unui meeanisim de creglere
diferit de cel de nucleatio, asa e a deseris si Heloie
(1971 La granali din zona Montagne Neire,



88

Epidotul, de culoare verzuie, apare subordonat, in
eristale prismatice izolate sau in cuiburi. Tremolitul
apare sporadic, alcdtuind agregate prismatic-radiare.
In faza hidrotermali granatii an fost uncori partial
substituiti de clorite, iar pe fisuri s-an depus pirita +
caleit + zeoliti. -~

—y
0,2mm

g 4 Costal embrionar deogranase, m
akarnoide, subtituind coaleit (O gt cos

().

Aspectele mentionate sugereazi ¢l aceste roel s-au
format prin recristalizare, e condigiile unei slabe meta-
somiatoze de difuzie. Skarnoide asemidfinfitoare an fost
deserise de Fonteilles i Machairas (T968) i gdcinintul
Salan (Ariege) side Marris si Finardi (1982) i distrie-
tul Yerington (Newvauda).

Moaotasomatite carbonatice.

Pe halda galerier Lilieet siomeerveva sillorimente din
bazinul ogasilng Lilieer s-an anbdoie Treevent roet al-
bicioase, carbomatice, formate momod evident prin
Aveste melaso-
burei, lentile st pseo-

stubstitugin paraguaisclor icacee.

makite carhonatice forneaei e
dofilisune en dimensinni decimetrice. Se caracterizeagi
prin textura masivi g stracturn ling, Uneort seope-
cunose restorn neteapsformate din paragnaisele po-
1are,
granohlasied, rocn md aledtnitd din ealeir (85 90 %
dine volum) s nunerale relicte fenary en extinetie on-
dulatore. Teldspan. miee) i proportii reduse,

Lo meraseop s¢ remarei o strocturd hetero-
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Skarne

Produsele metameorfisiulul piremetasamatie ging, re-
prezentate prin vaoale tpuri de exoskarne.  Sub-
stitngitle metasoatice s variat o limite largt, fi-
ind eontrotate wideosebi de natura paleosomulni si de
citile de acees pentru fluidele skarmzante. Rocile eele
mal favorabe pentern formarea skarnelor an fost cal-
carcle gresonse organogene, situate m haza depozitelor
cretacice, Rocile din celelalie orizomuri ale eretacien-
fui an fost mai putin afectate, De astmenea sl reduse
i extindere skarnele formate prin substitulia parag-
naselor din seria de Sebes-Lotrn.  Skaroele {ormate
pe seama gresiilor calearoase sau a marnelor gresoase,
pregintit adesea treceri gradate spre skarnoide. In gene-
ral, skarnele sl clerogene i an o dezvoltare discon-
tinud, fornund lentile, bengzi, cuiburi, pseudoliloane,
corpiirt nevegulate, cu dimensiuni relativ redose. Dupa
clhinisin, skarnele sinr reprezentate mdeosebi prin va-
rietdli ealeice, caracterizate prin raportul CaQfMgO
supraunitar.  Dupd compozitin mineralogicdi se dis-
ting skarne cu granati, skarne cu piroxeni, skarne cn
tremolit s skarne en epidot,

Skaracle ¢u granafi st larg raspudite i eele trei
sectoare cercetale (Lalicer, Porcarn, Nasoviat), fiind
formate, m special, prin substtaga caleavelor gresoase
organopene, pe distanie co pot ajinge pind la zeci de
el

easupri ealearelor, au
fost de aserenea Treevent teansfononate i skarne cn

Corestile ealearamse. situate «
granatl, wsd b seard mad vedusas Alacroscopic, skar-
nefe il repregentate prin rocl waronii-cenusgii, e lex-
Lurt masive g structnri granoblastice, mai grosiere la
skarnele formate prin substitatia calearclor siomai line
la cole rewultate pe seama altor roei. La microscop se
pemared transformdr gradate de la stadii ineipiente,
caraclerizate prin prezenta granatilor conbrionari, pma
la substitiitii totale,

Ciranatin an dipensiont variate aledtuind  adesea
agregate comnpacte, monominerale, 10 care uneori se
conservii resturt din paleosoma (pl. 1, fig. 1). Frecvent
pregintd fenomene de anizotropic g macle sectoriale
(pl. L fig. 2} san lamele de macld paralele cu faga
de dodecacdry rembondal (pho 1 g, 3). Cresterea
granaltor i skarne, pare a O avansat, eol pukin i

wnele cazurei, de Faomargines mineralulud spre interior,
e s formenzd wai it zona externd a eristalului
(pl Lofig 1) agn coin s=n mentionad s la granatii
din skarnoide, Compozigiae chiniiedt (tab, 1) determi-
wald pentrn doud probe de granali din skarne arati
civ acegtae st prepotderen G andradition, e proportii
rechise de prrop, alnanding spessattin $1 grossolar.
Aeapolitul fdipie) apare eoe e skarnele en granati.
A lost rdenndient microscapie me citeva egantioane din
sectorpl Pureara sub formd de ervistale prismatice bine
degveltare, e chivag bon dupd (100); este uning nega-
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tiv gi are birefringenti scizuti.

Skarnele cu piroreni an fost miilnite sub forma de
blocuri pe halda galeriei 1 amplasati in versantul drept
al ogasului Lilieci. Paleosomul acestor skarne esie
reprezental prin paragnaise. Galeria mentionati este
inaceesibili, dar din examinarea materialilui de pe
haldd se poale deduce ¢ skarncle cu piroxeni apar
sub forma «de cuiburi sau pseudofiloane cu grosimi
ce depagese ordinul decimetrilor. Rocile au culoarea
verde inchis-cenugie, duritate ridicatd, i contin cristale
prismatice de piroxeni verzui, cu lungimea pind la |
eni, dispuse in agregate radiare si cuiburi, Mineralul
dominant este piroxenul, la care se-asociazd i canlitiiti
reduse, epidot, amfiboli aciculari, cuart, carhonati +
oxixl de fier,

TABELUL 1
Compazitia granchiler din skarne

COMPOZITIA CHIMICA COMPOZITIA MOLARA
Nr.[Dxizi | E. 3488 E. 1500 .
crt| o, |(Dg: Liliec | (0g Purcary) | Minerale | E1483 | £.1500
} f.f,%' 3?’3‘3 e t | so68 | 81,90
5,37 Andradi
AR 2830 g % ;
& | Fe 0.57 0,57 Grossulor - 3,04
2 %% ) Fi 740 | 12,65
; ro . :
R R | AR e
10 Spessartin | 0,52 | 1
g #,Bg 0,08 0,08 v S
10 | H 2,28 1,68 Almandin | 140 | 140
1 | W0 0,2 0,46
2|8 - is]
Totol 00,32 99,77 00,00 | 10,00

Analigh : €. Popescu, £, Clrefumary

Piroxenul, reprezentat printr-un terien al seriei
diopsid-hedenbergit, se presinti m cristale prismat-
ice (pl. 1, fig. 5), uneori eu aspecte embrionare, cn
fete bine conturate (fig. 3), substituind granule de cal-
cit, Frecvent se remarcil incluziuni relicte (carbonati,
cuart) sau secundare, (fibroblaste de tremolit-actinot).
Pleocroismul este slab (Ng-verde. Np-verde gilbui),
clivajul bun (110), apar macle dupa (100), si unghiul
de extinctie cuprins mtre 40-48°. Datele oplice, coro-
borate cu analiza chimici pe roca globali {tab. 2)
arala i piroxenul este de compozitie hedenbergitica.

Epidotul, de culoare verzuie. formeazd cuiburi cu
dimensiuni milimetrice san eristale izolate, care sub-
stituie piroxenul. Awlibolt acieulan, ineolori san slab
verzud, din servia tremolit-actinelib aparc o mod subor-
donat..

Dintee mineralele paleosomului se man pistreazi
cuary, uneori cu extinelic ondulatorie sau feldspati ee
contin freevent numeroase ¢ristale lilroase de amliboli.
Prezenta calcitulul, pe seama cinia s-au format piro-
xenit (pl. I, figs G), aratd ed mir-o primi etapi paleo-
somul a fost substituit partial de caleil,

Skarnele eu tremolt apar o bazinul superior al
ogagului Lilieci la exteriorul zoner skarnelor en granaly,
Afloreazi pe distanie de zeor de metrr g1 sectornd

89

Purcaru (ogagul Puciosul si forajul 61527, m. 37,70~
71,10).  Sint roci dure, de culoare cenugiu deschis
cu tente verzod, textura nsasivd g1 granulatie find,
Compozilia mineralogicd este dominati de prezenia
tremolitului la care se pot asocia granati, piroxeni, epi-
dot, cuary, feldspati.

Tremolitul se  prezintd sub formd de cristale
prismatic-acieulare, dispuse adesca in agregate radi-
are ce ocupéd uneori aproape tot volunml rocii (pl. 11,
lig. 1). Este incolor, gi are unghinl de extinelic cuprins
intre 18-20% "Tremolitul substituie granaiii sau piro-
xenii, care au fost mtilniti doar m citeva secliuni.

Epidotul apare subordonat, si formeazd cristale i-
diomorfe, cuiburi, mai rar vinisoare, depus in faza
hidrotermala.  Bintre mineralele  paleosomului  se
pastreazi adesea cuartul gi feldspatul. Din observatiile
microscapice §i cele de teren se deduce o aceste skarne
s-au format prin substitutia gresilor cu ciment carbo-
natic gi mai rar pe seama gnaiselor. Prezenta tremoli-
tilud implicd un ehimism ugor magnezian al acestor
skarne, msd oo dispunem de date analitice 1 acest
Se1s

0,5mm

Fag. & Ceistal smbrionar de pirosen,
sub sticained caleit () g1 cuary ().

Skavucle cu epided s~au intilnit subly forma de blocuri
pe haldele unor galerii din sectoarele Lilieci si Purcaru,
avind o rispindire rédusi. Smt roci de culoare galben-
versuie g se asociazi uneori cu skarnele piroxenice, de
nide rezultd ei s-an format, eel putin in parte, prin
substitutia paragnaiselor.  Studiul sectinnilor subtiri .
arath o participare largd a cpidotului verzui (pl. II,
fig. 2) la care se adaugd m cantitdi reduse cuary,
clorit, apatit, ealeit, minerale opace, formate in stadiul
hdromet asomatic,
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Mineralizatii

Metalogeneza  asociald magmatismului  banatitic
din regiune s¢ caraclerizeaziv prin doudt bipuri de
mineralizatii:  mineralizatii de Up porphyry copper,
localizate m banatite, la Lapusnien Mare g sporadic
i sectoarele Lilicci-Purcaru-Nasoviy si mineralizatii
metasomatice {oxizi de fier £ sulluri), asociate skar-
nelor. Intruest primul tip de mineralizatio o constituit
obiectul unor studii reeenie (Intorsureann et al. 1980,
raport. nepuiblicat; Pomarleann, Intorsnreanu, 1985),
vam proventa in ecle co o urmeaxzd doar coneentraliile
de mineren melasomadic asociale skarnelor.

Mineralizatii metasonatice au fost mtilnite in sec-
toarcle Lilieci-Purcarn-Nasoviy, la suprafald (aflori-
mente, lragmente) siom anele foraje san loerdr miniere
de explovare (Negut, Popa, 1965, raport nepublicat;
Negul, 1970, rapert nepublicat).

Din coroborarea datelor de la suprafatd cu cele din
foraje gi lucrdri mindere, rezulla e mineralizatia meta-
somalicd este asocial, de reguli, skarnelor cu granati.
Celelalie tipuri de skarne, skarnowdele si corpeenele
ghzduiese uneori doar impregnalil de pintd £ hematit,
lipsite de importanta.

Concentratiile metalifere apar suly forméa de eniburi,
lentile, pseudofiloane, impreguatii neregulate, m gene-
ral cu dimensiuni modeste. Dupdl comporitia minera-
logicd se disting mineralizatii de oxizi de lier (hematit
+ magnetit) g mineralizapi deosulluri (picitd + eal-
copiritd £ pirotini £ blenda £ galeni) care se supra-
pun peste primele.

Hematitul & Tost antidnil i gileria veehe situatid m
versaniul drept al ogasului Lilieei, pe haldele wnor
fuerdri exceutate de LS. E. M. (galeria | Lilieci, ga-
leria X1V Purearn, galeria Tunegti ele) s citeva
allorimente, sub lormd de impregnatii sau eniburi o
dimensiuni reduse. Se asociazid freevent cu granatul
pe care-l substituie 51 se preziotd adesea i formi de
agregate aciculare, (speenlarit) (pl. 11, g 37 Hema-
titul de pe halda galeriei 1 Liliect, asorciat skarnelor cu
piroxeni, este in cea mal mare parte muschetovitizat.
In stacinl hideaternial hematitul este uneori substituil
de epidot, clorit, ealeit,

Magnetitul se prezintd suly formd de pseodomor-
fore dupd hematit (pl. I g A4) 50 esle asociat
skarnelor eu piroxeni san en granati,  Observaliile
microscopice an arilal cit nschetovitizarea a afees
tat indeosebi hematitul asociat skaroelor en piroxend
(halda galerier 1 Lilieci) gimar putin hematitul din
skarnele cu granati. Inegala raspmdive a moschetovi-
tizdrii aratd ca potentialn] oxidant. care a determinat
acesl. proces, a scazul i skarnele cuoparesem {oonde
concentrati (0w a0 Tost nuo redusat) conuparativ en
skamele cu granali. Aceastd concluzio rezulta s din
interpretarea bilantului wmetisomsbic {tab. 2),

a1

Prrida este componentul principal al mineralizatie
de sulluri, Apare sub formi de impregnatii, cuiburi,
filonage cte., in skarne 51 mai rar in skarnoide sau
corneene.  La icroscop se observd forme idiomerfe
sau hipidiomorfe care muleaza sau substituie granati
gt oxizi de fier.  Uneorl pirita este breciliald, iar pe
fisuri s=au depus hidroxizi de fier (pl. 1, fig. 6).

Caleopirifa este [recvent asociald cu pirita formind
cuiburi san impregoatii. La microscop apare in gra-
nule allotriomorfe san plaje cu dimensivmi reduse (pl,
I, fig. 5) si poate substitui pirita san hematitul, Din
documentatiile anterioare (Negul, Popa, 1965, rapori,
nepublicat) rezulid ¢& cele mai interesante nuneraliza-
Lii de ealeopinitd au fost antilnite in lucrarile de ox-
plorare (n prezent inaceesibile) din sectorul Purcaru
(galeria X1V, m 56-64; forajul 27502, m 271,08-273,96)
gt Nasoval (putul 4, m 6-12). Cel mai ridicat continut
de euprua fost de 2,25 9%, intilnit in forajul 27502,

Pirotina a lost rar observatd (Lilieci, Purcaru),
aparind sub forme de granule xenomarfe, plaje san
cuiburi, asdeiate cu pivita san oo ooxizl de fer,

Blenda g galena apar cu totul sporadic, sub formi
de impregnatii o skarnele din ogagele Tunesti, Sub-
Lunesti §i se asociazd cu caleopirita san pirita.

Stibina a fost meniionati de Hanomolo (1966, raport
nepiiblicat) la Lilieel i forajul 27518 (m 233,33-234.04
51 205.53-256 60) sub formd de eristale fin aciculare, n
asociabie con caleopirita.

In stadinl exogen pe seama skarnelor granatifere
e impregnati de sulfur se dezvoltd uneori zone de
alteratii (" pdliei de Ger™), en dimensiuni ce pol ajunge
prd s ordinud zecilor de metrl, ea eele din versan-
tul stmg al ogasului Pueciosul (sectornl Purearu) san
ogasul Tunegti (Nasavil), doncle de oxidatie au cu-
loaren maronin-carinigie 51 sl alelituite predominant
din limenit w care apar, co totul subordenatl, mici
enilmr deazurit san malachit.

Consideratii genetice

Genega skarnelar sioa mineralizatiilor legate de mag-
matismul banatitic, earacterizgal printr-un potenial
mietalogenctie ridicat, a fost controlatd de prezenta
calearclor organogene care au favorizat
substitutitle wetasomatice i de efile de acees pentro

Hred s

ekl postimaginatiee.

Factorg lizico-chumer (temperalurd, chimisn, pre-
sitme, anehilitates componentiler) an controlat alu
nabura proddnzeior, et si suecesinnes acestora. Bilantul
nwtasomatic {tah. 23, mocmit dupi netods indieata
e Goroh [ 1H61), armtd ea penten formarea skarnelor
cip grivadi prm substitulia ealearelor sedientare. an
st necesare aportur substantiale de Si0s, Feo(s,
Fedd, AOq s clmmarea Cald g1 OO0 De aseinenea,
apariGa skarnelor en piraxen, pe seamm parnguaiselor,
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implici adausuri insemmnate de FeO, FesOy, Ca0, CO;
si levigarea 5104, AlaOs, Na,O, K20 (alealiile in to-
talitate). Schimbul acestor eomponenti, corohorat cu
observatiile de teren, sugerenzi il skarnele s-au format
preponderent prin procese metasomatice de infiltragie.

Zonalitatea metasomaltitelor este slab exprimati, iar
absenta aflorimentelor sau a lucririlor miniere acce-
sibile, nu a permis electuarca unor observatii deta-
liate pentru stabilirea acesteia. Se remarcd, totusi,
ci in zona interna s-au formal fie skarne cu granafi
prin substitutia calcarelor sau a gresiilor ealcaroase,
fie skarne eu piroxeni, pe seama paragnaiselor. In zona
mediani par a predomina skarnele cu tremolit + skarne
cu epidot, iar spre exterior, apar adesea skarnoide,

In succesiunea de formare a metasomatitelor se dis-
ting doud stadil postmagmatice :

- stadiul pirometasomatic cu doud faze: [laza de
skarn si faza cu oxizi de fier (hematit + magnetit);

- stadiul hidrometasomatic ce euprinde ftrei faze:
faza alteratitlor hidrotermale (epidet, cloril, euarg,
sericit), faza cu sulfuri (piritd £ caleopiriti & pirotind
& blenda £ galenii) i faza cu carbonali & zeoliti.

Coneluzii

Din datele expuse rezultd ed produsele metamorlis-
mului de contact, generat de intruziunile banatitice
din zona Sopol, sl reprezentale prin corneene, mar-
mure, skarnoide, metasomatite carbonatice, skarne
gi mineralizatii de Cu £ Fe.  Acestea s-au format,
ideosebi, prin transforioarea depozitelor cretacie su-
perioare i, subordenat, pe seama metamorfitelor seriel
de Seles-Lotru.

Skarnele en grapati mineralizate s-au format pe
seama calearelor grezoase organogene situate in baza
depozitelor erelacice, care alctuiese o struelura sineli-
nald ¢e inelude sectonrele Purearu i Nasovig, Astlel
este foarte probabil ca la baza sinclinalului, m zona de
contact dintre caleare g intruziunile: banatitice, skar-
nele gi mincralizatiile s fie mai larg dezvoltate.

Multwmiri,  Mulunim de. AL Stefan  pentru
observatiile si sugestiile date m faza de manuscris, care
au contribuit la imbundtigirea luerdrii: De asemenea,
multumim urmaterilor analigti:  Aurelia Movileann,
pentru analizele chimice efectuate pe skarne, caleare
gi paragnaise 51 C. Popescu g1 E. Circiumaru, pentru
analiza chimica a granatilor,

Recewed: Apral 21, 1989
Accepled: April 22, 1959
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Plansa I

Skavn on Ei‘ﬁltéti H'l:lL'.iﬂti sectorinl. (Jﬁ&ﬁu‘i
]

b, ox 2

I"i,‘a.
Fagriorn;

Fig. 4 — Oristal de caleit substituil partial de granati
Purcaru; N 4+, % 64. embrionart, Ogayul Tunegti; M 1T, x 42.

Fig. 3 - Granati cu macle sectoriale anisotrope. Ogasul

Fig. 5 - Skarn cu piroxeni. Halda galeriei Lilieci; Fig. 6 — Cristal de calcit substituit pargial de piroxeni
N+, x4, embrionari. Halda galeriei I Lilieci; N <+, x 24.
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Plansga I1

Fig. 1 - Texturi colomorfd (detalin}; negru=magnetil, Fig. 2 — Magnetit cu texturd xenoblastici. Z&cimin-
alb=piroxeni; N II, x 24. iul Magca-Biigoara, putul T, N +, x 80.

Fi_g. 3 - Cristale embrion:nr\e de mag:le:it {negro) sulb- Fig.d4 — Ludwigit (cenusiu) sub formi de cristale pris
stituind piroxenul (cenugiu), Zicimintul Masca H¥i- matic aciculare, cu rare cristale de pirotini (alb). Z%-
goara, putul II; N I, x 72, cimintul Cacova lerii; N 4, x 80.

Fig. 5 - Ludwigit (negru) transformat in szaibelyit Fig. 6 - Gnais cu turmalind (negru) in cuiburi. Valea
(alb). Zicimintul Magca-Biigoara, putul IL Vadului.
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« Abstract: Cryomelric Delerminations of the Flud Inclusions in the Vein Quarts ds-
sociated with the Marea-Maleoei Barite Minevalization {Novthern Dobrogea). The vein
quartz from barite occurrences in the Triassic lhmestones of the Marca-Malcoei district
(Northern Dobrogea) formed at temperatures between 139% and 1657 ©, from hydrother-
mal solutions of low concentration (2.49-248 % NaCl) aud with density ranging from

0,919 to 0.949 glem?®,

Introducere

Determinarile criometrice au fost efectuale asupra
incluziunilor fluide din probe de cuart, colectate din
filoane care traverseazd muncralizatia de baritmia lo-
calizald in calcarele triasice de pe aliniamentul Marca-
Malcoci. Filoanele mentionate se inscriv m doui sis-
teme cu orientare diferitd: un sistemn NOOW constituit
din filoane de cuarf si bariting i un sistem NE-SW
reprezentat prin filoane cuartifore.

Metoda aplicata (Gatter, 1980) se bazeazid pe prin-
cipiul ricirii incluziunilor fluide pima la atingerea pune-
tului de congelare a solutiilor. Printr-o usoari incilzire
se determind temperatura punctului eutectic Te al
componentilor (primul punct de topire, cind aldturi de
particolele de gheati apare prima picatura de lichid) si
temperatura de disparitie a ultimului eristal de gheald
Tm (al doilea punct de topire). Transformarile de fazi
dintr-o incluziune fluidd la temperaturi negative sint
ilustrate in figura 1.

Cu ajutorul valorilor obginute pentru primul punct
de topire, se determini (ipurile de componenti
existenti in incluziuni (Borisenko, 1982), iar cu aju-
torul wvalerilor celui de-al deilea punet de topire, se
poate caleula concentratia solutiilor dupd o metoda
initiatd de Potter 11 et al. (1978). De asemenea se
pot face aprecieri asupra concentratici dupa diagrama
T-X al sistemunlui 040 NaCl (Roedder, 1962).

Pentra obtinerea datelor criometrice s-a folosit un
aparal de ricirefmedlzire elaboral de Poly et al.
(1976) si comercializat de finma Chaixmeca de la
Nancy.

Rezultate experimentale

In tabelul urmitor sint prezentate date criometri-
ce asupra incluziunilor fluide din cristalele de cuart
dintr-un filon de cuary si barilind, orientat N50W
(proba 4111/a) si din alt filon ce intersecteazi pe
primul (proba (4111/h), Solutiile din incluziunile flu-
ide apartinind cuartului asociat cu baritind din proba
4111/a se caracterizeazii prin limite relativ joase ale
punctului enteetic Te (<175 -195% €), iar in cele
provenind dintr-un cuart filonian mai nou (proba
4111/b), cu putine exceptii, Te. are limitele relativ
ridicate (-25,0 -26,5° C),

Dupd limitele acestor puncte eutectice, soluliile
hidrotermale din care au rezultat eristalele de cuart din
aceste doud filoane, pot fi atribuite, conform datelor
experimentale ale lui Borisenko (1977, 1982), la doua
sisteme @ sistemul-NaCl-H,0 cu punctul eutectic Te de
-21,2° C (in cazul nostru ~10,5° C) si sistemul NaCl-
KO- O eu punetul entectic Te de 23,5 C (media
in cazul nosteu este de —23.29 ©).

Cele doui sisteme de solutii, mentionate, se de-
osehese g1 printr=oe ugoarit seddere a valorilor medii
dee coneenteatio. determinate dupd metoda Potter of
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al. (1978). Penirn primul sistem valoarca medie de
concentratie corespunde la 2,19 echivalenti greutate %
NaCl, iar pentru al doilea sistem, concentratia este de
248 echivalenti greutate % NaCl (fig. 2). Cit priveste
densitatea solutilor, caleulatid din velumul lazei de
gaz, Tm gi Th (metoda Bodnar, 1983), se caracteri-
zeaza prin valori de la 0,024 gfem® la 0,940 g/em®
pentru solutiile apartinmd primului sistem i prin va-
lori de 0.919-0.949 g/em® peutrn solutiile celui de-al
doilea sistem (lig, 3.

Fige 1 Jransformarile de Bueed ioteo meluinne bifazicd dinte-
un eristal de cuart lonian asociat e baritind de la Maea
{Dohmgﬁ:. de nm'rl:l-. .

I-Incluziunea bifarica lichid-gez la +18% C; 2-Aceeasi inclue-
iune la -52% C. Bula de gae s-a micgorat, inr mediul lichid din
incluziune (gheata) a devenit ugor opac; 3-La 165" C are
loe prima Tuzivne a ghetii care se grupeazh in cristale izolate;
4-La —4,7® C apare bula de gag printre crisialele de gheatd
si lichich 5-La —2,0% € se observd ultimul eristal de gheaid;
6-La -1,67 C dispare ultimul cristal de gheatd si mediul din
incluziune devine bifazic ca in fligura 1.

Histograma generald a concentratiei in siruri, pen-
tru toate incluziunile supuse cercetarilor criometrice
aratd un maximum de concentratie de 2,5 - 2,7 % NaCl
(fig. 4).

Din examinarea datelor prezentate in tabelul 1 se
evidentiazi unele corelatii intre temperatura de omo-
genizare Th gi parametrii criometrici.

Acest lueru se remarcd m special mere valorile tem-
peraturilor de omogenizare (Th) si cele ale punctelor
entectice, Sub acest aspect proicctitle punctelor eu-
tectice (Te) st ale temperaturilor de omogenizare (1)
w0 distebae i doui rlrupuri bane elistinere (fiz. 1),

V. POMARLEANU et al.

In cimpul 1, la o ugoarii cregtere a lui Th, corespunde
o cregtere brusci a lui Te. In cimpul 11 la o ugoard
crestere a lui Th corespunde; de asemenea, o ugoard
cregtere a lni Te.

Tabel
Date criometrice pentry incliziunile Mnide din cuartul
hidrotermal de la Marca-Malcoci

Nr. Th Te Tm | NaCl | densitate
G b 9 o % gfem®
146 | <195 | =14 | 2,39 0,940
157 | =195 | =14 | 2,39 0,930
-18,5
158 | =19;1 | =14 | 2,39 0,929
3 | =192 | -1,3 | 2,22 0,942
162 | -18,5 | 1,5 | 2,506 0,927
~17.5
a111fa | 159 | =185 | =15 | 2,56 0,929
=175
158 | =185 | =16 | 2,72 0,931
=175
162 | 17,5 | =1,5 | 2,56 0,926
165 | =18,0 | =1,5 | 2,56 0,924
158 | -193 | -1,5 | 256 0,931
-25.0 | =14 | 239
-255 | -14 | 2,39
167 | -185 | =13 | 2,22 0,919
A1 b | 147 ? -1,6 | 2,72 0,942
153 | <260 [ -1.5 | 2,56 0,935
134 v 1,7 | 2.88 0,944
M
10
5
2 I%aNaCl
FFig. 2 Histograma salinitagii

solutiilor din incuziunile fluide din
cuariul de la Marca,

Coneclugii

Datele criometrice arati ci: [iloanele de enarf cu
barttind de ultita generatie, s-au formal din solutii cu
concentratii joase, soluti atribuite sistemulur NaCl-
U0 caracterizat printr-o valoare medie de tempera-
Lt enteeticit de 185" O salinitate de 2,49% NaCl,
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densilate de 0,924 - 0,940 g/cm? si temperaturi de Din datele i corelatiile prezentate rezulli ci solutiile
145-165° C. hidrotermale din care s-au format cristalele de cuar)
asociate cu baritind, au fost supuse unor variatii slabe
de concentratie, densitate si temperaluri.

N
©]
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genizare ale inclugiunilor Muide din cuargul de la
Marea,

Cuartul steril din filoanele mai noi, care fra-
verseazi primul sistem de filoane, s-a format din solutii
hidrotermale apartimind, probabil, sistemului NaCl-
KCI-H»0, caracterizat printr-o temperatura eutectica
medie de -23,2° C. Salinitatea solutiilor a fost in me-
die de 2,48% NaCl, iar densitatea a variat in limite mai
largi (0,919-0,949 g/cm?).

Recetved: April 11, 1988

Accepted: April 26, 1958 ' :

Presented al the scienlific session of the fustilule of Geology and Geoplysics:
June d, 1988






Rom. J. Mineral Deposits, 1992, 75, p. 97-106

MINERALISATIONS POLYMETALLIQUES ASSGCIEES AUX
MAGMATITES BANATITIQUES DE LA REGION GROPI — CAPRISOARA
{MONTS DE POIANA RUSCA D’OUEST)

Stefan BERGIES, (‘corge TUDOR, Maria BERGHES
5.C. PROSPECTIUNI 5.A., Str. Caransebes 1, 78344 Bucuresli 32

Koy words: Mineralization. Skarn. Metasomatisin. Hydrothermal Processes. Zoning.
Sulfides. Banatite. South Carpathians - Getic and Supragetic Realms - Poiana Ruscd

Mts,

Abstract: Base Metal Ores Related lo Banatitic Magmalites in the Gropi — Cdprigoara
Area {Western Poiana Rused Mts). The banatitic magmatites represented by dacites,
rhyedacites, porplyric granodiorites and andesites show petrochemical features slightly
diiferent from those of the same rocks oecurring in the Ruschita area. Skarns and con-
centric hydrothermal alteration zones point to the presence of an intrusive pluton in
the depth. The copper-bearing, subordinately lead-zine mineralisations, are spatially re-
fated ta the Tincova-Nidrag line. They differ qualitatively and quantitatively from the

lead-zine ores of in the Ruschila area.

Court historique des investigations géologiques

Des anciens travaux miniers exéculés dés le dix-
huitiéme sigcle jusqu’aux premiéres décennies de notre
siecle prouvent 'intéret suscité par cette région. Parmi
les premiéres informations scientifiques on peut eiter
L. Loczy (1982), Fr. Schafarzik (1900) et K, V.
Papp (1919), le dernier réalisant une monographie
d’ensemble sur la région des monts de Poiana Rusca.
Les travaux de Giuged et al. (1956), Codarcea el Pave-
lescu (1954), Paveleseu (1958), Dimitrescu (1956) ont
aussi contribué a la connaissance de celte région.

Importantes pour élucider les problémes structuraux
de détail et densemble de la région sont les travailes
de Papiu et al. (1963; 1964) et Popescu (1964),
qui ont démontré la nature récifale-récifogéne de la
dolomie de Luncani el qui ont fait un premier essai de
séparation lithostratigraphique des épimétamorphites.
Les investigations effectuées par Muresan (1973) et
Krautner et al. (1969; 1973) ont clarifié la plupart des
problémes lithostratigraphiques, d'age, de struciure et
de magmatisme de la région, et ont formé la base dans
P’élaboration des cartes géologiques a 1:50000.

Cadre géologique

Les formations cristallophylliennes des monts de Po-
iana Rusci sont représentées par des épimetamorphites
d’age paléozoique (Cristallin de Poiana Ruscd) et par
des mésométamorphites précambriens (Cristallin de

Lotru-Sebes). Les deux unités sonl sépardes par le
plan de chevauchenient Cineig-Vadu Dobrii-Tincova
el partiellement par le décrauchement de Ruschita-
Cherghess La région qui est le sujet de cet article
comporte des épimétamorphites attribués a la série
de Pades (Krautner et al., 1973; Muregan, 1973).
Cetle série représente la partie supérieure de la sue-
cession épimétamorphique.  Elle a été atribuée an
carbonifere inféricure el comporte des dépots ter-
rigénes, organogenes el volcanogénes, métamorphisés
au niveau du faciés & schistes verts.

Caractérisation pétrographique

Les roches métamorphiques.

Le périmélre investigué comporte des épimétamor-
phites appartenant & la Formation de Luncani,
représentés par des roches carbonatées (dolomies,
dolomies calcaires, calcaives), schistes séricito-chlorito-
guartzeux=£biotite et quartzites blancs ou noiratres.

Les raches carbonatées, ayant en général une compo-
sition dolomitique, occupent la plupart du périmétre et
représentent des digitations terminales orientales de la
masse principale des dolomies de Luncani. Elles sont
des roches a texture massive ou vaguement orientée, a
réseau épais de fissures et comportent: dolomie [80-850
%), caleite (10-15 %) et quantites réduites d'ankerite,
quartz el phillosilicates du groupe des chlorites. Dans
des divers endroits apparaissent des varicteés a teneur
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plus élevé en calcite du type des caleaires dolomi-
tiques et des caleaires blanes & peu prés pures. Dans
le bassin supéricur de la vallée de Feru on a trouvé
une petite lentille de rochie magnésiennes issue des pro-
cessus meétasomatiques post-métamorphiques. Autour
des petits corps d'andésite et porphyrite granodiori-
tique du versant gauche de la vallée de Caprigoara, les
dolomies et les calcaires dolomiliques sont partielle-
ment recristallisés (marbres dolomitiques) el skarnifiés.

Les schisles séricilo-chlorito-gquartzeus représentent
des anciens dépols terrigénes de type pélito-
psamitique, endentés avec les roches carbonalées. La
paragenese commime comporte:  quarlz-muscovite-
chlorite (4biotite) et subordonnément tourmaline,
apatite, minéraux opaques et en quelques variétés
graphite.

Les quartzites apparaissent seulement dans la colline
de Graiul Lung sous forme de denx corps lenticu-
laires, allongés. Ils sont representé par des quartzites
jaunatres ferrugineux englobant des petites lentilles de
minerai limonitique.

Les roches magmatiques laramicnnes

Le magmatisme laramien est représenté par des
divers produits assez variés appartenant aux stades
principal et final du cycle paléogine des intrusions ba-
natitiques, Ils sont représentés par des dacites, rhy-
odacites, andésites quartzeuses, porphyrites granodi-
oritiques et par des andésites 3 amphiboles, andésites
basaltoides, lamprophyres.

Les dacites ef fes rhyodarcifes formenl un corps i con-
tour a peu prés isométrigue, & un diamétre de presque
400 m, situé dans le bassin supérieur de la vallée de
Gropi, Le contour, est reproduit, assez exacle, par
les anomalies pédogéochimiques de Cu, Phy, Zn et Mo,
Le coté septentrional du corps est iraversé par un
filon de lamprophyres. Vers les extrémités orientale
et occidentale les roches dacitiques passe & des roches
andésitiques, La partie centrale du corps éruptif est
impregnée par des sulfures finement disséminées, prin-
cipalement la pyrite. Des corps plus petits de dacites
ont été contourés dans le bassin du ruisseau d’Aramei.
Dans le bassin supéricur de la vallée de Vilcan des
andésites quartziferes forment un corps lenticulaire 4
allengement SW-NE, localisé sur un plan de fracture.
Contraire aux dacites les andésites quartzeuses nont
pas subi des transformations hydrothermales, fait qui
suggere leur mise en place plus récente, Les dacites
et rhyolites comportent des fénocrystaux de quartz,
orthose; plagioclase acide et biotite. En général, les
feldspaihs sont kaolinisés ou séricitisés. La pyrite
et subordonnément la chalcopyrite sont dissémindes
dans la masse de la roche d’une maniére inégale ou
se présenie dans des petits filons.

Les porphyrites granodioritigues ont 6té identifiées
en quelques corps petits & contour irrégulier, dans

ST, BERGHES et al,

la wallée de Céprigoara;, vallde d’Aramei et vallée
de Tirsu. Les corps d’andésites affectés par des
altérations hydrothermales et les porphyrites granodi-
oritiques représentent des apophyses d’un plutonite
granodioritique situé probablement au-dessous de la
zone des afleurements.

Les roches andésifigues sont plus fréquentes que les
dacites et se Lrouvent surtout sous forme de filons &
épaisseurs et longuenrs variables, en quelques endroits
localisés sur des plans de failles. On peut séparer trois
variétés de roches andésitiques; andésites & amphi-
bole, andésites & amphibole et biotite el andésites A
bictite. En quelques filons la teneur plus élevée en
mélanocrates imprime a la roche une couleur noiratre-
verdatre, faisant le passage vers andésite basaltoide,
L’aspect de la matrice varie de hyalin jusqu'ad micro-
eristallin ou meme phanéritique. Les phénocristaux
sont représentés par plagioclas andésine-lahrador ou
labrador-hitownite, amphibole etfou biotite. Les am-
phiboles, fréquemment maclés, sont du type hast-
ingsite ou hornblénde titanifere et, par altération ly-
drothermale sont transformées, en quartzine, chlo-
rite, rulile et minéraux opaques. Généralement les
roches andésitiques, exceptd celles quartziferes, sont
fortement transformées du point de vue hydrothermal
(kaolinisation, silicilication, propylitisation et pyritisa-
tion).

Les lamprophyres apparaissent tout & fait isolées
dans la vallée du ruisseau de Gropi, la colline de Gruiul
Lung et la vallée du ruisseau de Feru. lls represen-
tent une étape finale du magmatisme laramien. Dans
la vallée de Gropi un filon de lamprophyre du type
spessartitique & direction N-S perce le corps de roches
dacitiques sans déclancher aucune transformation au
contact.  Les lamprophyres de la vallée du ruisseau
de Feru et de Gruiul Lung, du type odionitique, per-
cent des schistes séricito-chlorito-quartzeux. Les lam-
prophyres ne sonl pas alfectés par les transformations
hydrothermales et la minéralisation.

Pour une caractérisation pétrochimique des mag-
matiles banatitiques on présente dans le tableau 1 la
composition chimique de six échantillons d’andésite,
dacite, pophyrite granodioritique, lamprophyre et
pour la comparaison, le chimisme de neul éehantillons
de roches similaires prélevées d'un périmétre adjacent
(Piriul cu Raci-Ruschita). On remarque le caractére
acide plus accentué des andésites du périmétre de
Riul eu Raci-Ruschita (SiOs varie de 57 & 69 %, tab.
1). Les valeurs Niggli situent la majorité des roches
andésitiques et dacitiques dans le domaine des magmas
dioritiques (quartzeux-dioritique normal dioritique) et
granodioritique. Les lamproplyres correspondent au
domaine des magmas gabbrodioritiques. Dans le dia-
granune QLM (fig. 1) les lamprophyres du périmétre
de Pirml cu Raci-Ruschita se placent au-dessous du
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segment PF. Le caractére moins alealin des banatites
du ruisseau de Gropi—ruisseau de Ciprigoara résnlte dn
diagramme al-alk (fig. 2). Ja plupart des échantillons
étant placds sous le segment alk=1/2al. Le meme car-
actére résulte aussi des diagrammes Pecerillo-Taylor
(fig. 3) el Naz20+4K»0 - Si0 (fig. 4). Le diagramnw
AlaQa-Si0% (fig. 3) reléve le contenu plus haut en
alumininm de la meme catégorie des roches. Dans lo
diagramme QAP (Streckeisen)(fig. 6) les roches sonl
projetés dans le champ des dacites et celuid andesiles,

On remarque de nouveau la tendence vers une
acidité plus prononcée des roches du périmdtee e
(‘aprisoara.

Diiagramme (LA
%, moches banatitigues du o périmetee Hosehita: +
roches banatitigues du périmétre Groph Ciaprigoara.

Fig: 1
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Elements structuranx

Pendant Détape du métamorphisme hercinien les
déformations plastiques sont succedées dans plusicurs
stades, et ont affecté toute la succession de roches car-
honatées et détritogenes. Les plans axiaux des plis sont
verticanx ou inclinds et les axes structuraux ont des
faibles enfouissetnents aceidentels, Dans le périmetre
investigué les axes de ces plis ont é1é regénérés proba-
blement sous fornw de domes larges pendant la phase
laramienne, par subpressions dues & 'ascension des
magmas banatitiques.

Les déformations plus importantes de la leclogenése
alpine sont lides a deux systemes principaux de [rac-
tures. Le systéme & direction NNE-SSW, a constitué
la principale voie d'accés des magmas andésitiques,
dacitiques et des fuides hydrothermals associés au
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Tableau
Composition chimique des
No. échant, | 5103 | AlzQz | FeaOs eQ | MaO | PaOs | TiOz | Cald
] 51,00 | 1660 | 3,50 | 3,15 | 0,20 | 0.24 | 1,45 | 8,50
2 56,20 17,35 340 55 0,14 2,19 1,25 7,90
3 60,00 | 1595 g0 | 1,15 | ope | o036 | o070 | 4,90
4 46,60 16,75 .20 | 4,15 0,14 0,45 1,85 5,40
5 55,65 | 15,15 266220 000 | 070 | 1,10 | 6,80
i3 5084 15,25 4,00 | 2,52 0,12 0,19 0,65 | 4,80
T 55,60 18,99 5,60 | 108 8 b 0,45 0,95 | 4,68
8 59,20 15,40 380 | 215 0,135 0,23 1,05 | 6,00
q 53,05 17,35 5,95 | 3,24 .25 fl,18 1,40 | 7,70
10 66,45 16,50 560 | 0.09 0,07 0,64 0,40
11 23,60 17,70 4,75 | 240 0,09 %13 0,83 | 7,50
12 4,25 16,20 2,890 | LES 0.19 0,08 062 3,45
i3 3T A8 15,64 3,91 | 1,87 0,04 0,18 140 | 6,38
14 6848 | 12,80 | 3.00 | 040 0,10 | 1,20 | 2,52
15 60,10 | 18,00 | 4,30 | 1,00 0,04 | 1,30 | 4,97
1-9, hanatites de la zooe de Huschita: 1, lampropliyee, Pivial Cracul Lung; 2,
andésite; Pirinl Turcului; 3, andésite, Piriul cu Raci Mare, 4, lamprophyre, Piriul
crt Haci Mare; 5 andéshe Piviul eo Haa Mie; 6, andésite, Fivinl Stuller; 7, andésite,
Dealul Boul-snd, 8, porplivrite granodioritique, Pirinl Criacul Lung; 9, lamprophyre,
'y
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magmatisme banatitique. La plupart des filons de
roches andésitiques sont associés i ce systéme de frac-
tures qui a éié actif probablement dés une étape
prélaramienne. Le deuxiéme systéme, & orientation
WNW-ESE, moins représenté dans la région, com-
porte des failles qui ont actionné pendant et aprés la
phase laramienne,

On connait plusieurs failles pareilles dans la zone de
Piriul cu Raci au nord de Ruschita, le long desquelles
se sont emplacé des andésites "siériles” sans des trans-
formations hydrothermales,

Fig. & - Diagramme QAF

Métamorphisme magmatique et hydrothermal

Les transformations déterminées par le métamor-
phisme thermique et métasomatique exercité par
le magmatisme banatitique se manifestent surtout
en deux secteurs qui coincident avec les aires de
concentration des minéralisations polymétalliques et
d'affleurement des roclies banatitiques: secteur du
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1
roches banatitiques (%}

MO [ Na:O [ KzO0 | H:0F | 107 | Cop [ 50: 5 otal
8,80 3.00 1,30 1,35 0,85 | 0,45 1,65 94,69
3,30 340 | 2,05 0,70 0,85 | 1.85 Lag | 100,62
2,00 .05 | T4 2,60 80 | 3.80 0,17 98,52
500 | 385 180 280 | 125 3.7 0,75 | 9844
2:80 3,05 1,85 3,05 0,65 | 5,10 0,35 8,15
3,35 290 1 3,15 212 0,40 1 0,35 99,64
0,87 387 | 3,12 2,67 0,82 | 0,53 449,60
350 | 400 240 053 | 097|090 0,04 | 100,44
2.90 2,80 | 2,00 045 2,50 1 070 0,09 | 100,36
1,00 0,75 | 2,80 0,60 2,60 0,07 | 500 | 100,71
5,05 3,06 | 223 1,36 g, 74 | 1,20 1,01 | 20,70
2,95 3,60 | 3,35 3,74 130 § 0,30 100,68
5,30 3,28 1,25 B8 | 012 97,23
2,00 &80 | 3,33 1,00 017 | 280 0,20 G840
00| 270} 177 ] o056 014 | 3,00 0,30 | 99,18

Piriul Crasul Lung; 1015, banatites de la zone de Piriul Gropilor-Piriul C3-
prigoara; 10, dacite, Pirdul Gropilor; 11, lamprophyre; Piviul Gropilor: 12, an-
‘disite, Dealul Piciorul Mogiugei; 13, andésite, Piriul gropiler; 14, porphyie gra-

nodioritique, Pivinl Aramei; 15, granodiorite, Piviul Chaprigoara.

ruisseaw de Gropi au nord et le secteur d'Albota-
Cilprigoara, au sud,

Selon leur composition imliale les roches épiing-
tamorphiques ont agl des aniéeres differentes au
metamorphisme Lhermigue.  Les schistes d'origine
lerrigéne, se sont transforinés progressivement en
cornéennes caractérisces par la disparition graduelle
de la schistosite, des modifications de stéucture et la
formation progressive de la biotite, Les roches car-
bonatdes umghé-sicnncs ont recristallisé, résultant les
marbres dolomoligues.

Le métamorphisme thermique est suivi du pro-
cessus de métasomatose a de dilférentes intensités.
Parallélement a liew le remplissage des cabités, [is-
sures el interstices des plans de foliation.  Les
-réactions métasomatiques ont  affecté non  sewle-
ment les corndennes et les roches cristallinnes mais
aussi les roches éruplives. Les pyrometasomalites
représentent les premiers produits du processus de
métasomatose. Ainsi, dans le versant gauche du ruis.
seau de Caprigoara, aux environs d'un corps d’andésite
biotitique aflleure une zone de skarn magnésien épaisse
de 30 m, gui se développe sur une distance de 250
m, passant latéralement & un marbre dolomitique. Le
skarn comporte forstérite remplacé presque en totalited
par antigorite, brucite et tale, grenat du type an-
dradite partiellement chloritizsé, spinelle & grains pe-
tits & contours idiomorphes, trémolite en prismes bien
développées ci plages trés développées de ealcite er
pyrite. Dans les zones a calcite on a remarqué aussi
la présence de la hydromagnésite. La formation de
Pantigorite et brucite an compte de forstérite, tout

comme la présence du tale, du chlorite et de la liv-
dromagnésite sont dues & une altération hydrother-
mile ultéricure & la formation du skarn.  Les -
drométasomatites sont largement développés  dans
auréole du plutonite banatitique, ayant des mani-
festations varides, déterminés par Ia nature  des
différenis types de paléosomes soumis & des réactions
métasomaltiques avee les solutions hydrothermales

Selon e mode de réparlition des processus
d'altération hydrothermale on remarque une disposi-
Lion presgque concentrique de zones comparables avec
celles connues dans la littérature de spécialités: potas-
sique, phyllique et propylitisée.

La zone potassigue & un diaméetre d’environ 300 m
est situde entre le ruissean Arama et e ruisseau Feru.
Les andésites, les dacites ot les épimétamorphites
y présentes sonl forlement séricitisées, ont une
eouleur blanchatre et comporient de la biotite de
néoformalion.

La zone phillique & position exiérieure =t partielle-
ment superposée & la zone polassique, se brouve en-
ire le rmssoan Tisu et le ruisseau de Feru et dans
la zone du ruissean de Vilean. Une forte silicilication
a transformé les schistes séricito- quarlzeux dans des
schistes siliceux blanes & séricite. Les neéoformations
sont représentées par guarkz, séricite ot ehlorite. De
mene on remargue une pyritisation intense des roches,

La zone propylitisée est situé a 'extéricur de la zone
phyllique sur une largeur de 100 4 200 m. Les andésites
¢l les schistes sonu particlement épidotisées et chlo-
ritisées. Dans cette zone se trouvent les principales
oceurrences de roches mindralisées i pyrite, chalcopy-
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rite (imalachite, azurite), blende, galene ete. La propy-
litisation a des inflluences aussi sur le skarn du ver-
sant ganche du roissean de Caprisoara
du ruissean de Gropi presentent une forte altération
hydrothermal (caalinisations, séricilisations, pyritisa-
tions).

L dlacilos

Minéralisations polymdtalliques assoeides anx
banatites

Des minéralisations ont éteé identifides dans les deny
secleurs d’allleurement des roches banatitiques, re-
spectivement. le seeteur dn ruisseau de Gropi et le
seeteur du ruissean de Ciprisoara - colline d'Albota
Le degré de connaissance actuel des paragenises
minérales est limité au niveany de la zone doxidation
et de la zone de cimentation basé sur des bloes
provenant des anciens Lravaux miniers,

A, Secteur de Caprigoara-Albela.  Les minéralisa-
tions  hydrothermales  mdtasomatiques sc Lrouvent
surtout au contact ou dans la proximile des corps
andesitiques, de quelques failles oricntées NE-SW et
le plus souvent dans la zone des roches propyli-
Listes, Les ocourrences de roches minéralisées sont con-
cenlrées on guatre zones: rinsseay de Tso, roisseaq
de Caprisoara -Gruinl Lung, Piciorul Mosta colline de
Vilean, ruissean de Feru-sources.

La zonedu russean de Tirsu englobe six ocenrrences
de raches minéralisées dans les ealeaires dolomitiques
grisatres el dans les schistes séricito-chlorito-quartzenx
situes dans la partie occidentale dune faille & direction
SW-NE. La roche mindralisée est Tormée dune imasse
quartzense a quartz de type hvdrothermal sous forme
de petits eristanx bipyraonudales, Le hant des geains de
quartz comporte gocthite, malachite et azurite; parlois
en des sections polies on abserve des restes de pyrite,
chalcopyrite ot arsénopyrite. Liomalachite ost présente
parfois en des petits filons qui pereent ba roche.

La zone du ruissean de Ciprigoara Groiul Lung est
constituée de trois occurrences principales situces dans
les caleaires dolomitiques du versant ganche du ruis-
sean de Caprigsoara, La roche nundralisée ost soil une
breche siliceuse carbonaleée d quarts hydrothermal et
goethite, malachite of azurite, soit un minerai goethi-
tique compact qui garde encore des restes de pyrite.
La lecalisation des oconrrences est controlie par deny
failles qui traversent le roisscan de Caprisonra. Dans
la meme zone il v oa le skarn déja déerit ot dans e
terril d'une ancienne galerie on tronve des bloes e
minerai de fer compartant magnétite, sidérite or sub-
ardounément Py ribe ol gangue guarlzeise

La zone e Piciorul Mosta eolline e Vilsan ren-
ferme deux acenrvences de roches nunéralisées sur a
erete de Piciornl Mosta or Vilsan, localisées tant dans
les dolomies caleaires aussi bien que dans les selistes

silicenx blanes.  La roche nandralisee est une beielie

ST. BERGIHES el al,

A Sléments anguleny de dolemic ealeaire, et matriee
formiée de ponite, goethite ¢f malachite. La mala-
chite apparat aussi sous forme de petits filous qui
traversent la breche. Dans la erete de Vilsan, sur le
tereil d'une ancicune galerie il y a des bloes de min-
erai comportant pyrite o melnieovite (80 %), grains
rares de chalcopyrite oL arsénopyrite, tous en gangue
(LA ISE.

La zone des sources du rnisseau de Feru, situde
sous la crete de la colline J'Albola, porte deux oc-
currences de poches nunéralisées localisées en des cal-
caires dolomitiques, Du point de vue pétrographique
el mindralogique, la mindralisation se rapproche de
celle de la zone antévicureinent déerite, Dans les terrils
des anciennes galeries on trouve des hlocs de minerai
comporiant presqoe cn tolalite de ka pyrite a granula-
tion millimétrique ot chaleopyrite en quantité réduite
(3a4%).

Les mindralisations du sectenr de Caprigoara-Albola
peuvent etpe caracterisés conne des " minerais pau-
vres” A une teneur enéléments utiles der Cu-0,10 a
2,12 %; Ph-0,06 & 0,36 %: Zn 0.10 & 0.84 %; Bi-40
a 350 ppm; Ni-20 a 180 ppoy Sh= 100 & 600 ppm;
Sn-25 a 1o prm: As-300 & 3000 ppm. La miné-
ralisation cst done principalement cuprifere. Dans |a
gone o aliération potassigue on remargue des lencurs
anoipales en Cuoet Mo, accompagnant les impregna-
tions de pyrite dans les schistes silicifiés el séricitisés.

Prospection géochimugque ol glophysigue. Les
aurdéoles die dispersion secondaire pour le cuivre (Cu
132 pp) i sectenr Albota- Ciprigoara se super-
posent e partic aux zenes a4 “chapeaux de fer” connues
thads aussi aux antres possibles zones d acenmulation
de fa chaleopyrite, (fig. 7). On remarque la ten-
denee des anomalies de enivee de se grouper prés des
failles qui traversent le secteur surtoul dans les zones
daltération phyllique ¢ polassique.

Les anomalies de plomb (Ph 180 ppm) et celles de
zine (An 266 ppm) occupent des aires plus larges ef
n'ont pas des haisons dvidentes avee les zones de faille
ou avee le fond pétrographique. Les valeurs des anoma-
lies de Mo eoineident en grande partie avee celles de
Cuy s détachent quelques points & Mo 15 ppm situds
dans la zone d'aliération potassique. La disposition
tles ananialies iln]iqm\ uie zonalite des eléments, Ains,
A centre, superposées anx zones daltération potas-
sique, phyllique et particllement propylitique, appa-
ratssent des anomalies de Cu et Mo, Les anomalies de
oo Znose superposent @ la gone propylitique. On
observe une tendence de superposition des anomalies
de Ph et Znoaux niveaux des roches carbonatées:

Les anomalies décirométrigques de polarisation in-
dutte {fig, 8) ont des valeurs entee 30 ot 80 ms. les
plis significatives snomalies avant des valeurs de 40
s La plupart des anomalies sont détermindes par la
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Fig. 7 - Carte ghovhimigue chin seeteur Alloti- Caiprioari (apees Lo Sehiopu, 108G
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—— L— Anamaiies & ectromelrigues de
polerisabililé4RT) (ms)

Fig. & - Carte des isolignes de polarisabilité du sectewr Albota-Clhprigoara

(d'aprés 1. Balint, 1985)

présence de la pyrite dans les schistes siliceux,
séricitisés, dans les dolomies et les andésites altérées
hydrothermal. Quelques apex coincident aux zones
pyritisées & chalcopyrite (zones & malachite et azurite),
Dans la partie occidentale de la eréte d’Albota ot dans
le versant gauche de la vallée de Mosta, les anoma-
lies électrométriques se superposent aux ones anoma-
les géochimiques (Pb, Cu, Zn}). On soupconne done
la présence de certaiues minéralisations de Cu, Zn, et
Pb, en profondeur.

B. Secteur du ruissean de Gropi. Dans le bassin
du ruisseau de Gropi, dans une zone dépressionnaire,
apparait un corps de roches éruptive A conlour
isométrique et un diametre d'environ 400 m. 1l com-
porte principalement dacites & biotite qui vers Pourst
et Pest passent & rhyadacites et andésites a biotite. Le
corps dacitique est traversé par un filon de lampro-
phyres a une épaisseur moyenne de 14 m. Vers le nord
apparail un aulre corps petit de porphyrite granodior-
itique. ‘
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La minéralisation comporte spécialement pyrite el
subordonnément chalcopyrite, arsénopyrite, galéne et
blende distribués sous forme d'impregnation difuse,
hétérogéne, aussi que dans des filons submillimétriques
en des dacites et rhyodacites fortement altérées
hydrothermal.  Des observations chalcographiques
résulte la présence de la pyrite en grains i contours
xénomorphes, corodés, assoeié avec des petite grains
de chaleopyrite, La blende forme des petites plages
pas associés avec des autres sulfures. Dans 'andcsite
de la partie ouest du corps éruplif on constate aussi la
présence de la magnétite qui renferme un réseau lamel-
laire d’hématite,

Les analyses spectrographiques sur les échantillons
prélevés des roches minéralisées ont indiqué des con-
tenus tres faibles: Clu. 200 4 2500 ppm. Zn, 100 4 3000
ppin.

Prospection géochumique. 1l y a une remarquable
superposition des anréoles de dispersion secondaire du
Cu (132 ppm) et Mo (15 ppm) d'une part, et du P'h
{ 180 ppin) et ¥n (266 ppm) d'autre part. Siles anoma-
lics de Pb et Zn reconvrent toute la surface du corps
dacitique et se dilfusent plus vers 'ouest et vers le sud,
les anomalies de Co et Mo suivent le contour du corps,
manifestant seulerment une [aible tendence d'extension
vers le sud. -

Facteurs de contrdle sur la métallogendse

La répartition spatiale des minéralisations poly-
métalliques associées i la métallogenése laramienne
indique trois facteurs principaux qui ont controlé les
processus métallogéniques: magimatique, tectonique et
lithologique.

Le factewr magmatiguc, le plus impertant, a
controlé tant la qualité, anssi bien que la quan-
tité des mindralisations, Toutes ces minéralisations
se disposent an contact ou wes proche des ecorps
de roches banatitiques (granodiorites, porphyrites
granodioritiques, andésites ¢t dacites). Une autre
série d’andésites, mises en place probablement plus
tard, ne sont pas accompagnées d'une métallogeneése.
Les lamprophyres aussi n'ont pas joué aucun role
métallogénique.  En ce gqui concerne le chimisme
des magmas on peil  remarguer que les maginas
moins alealinisés et plus acides du périmétre Gropi-
Caprigoara ont engendré des mindralisations princi-
palement cuprifires, tandis que les magmas de la
région de Ruschifa ont geénéré des minéralisations
plombo-zineiferes.

Le fuctewr tectomrgue.  Le systénie de disloca-
tion & direction NNE-S5W présente une unportance
métallogénique particulitre, formant la principale voie
dlacces des magmas impliqués dans le processus
métallogéniques en des fluides hydrothermals. Ce it
est confirmé ausst par la disposition des anamalies

pedogéochimiques de Cu, Mo, Ph et Zn du secteur
de Caprigoara- Albota gui suivent en péneéral les zones
proches de ce systéme de dislocations.

Le facteur lithelogigue, est impliqué surtout dans
Faspect quantitalil des minéralisations. On remar-
gue, dans tout le périmetre, la tendence des roches
earbonalées de Tavoriser les processus métasomatigues
qui ot déterminé la formation des accumulations de
sullores. Les dolonues; par leur réseau dense de fis-
sures el elivages et les ealeaires par leur solubilité ont
facilite la circulation des HMuides minéralisés et les pro-
cessus métasomatiques. Une disposition préférentielle
des zones dloxidation du type "chapeau de fer”. des
anomalies chimiques dans les aires de développement
des roches carbonatées est Lrés évidente.

Dans les schistes sericito-quartzenx, les schistes si-
liceux et les quartzites ont trouve seulement quelques
minéralisations diffuses de type impregnation.

Conclusions

Los roches éruptives de la région de Gropi-
Caprigoara sonl situdes dans Vextedmileé nord-est de
Ialignement laramienne de Tincova-Nadrag,  Llles
percent les roches épimeétamorphiques du eristallin de
Poians Rusci

Les transformations délermindes par le métamor-
phisme thermique ¢t métasomatique exercite par le
magmatisme laramien sont évidentes dans une zone
en guelque sort éliptique oir on sépare des sub-
zones d'alleration polassique. phyllique el propyh-
tigre, Cette région (secteur d'Albota-Cliprigoara) cor-
responde probablement & la zone apicale d'une plu.
tonite banatitigue:

Les mindralisations allérenles sont du lype pyro-
métasomatique ¢t hydrothermal (filonien el dimpreg-
nation). L'activité métallogénique a débuté pendant
la phase subséquente du métamorphisime de eontaet
avee la formalion des concentrations de magnétite el
hématite. La diminution de la températnre, correlée
aver la diminution de la teneur en fer, a conduit vers la
déposition des sullures de Fe, Cu, Pb, Zn par substitu-
ticns métasomatiques. Ultérieurement des Auides hy-
drothermals ont déposé une nouvelle géndration de sul-
fures lo fong des fissures et sous forme d'imipregnations.

Le caractére principalement enprifere e subor-
donnément  plombo-zincifere des mindralisations e
tout le périmdire constitue wne permanence  des
nindralisations assocides aux magnmiites laramiennes
de Palignement de Tincova-Nidrag
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PETROGRAPHIE ET PROPRIETES PHYSICO-CHIMIQUES DES
CHARBONS PLIOCENES DU SECTEUR JIU-DANUBE

Nicolae TICLEANU, Cornelia BITOIANU, Gheorghe NICOLAE, Antonin POPESCU, Mircea TICLEANU

[nstitueul de Geologie 5i Geofizick, Str. Caransebey |, 78340 Bucuresti 32,

Olivia MUNTIU, fen PRODANESCU
S5.C. PROSPECTIUNT S A, Str. Caransebes 1, 78344 Buouresti 32

Key words: Coal. Pliocene, Petrography. Macerals. Physico-chemical properties.

Gotie: Platean - Strehaia Platform.

Abstract: Contributions to the Knowledge of the Pelvography of and Physico- Clhemical
Characteristics of the Phocene Conls Between the Jiw and the Dannbie. Four main litho-
types originating in different coaly facies have been distinguished. They differ one from
another by their petrographic composition, physico-chemical Teatures and the vield of
low-temperature producis. Xylite, mostly constituted of textinite, displays the lowest
ash content among the lithatypes, a high thermal power and an yield of tar from low-
temperature carbonizalion up 1o 285 per cent. The detrital coal, mostly consisting of
hinmodetrinite, is the predominating lithotype, lis high content of ash points to a palus-
trine depositional environmient of the llooded pluns separated by luviatile channels. The
xylitic coal is the most [requently found lithotype, [ts petrographic composition and the
physico-chemical properties depend on the content of xylite. The low-xylite coal is an
intermediary lithotype. Due 1o the wide variation domains of the contents of humic acid
and cellulose, xylite occurs in differeni stages of transformation (carbonification): from
weakly altered, close to wood, up to close to the dull brown coal. On the hasis of the
primary composition atd of the content of valatiles these coals have been assigned to the
lignite group (=solt brown coal).

Reéconunent, [icleann et Bitoianu (in Ticleanu et
al., 1989, rapport nonpubl) ont indigué Pexistence
de quelques difltrences entre les principales propridéics
physico-chimigues des lithotypes des  charbons  du
sectenr de Jin-Amaradia:

1. Intraduction

Les investigations concernanl la pétrographie el
les propriétés physico-chimiques des charbons de
I'Olténie débutent approximativemnent en 1854, une
fois avee Douverture des travanx de prospection ef ex-
ploration. Les premidres donndes sur la composition

Selon les nonvelles investigations (Andreescu et al.,
1985) los plus de 20 couches de charbon d'age dacien

e

petrographique des charbons de la zone de Motrn ont
été pubilices par Bitotianu et The (1967), qui ont publié
aussi une autre duade concernant les charbons de Ro-
vinar [ 1967).

Les recherches  paléobotaniques  corobordes avee
celles du dommine de la pétrographie des charbons
ont fourni de nouvelles données concernant les eone

ditions génctigques des gisemwnts de charbon (Lieleanm
et al., 1982 1885; Ticleani, Bitowmn, [98S), la re
constitution des principales associntions végetales car-
bogéndratrices (Uicleany, LURG], ansi que fa scparation
de sept facies charbonneux gui ont engended des el
hons de 'Oleénie {Ticleann, Bijotnu, 1900),

infereur-remamen moyen connies dans le sectenr do
Ji-Danube peavent elee proupées, sur base de criteres
lithologigques of gitologigques, en trois complexes char-
bonneux: e camplexe de Valea Vigenilor comportant
les couches i eharban A-B ot IV leoeoniplexe de
Matru, e plus inaportand genfenmant les conches Vi
NUL et e complese de Bideesty fornd par les coueles
XV & XV

Los. conchies du complese de Valea Vigenilor: af-
fisgrent entre baovallée de Cogngtea or Le Danolwe o
ont b mvestigiees dins bes atllearenents des vallées
e Spulba, Dedovita: Blalunga, fe long des alfluems de
eollessir, dans les wines de Promgor e Divezile. ains
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que dans de nombreux autres forages.

Le complexe de Motiu est bien développé entre le Jiu
et le Motru, notamment dans les earridres de Tisimana,
Pinoasa, Rogia de Jiu, Pesteana Nord, Pesteana Sud,
Jilt, Sud, Resiuta et Lupoaia _

Les couches de charbon du complexe de Bileegti sont
relativement bien développées dans la zone de colline,
entre le Jiu et le Motru et aflleurent (couches XIV et
XV) dans la carriere de Miculest,

2, Carvactéristiques pétrographiques des
Iit]ml-t.ypcs

O a identifid lea suivanis lithotypes: xylite, char-
bon xylitique, eharbon faiblement xylitique, charbon
detritique, charbon fibreux, charbon argileux et as-
sogide & ceux-ci argile charbonnense et argile,

21 Analyse macroscopigue

La xylite (=xylain, bois lossile) résnlte des parties
ligneuses des arbres ef arbustes (racines, trones el
rameaux) ol est présente dans les charbons sous forme
de bandes, lentilles ou fragments de bois fossile {plus
de 5 cm d’'épaisseur) plus ou moins transformé,

Selen la couleur de la xylite, dans les charbous
investigudés nous avons- identifié trois types princi-
paux de xylite. Assez souvenl y apparail une xylite
jaune, Taiblenent transformée, eomportant des f-
bres élastiques. La xylite brune, un autre type, est
prédeminante. Flle est plus métamorphisée que celle
Jjaune et apparait intercalée soil dans le charbon xyl-
itique, soit dans celui faiblement xylitique, La xylite
noire est rare of se présente sous forme de lentilles pe-
tites, étant gélifice. Par dessication elle acquiére un
éclat intense, elle est trés friable, en résultant de pe-
tites morceanx a cassure concaldale.

Les types de xylite déerits sont compris dans les
trois catégories connues dans la littérature de spéeialité
comme Faser-Xylit, Bruch-Xylit et Gel-Xylit. Les
différences entre celles-ei consistent non seulement
dans la couleur. mais aussi en d’autres propriétés
physiques et chimiques (Abell, 1965). L'élasticité
de la xylite janne el jaune-brune lui imprime ane
résistance-avancée au broyage, ce qui détermine usure
prématurée des mouling et une grande consomation
d'éunergic.  Au contraire; le charbon détritique est
facilement & le broyer, ce qui détermine accumylation
de la xylite en des grandes quantités dans les fractions
lourdes. Selon Mocanu et al (1973, rapporl nonpubl.)
la fraction de 1 mm comporte 15 a 32 % xylite.

Le charbon xylitique (cliarbon ligneux) comporte
une masse humique, fine & plus de 5% intercalations
xyhitiques. de couleur brun, brun-noiratre, il est faible-
ment stratifi¢ el s'exfolie au contact avee 'air,

Le charbion xylitique est un des principaux litho-
types des charbons de POlténic. le caractire xylitique

N. TICLEANU ot al.

trés prononed de ceux-ci étamt souligné aussi parc Lisner
et Thau (1956). '

Le charbon laiblement xylitique est un litholype
de transition vers le charbon détritique et apparait
plus rarement dans la composition des charbons de
FOlténie, ayant en général les meémes earactéristiques
que le charbon xylitique. Seulement ia tencuren xylite
varie entre 5 et 10 9.

Le charbon détritique prétlomine dans Ja composi-
tion des lignites analysés, touchant meme 60 %. 1
eomporte une masse détritique fine, bron-noirdire,
lhomogéne, ol on observe, notamment dans cassure
récente, des différents débris végétaux earbonifiés,
meme de peiits fragnents de bois fossile.

Le charbon diétritigue est mat, stratifié, se présente
sous forme de bandes et bancs qui dépassent | m
d’épaissenr of constitue parfois plus de 80 % de la
composition des couches de charbon v apparaissant as-
socies & ce lithotyne.

Le charbon fibreux, plus rare, a une coulenr naoire,
il est soveux (fin) et dépourvu de stratification. [l s
présente sous forme d'aiguille, Jentilles petites el nids
renfermes dans le lignite ou meme dans Pargile.

Le charbon argileux a une couleur brun-grisatee a
cassure terreuse ol aspect stratific-feuillus. Asser sou-
vent il comporte des aiguilles de fusain des os de pois-
sons, concrélions ealeaires el apparait comme des in-
tercalations dans quelques couches de lignite, parfois
formant meme des banes décimétriques indépendents.

Assocides aux lithotvpes qui forment les char-
hions apparaissent les argiles charbonneuses intercalées
surtoul dans le charbon détritique.  Dans toutes
les couches de charbon il y a des intercalations, a
épaisseurs variables, d'argiles noiratres, grisatres, gris-
verdatres et meme gris-blanchatre, comportant sou-
venl des restes végdtanx fossiles et des restes de faune,
Parfois les intercalations argileuses sont trés denses
conférant i la couche un aspect rayé, tel le eas de la
couche VI de Pexplontation de Girla. Rarement nous
avons rencontre aussi desantercalations centildtriques
d’argiles diatomiligues et méme diatomites. comme
par exemple celles de la couche VI de charbon de la -
carriere de Tismana,

Les recherches ont refevé que dans le secteur de Jiu-
Danube, les cliarbons sont formés surtont de charbons
detritiques of charhons xylitiques, co dernior constitu-
ant parfois des niveaux tris développés. La plupart des
couches de charbon comporient, avee prépondérence,
du charbon détritique el hs couches 11V, V, VI, VIl
et X1 ont an prononce caracters wyhibigue. ’

2.2, Analyse mucroscopigne

On constate, datis la composition des lithotypes, une
elévation graduelle du contennt moyen en masse or-
ganigue de 72 % dans le charbon détritique 2 95 % ala
xylite. Cetle masse organique comporte des macéranx
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appartenant aux groupes @ huminite et inertinite.

En ce qui concerne la eomposition des lithotypes
ftab. - 1) par groupes de macéraux, on constale
une diminution graduelle du contenu moyen dans les
macéraux huminitigues, de la xylite (94,838 %), an
charbon détritique (68,42 %). Les teneurs relativement
basses en macéraux liptinitiques et inertinitiques de la
xylite, par rapport anx autres lithotypes, s'expliguent
par la nature variée de la matiére végélale originaire,

Tableau 1

Composilion en groupes de macéraux des lithotypes

Croupes de

macéraux | Huminite | Liptinite | Inertinite
Lithotypes Y % Yo
Kylite 94,83 0,15 0,31
Charhon
xylitigue 81,80 1,30 2,40
Charbon
faiblement E
sylitique 76,70 1,80 1.40
Charbon r
détritique 68,42 1,10 2,07

Excepté la xylite, dans les aptres lithotypes les
macéraux hptinitiques se maintiennent a des valeurs
petites (1,01-1,8 %). Les macéraux du groupe de
Pinertinite arrivent & la valeur maximum (4,4 %)
dans le charbon faiblement xylitique, fait qui con-
tribue a la formation de ce lithotype dans les zones
inondées periodiquement e ol dominaient des con-
ditions aérobe-anaérobes favorables a Pextension des
incendies naturels, cause principale de la geneése des
macéraux inertinitiques (Cope, Chaloner, 1980).

La teneur en macéraux huminitiques varie d'un
lithotype & un autre (tab.  2), fait qui Tacilite
I'identification exacte des Lithotypes par des analy-
ses mnicroscopiques,  Aussi dans le cadre du meme
lithotype, le contenu en macéraux huminitiques
présente des Limites de variation asser larges. Ainsi
"humotélinite participe en grande quantité i la forma-
tion de la xylite (75,6-92,9 %) et du charbon xylitique
(43,3-68,7 %), pendant que I'humodéirinite prédomine
dans le charbon détritique (43,5759 %); le taux en
humoeollinite est trés réduit dans tous les lithotypes
(0,2-2.7 %). >

La xylite, le litholype représentant 12-15% dans les
charbons situés entre le Jiu et le Danube, comporte
dans loutes les couches plus de 75 % humotélinite, la
teneur plus grande étant enregistrée dans les couches
V, X et XIl. L'humotélinite est représenté par le tex-
tinite qui corresponde a la xylite jaune et brune et
moins par 'ulminite de la composilion de la xylite
noire. Dans toutes les couches humotélinite englobe

dans sa strueture cellulaire une substance rougeatre,
résin probablement, des subslances minérales, corpo-
luminites et/ou phlobaphinites.

Tableau 2
Composition moyene en macéraux huminitigues des
" lithotypes

Macéraux Hume- | Humo- Humo-
télinite | détrinite | collinite

Lithotypes Yo K 7
Xylite AT g 0,13
Charbon xylitique 49 - 32 0,60
Charbon faiblement g
svliticque ,. 22 54 0,30
Charben détritique b 59 0,20

L'humodétrinite est présent en des quantités trés
réduites dans la xylite (3 & 6 %, rarement 10 %).
On constate un taux plus élevé en atbrinite non
geélifié et trés impure dans les couches XIV et XV de
'éxploitation de Miculesti. Dans 'humodétrinite on
a identifié des restes de microspores (couche VII de
l'exploitation de Girla, sclérotes du type Selerotiles
braydentanus (conche VI de la carritre de Tismana)
et beaucoup d'aiguilles de fusinite (couche X de fa
carriere de Pegteana Sud), -

Dans la xylite humocollinite est presque inex-
istant et se présente sons forme de corpocollinites
isolés. Le liptinite ct I'inertiniié sont aussi faiblement
représentes.

Les composants minéraux représentés surtoul par
des grains de pyrite et oxydes de fer, apparaissent en
des quantités réduites dans la xylite, sans dépasser 7%.
On aobservé des quantités trés réduites de composants
minéraux dans la xylite de la couche V de charbon et
plus élevées dans les couches I et VIIIL

Le charbon xylitique comporte les mémes macéraux
que la xylite.  L'humotélinite présente les mémes
valeurs élevées (43-68%), élanl représenté par tex-
linite et ulminite dans des quantités presque égales;
rarement on enregistre une prédominance du dernier,
sous forme de texio-ulminite (couche VI de la
carricre de Rogia de Jiu). Ces macéraux présentent
une structure cellplaire bien conservée, imprégnée soit
avec résine, soit avec des substances mindranx. Ileu-
ulminite corresponde en partie & la xylite noire ot ap-
parait sous forme de lentilles, ayant un degré avansé
de gélification,

La plus grande tencur en humotélinite pour le char-
bon xylitique est enregistrée dans la couche 101 et la
plus basse dans la couche XI1.

Dans la composition du charbon  xylitique
Vhumodétrinite est représenté surtout par atbrinite et
maoins par densinite; variant entre 29 et 37 %.
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L'humocollinite apparait plus souvent dans le char-
bon xylitique dans la plupart des couches investiguées
mais ne dépasse pas 2.7 Y. ¢lanl représente par cor-
poliuminites existants dans les stroctures du textinite
{couche V, carriére de Polana).

Le groupe du hiptinite est moins abondante dans le
charbon xylitique que dans la xylite (3,7 %) et com-
porte des restes de spores minéralisés (couche VI dela
carriere de Pegleana Nord et couche X1 de la carriére
de Lupoaia) et cuticules;, toul comme meésophyle en
grande quantité (couches V1 de la earricre de Poiana,
VIII de la carriéve de Lupoala et VIII de la carriére de
Rogia de Jin).

Le gronpe de Uinertinite est présent par des lam-
beaux et bandes de fusinite (couche X1I de la carriere
de Pinoasa) tout comme par de nombrenses colonies
de sclérotes (coneche 1V de la carricre de Husnicioara).

Les composants mindraux sonb en quantités-qui vari-
ent de 12 a4 16 % dans humodétrinite, sous forme de
nids de pyrite (couche VI de la carviere de Lupoaia),

Le charbon faiblement xylitique comporie hu-
motélinite (16 & 30%) ot humodétrinite (46 4 63 %),
L’humocollinite et le liptinite sont presque imexistants
dans la composition du charbon faiblement xylitique,
Fn échange, Vinertinite est plus abondant (1 & 10 %)
que dans les antres lithotypes, élanl représenlé surtoul
par lusinite.

Les substances minérales varient entre 16 et 20 % et
sont présentes le long des fissures des macéraux comme
minéraux argileux, ou comme oxydes de fer,

Le charbon détritique, le lithotype prédoiminant du
charbon de 'Olténic comparte en grande partie hu-
modetrinite et subordonnément humetélinite,

Lhumodétrinite représente plus de 53 % des couches
invesliguées, comporte atirinite ot densinite en des
guantités presque égales, ctant fortement impurifié par
les minéraux argileux, On y rencontre parfois des co-
ticules minces (couche V1 de Poiana), fragments de
spores mincralisés (couche VII de Pesteana Nord),
lambeaux de fusinite (couche Vode Pr.::-i.'l.llil} et scleroles
pluricellulaires (couches X de Pinoasa).

Lhumetdlinite, représenté par ulminite, apparait en

des quantités plus réduites (inféricure a 10 %) par rap-

port aux autres litliotypes, étant parfols imprégné par
résine (couclie VII de la carriére de Tismana).

L'humecollinite comportant de rares corpohuminites
apparait seulement dans quelques couches de eharbon
(VI de Poiana, couche X de Rogiuta et couche XI de
Lupoaia).

Les substances mindrales apparaissent dans de
grandes quantités dans le charbon détritique, plus de
20 % et sont représcnlécs en majorilé par des mi-
néraux argileux épigéneliques. pyrite cpigénetigue et
singénétique et par carbonate de ealcimm épigénétigue.

N. TICLE I at al.

3. Gendse des litlmtyp'ﬂs

L'analyse microscopique a évidentié des particu-
larités qualitatives et quantitatives significatives en- -
tre les principanx ithotypes des charbons investignés.
On a remarqué aussi, dans le cadre des lithotypes,
des limites larges de variabilite des contenus en des
différents macéranx, surtout ceux hnminitiques. Ces
faits s'expliquent par la grande diversité ges con-
ditions de milien des marécages carbogénérateurs,
chaque lithatype résuttant d’une certaine association
de plantes dont la phytomasse s'accumule en des
différentes conditions, en résultant plusicurs faciés
charbonneus pareils & ceux définis par Teichmuller et
Thomson (1958) pour les charbons miocene inférieurs
de la vallée du Rhin.

Ayant en vie les reconstitutions des principales col-
lectivités de plantes carbogénératrices ([icleanu, 1992)
et les résulfats des études pétrographiques effecluées
par Bitoianu, Ticleanu ot Bitoianu (19858, 1989) on
a individuahisé plusicurs Facits charbonneux dont ont
résulté 1A 2 lithotypes (tab. 3).

4. Analyse physico-chimique des lithotypes

Les investigations dans le sectenr situé entre le Jiu
et le Danube ont confirmé les résullats antérienrs
(Ticleanu et al, 1989) et ont relevé d'autres particu-
larités concernant la composilion dlémentaire des lithe-
types, les teneurs en acides humicques, cellulose et pro-
duits de sémicarbonisation.

4.0 Analyse lechnigue

Pour 'analyse technique on a prélevé 135 échan-
tillons des couches de charbon [ & XV, la plupart
provenant des lithotypes xylite et charbon détritique.
Les résullats de ces analyses sont présenté dans le
tableau 4.

Al Tencur en cendre Les valeurs du
tableau 4 indiguent que les contenus moyens en cendre
(Aann.) se développent peu a peu de la xylite (4,73 %)
Jusquau charbon détritique (28,69 %). Ces différences
s'expliquent tant par la quantité réduite de la cendre
dans le materiel originaire de la xylite et du charbon
xylitique, dont la formation onl contribué des forets de
Clyplosirebus, aussi bien que par la participation plus
aclive des minéraux argileux a la formation du charbon
faiblement xylitique et notamment, i celui détritique.

On connait que le bois a en général peu de cen-
dre. Ainsi, selon Simioneseu et al. (1964) la teneur
en cendre des essences ligneuses de la flore actuelle de
la Roumanie varie entre 0,11 et 0.83 % pour la plupart
tles coniferes et angiospermes herbacées,

Les angiospermies herbacées comportent du eendre
en des quantités plus grandes de 241 % 4 6 %, c'est-a-
dire jusqu’a 54 Tois de plus que les arbres (Simionesen,
Rozmarin, 1966).
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Talbsleau 3
Facies charbonneux ot les lithoty pes qui en résaltent

Facies charbonneux

Conditigns du depat

Lithotype resulté

Forét & Sequoia acrobe
Marais de forét a
fenillnsxGlyplostrobus
Marais de foret &

Gly prostrobus

Marais & Phragmites
Formation végétale
flottanie & Phragmites
{ile Aottaniy)

Zones a végdlalion
acuatigne

anacrabe
H
anafrobe

anacrobe

aérobe-anaérobe

acrobe-anadrobe

charbon détritigne £
charbon xylitique

charbon détritigue

charbon laiblemeént xylitique
xylite

charbon xvlitique

charbon détriticque

charhon argileux £

chiarbon détritigne

charbon argileux
argiles charbonneuses

. Tableau 4
Valewrs moyennes des principales propriéldés
physico-chimiques des lithotypes (rapportées i Uanliydre)

Lithotype | Xylite | Charbon | Charbon Charbon

propridte aylitigque | Faildemient | détaatique
svhiticpue

A Y 4,73 15,3 17,7 29 60

vV % G1,10 48,2 TTERY A1

Criz % 33,40 36,5 36,8 24,50
comb 2,5 2.7 2.6 2.00

Qing % G020 5159 4877 1202

Etant donné que dans la majoriteé des cas (3 %)
les teneurs cn cendre de la xylite ne dépassent pas 3
%, résulte que le bois de Glyplostrobus a éi¢ conservi
et puis Lransformé dans un milieu isolé par les eanx
de percolation, ce qui signiflie un enfonissement rapide
dans la tourbe el une période relitivement courte de
compaclage de cette derniére.

De I'analyse de la répartition par couches des. con-
tenus en cendre (Agan.) de la xylite, résultent des
valeurs plus élevées dans les couches 111, [V et VIII
de charbon. Ces valeurs ont été déterminées par
Pinstabilité du milieu carbogéndrateur manifestée par:
le développement lentieulaire de la couche, 111, la
présence [réquente des intercalations argileuses dans
la couche TV, accompagnée d'une accentuée varia
tion de épaisseur de cellesci et Iépaisseur ¢t les car-
actéristiques morphologiques de la couche VIII

Le charbon détritique provient surtout de deux
facies charbonneux : marécage de loret a arbres feuillus
et marécages a roseau [ Phragmites, Typha elc.) Bien
que la teneur en cendre des plantes herbacées soit assez
elevée, jusqu'a 6 % ( Typha) dans le matériel originaire,
nous considérons que par enrichissement résiduel il ne
peul pas dépasser 10 % . Brant donné que les charbons
détritiques du secleur investigné comportent souvent
20 % cendre, on doit aceopter que dans la plupart

des ens ce composant provient du matériel argileux
fin, accumuolé une [ois avee la phytomasse car-
bogénératrice. A titre de comparaison nous mention-
nous quaucun des eing facies charbonnenx séparés
par Teichmiiller et Themson (1958) pour les charbons'
miocéne mféricurs de la vallée du Rhin ne comporte
plus de 1L L% condre (A0 :

Done, une caracténistique du milien du dépot des
charbons dundics la constituait la présence, dans les
eaux des marccages, notannnent dans ceux des zones
anondées périodiquement ou dans les zones recouvertes
enpermanence par des eanx, d'un riche matdériel ter-
rigen en suspension qui s'aceumulait une fois avee la
tourbe. Ce fait coraboreé avee les résultats des études
sédimentologiques effectudes par Jipa et Ungureanu (in
Ticleanu et al., 1985) indique un milieu de dépot palus-
tre installé dans Jes plaines d'inondation étendues entre
canaux fluviatiles,

412Matieres volatiles (V) La teneur
en malieres volatiles est une caracléristique trés im-
portante pour la connaissance du degré de carbonifi-
cation, I"établissement des domaines d’utilisation et de
la classification des charbons,

Selon le tableau 4, la teneur en V" dirninue de la
sylite (61,1 %) vers le charbon détritique (41,3 %).
Patteisky et Teichmiller (selon Francis, 1961) con-
sidérent. un V™ = 53 % comme limite entre le lig-
nite (soft lignite) et charbon brun mat. Les analy-
ses elféctudes sur le lithotype xylite indiquent que les
teneurs entre 55 et 60 % V™ sont les plus fréquentes.
Done, selon la teneur en V77 les charbons de 1'Olténie
se situent dans le groupe du lignite { charbon brun
ligneux = Weichhraunkohle = soft lignite ).

413 Pouwvieir valeorifigue
Une caractéristique physique trés importante dans la
détermination du domaine d'utilisation des charbons
esl e ponvoir calorifique.  Les valours moyennes o
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pouveir calorifique des charbons étudiés présente des
différénces évidentes entre la xylite ( Qank.. g = 6020
Keal/kg ) et le charbon détritique ( QhL = 4204
Keal/kg ), les autres lithotypes ayant des pouvoirs
calorifiques d’autant plus grandes la teneur en xylite
est plus élevée. Le pouvoir calorifique d ine l:ouche
de charbon est en rapport avec le contenu de celle- ci
en xylite; done, pour une utilisation plus judicieuse du
point de vue énergétique il est nécessaire de valorifier
au maximum ['énergie thermique de la xylite.

4.8 Analyse élémentaire

Cesl une des plus importantes analyses pour la
connaissance complexe deg combustibles solides. Le
tablean 5 présente les limites de variabilité des tencurs
en: ©, 0, H et N pour la xylile, ainsi que la moyenne
de quelques échantillons de lignite,

Tableau 5
Limites de variabilié pour les principaux éléments
chimniques du lignite et la xylite de POliénie

Elérments [ H (¥ ™
Lithotypes % % % %
Xylite 58,1-67,1 5.4-6.3 | 23,2-33,7 | 0,17-1,76
Lignite $2,4-65.5 | 55-68 | 251-274 | 1,06-1,70

Les teneurs inférieures & 60 % C™" enregistrées
pour quelques échantillons de xylite et charbon xyli-
tique sont caractéristiques aux bois et tourbes, indi-
guant la faible carbonification d'une partie des xyliles
de POlténie.  Cependant les teneurs plus grandes
en carben (67,66 %) sont enregistrées aussi pour Ja
xylite, mais plus rare en indiquent une grande variété
des conditions d’accumulation et diagenéses des char-
bons investigués. Les teneurs trés élevies en oxygéne
{(jusqu’au 33,67 %) de quelques xylites prouvent aussi
la faible carbonification de celles-ci.

Pour #tablir le degré de carbonification des charbons
et des principaux lithotypes nous avons représenté,
sur un diagranine, avec les rapports entre les rations
atomiques O/C et H/C, quelques-uns des résultats de
P'analyse élémentaire (fig. 1). Du diagramme résulte
la grande variabilité de la xylite, de faiblement car-
bonifié (proche de la tourbe) jusqu’aiune carbonifica-
tion plus avancée, proche de la limite avee le charbon
brun. Dans un diagramme similaire (fig. 2) nous avons
projeté les valeurs pour des différents charbons de la
Roumanie. En ecomparaison avee les valeurs moyennes
fournies par deux échantiflons de lignite de POlténie
on observe la situation de ces derniers dans le domaine
du lignite, vers la limite avec le charbon brun,

Lanalyse élémentaire des lithotypes qui forment les
charbons de 'Olténie justifie 'encadrement de ceux-ci
dans la catégorie des charbons bruns ligneux " Weich-
braunkchle” selon la classification allemande qui cor-
responde au type "Solt Lignite® (selon Patteisky et

ICLE et al,

Teichmiller, in Francis, 1961) et & celui "unconsoli-
daded lignitous coals” conformément & la classification
américaine, La teneur relativement réduite en C™¢ ex
plique en partie les propriétés thermigues du charbon
détritique et du lignite de I'Olténie en général.

4.3 Teneur en acides humiques (AH) el cellulose

On a effectué des analyses pour les acides humiques
et pour la cellulose en vue de déterminer le degeé de
carbonification et pour reconstituer le milieu ot a eu
lieu l'accumulation de la phytomasse carbogénératrice.

On a déterminé en général les teneurs en acides hu-
miques et cellulose pour la xylite et moins pour le char-
bon détritique. La teneur en AN de la xylite varie
de 2,13 % a 41,45 %, mais prédominent les valeurs
inférieures & 15 % (fig. 3)ien échange pour les autres
lithotypes ces valeurs se situent & plus de 12 %, no-
tamment a'plus de 20 % indiguant une transformation
plus intense de ceux-ci par rapport & une grande partie
des échantillons de xylite

Les limites larges de variabilité des teneurs en All
de la xylite sont dues particulierement a la diversité
des conditions dans lesquelles a en lieu Paccumulation
et puis & la carbonification du matériel végétal.

En ce qui concerne la tencur en cellulose, rapportée

a la masse combustiblé, celle-ci varie entre 6,8 % et
31 06 % pour la xvlite el entre 9,68 % et 30,44 % pour
les antres lithotypes.

Comparativement aux autres lithotypes, la teneur
élevée en cellulose de fa xylite indique aussi la faible
transformation de celle-ci, Par contre, dans le eas
du charbon xylitique et deétritique, la cellulose s'est
transformeée rapidement en acides humiques, La
présence de la cellulose en des quantités relativernent
élévées (10,62-11,78 %) dans les charbons xylitiques
et dans ceux détritiques (12,59 a 30,44 %) indique
une accumulation de la phytomasse en des conditions
d'isolation rapide de celle-ci contre 'action des facteurs
biodégradateurs, La présence de la cellulose tant dans
la xylite que dans les autres lithotypes aussi, atteste
son role, prés de la lignine, dans la formation des char-
bons. _

La grande variabilité des teneurs en acides humiques
el cellulose (fg. 3) indique des différences notables
entre les conditions carbogénératrices d 'une zone & une
aulre,

Les teneurs élévées en acides humiques, des sub-
stances coloidales ayant des propriétés hygroscopiques
remarquables dans les principaux lithotypes des char-
hons de I'Olténie expliquent d'une maniére satisfaisant
le grand contenu en eau de ceux-ci et leurs grandes pro-
priétés hygroscopiques meme aprés un desséchement
partiel.

4.4 Semicarbonmisalion des lithotypes

Les premiers essais de semicarbonisation des char-
hons phocénes de Boumanie a été intenté par Blum
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Tableau 6
Limites de variabilité pour les produits de semicarbonisation
des principaux lithotypes
Produit Goudron semicoke Gaz Eaun de pyro-
Lithotype % % Nm?/t génation 1T
Aylite 6,03-28,51 | 36,39-51,90 | 130,00-234 96 | 95,37-233,57
Charbon
xylitique 3,22-9,11 | 45,60-59.48 | 140,20-240,86 | T0,01-153,%0
Charbon
faiblement | 3,76-7,09 | 48,02-53,80 | 190,70-266,68 | 92,80-120,06
xylitique
Charbon 2,70-7,33 | 48,40-65,78 | 136,18-257,20 | 33,92-68,T8
détritique
"Ic
HJ'1:
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Fig. 1 - Représcntation sur le diagranune des
rapports OfC et H/C de quelques échantillons
de lignite de ['Olténie par rapport aux
échantillons des lithotypes.

1, lignite; 2, xylite; 3, charbon xylitique; 4,
charbon détritique.

(1926) sur quelques lignites du Pontien de Jidava-
Pesciireasa, ainsi que sur les lignites du Romanien de
Pralea. Ultérieurement cet essai a été repris par Danild
et Blum (1939).

Quant a la semicarbonisation de la xylite, on men-
tionne dans le Lexique (1971) que le contenu élévé en
cellulose et fou résines font que le textinite ait un pour-
centage élevé en goudron, 15 & 20 % environ, et beau-
coup du gaz, rapporté a ’échantillon séché.

Nos investigations concernant la semicarbonisation
des lithotypes des lignites du secteur entre le Jiu et le
Danube ont comme résultats les valeurs du tableau 6.

L’analyse des limites de variahilité pour les contenus
abtenus par la semicarbonisation des principaux litho-
types indique des valeurs élévées pour le goudron de
la xylite, jusqu’a 28,5 %, plus que les données de la
littérature de spécialité.

Fig. 2 - Représentation sur le diagramme des rapports O/C
et H/C de quelques échantillons de lignite de 'Olténie, par
rapport & d'autre Lypes de ¢charbons de la Roumanie,

1, lignite: I-Rovinari, I1 -Albeni, II1-Ceptura, IV-Filipestii
de Pidure, V-Schitu Golegti, VI-Virghiz, VII -Sotinga, VIII-
Cépeni, IN-Bahna, X-Negregti; 2, charbon brun: XI-Tebea-
Brad, XI[I-Mehadia, XIII-Com#negti, XIV-Ticu; 3, houille:
XV-Lupeni el XVI -Uricani.

.

5. Conclusions

Selon leur genése dans des faciégs charbonneux
différents;, les principaux lithotypes qui forment les
charbons pliocénes du secteur situé entre le Jiu
et le Danube, different entre eux par : la com-
position pétrographique, la teneur en cendre et
matiéres volatiles, le pouvoir calorifique, les propriétés
mécaniques et contenus en produits de semicarbonisa-
tion.

La composition élémentaire et la teneur en matiéres
volatiles situent les charbons de I'Olténie dans le
groupe des lignites (=charbon brun ligneux). La
teneur elevée indique un milieu de dépot palustre in-
stalé dans des plaines d'inondation délimitées par des
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Fig. 3-H 'lslograinmcs et conrbes cumulatives avee la
distribution par catégories des conlenus en acides hu-
miques et cellulose de quelques échantillons de xylite.
1, courbe cumulative pour la cellulose; 2, courbe cunm-
lative pour les acides humicuees; 3, histogramme poar
la eellulose; 4, histogramme pour les acides humigues,

-

canaux fluviatiles. La grande variabililé des contenus
en acides humigues et cellulose indique une riche diver-
sité des conditions de dépot, tout comme des différents
degres de carbonification, surtout pour la xylite.

La connaissance en détail des causes gui ont
détérminé la dilférentiation des lithotypes permet la
détérmination des conditions génétiques des charbons
et de la maniére de distribution dans Vespace des
couches et complexes charbonneux et eontribue en
meme temps & la valorisation supérieure des charbons.
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