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2. ZACAMINTE

CONTRIBUTII LA CUNOASTEREA GEOLOGIEI SI A
ACUMULARILOR DE TALC DIN REGIUNEA DRAGOIASA
(CARPATII ORIENTALI)?

DE
DOINA FRINCU-AVRAMESCU 2

Tale. Talciles. Tale rocks. Carbonatic rocks. Rebra Series. Ore paragenesis. Metasomatic
mineralizations. Roenigenographic analyses. Scapolite. Tremolite. Young eruptive. Eas!
Carpathians. Cryslaline-Mesozoic zone. Pielrosu. Rarnar. Budacu. Grinfiesul,

Abstract

Contributions to the Study of the Geology and Talc Accu-
mulations in the Drigoiasa Region (East Carpathians). Talc accu-
mulations within the carbonatic rocks of the Rebra Series were pointed out at Dré}goiasa,
in the vicinity of the boundary between the young eruptive and the crysfalline series. The
talc seems to belong to two generations, being either metamorphic or metasomatic. The mi-
neralogical associations of the tale rocks comprise sometimes scapolite (ineionite), albite, hy-
drothermal pyrophyllite elc.

Zona de imbinare a eruptivului neogen cu cristalinul insulei de nord
a Carpatilor Orientali a fost mai putin cercetath in ultimul timp, atentia
primordiald indreptindu-se asupra problemelor economice cunoscute
ale celor doud unititi separat.

fn urma prospectiunilor geologice intreprinse (Avramescu et
al., 1976), am semnalat prezenta unor acumuliri de tale si a altor
substante minerale utile in zona Drigoiasa (fig 1).

. 1 Predatit la 23 aprilic 1980, acceptati pentru publicare la 1 iulie 1980, comunicati
in sedinfa din 16 mai 1980.

2 Intreprinderea de prospectiuni §i exploriri geologice,, Suceava’’, str. 30 Decembrie
nr. 2, Cimpulung Moldovenesc, jud. Suceava.
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Fig. 1. — Réspindirea acumuldrilor de aragonit, fier, cirbuni §i talc in zona Drigoiasa.

1, aragonit In reci carbonatice; "2, brecii Iimonitice in sisturi cristaline; 3, concretiuni
limonitice In roci tufitogene; "4, cirbuni (lignit, cirbune brun) in depozite sedimentare teri-
gene; 5, roci talcoase In carbonatitele seriei de Rebra ; 6, lentile de cuart; 7, foraje executate :

8, galerii; 9, zona Drigoiasa.
Répartition des accumulations d’aragonite, fer, charbons et talc dans la zone de Drigoiasa.
1, aragonite dans les roches carbonatiques; 2, bréches limonitiques dans des schistes cristal-
lins; 3, concrétions limonitiques dans des roches tuffitogénes; 4, charbons (lignite, charbon
brun) dans des dépdts sédimentaires terrigénes; 5, roches talciques dans les roches carbona-
tiques de la série de Rebra; 6, lentilles de quartz; 7, forages exécutés; 8, galeries ; 9, zone de
Drigoiasa.
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In linii generale, arealul la care ne referim se extinde pe o razi de
cca 2 km in jurul satului Drigoiasa, fiind brizdat de citiva afluenti ai
piriului Neagra : Tomnatec-Drigoiasa, Vindtori, Sec, Bolovinis si Ciutac.

Pind in 1976 regiunea a mai fost cercetati, printre algii, de Savul
(1932), Cosma (1967), Cosma, Peltz (1960), Puiu, Puiu
(1965), Bercia et al. (1976), Muregsan (1976), Mutih ac (1959),
Te(idoru, Teodoru (1968), Avramescu et al. (1974—1976)
si altii,

I. Geologia regiunii

Ansamblul geologic al zonei Drigoiasa este rezultatul unei evolutii
geologice complexe. Regiunea este constituitd din formatiuni metamorfice
(care apartin zonei cristalino-mezozoice a Carpatilor Orientali), incadrate
la vest de zona eruptivului neogen, iar la est de depozite sedimentare
cretacic superioare ale sinclinalului de Glodu.

. 1) Seria de Rebra 3 (Precambrian superior A,) apartine ciclului
tectono-magmatic dalslandian (Bercia et al, 1976; Krdutner
et al., 1976) si are caracter mezometamorfic. Se dezvoltd sub forma unei
fisii, ce se lirgeste spre sud, fiind delimitatd, la nord-est de seria de Tulghes,
iar la sud-vest de zona eruptivului neogen. ‘

" Secventele carbonatice separd seria in trei complexe (Bercia
et al., 1976), Complexul inferior nu afloreazd in regiune, iar cel superior
este slab reprezentat, apirind in versantul drept al piriului Dusoi, unde
este alcituit din cuartite micacee, micagisturi §i mieasisturi cu magnetit
(Fe extras = 29,20 %). L

Complexul median este intilnit, incepind de la nord de regiunea
cercetatd de noi, pe piriul Barnarului, in axele unor cute anticlinale, de
unde se continud in zona Sihidstria-Dirmoxa, apirind la Driagoiasa, de
unde, in continuare spre sud, se extinde spre Bilbor. Lateral, spre vest,
in zona de confluentd a piriului Bolovini§ cu piriul Neagra, apare un
petic de calecare dolomitice cuartitice scarnificate (cu metasomatozd so-
dies) la contactul lor cu rocile eruptive (posibild fiind prezenta unor cor-
puri subvulcanice).

Petrografic, complexul este relativ omogen, fiind alcituit din cal-
care dolomitice gi dolomite calcaroase (raportul CaCOz/MgCO, este in
jur de 1) cu intercalatii rare de micagisturi cuarfitice, cuartite vinetii,
cuartite carbonatice, paragnaise. Rocile carbonatice (in zona galeriilor
I si IT) sint reprezentate prin: calcare dolomitice masive cu structurd
granulari spre zaharoidd ; calcare dolomitice brecifiate ; dolomite calca~
roase cu muscovit; dolomite calcaroase sau calcare dolomitice cuartitice

_sau cu budine de cuart sinmetamorfic, care contin nivele cu talc; dolo-
mite calcaroase slab cuartitice rubanate ; dolomite calcaroase cu tremolit.

L. Olaru (Universitatea ,,Al. I. Cuza’-Iagi) ficind citeva deter-
miniiri palinologice pe probe de roci carbonatice, recoltate din zona ga-
leriei IT, a identificat :

. a) forme atribuite Rifeanului: Margominuscula regularia N aum.,
Lophominuscula rugosa N aum., Archaeosacculing salebrosa Py ch,
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b) forme apartinind Vendianului: Leiominuscula minute N aum.,
Leiopsophosphaera rugosa N ‘aum., Archaeofavosina mirande N aum.,
Lophominuscula prima N aum., Margominuscula rugose N aum.,
Archaeodiscina microrugosa N aum., Spumosata prime N aum., Lo-
phosphaera truncata N aum ete., ultimele doud mentionate avind frec-
venta cea mai mare. ‘

2) Seria de Tulghes, atribuitd Vendian-Cambrianului inferior
(Iliescu, Muresan, 1972), are caracter epimetamorfic i ocupid
partea esticid a perimetrului cercetat. Sporadic, reapare ‘de sub planul
de incilecare al seriei de Rebra, la limita cu eruptivul neogen. Petrografic,
este aleituitd din: calcare dolomitice, cuarfite micacee, cuartite negre,
sisturi cuartitice sericito-cloritoase, sisturi amfibolice, metatufite acide
si altele.

De remarcat este faptul ci in regiune (zona crestei Paltinig) seria
de Tulghes, ca si in zona Sihistria-Migura (Avram escu et al.,
1976), incepe cu o secventd carbonaticd (roci considerate a fi remaniate
din seria de Rebra). L. Olaru confirm# virsta vendian-cambrian in-
ferioard a calcarelor dolomitice din zona superioard a piriului Dusoi,
separind forme specifice pentru :

a) Vendian: Archaeofavosina miranda N aum. (cel mai bine
reprezentatd si intilnitd si in seria de Tulghes), Leiopsophosphaera rugosa
Naum., Archaecopsophosphaera cf. plicata N aum., Archacopsophos-
phaera rugosa N aum., Letominuscula minuia N aum.;

b) Cambrian inferior : . Concentrica miranda N aum., Archaeofa-
vosinag minute N aum. Favosina typica N aum., Concentrica mani-
festa N aum., Polyporata nidius Py ch., Letomarginata simplex Naum. ete.

3) Seria de Tibdu, atribuitd Carboniferului inferior, a fost separats
de autor in regiune, pe baza observatiilor petrografice §i de teren asupra
formatiunilor intilnite in zona de obirsie a afluentului sting al piriului
Stinceni, precum si pe baza unor analize palinologice.

Rocile seriei sint reprezentate prin: sisturi sericito-grafitoase; cal-
care dolomitice masive, fira o cristalinitate evidentd, cu nuante de culori
de la alb-gri la roz, cuarfite micacee si altele. Spre partea lor superioari,
se intilnesc calcare dolomitice cu muscovit, uneori gistoase (diferite ca
facies si decit cele descrise anterior) care contin frecvente diaclaze cu caleit
secundar, uneori bine dezvoltat, si acumuliri secundare de aragonit, larg
cristalizat sub forma unor concretiuni fibroase. Ultima secventi ce o
formeazi virful Piltiniy se aseamianid ca facies cu calcarele dolomitice
din seria de Tulghes. In regiune, seria de Tibdu este dispusd transgresiv
peste formatiunile seriei de Tulghes.

4) Formatiunile Cretacicului superior afloreazi in partea de est a
perimetrului, formind wmplutura unei mici cuvete, cunoscutd in litera-
tura de specialitate sub numele de ,,sinclinalul de Glodu” (Mutihae,
1959). Fundamentul acestor depozite este alcituit din epimetamortitele
seriei de Tulghes.

5) Formatiunile cainozoic superioare apartin zonei eruptivului ne-
ogen si pot fi repartizate la trei tipuri: sedimentar-terigene, vulcanogen-
extrusive gi vulcanogen-sedimentare.
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Grosimea intregii stive de depozite se pare cd nu depigeste 200—
300 m, Dupd datele din literaturd, toatd succesiunea ar apartine Pan-
nonianului.

a. Formatiunile sedimentar-terigene sint intilnite la mai multe ni-
vele (notate cu a, b, ¢, d, e), atit in baza eruptiilor acide, cit §i in cadrul
lor, ca depuneri in perioadele de acalmie vulcanici.

Singurul nivel terigen, semnalat anterior, este cel bazal ,,a’’, care
a mulat in zonele depresionare morfologia formatiunilor cristaline si care
cantoneazd strate de cdrbuni, similare cu cele din Tara Oagului si Bilbor-
Borsee.

Dintre celelalte nivele semnalate ulterior (de noi), numai nivelul ,,c”
mai este alcdtuit din material terigen, in care s-au identificat aglomeriri
de fragmente mirunte de cirbuni (de culoare neagrd si cu sparturd con-
coidald). La alcdtuirea celorlalte nivele mai participd in diferite proportii
si depuneri cineritice, imprimindu-le un caracter sedimentar mixt (teri-
gen si vulcanogen). Grosimea acestor nivele variazé intre 0,40 m (nivelul
,,b7) si cca 30 m (nivelele ,,a” si ,,¢”). In cadrul nivelelor ,,b”, ,,d” si,,e”
s-au intilnit frecvente resturi de plante parfial carbonizate i rare fosile.

In nivelul ,,d”, situat la partea superioard a dacitelor (care in aceasts
zond are grosimi reduse), cu majoritatea lucrdrilor de suprafati, dintre
piriul Tomnatec §i piriul Neagra, am evidentiat o mineralizatie de fier
de tip lacustru, alcdtuitd din concrefiuni limonitice, in care Fe,O, atinge
66,5 % (tab. 1), aseminitoare cu cele de la Mdddras-Ciuc (Tdndsesecu,
1967).

TABELUL 1

Analizele chimice ale mineralizafiei de fier concrefionar din formafiunea vulcanogen-
sedimentard cainozoicd (zona piriul Teomnalec-piriul Neagra)

Nr. | Nr. . 5 "
crtl: proll;ei Descrierca probei Fe,0; | Feory | 510, | PC .| AlLO; | CaO S
1 423 | concretiuni 66,59 45,50{ 12,17 13,10 4,81 | 1,43 | 0,29
2 424 | concretiuni 40,88] 8,65 13,02| 8,33 0,32
3 437 | concrefiuni 48,43} 33,87| 27,85| 11,30| 8,62 ) 1,29 | 1,34
4 438 | concretfiuni 36,81| 25,74 36,80| 11,70| 9,94 | 1,49 | 1,35
5 427 | crusti 58,50{ 40,75 19,29 13,60
6 428 | simbure 39,02 27,25| 31,71} 13,53
7/ 425 | aglomerari dacitice cu
rozcte de alterare ferugi-
noase 10,48 7,31] 51,29 2,62 0,18

Nivelul ,,e” este alcituit din conglomerate necimentate de com-
pozitie eterogend (elemente de cristalin si de eruptiv) si roci tufitogene
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b. Formatiunile vulcanogen-extrusive sint reprezentate prin dacite
de Drigoiasa, recunoscute (S avul, 1932) ca fiind cele mai vechi pro-
duse vulcanice din regiune, i prin andezite de tip bazaltoid.

¢. Formatiunile vulcanogen-sedimentare sint alcituite din : tufuri
dacitice, aglomerate dacitice si andezitice, microaglomerate andeziticee 4
cristale feruginoase (granati?) in matricea rocii, aglomerate andezitice
cu magnetit.

Desi par a fi cele maiestice manifestiri vulcanice, tufurile dacitice
au mai fost semnalate si la Dirmoxa si in creasta Cilimanel, sub forma,
unor petice de eroziune (Avramescu et al, 1976).

6) Depozitele cuaternare sint reprezentate prin grohotisuri de panté,
aluviuni, turbédrii in formare, miluri, boloviniguri ete.

Il. Tectoniea regiunii

Efectele tectonicii prealpine sint greu de recunoscut datoritd supra-
punerii fazelor ulterioare. Referindu-ne la implicatiile tectonicii disjunc-
tive alpine, subliniem mai jos citeva elemente mai importante.

a) Incilecarea seriei de Rebra peste seria de Tulghes, posibil in
faza laramicd. Acest accident tectonic, evidentiat din zona de izvoare a
piriului Arini (Avramescu, Av ramescu, 1979), trece creasta
Tunzaria la izvoarele piriului Sihistria, se continud spre dealul Vinit
8i este intrerupt de falia Dirmoxa, in zona satului Piltinis. Spre sud,
desi partial mascat de lavele dacitice, este recunoscut in zona satului
Dragoiasa, unde & fost interceptat cu un foraj de micd adincime, situat
in versantul sting al piriului Dragoiasa.

Consideram cé o falie de sprijin a acestui plan tectonic afost traver-
satd la nivelul galeriei I (in douf zone),unde pe o grosime de cca 2 m
s-a intilnit o brecie alcdtuitd din fragmente de micasisturi cu granati
(partial zdrobiti), calcare dolomitice silicifiate partial, sisturi amfibolice
cu piritd, intens retromorfozate (fig. 2 a, b). .

b) Coborirea compartimentlui vestic, de-a lungul unui plan de
falie — posibil regenerat — directional cu forma,piunile cristaline (adici
NNV-SSE), plan care in linii frenerale separd cele doud unitdti, la est zona
cristalino-mezozoics, iar la vest zona eruptivului neogen.

Accidentul tectonic a fost presupus si schitat de autor, atit pe ba,zaﬁ
observatiilor morfologice (conturindu-se o zond de contact intre roci de
competenta diferitd), cit si prin interpretarea datelor oferite de un foraj
amplasat in malul drept al piriului Drigoiasa, in apropierea acestui ali-
niament (s-au interceptat pe 105 m dacite de Drdgoiasa). Acest plan de
falie poate apartine unei fracturi adineci (Cosm a, 1974), regenerate in
Neogenul superior, plan ce se inscrie in suita de falii ce a contnbmt la
scufundarea bazinului Transilvaniei.

¢) Fragmentarea (in faza valahd) compartimentelor, a faliilor dlrec-
tionale §i a planului de incdlecare mentionat. ;
‘ De ultimele faze tectonice asociem mineralizatia de fier, evidentiats
de moi (brecie limoniticd cu Fe,0O; pind la 59,28 9 si Zn pind la 0,16 %,
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tabelul 2) din versantul drept al piriului Stinceni, interceptati cu un
pup de cercetare pe 10 m adincime si cu.alte lucriri de suprafati. Mine-
ralizatia ocupi Spapml dintre pantele unei falii ce delimiteazi (la nivelul

{m=6cm

B 50 [mo)s [ae e Bcds B2 s [l

e TS TR
1m=2cm. )

Fig. 2. — Aspectul faliei inverse de la nivelul galeriei 1: a, vizuta in peretele sud-estic

al nisci 5 SV ; b, vidzuti in frontul aceleiasi lucriri, 1a ml 75,50.

1, calcare dolomitice brecifiate cu talciziri pe stratificatie; 2, matrice alciituiti in principal

din grafit de neoformatie : 3, filonite; 4, brecii polimictice (elemente de micasisturi cu gra-

nati, calcare dolomitice, cuartite, amfibolite); 5, cataclazite (micagisturi cu granatii zdrobiti,

retromorfozate) ; 6, sisturi amfibolice cu sulfuri (predominant piritd); 7, calcare dolomitice

' slab cuartitice.
L’aspect de la faille inverse dans la galerie I:a, vue dans la paroi sud-est de la niche 5 SV ;
b, vue dans le front de la méme niche, a ml. 75,50.

1, calcaires dolomitiques bréchifiés avec talcisations sur la 'stratification; 2, matrice cons-
tituée principalement de graphite de néoformation; 3, filonnets; 4, bréches polymictiques
(é1éments de micaschistes & grenats, calcaires dolomitiques, quartutes, amphlbo]ltes) 5, cata-
clasites (micaschistes & grenats hroyés, rétromorphisés) ; 6, schistes amphlbollques a sulfures
(pyrite prédommante) 75 ca]calres dolomitiques faiblement quartuthues.

de eroziune) rocile carbonatice bazale ale seriei de Tulghes (Tg;)?, de un
nivel de gisturi cuartitice micacee alterate, atribuite formagpiunii Tg,.
Minereul este alcituit din elemente de cuarfuri hidrotermale limonitice,
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prinse intr-o matrice feruginoasd, uneori cu aspect de zguri. Elementele
de cuart par a fi rupte dintr-un filon cantonat in ‘dolomitele calcaroase de’

TABELUL 2

Analizele chimice ale mineralizafiei brecioase din zona piriului Stinceni

r- | Nr. probei | Fe,0y | Feigr, | SiO, | PC | €O, | MnO | Cu | Pb | Zn | S.
1 329 28,86| 20,28! 61,09/ 5,83 | 0,40 | 0,68 | urme { urme’| 0,018| 0,55
2 - 330 48,20| 33,87| 36,42 8,61 | 0,40 | 1,28 | urme | urme | 0,03 | 0,59
3 331 46,02] 32,31f 37,63} 8,46 | 0,79 | 2,25 | urme | — 0,097| 0,56-
4 332 39,78 27,95 43,99 7,86 | 0,40 | 1,88 | 0,044 urme | 0,023} 0,57
5 333 59,28| 41,65; 22,48{13,26 - 1,71 | urme — urme | 0,47
6 334 38,22 26,85 45,92} 7,71 | 0,59 | 2,31 | urme | — urme | 0,43
7 335 -28,47| 20,00 57,34 6,54 | 0,40 | 2,48 | urme | — 0,14 | 0,53
8 336 5,46] 3,84| 79,15 3,05 | 0,40 | 3,33 | 0,079 — 0,16 | 0,79

Rebra (localizat in partea imediat vesticd a planului de falie amintit)si
care probabil a contribuit la formarea acumulirilor de talec din aceastd

zong.
II). Aeumulirile de tale

A. Localizare st ocurenid

Talcul, sub form# de concentrafii, a fost semnalat in regiune in
urmitoarele puncte (incepind din nord spre sud):

a) versantul sting al pirfului Sihdstria, in zona de confluenti cu
piriul Negrigoara ;

b) zona dintre piriul Dirmoxa §i piriul Negrisoara ;

¢) zona Paltinis-Stinceni ;

d) versantii piriului Dusoi, in zona de confluentd cu piriul Tomnatec
(galeriile I si II); ) )

e) versantii dintre piriul Tomnatec si piriul Neagra, in zona lor
de confluentd ;

f) versantul drept al piriului Neagra, in zona de confluentd cu
piriul Tomnatec. :

Geografic, punctele a) si b) aparfin zonei Dirmoxa, iar celelalte,
zonei Drigoiasa.

Talcul de Drigoiasa apare sub urmétoarele forme :

— corpuri lenticulare, concordante in calcarele dolomitice, cu li-
mite nete, cu aspect pdmintos, cu grosimi metrice (1—3 m), cu.inter-
calatii de calcare dolomitice dezagregate. Se intilnesc in zona galeriei I
(fig. 3 a §i 4); ,

— cuiburi cu grosimi pind la 0,80 m, cu o frecvenid de 5—20%
in cadrul nivelului de calcare dolomitice, care ating grosimi de 5—10 m.
Au fost urmirite pe directie, pe 150 m, la nivelul galeriei I (fig. 3bgi 30);



GEOLOGIA $I ACUMULARILE DE TALC DIN REGIUNEA DRAGOIASA

SV sV NE

| SV NE

G [ B ¢ [ == [=3s

Fig. 3. — Modul de aparitie a talcului, observat in peretii galeriei I:a, variatii
faciale (zonalitate) in cadrul unui nivel de roci talcoase, vizut in peretele sud-
.estic al nisei 1 NE; b, fragment din peretele nord-vestic al nisei 4 SV; ¢, frag-
ment din peretele sud-estic al nisei 4 SV,

1, masi carbonaticd; 2, masi talcoasi (talc> 959%), calcit < 5-10%); 3, roci
.carbonatice dure, cenusii; 4, roci carbonatice albe sau gri pal, fisurate; 5, roci
.carbonatice cu talciziri pe stratificatie; 6, roci carbonatice cu talc, sistoase.
Mode d’apparition du talc, observé dans les parois de la galerie I : a, varia-
tions faciales (zonalité) au sein d’un niveau de roches talciques, vu dans la
paroi sud-est de la niche 1 NE; b) fragment de la parois nord-ouest de la
’ niche 4 SO; ¢, fragment de la parois sud-est de la niche 4 SO.

-1, masse carbonatique; 2, masse talcique (talc > 959%, calcite < 5-10%);
'3, roches carbonatiques dures grises; 4, roches carbonatiqiles blanches ou gris
‘péle, fissurées ; 5, roches carbonatiques avec talcisations sur la strafification;

6, roches carbonatiques avec talc, schisteuses.

13
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= o Py

— nivele de dolomite calcaroase talcoase, in care talcul este repre;
zentat in proportie de 20-409, dit rocd (10-509%, rocd cu tale in cadru
rocilor carbonatice). Aceste nivele ating grosimi pind la 6 m gi se
intilnesc in zona ‘galeriei II;

o\, N £ S
- ——p— . 0
Y DT b 3 ! )
R s N I R =h Fig. 4. — Modul de aparitie a talculu
< e :‘ Sl . O dezagregat intr-un put de cercetare.
ot . D “\I:\ . R /" A 1, talc dezagregat (talc > 95%); 2
4 SR ST B¢ | g masd carbonatici cu cuiburi mici de
T I e +2 tale dezagregat; 3, roci carbonatice
e = fe= 7. Ry o dezagregaté in proporfie de cca 80%.
g ‘.A B sl i 6 Mode d’apparition du talc désagrégé
T‘ g e ! 5 o\*‘ ' i dans un puits de recherche.
Ny ~ " . , ; : 1, talc désagrégé (talc > 959%); 2, masse
~ o N o AT carhonatique avec petits nids de tale
% m L T désagrégé; 3, roches carbonatiques dés-
G 2 bt ]\\ e ',n' 8 agrégées en proportions d’environ 809,.
'Q/ % “\. g0
~ b
X |
g J’ 10
im=1cm

ozl [FEEle B -

— nivele de calcare dolomitice talcizate in masa lor, in proportie
de 10—25 %, cu grosimi pind la 2 m, interceptate cu galeria II;

— mase de roci talcoase, cu grosimi pind la 0,40 m, asociate zonelor
tectonizate (ce au afectat nivelele carbonatice cu tale);

— ca mineral secundar in tot complexul carbonatic.

‘De remarcat este faptul ci s-a observat o tendintd de concentrare
a talcului in axele cutelor.

Tncercind s8 incadrim acumulirile de tale de la Drigoiasa in clasi-
ficirile utilizate pe plan mondial (Berghes, 1975) punctdm urms-

le :
13Omel. acumulirile de tale sint asociate rocilor carbonatice (magne-
ziene) slab cuartitice (deci incadrate tipului aut(.)htom@gnevzian, te_rrpen de
fapt -atribuit zicimintelor metasomatice). Mai-considerdm posibil a fi
asociate : : s F A

2. unor lentile de cuart (hidrotermal?) localizate tot in rocile car-

bonatice (zona Piltinig-Stinceni);
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3. unor sgisturi bazice (la nord de piriul Dusoi);

4. unor mase de aragonit (zona Paltinis);

5. unor nivele de dolomite calcaroase cu tremolit (piriul Barnarului)
sau cu muscovit (zona piriului Dusoi).

. Referitor la formarea talcului in situ pe seama apelor meteorice,
care pitrund in rocile magneziene si silicioase, mentiondm cd am observat
atit in galerii (mai pregnant in galeria I, care partialse afli sub nivelul
hidrostatic), cit si in halzile de util c¢d rocile cu tale se innobileazd sub
influenta agentilor externi, in special a apei. '

i Dupi clasificarea utilizatd in URSS, care are la bazi cantitatea de
‘talc ce o confine roca cu tale, rocile din regiune s-ar incadra in: talcite,
‘cu peste 90 % tale (zona piriului Stinceni §i galeria I) si roci talcoase, cu
':mai putin de 90 % tale (la sud de piriul Dusoi).

B. Date mineralogice

Taleul de Drigoiasa este de culoare albd sau gri pal, are greutates
specificd (dupd M. Barbu, IPEG ,, Suceava ’’) cuprinsi intre 2,01
si 2,62 g/em® §i se intilnegte sub urméatoarele forme de agregare:
foios, solzos, mase pamintoase (dezagregat), compact, cu sau fird strati-
ficatie.

Pe baza analizelor efectuate, apreciem urméitoarea components
mineralogicd a rocilor cu tale: caleit 4- dolomit +- tale 4 cuart + tre-
molit -+ minerale de titan 4 muscovit -+ piritd £+ sulf 4 scapolit +piro-
filit 4 albit.

Specificim faptul c¢i la actualul nivel de cunoastere nu putem face
o0 separare a paragenezelor secundare gsi primare.

In continuare, comentim rezultatele analizelor :

1. Analizele roentgenostructurale, efectuate pe probe de roci tal-
coase, au indicat :

a. pentru o prob# de tale dezagregat din zona galeriei I (G h.
Neacsu, IGPSMS): tale 95—98 9 (>957%); cuarf 3—4 % (<5%)
si o hidromicd (sau palegorskit — silicat de fier) 1—29;

b. pentru altd probd (analizatd la ICPTSCF din Cluj-Napoca),
reprezentind acelagi sortiment de talc: tale, dolomit si cuart 8 (tab. 3).
Deoarece picurile atribuite de analist cuartului g sint uneori dublate, ele
ar putea apartine in realitate pirofilitului de tip metamorfic (Ian o-
viei, Neacsgu, 1969). Autori@ mentionati considerd ci deosebirea
roentgenograficd intre pirofilitul hidrotermal si cel metamorfic constd in
dispariia unor dubleuri sau in insuficienta lor exprimare. Reflexul cu
valoarea 3,12, desi foarte bine reprezentat in cazul nostru, este specific
pirofilitului. '

c. pentru o prob# recoltatd din carierd, reprezentind o roci tal-
coas#, tratatd in prealabil cu HCl (dupd T. Urcan, IGPSMS): tale
in proporfie de 80—90 % (pe baza }‘t_aflgxelor: 9,186 ; 3,086 ; 2,567 ; 2,448 ;
2,188 ; 2,088 §i 1,856 kx) §i pirofilit in proportie de 10—20 % (pe baza
picurilor : 4,51 ; 2,432 si 1,805 kx), figura 5. Se. remarcd faptul ei picurile



16 DOINA FRINCU-AVRAMESCU

TABELUL 3
Valorile difractogramei (talcului dezagregal din zona galeriei I
Nr. crt. ¥ d/n Lo Mineralul
1 4°70 9,3813 100 tale
2 5°30 8,3218 10 .
3 9°50 4,6574 15 tale ,
4 -10°45 4,2381 10 cuar} §
5 12°06 3,6791 3
6 13°30 3,3414 35 cuart B
7 14°25 3,1219 90 tale (pirofilit?)
8 15°50 2,8765 80 dolomit
9 18°30 2, 4481 2 cuart B
10 20°65 2,1797 5 tale
11 22°50 ! 2,0087 2 dolomit (talc?)
12 24°45 1,8572 3 dolomit (talc?)
13 25°30 1,7987 10 dolomit
14 25°%5 1,7758 10, dolomit
H -
I ]
GID. i >
; ‘\Jr' \
:
T
]
]

Vs

5 g /}:7 ?95/ © 380°
l' 875
Z
/ : |
i 5 |
_—Gr : |
T

‘:\\

L

0 100° 200° 300° 400° S00° 600° 700° 80C° 90C° 00Q®
Fig. 5. — Curbele termice diferentiale si termogravimetrice ale
talcului de Driigoiasa (M. Enache).
Courbes thermiques différentielles et thermogravimétriques du tale
de Drigoiasa (M. Enache).



13 GEOLOGIA SI ACUMULARILE DE TALC DIN REGIUNEA DRAGOIASA 17

pirofilitului sint simple, ceea ce ar presupune existenta unui pirofilit de
tip hidrotermal. :

2. Analiza termodiferentiald a talcului a fost efectuatd (M. Enache,
IGPSMS) pe proba mentionatd la punctul a. (réentgenogratfic), figura 6.

i

T 185

&'P

2,088Tk
2,188 Tk

2,31
2,432

P
2,L48Tk
2,567 Tk
3,086 Tk

<

i L51P
9,186Tk

3327

4,509

Fig. 6. — Analiza réentgenografici a unei probe de talc (tratati cu HCI) din
zona galeriei II (dupi T. Urcan); 80-90% talc; 10—-20% pirofilit.
Analyse rientgenographique d’un échantillon”de tale (trait¢ avec HCI) dans la.
zone de la galerie II (d’aprés T. Urcan); 80 —909% talc; 10 —20% pyrophyllite..

In interpretarea analistului, proba ar confine : cca 94 9 tale §i eca 5 %
caleit, dolomit, cuart i minerale argiloase. Dup# interpretarea noastrd
ar fi posibild asociatia : tale, pirofilit, carbonati, euart i minerale argi-
loase. Astfel:

2 — c. 622 65
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a. efectul endotermic de 565° este posibil si fie datorat transformi-
rilor polimorfe ale cuarfului in amestec cu pirofilitul. Pe curbele talcu-
lui monomineral (de la Cerigor) nu apare acest efect (Todor, 1972);

b. efectele endotermice de la 795° si 815° (absente la talcul de Ce-
rigor), justificate de analist ca apartinind dolomitului si calcitului, se pot
datora pirofilitului, care prezintd aceste efecte frecvent intre 650°—850°
i care la proba noastrd sint cuprinse intre 650—840°.

3. Determinirile microscopice au fost efectuate pe esantioane de
roci carbonatice cu tale recoltate astfel: dintr-un nivel de culcuy din
carierd (marginea drumului, aval de piriul Dusoi), dintr-o zoni tectoni-
zatd, situatd intr-un nivel superior (galeria IT) si din partea superioard
a complexului carbonatic (Piriul lui Mihai). S-au stabilit urmitoarele
asociafii mineralogice (E. Rogsu, IGPSMS):

a. In calcarele dolomitice cu tale si scapolit, cu structurd grano-
blasticd spre zaharoidd si texturfi masivd : caleit, dolomit, tale, cuart,
muscovit, scapolit si minerale de titan.

Carbonatul (96 %) apare sub formd de granule, cu clivaj distinet,
frecvent maclat polisintetie.

Talcul (3 %) formeazd citeva cuiburi de dimensiuni mici, uneori
monominerale, sau agregate foioase, cu clivaj perfect §i culori de bire-
fringen{d scézute.

Cuartul (1 %) apare sub form# de granule dispersate in roci.

Muscovitul (sporadic) este prezent sub formi de paete izolate.

Scapolitul (sporadic), recunoscut in 3—4 sectiuni, a fost repartizat
varietdtii calcice — meionitul — C2,00,SigAl0,,. In lumind paralels
apare incolor, cu incluziuni frecvente de cuart sau carbonat.

Mineralele de titan (rutil-leucoxen, sporadic), determinate la miriri
puternice, sint situate intre planele de clivaj ale talcului.

b. In calearele dolomitice cu tale, cu structurii granoblasticd, usor
cataclasticd si texturd masivd pind la sistoasd : calcit, dolomit, tale, albit
si minerale de titan.

Carbonatul (85 %) apare sub form# de granoblaste de dimensiuni
variabile, cu zone cataclazate, insotite de fisuri microscopice pe care se
dezvoltd talc in mase foioase. Se pare ci dolomitul nu depiseste 3—-5 %
din fractiunea carbonaticd.

Talcul (14—15 %) este prezent si in cuiburi ce au inlocuit probabil
materialul carbonatic inifial. Se observd uneori granoblaste de carbonat,
partial conservate. '

Albitul (sporadic) apare maclat polisintetic, xenomorf.

Mineralele de titan (sporadic) sint asociate secventelor de tale.

Pe esantionul din culcugul faliei s-a stabilit asociatia: caleit 729, ;
tale << 25 % ; cuary 1—2 77 ; tremolit 1 9] si minerale de titan, sporadic.
Cuartul, cu extinctie ugor rulantd, este asociat secventelor talcoase, iar
tremolitul prezintd forme alungite, cu clivaj bun, incolor, cu unghiul de
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extinetie cupring intre 12—20°. Accidental, cristalele sint intrerupte de-
fisuri microscopice, umplute cu calcit. _

c. In calearele cu tremolit, cu structuri nematoblasticd si texturd.
gistoasd : tremolit, calcit, cuart.

Tremolitul (60 %) apare incolor, cu-forme alungite, cu dispozitie-
aproape subparaleld, cu clivaj bun, uneori cu culori de birefringents.
scdzute (ord. I). Unghiul de extinctie este foarte mic, ny = na = 0,022,
valoare ce corespunde pe diagrama tremolit-ferotremolitului la un con-
tinut cuprins intre 50—60 % tremolit. ‘

Caleitul (40 %), xenomorf, ocupd spatiile dintre granulele de tre-
molit.

Pirofilitul, prezent in asociatia mineralogici a rocilor talcoase, nu
a putut fi separat microscopiec, datoritd aseminirii lui cu talcul, muscovi-
tul i sericitul.

4. Pe baza analizelor chimice, plecind de la compozitia ideald a.
talcului (SiO, = 63,5 % ; MgO = 31,7%; H,0 = 4,8%) si tinind cont.
de caracteristicile calitative ale zicimintului Cerigor-Lelese, incadrim.
talcul de Drigoiasa pe sorturi, astfel (tab. 4):

a) talcul dezagregat din zona galeriei I, in tipul 1;

b) roca talcoass carbonaticd (cu variatii faciale), de la sud de piriul
Dusoi, in tipurile 2—3;

c) sisturile talcoase carbonatice, situate intr-un nivel plasat in
culcusul celor descrise mai sus, in tipurile 4—5;

d) ocurenta de tale de pe piriul Stinceni, cunoscutd numaj din Iu--
cririle de suprafatd, reprezentatd printr-un tale masiv, compact, de cu--
loare albd sau alb gilbui, in tipul 1.

Componentii chimici majori provin din urmitoarele minerale :
MgO, din tale si dolomit; SiO,, din tale, silice liberd si pirofilit; CaO,
din calcit si tremolit; Al,O,, din pirofilit §i muscovit; Fe,0O,, din mus-
covit si uneori si din piritd (semnalatd sub formd de cristale, intr-un nivel
subtire din cadrul sisturilor talcoase); S, din sulf nativ si piritd.

5. Determinirile pentru elemente minore au fost efectuate (M ar i--
lena Barbu, Cristina Corutiu, IPEG ,Suceava”) pe un:
numir de 41 de probe de roci talcoase, recoltate din toate lucririle, sem--
nalindu-se prezenta elementelor : Mn, Cu, Ni, Zn, B, cu frecvente mari;.
Pb, Ag, Ti, Co, Ba, cu frecvente mijlocii §i Cr, Mo, Ga, As, Cd, Sn si.
Sb, cu frecvente mici (tab. 5). Dintre acestea, manganul se materializeazd .
sub form# de oxizi (dendrite), situatie intilnitd si la talcul de Cerisor-
Lelese, iar titanul provine din rutil si leucoxen.

" 6. Gradul de alb, in domeniul spectral, a fost stabilit pe cinci probe
recoltate din cariers, obtinindu-se conform diagramei de cromaticitate:
un alb standard (I. Dumitrescu, IGPSMS). Datele Tespective sin:

prezentate in tabelul 6.
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TABELUL 4
Analizele chimice ale laleului dezagregal de la Drdgoiasa
TN | 3
NE- INr. probei|  MgO ; S0y ‘ GO .| Fea0, || ALO, | S, | TEEL| HHO
) | |
a. Tale dezagregat din zona galeriei I:
| 1. probe din putul de cercetare nr. 3 (fig. 4)
i 1 249 25,43 49,23, 2,03 0,17 0,12 0,34 | 0,76
i 2 250 28,18 51,41 8,89 0,11, 0,27 | 0,34 | 8,26
g 3 251 28,97 54,06 5,29 0,12 0,28 0,15 | 2,15
1 4 252 28,12 56,47 6,01 0,14 0,54 0,30 | 5,08
i 5 272 23,62 33,29 21,71 0,25 0,44 6,15
6 274 |. 23,50 64, 52 3,46 0,10 0,50
y 2. probe de la nivelul galeriei I (pe directie)
1 7 352 25,85 28,40 15,52 0, 60 1,70
- 8 353 27,80 58,30 4,62 0,48 e.35 128 4,81
«9 355 30,32 56, 32 5,03 0,72 1‘0,%3‘ 1,90
10 291 26,10 38,18 | 12,37 0,31 0,78 4,95 | 0,21
11 292 23,15 37,00 15,40 0,36 0,31 4,03
12 372 23,14 59,12 3,11 0,36 5;12 | 2,18
13 414 30,71 61,08 1,06 0,44 5,13 s
14 418 26,14 46,64 10,15 1,94 :
bh. Roci talcoase din zona galeriei II:
- 1. talc dezagregat (dintr-un put de cercetare si nisa 1INE—{ig. 7)
15 297 27,28 53,28 6,78 0,36 1,19 7,72 | 4,89
16 409 28,00 55,56 6,29 0,52 2,87 4,26 [.1,38
17 413 21,72 58,43 4,44 0,50 1,65 0,22 | 8,82
18 420 26,05 50,74 9,04 0,50 0,20 (11,12
19 422 23,82 55,29 7,26 0,80 9,651 1,38
2. roci talcoase -carbonatice, la nivelul galeriei II
20 357 19,44 29,11 276153 0,50 0,14 22,60 ! 11,20
21 358 24,66 27,57 | 18,54 0,46 2,00 25,93
22 360 20,07 25,42 26,53 0,52 0,77 25,12 | 8,71
23 362 21,04 30,79 | 22,52 0,80 2,79 23,00 {10, 90
24 369 22,00 43,29 | 16,01 0,38 15,37 |11, 67
25 376 20,83 37,59 18,12 0,35 19,17 |11,18
26 377 24,98 42,24 3,31 0,55 0,45 15,13 | 9,60
27 378 23,28 41,29 12,10 0,70 3,80 16,82 (11,75
28 379 21,47 40,57 | 16,86 0,50 1,55 15,77 |10, 69
29 382 26,67 43,78 | 10,31 0,65 1,15 16.55 | 6.53
30 385 26,33 60, 85 3,31 0,80 0,10 8,00 | 3,29
31 388 27,17 40,55 : 11,20 0,41 17,46 12,18
32 392 28,04 46,79 8,18 0,46 0,20 4,25
33 395 21,36 34,12 | 20,17 0,24 1,50 4,08
34 402 23,90 44,52 12,08 0,97 2,12 14,45 | 6,10
c. Roci talcoase carbonatice sistoase (carier)
35 2263 16,50 37,20 24,50 0,18 0,50 0,27
36 2264 12,10 36,40 | 24,20 0,23 3,17 0,08
| 37 2262 15,00 | 20,10 | 31,20 0,11 1,39 0,24
d. Tale slab carbonatic, din zona Stinceni
1 38 | 279 | 28,52 | 57,43 | 11,83 | 0,28 | 0,41 | 1,48 ‘
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TABELUL 5
Analizele spectrografice ale talcului de la Drdgoiasa (ppm) /3}395’
| ! 0

Nr. | Nt | gy g | B| Ba| Mo | Mn | ni | ep] | vz | o
crt. | probei i | I

i ) &

a. Cuarturile hidrotermale? de pe pirful Stinceni, care au contribuit

la alcituirea breciei limonitice (tab. 2)‘ din zoni

1 |28 | 3 (L | 10/ sld | sld | 1000 40 20 sld | 10 40 15
2 | 282 3 L 1000 sld sld | 1000 10 5 200 | 50 3 5
3 l 283 5 L 30| sld |. sld | 2000 50 sld| 100 101 3 10
4 | 284 3 L 300| sld 3 200 20 3 ‘ 600 100 \ sld 15

b. Roci talcoase din zona galeriei I (dezagregate)
5 } 271 3 sld 3 sld sld | 2000 20 sld| sld | sld sld 15
6 272 5 sld 10 sld sld | 1000 sld 3 sld sld 30 sld
7 273 10 sld 50 sld sld 200 3 sld | sld sld 10 sld
8 274 3 sld | 200 sld sld | 1500 3 5 sld sld 30 sld

i

c. Roci talcoase carbonatice din zona galeriei II
9 200 {10 | u sld u sld 100 5 3 |>3000[ 100 sld sd
10 203 | 20 100 | sld 200 3 500, 70 50 [>3000f 300 60 50
11 206 | 15 sld | sld sld sld- 500 3 sld | - sld sld 60 u
12 258 | 30 30 300 200 15 |>30001 30 30 sld 15 80 sld
13 269 | u sld | 100 200 sld 20001 70 sld| sld sld | 200 20
14 270 | 3 sld 30 100 sld 600 3 sld| sld sld 20 sld
15 276 | sld | sld | 200 400 10 3000{ sld| sld| sld sld 50 sld
16 368 | u L L I L 30 5 L I L 16 L
17 371 | 10 u L L 10 [>1000; 10 10 300 u u 10

d. Roci carbonatice talcoase, de la sud de piriul Dusoi
18 278 | 10 30 10 100 sld 1000 20 3| sid [ 100 50 20
19 279 | 10 50 50 100 sld 3001 30 200] sld 80 70 20
20 280 | 20 30 40 sld sld 200{ 20 10| sld 50 40 5

Abrevieri : sld = sublimita de detectie ;u = urme ; L = lipsa.

Notid : 1. Dintre elementele cu frecven{d mijlocie, Ag este prezent la probele 281, 282, 283,
284, undc a fost determinat chimic (%), respectiv valorile : 2,1; 3,0; 3,2; 5,6 si 1a probele 258,
368 si 371 (ppm), respectiv valorile : 1; 1; 2. La restul probelor, valorile sint sub limita de
detectie. Celelalte elemente sint cuprinse in tabel.

2. Pentru elementele cu frecvente mici (ppm) mentiondm probele :

203, Ga

As=10; Cd = 300; Sn = 10; Sb = 25; 284, Sn = 3; 371, Sn=3; Sb = 30.

5; 258
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TABELUL 6

Caracleristicile lehnice ale laleului de la Drdgoiasa

Grad de alb la domeniul 0% Factori Cul
N spectral ® tricromatici{ Umflare | Grad de Hioanga
T. . o conform
. liberd, | umflare, A

probei . UL % | GU 9 diagr. de
Alb | Albastru | Verde | Rosu X y 3 © {cromaticitate

2263 | 86,2 85,4 86,8 | 85,5 0332 0337 65,0 127,0 Alb stand.

2264 | 86,4 85,0 86,9 | 86,0 0333 0336 85,0 143,0 Alb stand.

2626 | 83,8 81,7: 84,2 | 84,8 0338 -| 0336 51,0 117,0 Alb stand.

2627 | 88,1 88,1 88,4 | 86,4 0328 0336 95,0 150,0 Alb stand.

2662 | 82,3 | 83,0 82,51 79,9 0325 0337 116,0 167,0 Alb stand.

C. Consideragii privind geneza taleului

Considerdm cd prezenta talculul in cadrul rocilor carbona.tlce, pe
seama cirora s-a format, se datoreazi unei geneze mixte : metamorfice
(in principal) si metasomatice (subordonat)

Ca mineral metamorfic, apreciem ci s-a format in timpul unei faze
de metamorfism regional pe seama dolomitelor calcaroase cuartitice, de-
puse in Precambrian, prin difuzia componentilor existenfi in rocid : MgO,
Si0,, CO, si apa

Faptul ed silicea a putut s% participe la formarea talcului in timput
metamorfismului regional ar putea fi ilustrat de corpul lenticular de
tale, interceptat cu galeria II, in care apar frecvente budine de cuart
sinmetamorfic si uneori de dolomit calcaros(fig. 7).

Ca argumente in sprijinul genezei metamorfice, mentionim : con-
trolul stratigrafic al nivelelor de calcare dolomitice cu tale; zonalitatea
din cadrul rocilor talcoase; prezenta. microcutelor in cadrul.rocilor tal-
coase ; concentrarea talcului in axele cutelor, precum si aseminarea, in
ceea ce priveste modul de aparitie, cu zdcimintul Cerisor-Lelese,. care
este considerat a fi de naturd metamorfics.

Coincidenta ca acumuldrile de talc din zonele amintite (Sihdstria-
Dirmoxa, Stinceni, Drigoiasa gi Bilhor-Borsec) si fie situate in apropierea
eruptivului neogen, urmirind limita lui estic#, ne-a determinat si ana-
lizam i posibilitatea influentei unor corpuri intrusive sau a unor solutii
hidrotermale (migrate pe planul ruptural dintre cele doud unitdti) asupra
rocilor carbonatice din seria de Rebra.

Analizele efectuate aduc citeva argumente ce ar putea veni in spri-
jinul unei geneze mixte (sau pur metasomatice?).

1. In toate sectiunile s-a remarcat prezenta rutilului si leucoxenu-
lui intre planele de clivaj ale talcului. Este cunoscut faptul ci mineralele
de titan se pot forma §i in procesele de metasomatism de contact, prin
actiunea magmelor mai putin acide asupra calcarelor (Rankam a,
Sahama, 1970).
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2. Concentratiile de sulf nativ, sub forma wunor mici cuiburi in roca
talcoasd, s-ar fi putut realiza in conditiile unei metasomatoze de tempera-
tura scdzutd sau ale unei activititi solfatariene.

Fig. 7. — Fragment din peretele nord-estic al nisei 1 SV/galeria IIL.
1, roci carbonatice inasive,aib-cenusii; 2, roci carbonatice cu benzi mm de talc; 3, masi tal-
coasdl slab carbonatici (carbonat <« 109,); 4, budine de cuar{ sinmetamorfic; 5, roci carbo-
natice cu limonitiziri.

Fragment de la parois nord-ouest de la niche 1 SOfgalerie II.
1, roches carbonatiques massives, blanc grisatre; 2, roches carbonatiques avec lamines milli-
métriques de talc; 3, masse talcique faiblement carbonatique (carbonate < 109%); 4, boudins
de quartz synmétamorphiques; 5, roclhies carbonatiques avec limonitisations.

3. Tremolitul ar putea fi interpretat $i ca mineral de skarn.

4. Scapolitii. (Mastacan, Mastacan, 1976) sint asociati
adesea fenomenelor pneumatolitice de contact (solutii bogate in clor)
extercitate metasomatic asupra rocilor acide i bazice, la limita cu calca-
rele, fiind minerale tipice pentru zdcidmintele de contact. Prin alterare,
sub influente termice, conduc la formarea caolinitului, epidotului, seri-
citului sau albitului (albitul a fost semmnalat intr-o sectiune).

Dupdi Dobre tov et al. (1977), scapolitul in echilibru ,,local”
cu albitul (in procesul de scapolitizare a albitului) poate exista in roci
carbonatice din complexele precambriene de adincime, formate la tempe-
raturi ridicate, conditii genetice care favorizeazd formarea scapolitilor
mai bogati in componentul meionitic.

Jaricov (1962) a ajuns la concluzia c# plagioclazii baziei si
scapolitii acizi predomind in rocile care au luat nastere la adincimi reduse,
iar plagioclazii acizi §i scapolitii bazici (cazul nostru) se gisesc in roci
formate la mari adincimi. : :

Dupéd unele incercéri de laborator, prin care s-au obtinut cele doud
varietdfi extreme de scapolifi pe cale sintetici (Eugster, Prostka,
1960), s-a ajuns la concluzia cd meionitul de compozitie purd, Ca,(AlsSig
0,,)CO,, nu poate fi stabil in conditiile metamorfismului regional sau de

contact, eind este stabild asociatia echivalentd, anortit-calcit. Se pare
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¢¥ numai fixarea halogenilor, & sulfului si 2 unor elemente componente ale
scapolitilor conditioneazd stabilitatea mineralelor din aceastd serie.

5. Determinarea unui pirofilit cu picurile simple, caracteristice pen-
tru pirofilitele hidrotermale.

6. S-a observat uneori o participare mai importantd a unor micro-
elemente (Tipind la 0,3 9% si Mn pind la 0,2 %), in special in rocile talcoase
“de la sud de piriul Dusoi.

Pe baza celor relatate, considerdam ci talcul din zona Stinceni ar
putea avea o origine metasomaticd, iar talcul din celelalte ocurente ar
putea fi de provenientd mixtd metamorficd §i metasomaticd)

3 Denumirile seriillor metamorfice corespund cu cele utilizate pentru zona cristalino-
mezozoicd a Carpatilor Orientali (Bercia et al., 1976).
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CONTRIBUTIONS A LA CONNAISSANCE DE LA GEOLOGIE
ET DES ACCUMULATIONS DU TALC DE LA REGION DE
DRAGOIASA (CARPATHES ORIENTALES)

(Résumé)

Dans cette région apparaissent des métamorphites prémésozoiques (séries -de Rebra,
Tulghes, Tibdu), des dépdts sédimentaires crétacés et des formations éruptives néogénes.

1. Série de Rebra (Précambrien). Cette série appartient au cycle tectonique Dalslan-
dien et représente les formations les plus anciennes dc la région. Une séquence de roches car-
bonatiques sépare la série en trois complexes lithostratigraphiques. Le complexe inférieur,
A caractére terrigene, n’affleure guére dans la région.

Le complexe median, carbonatique, est largement répandu dans la zone étudiée. 11
a une constitution pétrographique assez homogéne et renferme vers sa partie supérieure des
niveaux a tale.

Le complexe supérieur, toujours terrigéne, y est faiblement développé; on y a distin-
gué une intercalation de micaschistes 4 magnétite (Fe extrait = 29,20%,)-

2. Série de Tulghes (Vendien-Cambrien inférieur). La série est constituée de calcaires
dolomitiques, quartzites micacées, schistes quartzitiques séricito-chloriteux, quartzites noires,
métatufites. Elle débute par une séquence carbonatique.

3. Série de Tibidu (Carbonifére). Les formations métamorphiques de cette sériereposent —
par une discordance de transgression — surla série de Tulghes. Elles sont formées de schistes
séricito-graphiteux, calcaires dolomitiques, quartzites micacées. A la partie supérieure de la
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série apparait un niveau de calcaires dolomitiques ot ’on rencontre des concrétions secondaires
d’aragonite.

4. Les formations d’age Crétacé supérieur affleurent dans la partie orientale du péri-
métre, dans la zone de Piltinis-Glodu. Elles sont représentées par des conglomérats, grés, mar-
nes rouges, calcaires fossiliféres.

5. Dans les formations néogénes, présentes dans la partie ouest de la zone examinée,
nous avons distingué trois types de formations :

a. terrigéno-sédimentaires : grés, marnes- charbons (niveau basal, connu auparavant)
et roches tuffitogénes, qui vers la partie supérieure eontiennent une minéralisation de fer de
type lacustre Fe2 03= 58,5%) ;

b. volcano-extrusives : dacites de Drigoiasa et andésites de type basaltoide;

¢. volcano-sédimentaire : tufs dacitiques, microagglomérés a grenats, agg]omérés andé-
sitiques 4 magnétite ;

Les ¢léments disjonctifs plus importants de la région sont :

a) le chevauchemsnt de la série de Rebra sur la série de Tulghes;

b) les failles par lesquelles a eu lieu 1’affaissement des compartiments tectoniques occi-
dentaux ; le plan disjonctif principal —avec un saut de plus de 100m —sépare ’éruptif néogéne
de la zone cristallino-mésozoique ;

¢) les fractures tardives (posthumes) déplacent les failles directionnelles, y compris
le plan de chevauchement mentionné. En liaison avec cette derniére phase teetomique, om
suppose la genése d’une minéralisation de fer (Fe,04 = jusqu’a 52,989%,).

Le complexe carbonatique de la série de Rebra, dans lequel on rencontre des niveaux

de talc, comporte les suivants types pétrographiques, depuis la base: calcaires faiblement
dolomitiques dépourvus de talc, calcaires dolomitiques 4 muscovite, calcaires dolomitiques quar-
tzitiques (avec niveaux a talc), calcaires dolomitiques bariolés et calcaires dolomitiques 2
trémolite.
) Le talc apparait dans les niveaux carbonatiques de la série de Rebra, constituant des
nids et corps lenticulaires (talcites a contenu de tale 909%); des niveaux de calcaires dolo-
mitiques talciques (talc plus de 909%). Il est connu aussi comme minéral secondaire dans la
masse des calcaires dolomitiques ou sur les plans de certaines failles. Pour la plupart, le
talc est localisé dans les calcaires dolomitiques de Rebra, mais il peut étre associé aussi, spo-
radiquement, & des roches basiques, 2 des masses d’aragonite ou a des lentilles de quartz
hydrothermal.

La composition minéralogique des roches a talc est la suivante : calcite4 dolomite-
talc+trémolite+ quartz+pyrophyllite+ muscovite+ minéraux de titane4-scapolite+albite+
soufre.

Au point de vue génétique, nous considérons les occurrences de Drigoiasa de 1a maniére
suivante :

— une genése métasomatique pour le tale du ruisseau Stinceni;

— genése métamorphique suivie d’une deuxiéme phase métasomatique, pour le talc
des autres zones mentionnées. Pour cette genése mixte, on dispose des arguments suivants :

Pour la phase métamorphique (talc formé dans les calcaires dolomitiques a 8i0,, CO,
et HZO) : contrdle stratigraphique (des niveaux a talc) ; ressemblance avec le gisement Cerisor-’
Lelese, considéré d’origine métamorphique; variations faciales dans le cadre du méme niveau
de roches talciques; présence des microplis dans les roches talciques.

Pour la phase métasomatique : constitution minéralogique; présence des scapolitess
du soufre natif, de ’albite, des minéraux de titane d’une pyrophyllite hydrothermale; carac-
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téres géochimiques; abondance et fréquence des éléments en trace : Mn, Cu, Ni, Zn, B,Pb,
Ti, Ag, Co, Ba etc.

INTREBARI

Maria Borcea: Care sint dimensiunile aproximative ale acumulirilor de talc
urmdrite cu lucrdrile miniere ?

Raspuns: Corpurile lenticulare de talc se dezvolta pe suprafete de ordinul a 50X
x 30 m, cu grosimi de 1 -3 m, inclusiv ihtercalatiile de calcare dolomitice. Calcarele dolomitice
talcizate in diferite proportii (10 —409%, talc) ating local grosimi maxime de 6 m.

Gh. N. Popa: In zona Borsec, pe piriul Hanfchel, se observi o legituri spatialdi
evidentd intre acumulirile de talc si izvoarele carbogazoase. In perimetrul la care se referd
lucrarea sint cunoscute, de asemenea, izvoare carbogazoase. Existd o legiturd genetici intre
acumuldrile - de talc si izvoarele carbogazoase?

Rdspuns: Singurul izvor mineral din perimetru este situat in malul drept al pirfului
Neagra, la limita eruptivului cu seria de Tulghes. Nu s-a observat o legituri intre acumu-
Krile de talc si .acest izvor mineral.

DISCUTII

M. Trifulescu: Credem ci noile iviri de talc descrise pot fi explicate prin meta~
somatoezi produsi de solufii juvenile.
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THE LARAMIAN BASE METAL OCCURRENCES FROM
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Mineralizations. Base melal mineralizalions. Crystalline schi.;i formations. Precambrian.
* Alpine tectonics. Sulphides. Laramian leclogenesis. Subvoleanic bodies. Rhyolites. Sub-
duction zone. Metallogenetic control. Ore geochemistry. Pelrochemistry. Trace elements.
Apuseni Mounfains. The Bihor Unil. Rez -Mountains. )

Sommaire

Les occurrences de min,era&s polymetalligueslaramiens de
la région de Bucea-Cornitel . (Monts Plopis). Les formations cristallines
précambriennes, tout comme les dépdts sédimentaires mésozoiques du sud des Monts Plopis
représentent une structure en blocs réalisée par une puissante fracturation alpine. Des fractures
existentes, celles & orientation E —W ont ¢té trés importantes en controllant la localisation
des corps sous-volcanigues de rhyolites, des auréoles de hydrométamorphisme et des miné-
ralisations polymétalliques. Un réle trés important pour le contréle des minéralisations a
¢té aussi celui de la lithologie des formations détritiques du Trias inférieur. Les minéra-
lisations apparaissent comme des corps de bréches & caractére diseontinu et dimensions
variées alignées au long de la fracture Chicera-Migura-Secitura et aussi comme des filons gé-
néralement de dimensions modestes, minéralisésfavec des minerais poly'métalliqués.?:'Dans les
minéralisations mentionnées on a reconnu trois associations de minéraux : 1) pyrite-quarti—
minéraux argileux - blende-galéne-chalcopyrite-carbonates; 2) blende-galéne-carbonates 4,

1 Paper received on 28 April 1980, accepted for publication on 21 May 1980, commu-
nication in the session on 27 May 1980. ) N

2 Institutul de geologie si geofizici, str. Caransebes nr. 1, 78344 Bucuresti.

3 fntreprinderea geologici de prospectiuni penti'u substante minerale solide, str. Caran-
sebes nr. 1, 78344 Bucuresti.

4 Ministerul Minelor, Petrolului si Geologiei, str. Mendelcev nr. 36, Bucuresti.

5 Intreprinderea de prospectiuni si exploriri geologice ,,Cluj’’, str. Traian Vuia nr. 140,
3400 Cluj-Napoca.
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=+ pyrite-clyalcopyrite-qu\zu;;z—minéraux argileux et 3) chalcopyrite-tetrahedrite-calcite-pyrite-
‘blende-galéne-minéraux i:i'i"g‘il"eux-quau:tz. Ces associations sont formées peut-étre pendant deux
-stades de la méme phase de minéralisation.: Les occurrences des sulfures déji connues n’of-
drent pas une zonalité nette et de point de vue minéral elles présentent une grande variation
de structures et textures. On a remarqué aussi des variations sensibles locales dans la com-
“position du minerai. L’étude géochimique réalisée a permis la mise en évidence du caractére
prédominant plombo-zincifére des minéralisations étudiées; de la corrélation positive des
valeurs du couple Co - Ni pour les générations II et III de pyrites; de la corrélation positive des
valeurs Pb et Zn dans le minerai; de la présence en quantités relativement grandes du Co,
“Cu et As dans les. pyrites, du Mn, Cu, Cr, Sn, In et Ga dans les blendes et du Bi, Ag, et Sb
-dans les galénes. Les minéralisations de la région sont expliquées comme représentant 'ac-
tivité métallogénétique laramique manifestée dans les circonstances géotectoniques complexes
-earactéristiques pour une zone de subduction ou la source des 'r‘x1bé’t_‘a:11x‘.vg§t la source des mag-

.mes méme. . 2 ol | 3 Lt

s

I. Introduetion

The Bucea-Cornitel sulphide occurrences, bounded by Migura Mare
Hills to north and Magura and Féigidiu valleys.to west, south. and east,
-occur on the south-eastern side of Plopis Mountains. These .oceurrences
as well as others from Apuseni Mountains belong to_the.Laramian Metallo-
.genic Province from Romania and -the Tethyan Eurasian- Metallogenic
Belt.

The early reconnaissance has been described by Krdutner
(1938), Dimitrescu (1959), Givulescu (1959), Istocescu
et al. (1966) and Patrulius, Popa (1971). Subsequent discovery
of the occurrences from Borod, Bucea-Cornitel and Negreni has caused
2 resurgence of intensive exploration; the results 6f this remapping and
reapraisal have been reported by Bdlaga (1960), Cimpeannu
and Cimpeanu (1963, 1968), Buracu (1964), Diaconu (1965),
‘Cristescu and Stefdnescu (1967), Ci’r’n;p‘e'a'nu (1971),
Cimpeanu and Ignat (1974, 1976). e R

Synthesis of the new information with mineralogical, geochemical
-and tectonic data (Berbeleac et al., 1979) suggests that the whole
region from the neighbourhood of the Borod-Vad intramountain basin
and Plopis Mountains forms a broad alpine metallogenic district. Within
‘this region the occurrence of sulphides from Bucea-Cornitel is the most
important. This was recently investigated by mining and drilling works
(Covrig, I'tu, 1973; Itu, Covrig, 1975). These works provided
here the presence of two morphological types of mineralizations : breccia
‘bodies and veins of base metal (polymetallic) ores. o1 3

In the present study it has been described the regional and local
features regarding especially the geotectonic:setting -of the -mineraliza-
tion, as well as the morphology and mineral composition of the ore bodies.

o

Y
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Some geochemical features have been discussed in relation to genesis of
the lead-zinc ore in the Bucea-Cornitel area.

II. Geology

The local stratigraphic succession consists of folded Precambrian
mesometamorphic schists, which form the basement. of the Plopis Moun-
tains, overlain by unfolded Triassic and Cretaceous deposits. All these
formations are penetrated by minor rhyolite intrusions. The sediments
of the Borod-Vad Neogene Basin overlie the south-western border of
the mountain region.

According to recent data (Cimpeanu and Cimpeanu, 1968;
Ianovici et al, 1976, Papaianopol et al, 1977; Berbe-
leac et al., 1979) the Precambrian schists represent the Somes series
which in the investigated region is built up by three complexes: 1) the
lower micaschists complex (garnetiferrous muscovite-biotite micaschists,
muscovite-biotite micaschists, amphibolites ete.); 2) the quartz-feldspa-
thic rocks complex (paragneisses, quartz mlcaschlsts, muscovite bearing
quartzites, amphibolites etc.) and 3) the upper micaschists complex (mus-
covite-biotite micaschists, quartzitic micaschists, mica-quartz schists ete.).
According to Dimitrescu (1951) and 01m peanu and Cim-
peanu (1968), these rocks sometimes show — as in other regions of
Apuseni Mountams — retrograde associations.

. The Mesozoic massive transovressmn in the Bucea- Cormtel area begm&
with Triassic sediments.

'The Triassic deposits, overlymcr with a high ancrle unconformlty
the Precambrian rocks, are well developed In the 1nvest1ga1:ed area the
Triassic sediments can be subdivided in the following three lithostrati-
graphic units: 1) lower — with conglomerates and microconglomerates,
quartzites, quartzitic sandstone and arkosic sandstone interbeddings ;.
2) middle — in which the clays 4nd argillites are predominantly present.
and 3) upper — with black limestones and white dolomites.

VAt present, the age of these units is difficulto point out. According
to Ianovici et al. (1976), the lower and middle units may represent.
the Werfenian ; the upper unit may have an Anissian-Ladinian age.

The main mass of the Triassic from the Bucea-Cornitel area is formegd
of the lower and the upper units.

The pinkish or white and white- yellow conglomerates and micro-
conglomerates in occurrence zones make up the loweet outerops of the
foothills of the Plopis Mountains. These rocks gradually change upwards.
into the coarse grained sandstones, fine quartzitic sandstones and fine
muscovitic-clay sandstones. The sandstones become more and more clayey
upwards in the stratigraphic column. Quartzitic conglomerates and micro-
conglomerates dominantly consist of quartz pebbles and metamorphlc,
schists pebbles. Quartz veinlets occur abundantly. Quartzitic sandstone:
interbedded with quartzites or arkosic sandstone and clay sandstone,
shows angular to semirounded pebbles. Mica flakes can be well observed
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on the lamine surface. Iron oxides impregnation occurs in numerous beds. A
very important lithologic characteristic of Lower Triassic sediments consists
of a non-uniform distribution of the feldspar-rich material, which in places
leads to the appearence of orthoclase and/or plagioclase bearing arkose.

In the middle lithostratigraphic unit the ratio of quartz and clay
minerals decreases towards the top of the sequence. Here the main’ rocks
are clays, sandy sandstones and carbonatic sandstones. In the uppermost
part of the same unit the rocks are formed. by more carbonatic compo-
nents (schistose limestones) and resemble those of the lowermost part of
the following unit from the Triassic sequence; it is therefore difficult to
draw the exact separating line between the two lithologic units. That is
why we note the fact that the middle lithologic unit gave way essentially
conformable to the upper unit through a transition zone. . ‘

The lowermost part of the upper unit consists of more than 200 m
of thin bedded to platty, grey to black limestones with occasional clayey
limestones interbeddings. At the top of the thin bedded limestones there
lies a thick dolomite mass. This changes upwards into a real massive light
grey or white dolomite. Near the mine area, the bedded black limestone
is interbedded with clay- and calcareous sandstones. Bedded limestones,
grey to black coloured, show schistose along the bedding with mica fla-
kes. A fine alternation of more limy and more clayey beds is characteris-
tic of this member, underlining also the fact that the schistosity is well
developed in more clayey beds. We also note the abundance in the mine
area of brecciated limestones with calcite veinlets.

The sediments of Triassic were deposited to a “redge and valley”
situation controlled by active fault movements. The sandy sandstones,
sandy clays and sandy calcareous sediments which normally make up the
transition area between the two lithologic facies (detritic and calcareous)
indicate an unstable sedimentary regime basins.

In the vicinity and toward the western part of the mine area, in
Cornitel and Borod regions, over the Triassic units are lying transgre-
ssive and discordant Upper Cretaceous and Pannonian sediments. Upper
Cretaceous deposits are usually represented by polymictic breccias and con-
glomerates, sandstones, clays, tuffs and tuffites. These rocks, as well as
Triassic sediments, are covered discordantly by gravels, sands and marls,
Pannonian in age.

The Mesozoic sediments form a graben-like structure which is a
stage in the process of the autonomous activization of Plopis Mountains.
Within this graben, volcanic edifices of considerable size, i.e. the Borod
area, were formed. In this region, the rhyolites of a sheet type, lava
and dykes, are accompanied by pyroclastics. ;

In the area of the polymetallic occurrences from Bucea-Cornifzl
the rhyolitic lava and pyroclastics are absent. Here, only veins and dykes
of rhyolites and more rarely of granite porphyry are present. From these
ones, the rhyolite dyke which is situated in the north-western part of
Migura Mare Hills is the most important (Pl. I, ITI). The directions of
rhyolite veins and dykes are usually NE—SW or E—W and have a steep
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dip of about 80° to the south-west or morth. Their thickness is generally
of 3—10 m, more rarely 200—300 m. In the mine area, these rocks occur
within the ecrystalline schists from the basement. We shall underline
the fact that the above mentioned rocks belong to the Laramian subvol-
canic and volecanic structures from the Plopis Mountains. The age of the
magmatic activity, with the associated mineralizations, is probably bet-
ween Upper Cretaceous and Paleogene.

III. Struetural Remarks

The regional structure of the Bucea-Cornitel area is represented
by a large monoclinal zone and deep faults developed during the alpine
cycle. These faults especially have given the massif its present tectonic
setting, emphasizing the block-structure and the graben-like structure.

Due to the successive compressions and decompressions in the mine
area, a series of longitudinal (E—W), diagonal (NE—SW) and transver-
sal (N—S and NNW-—-SSE) fractured zones were formed. Extending
over more than 5—10 km, some of these faults probably seem to explain :
1) the block-structure of south Plopis Mountains (Berbeleac et al,
1979); 2) the graben-like structure of Borod-Vad basin; 3) the develop-
ment of mylonites and breccia zones ; 4) the presence of fields consisting
of sub-volcanic and volcanic acid rocks and 5) the widespread hydro-
thermal alteration of the rocks.

From the above mentioned faults, the first two types are the most
important. A few east-west and north-east trending faults common to
the upper levels of the mine, continue downward; they have been un-
doubtedly channels for rhyolite dykes and associated ore forming solutions.

It is worth mentioning the fact that the longitudinal faults are the
principal tectonic factor which has controlled the ore-forming processes
in the investigated region. Within the Btcea-Cornitel area, one of these
faults, the so-called Chicera-Migura-Secitura master fault with a deep
thrust character conserves the principal polymetallic occurrences. This
fault in Migura Valley is marked by a series of shatter, hydrometaso-
matism and mineralizations zones as well as by numerous sulphide veins
and veinlets. On the surface of the mines the dip of this fault is variable
but is generally of about 45—80°.

The north-east-south-west trending faults are the result of a second
disjunctive phase which took place probably during the Upper Cretaceous-
Paleocene time. This type of fault is very characteristic for the Laramian
tectogenetic phase from Apuseni Mountains and Banat region (Giuscé
et al.,, 1966; ITanovici et al, 1976; Lazir et al, 1979). Fractu-
ring processes were synchronous with the formation of igneous bodies
{volcanic and sub-volcanic): but after their consolidation, fracturing has
continued. By the intersection of these dislocations with the east-west
fault, as well as due to different stresses there resulted shear zones, espe-
cially developed in Triassic and rhyolitic rocks.
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The north-west — south-east faults are the most recent and seem to
be of minor importance.

IV. Proeesses and Produets of Hydrothermal Alteration

Within the Bucea-Cornitel area an important wall rock alteration
closely integrated with ore formation has been observed.

The common types are the argillic and chloritic alteration, carbo-
nation, whereas sericitic and potassium silicate alteration occurs less.
frequently.

The wall rock alteration, related to the processes of ore deposition
from hydrothermal solutions, has a very intensive development, but it
is limited to small areas that are obviously associated with shear and
contact zones, ore veins and veinlets, fractures and other structural fa-
vourable zones.

. The argillic alteration is especially developed in those parts of ore
occurrences where sulphide bodies, including veins, are present. Kaoli-
nite is the most abundant mineral, whereas illite and montmorillonite
appear sporadically. Argillic associations are very characteristic for the
contact zones between magmatic rocks and crystalline schists and also
for dislocation areas from the Migura and Fagadiu valleys.

The potassium silicate alteration occurs in connection with crushing
zones within sub-volecanic rocks from No 4 Migura mine and No 6 Figiddau
mine (Plate I, II). The most intensive development of this alteration
has been recognized in the zones guided by sulphide veins which pene-
trated the rhyolite dyke intercepted by No 4 Migura mine. This type
of alteration has been possibly developed if considering the presence of
potassium feldspars. They appear in insignificant amounts with other
minerals such as: illite (sericite), kaolinite and quartz, the-latter being
dominant. This mineral assemblage involves the ' assumption that the
potassium silicate alteration probably passes into the sericitic and argil-
lic alteration.

The carbonatic metasomatism is a subsequent stage of geologic
history of wall rock alteration and it develops closely associated with
crushing zones and lead-zinc veins.The most widespread alteration mi-
nerals are the carbonates (dolomite, calcite, ankerite and siderite). They
constitute also the main gangue minerals of ore veins which occurin crys-
talline schists and ore impregnated breccia bodies from the mine area.
We must also underline that in the richest lead-zine ore zones the carbo-
nates are the prominent gangue minerals.

In the Bucea-Cornitel area the hypogene alteration products
resulting especially from the metasomatic changes of eruptive and sedi-
mentary rocks represent more or less the envelope of the sulphide
occurrences. The well developed mineral associations are as follows : illite-
quartz-dolomite ; illite-kaolinite-quartz 4+ dolomite, siderite; kaolinite-
illite-quartz-dolomite ; kaolinite-illite-chlorite-quartz 4+ carbonates ; kao-
linite-quartz-dolomite and kaolinite-siderite.
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Other alteration minerals such as carbonates, chlorite, clay mine-
rals and epidote found in more extended zones from sulphide veins and frac-
tures, suggest the presence of a propylitic alteration less developed.

V. Control Factors and Morphology of Ore Oeccurrences

The most important factors which have controlled the localization
of polymetallic mineralizations are the following: structural-tectonic
and lithostratigraphic.

The sulphide occurrences are commonly associated with margin of
rhyolite dykes and the two systems of longitudinal (E—W)and diagonal
(NE—SW) fractures. Numerous data, eSpecially those from mining
works, point out that the longitudinal faults-have been active a long time.
The several tectonic movements were favourable to the brecciation and
circulation of ore-forming solutions. Consequently, many mineralized
breccia bodies were formed, which appear disconnected along the Chicera-
Migura-Secitura master fault.

Another important control factor is represented by the lithostrati-
graphic peculiarities of the host rocks of ore bodies. Under the influence
of this control factor, two main morphological types of ore bodies are
¢ generated : 1) irregular ore-impregnated breccia bodies ; sometimes lens-
- like bodies occur in the contact zones of subvolcanic rocks or within crush-
. ing zones developed along the Chicera-Migura-Secitura Valley master-

fault and 2) ore veins lying near the contact or inside the rhyolite dykes
as in vieinity of the above mentioned main fault.

The breccia bodies have very irregular form or lens-like shape and
variable dimension, which depend on lithological and/or mechanic fea-
tures of the neighbourhood rocks. That is why thev appear frequently
in compact and hard sedimentary rocks of Lower Triassic (conglomera-
tes, microconglomerates, quartzite sandstone ete.) or in marginal zones
of rhyolite bodies (Pl. II, Fig. 1) and rarely in the middle unit of the
Triassic sequence and within crystalline schists. We remark the screen
role of the argillaceous rocks of the middle unit in the way of ore solu-
tions ; this fact explains the absence of sulphides or the very low degree
of mineralization within the limestone and dolomites of the upper unit.

The dimensions of breccia bodies range from a few meters to ten
and exceptionally hundreds of meters long and 3—30 m wide ; they extend
vertically on 150—200 m and this was checked by mining and drilling
works. According to mining works, the outline of breccia bodies is very
freakish. They show numerous cases of disappearance which begins with
the loss of limits between elements and cement.

The brecciaore bodies, developed along the Chicera-Migura-Secé-
tura fault, consist of rock fragments especially originated from the Lower
Triassic units. The fragments reaching usually several centimetres (10—
20 cm), rarely 1—3 em and exceptionally 5—7 m in size. They are
cemented by a ground material which exhibits fine clastic particles of the
same composition, and ore minerals. Sometimes void vugs are easy to
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recognize within the breccia body (e.g. No 3 and 4 Migura mine). Within
these vugs may be observed thin crusts of quartz, clay and ore minerals
and also supergene minerals (goethite, chalcedony, hydrozincite ete.).

Ro.A yein

[+ + 21
NNE
|
AL

K5
e

0

Fig. 1. — Position of ore veins and breccia bodies as compared to rhyolite dykes in No 4
Mégura mine. )
1, rhyolites; 2, Precambrian schists; 3, fault; 4, breccia ore hodies; 5, ore veius; 6, borchole.

The general aspect of the breccia bodies developed along the contact of
the rhyolite dyke with crystalline schists is similar to those from Trias-
sic deposits (Pl. II, Fig. 1).

Within breccia bodies the ore minerals appear as widespread dis-
seminated sulphide grains, commonly visible in hand specimens and/or
irregular veinlets, sometimes with a network development in sheared
contacts between strata of different mechanic competence. The ore vein-
lets usually exhibit filling and replacement textures; the ore minerals
occurring together with fine and/or coarse crystallized quartz and/or
carbonates.

In the Bucea-Cornitel area the ore veins appear sporadically. The
most important of these ones are the Migura vein (Pl. I, IT) and No 1
and No 2 vein (Pl. II, Fig. 1). Other smaller veins notably poorer occur
within breccia bodies and erystalline schists. The strike of ore veins is
NW-—-SE, E—W and NE—8W, parallel to the major direction of fractu-
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res. All veins are steep (70—85°) but in different directions, the most of
them belng to the north. There are also vertical veins or veins which dis-
play a change of their steepness from place to place. The veins range from
several dozen meters to 100—200 m, e\cepmonally 500—600 m. Their
thickness varies from 10—20 cm to 1—‘) m. The veltlca,l extension of
hydrothermal mmerahzatlon differs in 1nd1v1du‘11 veins and for the whole
Bucea-Cornitel veinfield it seems to hHe 200—300 m. Vein ores commonly
show filling and replacement textures and are associated with coarse crys-
talline carbonates and quartz gangue. The same features characterize
the less investigated small sulphlde veins from the Figiddiu Valley. Veins
of similar type have been reported during prospecting through the Pre-
cambrian crystalline schists, from Bucea, Ne«rem and Borod zones ( Cim -
peanu, Cimpeanu, 1968). '

The Triassic stratigraphic sequence from the Plopis Mountains con-
tains several lithologic units of wide regional extent that were favourable
for deposition of baxe metals ore from hydrothelmq,l solutions. ITn the mi-
ning field ore minerals occur mainly in conglomerates and microconglo-
merates of Lower Triassic age. In these beds there are interstratified
quartzites, quartzitic sandstones and arkoses. Locally the sulphide repla-
cement preserves the primary structures of sedlmentalv rocks (i.e. stra-
tification, cross-bedding). We have observed in the No 4 Migura mine
and No 6 Figidiu mine & 1020 cm arkose bed which was nearly
completely IeplaJced by ore volcanogene minerals. In the No 4 Migura
mine we recognized an advanced 1ephcement of quartz-albite- chlorlte
schist. ¥t seems that the structural, textural and mineralogical features
of the Triassic sediments have 1nf1uenced the emplacement and abundance
of ore minerals. They usually occur as small pockets, pod-like, shoots and
broad disseminations. We also remark the irregular distribution of the
ore veinlets.

VI. Ore Types, Struecture and Texture

The main primary ore types of Bucea-Cornitel occurrences are few
and their mineralogy is relatively simple. They are strictly breccia bodies
‘and veins. For both types is characteristic the presence of the most com-
mon sulphides : pyrite, sphalerite, galena and chalcopyrite as well as
other minerals as tetrahedrite, hournonite ete. The ore minerals occur in
different associations and variable proportions.

We have recognized two stages of mineralization (Fig. 2). Fractu-
ring and brecciation of the host rocks are two important tectonic move-
ments which have preceded the first stage of mineralization. During this
stage the wall rock has been affected by abundant hidrothermal &ltera-
tion (i. e. chloritization, sericitization, argillization, silicification). The
first stage started mamlv with quartz, sericite, clay minerals, dolomite,
caleite and sulphides, mainly pyrite, sphalerite and galena. The second
stage was also preceded by jointing that permited further influx of ore
fluids which again scaled the open fractures including the veins. The main
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Fig. 2. — Scheme of the sequence of mineral deposition in the Borod-Bucea-
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- Three different mineral assemblages may be distinguished each of
them being associated with its own vein or breccia body. However, some-
times they do occur together in the same space.

The first mineral assemblage usually occurs especially in veins
which are situated in crystalline schists and is characterized by the pre-
dominance of pyrite. Sphalerite, galena and chalcopyrite may be present
but in small amounts. It is important to underline that the polymetallic
breccia bodies and veins, with an evident halo of hydrometasomatic pro-
ducts, comprise this assemblage. The gangue minerals are quartz, clay
minerals + carbonates.

The second assemblage occurs in ore impregnated breccia bodies
and in ore veins (Pl. ITI). Here sphalerite and galena are the dominant
ore minerals while the pyrite and chalcopyrite are subordinate. This as-
semblage, as well as the first assemblage, is very characteristic for ore
mineral occurrences from the Bucea-Cornitel area and for the Plopis Moun-
tains in general. A discriminating feature of the second mineral assemblage
is the predominance of the carbonates gangue minerals, which consist
of dolomite, calcite, ankerite and siderite ; quartz and clay minerals appear
subordinately.

Both described assemblages were formed during the first stage of
mineralization.

The third assemblage developed later and appears sporadically.
It consists of chalcopyrite and tetrahedrite, closely associated with spha-
lerite, galena and pyrite. Sometimes bournonite is also present. The prin-
cipal minerals are sphalerite, galena and pyrite. The gangue minerals
are the same as in the second assemblage, but calcite seems to be preva-
lent. :

Generally all the above mentioned mineral assemblages coexist
in the polymetallic occurrences from the Bucea-Cornitel area, but the
mining works data show some peculiarities of their vertical and horizon-
tal distribution as follows : the first two assemblages are common in the
upper and central parts of the breccia bodies and veins; the first assem-
blage is characterized in the depth and periphery of the breccia bodies
and veins, whereas the third assemblage appears usually in No 1, 2 and
Miagura vein at the level No 4 Migura mine and do show a special posi-
tion.

Commonly the mineralization exhibits a well developed dissemi-
nated. texture. Some notable exceptions are to be mentioned, namely
the following types of structures: massive, bounded, lens-like, crustifi-
cation, reticulated, cockade, drusy, breccia, brecciated and cavernous.
Volumetrically the massive, breccia and reticulated stiructures are signi-
ficant and are important for the understanding of ore processes.

On the basis of the mineral composition and the character of the
host rocks, the disseminated ore may be subdivided in two types:1) dis-
seminated fine-grained pyritic ore in crystalline shists, sedimentary and
eruptive rocks and 2) disseminated, sometimes brecciated, polymetallic
ore in Lower Triassic deposits and rhyolite rocks.



40 I. BERBELEAC et al. 12

As regards the massive ore, we recognized also two main types :
1) massive, sometimes slightly banded fine-grained to coarse-grained py-
ritic ore in veins from crystalline schists and 2) massive to disseminated
and/or brecciated pyrite-polymetallic ore in breccia bodies and veins
(PL. IV, 2, 4).

Parallel bands, each with grains of similar or different size and/or
mineral composition are, as a rule, arranged nearly concordant to the
schistosity of quartz-chlorite-sericite-albite schists from No 4 Migura
Mine. The same banded texture with symmetrical or asymmetrical dis-
position of ore and gangue minerals was also observed in Migura vein
(Pl. IV, 1, 3).

Hydrothermal mineralizations from the Bucea-Cornitel area show
very different textures, resulting from the evolution of the ore forming
processes. : :

Commonly the ore minerals from fine-grained to coarse-grained
aggregates which are intergrown with gangue minerals. The ore from the
central part of the Migura vein up to the surface, shows frequently a coarse-
grained texture. '

Microscopic examination reveals for the hypogenic ore a typical
xenomorphic texture, obviously developed as a consequence especially
of a fissuration or a brecciation as well as a corrosion or a replacement of
the previously formed crystals. Both in hand specimen and under - micros-
cope, there often may be observed a porphyric development of pyrite,
sphalerite and galena. The common sulphides occur sometimes as isola-
ted euhedral crystals, especially when they are developed in vugs.

VII. Some Specific Features of Ore and Gangue Minerals

Pyrite, sphalerite and galena are the principal ore minerals, accom-
panied by some chalcopyrite, tetrahedrite and bournonite minerals. Quartz,
carbonates and clay minerals are the main gangue minerals which are
associated with the above mentioned minerals.

Pyrite occurs in all mineral assemblages and displays different de-
grees of idiomorphism depending on the variation of external conditions.
Two types of pyrite are distinguished : 1) early, euhedral to subhedral
crystals or anhedral grains (Pyrite I) and 2) late, minute and fine grains
(Pyrite II). Both types were found in ore veins and breccia bodies (P1.11;
Fig. 2; PL V, 1,2, 7). The second pyrite type occurs in the above mentio-
ned assemblages IT and IIT. These two pyrite types appear mostly as
fine- and/or coarse-grained aggregates, but often also as single crystals.
The form of pyrite aggregates is mostly as pockets or massive bands. The
cubic outline is consequently a rare phenomenon in the dense pyrite
aggregates but occurs commonly in the single crystals. The largest indi-
viduals are found among the crystals from the pyrite veinlets or within
the central part of the pyrite veins where sizes of up to 0,5—1 cm are
frequent. The same grains occur also in vugs or within ore fissures from
breccia bodies. Therefore the cube is the dominating habit of the pyrite.
Usually the exterior zone of the erystals has not reached full develop-
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ment and subhedral forms dominate. The variation of size, shape and
perfection of.pyrite individuals may suggest the presence of more than
one generatlon of the mineral. Pynte included in one single phase which
corresponds to the first assemblage is perfect as compared to those sitnated
in a polymineral aggregate. Among the larger individuals we. note the
best development of plane crystal zones, buL Sometimes they are brec-
ciated (Pl. VII, Fig. 2). In this case many angular rests of subhedral grains
are. cemented by quartz, carbonates and subsequent sulphides (Pl vV,
1, 2, 5, 7). Microfractures seem not to follow any determinable crystallo-
graphlc directions. (Pl. VII, Fig. 2). The cracks are frequently filled with
quartz and sphalerite. Flne-oralned quartz and rock fragments are com-
mon inclusions in pyrite.

: Sphalemte appears as fine to medium subhedral grains. Volumetri-
cally, it is the most abundant base metal sulphide trom the Bucea-Corni-
tel occurrences. In massive ores sphalerite acts as a perfect interstitial
mineral; pyrite is also in the same situation. Ragged zig-zag outlines of
sphalerite aggregates illustrate the difficulties of developing crystal faces.
Crystal faces are seen as exceptions in intergrowth with oalena chalco-
pvrlte and tetrahedrite (PL. V, 8). The aggregates consist of multlple anhe-
dral 1nd1v1du%ls, with v‘zrlable size (1—2 mm to 1—2 cm).

"In hand specimen the colour of sphalente is generally medium
brown. Dark brown and light brown sphalerites are also present within
quartz and carbonate dominated assemblages.

- In reflected light it may be seen that the sphalerite includes with-
in. 1ts aggregates : quartz, pyrite and chalcopyrite (Pl. V, 1, 4, 7). Fre-
quent inclusions form chalcopyrite which generally appears as: 1) un-
equidimensional grains arranged in the central part of the sphalerite grains ;
2) equidimensional rounded blebs resembling the exsolution texture (Pl.
V, 2, 5), and 3) elliptical and rounded droplets abundant towards the peri-
phery of individual grains (P1. V, 7, 8). The rhythmic disposition of chal-
¢opyrite inclusions in sphalerite grains may suggest that the tempera-
ture and composition of the solutions have undergone notable fluctuation
during sphalerite deposition. It was found an abundant intergrowth
of convex and concave sphalerite grains with galena, chalcopyrite and
tetrahedrite (Pl. V, 8). A deep replacement texture of the sphalerite grains
by quartz, further sulphides and especially dolomite are common (Pl. V,
7, 8; PL. VI, 3).

Galena is volumetrically the third sulphide of the Bucea-Cornitel
ore occurrences. It forms rod-like aggregates in carbonates and/or quartz.
Conspicuous concentrations of galena occur in the coarse-grained ore,
particularly in the type where sphalerite, chalcopyrite and tetrahedrite
are enriched (P. V, 3, 5, 8). Less frequently coarse galena crystals up to
1 em in size are found. In breccia ore bodies and veins the fissures, cracks
and fillings are often composite, galena and sphalerite or galena and chal-
copyrite forming couples which frequently occur there.
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The typical intergrowth between galena and its most frequent -
host-sphalerite is generally that sphalerite adopts convex outlines when
included in galena which develops complicated forms (Pl. VII, fig. 4).
Later ore solutions which deposited the subsequent mineral association
have deeply corroded the galena crystals of the first generation from brec-
cia ore bhodies (Pl. V, 3, 5, {).

Under the microscope it has been observed galena occurring in fine-
or coarse-grained aggregates or as single cubic-octahedral crystals. Some-
times there appear twinned crystals developed as tabular or stock-like
aggregates. The development of curved cleavage planes in galena grains
from Migura vein is probably caused also by mechanical deformation
of pressure. This internal structure feature of the coarse-grained galena

aggregates is marked by the characteristic triangular pits of galena crys-
tals (Pl V, 6; PL. VII, Fig. 3). -

In the more commonly occurring galena type only sphalerlte and
sometimes pyrite appear as frequent inclusions.

: Chalcopyrite was found as disseminations, patches and fine vein-
lets. Usnally we found chalcopyrite lying on cracks or along boundaries
between previous ore and/or gangue minerals (Pl. V, 3, 5). Patches of
irregular shapes, size and distribution are found in massive and dissemi-
nated ores as well as in different altered wall rocks. In breccia ore bodies
and veins penetrating veinlets chalcopyrite is closely associated “with
other minerals belonging to the second assemblage. Commonly euhedral
crystals of chalcopyrite have not been found. Sometimes within voids
from breceia bodies in No 4 Magura mine euhedral chalcopyrite crystals
do occur.

Rounded or elongated exsolution blebs of chalcopyrite appear in
the marginal or central part of sphalerite grains (PlL. V, 5, 8; Pl VII,
Fig. 1). The calcopyrite inclusions from sphalerite cannot usually be
related to any crystallographic direction. Sonietimes chalcopyrite may
be developed as highly irregular aggregates with allotriomorphic outlines,
often with tentacles stretching out in between grain boundaries or into
cracks (Pl. V, 3, 5). The boundarles with sphalente and galena are lobate.

The inclusions in chalcopyrite are first of all the previous sulphides
(pyrite, sphalerite and galena); gangue minerals may be also present.

Tetrahedrite ® is a widespread but minor constituent of the ore from
the Bucea-Cornitel area. The most common occurring type is represented
by minute tetrahedrite grains lying between sphalerite and galena grains
(PL. V, 8). Tetrahedrite occurs sometimes in association with bournonite.
Small anhedral grains of pyrite, sphalerite and gangue minerals are
included in tetrahedrite.

Bournonite is a minor trace mineral. Microscopic examination shows
that bournonite occurs as minute grains associated with galena and tetra-
hedrite (Pl. V, 8).
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Gangue minerals represent carbonates, chlorites, clay minerals and
quartz.

The carbonates (dolomite, calcite, ankerite and siderite) form dense
coarse-grained mono- or polymineral aggregates with crystals which have
subhedral to anhedral outlines. In voids euhedral crystals do occur. The
dominant carbonates are dolomite and calcite. They appear often as
rhombohedral crystals up to 2—3mm in size closely associated with lead-
.zinc sulphides. Dolomite and calcite represent the main gangue minerals
:of the second assemblage.

Quartz is common in the ore breccia bodies and veins and was
deposited during all stages of mineralization. Quartz of the filling stage
occurs usually as fine-grained aggregates dark-grey, light-grey to white
in colour. Less commonly quartz develops as well formed small crystals,
usually. 2—3 mm in size. The main amount of quartz was deposited after
an intense tectonic dislocation and brecciation but in a troubled tectonic -
environment confirmed by its fissured aspect. Replacement of quartz
by carbonates has been favoured by intense crushing of quartz grains.
Numerous fine particles of broken pyrite are incorporated in quartz.

Other gangue minerals as chlorite, kaolinite and sericite have been
identified (Pl. VI, 1, 2,5, 6). Chlorite and sericite seem to be deposited
after the first generation of quartz and pyrite because they are included
in sphalerite (Pl. VI, 1) or penetrated by pyrite and quartz grains.

We note that generally a relatively small quantity of gangue
minerals is present in ore occurrences from the Bucea-Cornitel area.

Supergene minerals occur in the oxidation zone which is relatively
less developed. Most of the primary ore is oxidated to a crumbly porous
mass consisting of cerussite, hydrozincite, zincite and limonite. Hydro-
zincite-zincite frequently appears on the walls of No 3 Migura mine or
within the ore where it replaces sphalerite (Pl. VI, 6).

VIII. Aspects of the Geochemistry of the Base Metal Occurrences

No systematic geochemical investigation has been undertaken and
these comments are based exclusively upon the chemical and spectro-
graphic analyses on samples which were taken within mining and drilling
works from the Bucea-Cornitel area.

The samples have been drawn both from ore breccia bodies and
from veins. Some specimens have been directly sampled by the authors
only from the No 3 and 4 Migura mine, because the other mines were
worked out and inaccessible at the time when this study was conducted.
All the samples were crushed and ground, while parts of others were buf-
tered and optically selected for quantitative spectrographic analysis?.
'~ The geochemical data discussed here regard both the major and
minor elements. a
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‘ A. Major Elements

The chemical analyses of numerous ore samples exhibit that the
&gmﬁcant amounts of iron and base metal (Cu, Pb, Zn) were concentrated
in the Bucea-Cornitel area.” The bulk of these metals has beén depo-
sited in the sulphide stage. This' fact proves the interpretation of the
results regarding ore mineralogy.

The dominant copper mineral is chalcopyrite, whereas tetrahedrite
and bournonite are minor minerals. Copper as a trace element has been
concentrated in sphalerite, pyrite and galena. The main lead mineral
is galena, bournonite being a trace mineral. Lead has been determined as
a trace element in sphalerite and pymte Sphalerite is the main zine
mineral. Minor zinc contents are found in galena, chalcopyrlte and pyrite.

The chemical analyses have pointed out that the metal contents of
individual samples have a less regular distribution. Their real values. are
very different both within the ore body and from one ore body to another.
The base metal contents suggest a low degree of metal concentration
during the Bucea -Cornitel developed hydrothermal activity.

Cu

Fig. 3. — Cu—Pb —Zn diagram.
1, breccia bodies; 2, Midgura vein.

The proportional relationships of copper, lead and zinc are fajirly
illustrated by the triangular diagram. On the triangular diagram of
Figure 3 there have been plotted the average values of Cu, Pb, Zn 8.
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‘On the basis of this diagram some conclusions can be drawn. For
all ore bodies the spread of the base metal proportions is very similar
and suggests a slight variation of the mineralization intensity.

In contrast with those from the breccia ore bodies, the points of
the Migura vein are grouped within a small area. This suggests a more
homogeneous character of mineralization from the ore vein.

The higher relative contents of lead and zinc, showing a weak rela-
tive zinc enrichment, underline the lead-zinc feature of the base metal
mineralization from the Bucea-Cornitel area.

The relative mean values are mainly concentrated in the zine field.
This also indicates the zinciferrous character of the mineralization.

Two-dimensional diagrams were constructed (Figs. 4, 5) to study
the mutual relation of base metals.

Lead and zinc show a clear positive correlation (Fig. 4). In spite
of the fluctuation in the abundances which may be considerable as
indicated by the scattered points in the diagram, the lead to zinc ratio
approaches 1 : 1. The numerical value of the lead to zinc ratio decreases
slightly with the increase in the zinc tenor. Regarding the distribution
of the plotted points on the diagram two principal fields may be outlined.
Within the Mfigura vein, higher lead and zinc contents have been deter-
mined in ore impregnated breccia bodies. This is probably a result of the
dilution of the sulphide material in the disseminated ore type from the
breccia bodies. The same Pb/Zn ratio in both ore types suggests however
a homogeneous source of mineralization during the whole period of pri-
mary deposition.

Regarding the couple Cu—Zn, the mutual relation seems to be
apparently very complex (Fig. 5). The plotted mean values are widespread.
Especially the points corresponding to breccia ore bodies show a consi-
derable dispersion, whereas the most part of the Migura vein occurs within
a large but elongated field. Copper and zinc have a positive correlation
in the Migura vein and partially in the,ore from breccia bodies. This
relationship is probably connected with abundant sphalerite and chalco-
pyrite inclusions and with the fact that deposition of independent copper
minerals was accompanied by high sphalerite amounts. The copper-zine
correlation in both ore types shows a high degree of similarity. However,
in contrast to the Migura vein, the copper to zinc ratio decreases in breccia
ore bodies due to the fact that the abundance of zinc increases at a
higher rate than that of copper. When the copper content is low, less than
200 ppm, the distribution of the points on the diagram is horizontal
because high zinc assays are not accompanied by proportional copper con-
tents. This corresponds to the sphalerite from breccia ore bodies which
are usually poor in chalcopyrite exsolution inclusions.
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B. Minor Elements

The minor elements abundances were determined for pyrite, spha-
lerite, galena and chalcopyrite by complete quantitative spectrographic
analyses.

Pyrite. The analysis data of 23 pyrite samples from various mineral
assemblages of both ore types previously described were used to establish
some geochemical and genetical features of the sulphide mineralization
from the Bucea-Cornitel area.

From the data set regarding the minor element content of the ana-
lysed pyrite (Tab. 1), the abundance of cobalt and nickel seems to have
an important genetic significance. The cobalt-nickel diagram has been
constructed on the basis of the analytical data (Fig. 6). Four more or less
distinet fields can be drawn, corresponding to four pyrite generations :

— pyrite I has a high abundance in cobalt (more than 100 ppm);
this pyrite is common in the first mineral assemblages ;

— pyrite IT is characterized by small cobalt contents and relatively
low nickel content. As concerns their mutual relations, it seems that
cobalt and nickel show a positive co-variation. This pyrite type is associated
with base metal sulphides of the second mineral assemblage ;

— pyrite III contains more nickel than cobalt, but both in low
amounts, between 5 and 20 ppm. Cobalt and nickel show also a positive
co-variation, but the cobalt to mickel ratio decreases comparatively with
pyrite II. This is due to the fact that the abundance of nickel increases
at a higher rate than that of cobalt. Pyrite III has been observed always
occurring together with base metal sulphides ;

— pyrite IV, showing the lowest cobalt content (less than 5 ppm),
seems to be the latest pyrite deposition, belonging to the third mineral
assemblage.

The cobalt to nickel ratio decreases from pyrite I towards pyrite
IV. The Co/Ni ratio was calculated as a ratio of average values of cobalt
and nickel contents from each pyrite type (generation). The obtained
Co/Ni values are plotted on the cobalt-nickel diagram (Fig. 7) which has
marked the main Co/Ni ratio fields according to Bralia et al. (1979).
On the same diagram there are represented the mean values of the cobalt
and nickel contents for the Laramian pyrite from the Bihor Mountains
and the Banat region, based on recent data (Lazéadr et al, 1979). The
pyrite I and pyrite II from the Bucea-Cornitel area are situated in the field
of medium Co/Ni values (1—10) corresponding to pyrites from meso-
hypothermal associations, whereas pyrite III and pyrite IV occur in the
tield with low Co/Ni ratio (less than 1) where epithermal pyrites are pre-
sent. The diagram indicates also that during the pyrite deposition the
cobalt content decreases gradually, whereas the abundance of nickel
remains nearly constant. In this way small amounts of cobalt are incor-
porated in the latest pyrite generation.

Regarding the cobalt and nickel contents as well as their ratio,
our data mainly agree with Hawley (1952, fide Fleischer, 1955),
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Fleischer (1955), Cambel and Jarkovsky (1967) and
Price (1972, fide Bralia et al., 1979) opinions.

Co

PpH
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1 / Fig. 6. — Co versus Ni plot of pyrites
104 ¢ e — analyses from the Bucea-Cornitel area.
gi —_ . o I, 1I, III, IV, pyrite generations.
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Fig. 7. — Co versus Ni plot of
average valucs of pyrites from
various ores.

1, Bucea-Cornitel; 2, Bihor Moun-
tains (Lazar et al, 1980); 3,
Banat (Lazédr et al, 1980);
I, 11, I1I, TV, pyrite generatlions.

of
Diagram according to Bralia :§
et al. (1979).

‘Ni_ppm

Sphalerite. A number of 8 sphalerite samples are tested for Co, Mn,,
Ti; Cu, Pb, Cd, Bi, Sn, Ga, Ag and In (Tab. 2).
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In all the analysed sphalerite samples Mn, Cu, Pb, Cd, Ga and Ag
are present. Less frequent are tin and indium, whereas Bi, Ti and Co.
oceur Sporadically. .

The most abundant minor elements are Cu, Cd, Mn and Pb. The:
other appear in small amounts.

The copper contents of sphalerite range from 175 ppm to 2,8 per
cent. The main high copper values are due to chalcopyrite inclusions
abundant in sphalerite.

The cadmium content of sphalerite is much more uniform than:
other abundant minor elements contents and range from 4400 ppm to
1 per cent.

Regarding the low number of the analysed base metal sulphides,.
no more discussion is possible.

The different minor element contents and associations are probably
due to the presence of many sphalerite generations.

Galena. Analyses of galena are given in Table 2. The elements which
are present in significant quantities are : zinc, bismuth, silver and anti-
mony. Small amounts of Mn, Cu, Cd and Sn were also detected. The main
zinc, copper and cadmium contents are probably due to sphalerite-
occurring as intimate intergrowths with galena.

The bismuth and antimony contents indicate as possible the exis-
tence of two galena generations.

Chalcopyrite. The informative data of chalcopyrite minor elements.
content is illustrated by Table 2. Co, Ni, Mn, Pb, Zn, Cd, Sn, Ag, Sb,
In and V were detected in various amounts. Titanium and chromium are-
not present.

IX. Discussions

The regional structure of the Bucea-Cornitel area is represented by
a monoclinal zone of Precambrian schists which form a block structure.
A graben-like structure is also formed by the Mesozoic-Neogene Borod-
Vad sedimentary intramontane basin. In the Bucea-Cornitel area a series.
of longitudinal (E—W), diagonal (NE—SW) and transversal (N—S and
NNW —SSE) fractured zones were formed. Some of these faults seem to
explain: the block-structure and graben-like structure; the presence of
Laramian subvolcanic and voleanic acid rocks ; the halo of hydrothermal
altered rocks and mineralization zones.

The localization of the sulphide occurrences has been generally con-
trolled by the structural-tectonic and lithostratigraphic factors. Accor-
ding to these factors we underline the fact that the sulphide occurrences
are commonly associated with longitudinal and less with diagonal faults:
and also with rhyolite dykes and lower unit (conglomerates, sandstones,
quartzite) of Triassic sediments.

The principal tectonic control factor of mineralization in the mining
area is the Chicera-Migura-Secitura master fault. In connection with
this one, the breccia bodies and vein sulphides were developed. The ore-
bodies were sometimes affected by younger faults which were not mine--

¥
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ralized. The structural control of mineéralization has also -been already
demonstrated and is emphasized by the common spatial coincidence
{“telescoping”) of successive sequences of mineralization (Fig. 2) depen-
«dent therefore on the number of times when the vein has become open
to the ore fluids. Variation in paragenesis(pyrité-quartz-clay wminerals
L carbonates-sphalerite-galena ; pyrite-sphalerite-galena-carbonates-clay
minerals + quartz; chalcopyrite-tetrahedrite-quartz-clay minerals 4=
bournonite-sphalerite-galena etc.) may be caused by -differences in the
timings of these openings. Due ‘to this fact, the simple early paragenesis
such as pyrite-quartz- clay minerals £ sphalerite galena, is most frequent-
Iy present in veins from Precambrian schists. During the deposition of
ore the fluid gradually depleted in base metals and the fluid -chemistry
might have changed. Thus any slight changes in depositional conditions
may therefore cause changes in the paragenesis. It is also assumed that
temperatures of deposition for the two stages of mineralization from brec-
cia bodies were broadly similar to those of the'vein mineralization. They
seem to be varied in the limits of mesothiermal stage for the bulk of ore
minerals. In the Bucea-Cornitel area the ore fluid probably contained at
least the following principal elements : Si, Al, Mg, Ca, K, S, Fe, Cu, Pb
and 7Zn ; other minor elements such as Co, Ni, Sb, Cd, Mn, Bi, Ag; Sn and
(G were also present. These elements were concentrated in b’re‘cc'ia bodies
and veins.

The results and subjects discussed in this paper, combmed with
the previous work on sulphides from the Banat region and Bihor Moun-
tains (Ginscdetal,1968;Ianovicietal.,1977;Cioflica etfal.
1979; Lazidr et al., 1979) suggest that the base metal sulphide occur-
rences {rom Plopis Mountains belong to the Laramian metallogenic pro-
vince. This major alpine belt developed from the Carpathians up to East-
ern Asia (Ianovici et al, 1977, Jancovie, 1977) occurs along
subduction zones in regions of ‘rhm contment‘tl crust characteristic of the
complicated geotectonic Tethyan environment during Laramian and Neo-
gene metallogenic events. It is clear from the foreign descriptions that a
complex ore-fluid was available in the southern part of Plopis Mountains
in past Upper Cretaceous times.

In Romania, as well as in other parts of the world there must be
& connection between acid and intermediary subvolcanic and volcanic
bodies from the subduction zone and ore-fluid. Metals in subduction-rela--
ted magmatic rocks are generally considered (Mitchell and Gar
son, 1979) to have a similar source of the magmas, which are variously
interpreted as partial metals from subducted oceanic crust and sediments,
from the overlying upper mantle and from the lower continental crust,
with or without significant fractionation or contamination by the conti-
nental crust. Taking into account this assumption; it is possible to ex-
plain the similarity of the geotectonic environments, the mineralogical
and chemical composition of the deposits from these zones.

¥
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Some older syngenetic mineralizations occurring in Bucea-Cornitel
area are not descrlbed here, because thev are not genetloallv associated
‘with the Laramian igneous rocks. E

According to R amdohr and Strunz (1967), this mineral may be considered
as a member of the fahlore group. Based on its optical propertles, it 1s probably of the tetra-

hcdnte type. )
7 PG Spcctrograph, Type 2; net\\ork 600 lmcs/mm 9 A mternal standards pre-

parcd m I1GG laboratory
8 A number of 125 mean valucs have been cqlcu]atcd from about 2000 analyses

of ore samples obtained from the No 4 Magura mmc through the explorating activity carried
out by IPEG ,,(‘111]
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QUESTIONS

G. Udubasa: 1. Are the mineralizations occurring on E—W and NNE fractures
similar?

2. Do the Triassic carbonatic rocks show any mineralization ?

3. Could you obtain other geothermometric data concerning this mineralization?

Answer : 1. The mineralizations are similar. According to present knowledge, the
NE —SW fractures contain only gangue pyrite and clay minerals. The data mentioned by
us show that the two fracture systems are not synchronous, the NE—SW trending ones
being more recent.

2. In some rarc cases, espeeially in the western part of the region, we came across a
few pyrite, clay minerals and carbonate fissures at the level of gallery 4 Migura.
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3. T°C-Cd diagram points to temperaturcs between 380 —420°C for the sphalerite of
this region. ’

EXPLANATION OF PLATES
Plate IV

Ore structural details
1, sandstones and quartzites; 2, ore pockets (a) and massive ore (b); 3, clay minerals; 4
«<carbonates.

Plate V

Some struetural and textural features of ore minerals.
1, pyrite; 2, sphalerite without chalcopyrite (a), with fine marginal inclusions of chalcopy-
rite (b) and with coarse chalcopyrite inclusions (¢); 3, chalcopyrite; 4, galena with triangular
pits (2) and without triangular pits (b); 5, tetrahedrite; 6, bournonite; 7, quartz; 8, car-
bonates; 9, other gangue 1inerals.

Plate VI

Relationship betweem some gandue and ore minerals
1, sandstone; 2. potassic feldspars; 3, quartz; 4, chlorite; 5, sericite; 6, pyrite; 7, opaque
sphalerite (a) and transparent sphalerite (b); 8, clay ininerals; 9, carbonates; 10, dolormite;
11, hydro-:incite.

Plate VII

Fig. 1. — Sphalerite I with chalcopyrite inclusions sectioned by a chalcopyrite fissure. No.2
Migura mine. Nic. [/, X 45.

Fig. 2. — Crushed pyrite I and fissuring sphalerite II concentrated by gangue minerals.
No. 4 Migura mine. Nic. [/, X 45.

Fig. 3. — Curved arrangement of the triangular pits in galena grains. No. 4 Migura mine.
Nie. / /, X 45.

Fig. 4.— Sphalerite 1T aggregates intruded by galena fissure. No. 4 Magura mine. Nic. [/
X 45.
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2. ZACAMINTE

GEOCHIMIA MINERALIZATIILOR POLIMETALICE DIN CIMPUL
MINIER TOROIAGA (BATIA BORSA, MUNTII MARAMURESULUI)

DE

MIRCEA BORCOS 2% PETRE ANDAR? ANCA ANDAR? TUDOR BERZA ®

Base metal mineralizations. Pb. Zn. Cu. Au. Ag. Hydrothermalized «ndesites. Ore para~
genesis. Ore geochemistry. Trace elements. Geothermomelry. Metalloyenetic zonalily. Dio-
rites. East Carpathians. Young eruptive. Torolaga. Tiganu.

Abstraet

Geochemistry of B ase Metal Mineralization of the Toroiaga
Mining Field (Baia Borsa, Maramures Mountains). The hydrothermal
veins of the Toroiaga dcposit show a prevailingly copper, partly lead-zinc and gold charac-
ter. The ore minerals were formed following Lhe paragenctic sequence : pyrite, pyrrhotite,
arsenopyrite, chalcopyrite, sphalerite, galena, Cu—Ph —Ag sulphosalts ; gold occurred during
a large metallization period that started in association with early sulphides. The spatial dis-
tribution of the most significant major elements strongly suggests the metallogenctic zonality
and points to anomalous Cu, Pb, Zn, Au, Ag enriched zones too. The following geochcemical
affinities are characteristic of specific veins and parls of the deposit : Cu—Au; Cu—Ag; Au—
Ag; Au—Pb—Zn; Pb—Zn; Ph—Zn—Ag. Thus, taking into account geothermometric
data too, it was concluded that at least two mincralogenclic events were responsible for the
orc formation. They are connceted with two inctallifcrous sources that acted divergently in
depth, following fracture openings during mesothermal-hypothermal stages. Accordingly, it
is to be suggested that the paragenetie sequence contains recurrent pyrite, arsenopyrite, chalco-
pyrite, sphalerite, galena formation.

Principalele caractere gitologice ale zdcimintului Toroiaga au fost
definite de M. Socolescu cu ocazia cercetdrilor intreprinse in pe-
rioada 1948 —1932. Chiar dacd n-au fost intelese gi corelate in totalitate
relatiile genetice existente intre evenimentele magmatice, metalogene-
tice, procesele de alteratie hidrotermald si distributia partiald a minera-

1 Predatd la 17 mai 1980, acceptatd pentru publicare la 19 mai 1980, comunicata in

sedinta din 30 mai 1980.
2 Institutul de geologie si geofizicd, str. Caranscbes, nr. 1, 78 344 Bucuresti 32.



58 M. BORCOS et al. . P4

lizatiei, M. Socolescu prezintd conditiile generale de formare a.
acumuldrilor filoniene in cadrul unei scheme care, in mare méisurd, a.
rdmas valabild pind in prezent.Tot lui M. Socolescu ise datoreazi.
§i prima imagine de ansamblu a masivului eruptiv Toroiaga-Tiganu,
care — pe baza relatiilor stabilite intre tipurile de roci eruptive recunos-
cute — s-a edificat pe parcursul a trei faze magmatice in relatie cu care
au fost puse si procesele metalogenetice. Se considerd astfel e¢d primele
momente ale metalogenezei au inceput la nivelul primei faze magmatice
prin procese de propilitizare si epidotizare a andezitelor, insotite de apa-
ritia unui minereu sulfuros. Acest proces a continuat s se intensifice pe:
parcursul ultimelor dou# faze, ldsind si se intrevadd legitura genetici
ce poate fi ficutd intre procesele de silicifiere si caolinizare i momentele:
optime de acumulare a mineralizatiei. Pe baza observatiilor mineralogice:
inregistrate la nivelul principalelor parageneze de minerale metalice si de:
gangd se realizeazd o succesiune mineralogeneticd, semnalindu-se totodaté.
tendintele generale de variatie primard a mineralizatiei pe verticald si
orizontald. Au fost sesizate astfel : tendinta de acumulare a mineraliza-
tiilor cuprifere in zona centrald a zécimintului, cresterea continuturilor
de Pb, Zn, Au, Ag in pidrtile superioare si marginale ale fracturilor filo-
niene, comportarea diferitd din punct de vedere paragenetic i geochimic
a diferitelor filoane, variatii uneori sensibile intre -grosimea si continutul
filoanelor in functie de roca-gazdd (roci eruptive sau metamorfite). Pe
baza elementelor gitologice determinate, dupd o lungd perioadid de inac-
tivitate s-a redeschis zdcdmintul, urmarindu-se aproape toate filoanele
cunoscute deasupra orizontului 23 August (filoanele Virfuri, Octavian,
Johann, Caterina, Sofia, Orania, filonul X, Domnisoara, Bartolomeu si
Emeric), localizate in sisteme de fracturi regionale orientate NE, fracturt
care strabat atit formatiunile eruptive, metamorfice, cit si cele sedimentare.

In mod firese, a urmat o perioads sustinuti de cercetare geologici
realizatd prin studii si luerdri de prospectiuni, urmérindu-se in special
0 cunoastere mineralogicd si geochimicd detaliatd a zdcdmintului, precum
si identificarea de noi zone mineralizate in limitele districtului Toroiaga-
Tiganul (Borcos, 1954, 1967; Benea, 1955, 1956; Buracu,
1958; Szoke, 1967; Steclaci, 1962; Bodin, 1962; Sfetcu
et al.,, 1965; Sfetcu et al, 1968).

O parte din rezultatele astfel obtinute intr-un cadru mai larg
demonstreazd faptul cd activitatea hidrotermald a fost precedatd in pirtile
inferioare ale corpului intrusiv de formarea corneenelor identificate uneori
i la suprafatd ; de asemenea, se specificd faptul ci propilitizarea, epi-
dotizarea, silicifierea si caolinizarea sint insotite si de procese de turma-
linizare si biotitizare (Szoke, 1962). Totodatd, se face si observatia
cd procesele de alterare hidrotermals, fird evidentierea unei zonalitdti,
sint strict invecinate pe spatii restrinse cu fracturile filoniene care au uneori
tendinta s& se ramifice in adincime §i pe directie.

Ansamblul datelor mineralogice si geochimice sintetizate de Ste-
claci (1962) stabileste caracterul mezotermal al zicimintului si con-
ditii corespunzitoare la doud faze succesive de mineralizatie. Prima fazi
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eéste responsabildi de formarea masivd: a mineralizatiei dominate de pre-
zenta piritei si calcopiritei surprinsd mai ales in filoanele Caterina, Dom-
nigoara si Emeric; cea de-a doua, de temperaturdi mai scizutd, de mai
mici amploare, insumeazi parageneze de sulfuri polimetalice 4 sulfo-
siruri dominate de prezenta blendei si galenei, mai bine reprezentate in
filoanele Johann si Virfuri. Cu ocazia studiilor intreprinse au fost puse in
eviden‘gé si alte minerale metalice, in special sulfosiruri de Pb, Cu i Ag,
§i s-a caracterlzat intr-o formé corelatid, comportarea elementelor magore
$i minore.

Compozitia chimici a solutiilor mmerahzatoare, cunoscutd mai bine
prin filoanele Caterina, Johann, Domnigoara $i Emeric, a fost imprimaté
de prezenfa asociatiei de elemente majore corespunzidtoare mineralelor
metalice : S, Fe, Cu, Zn, Pb, As, Sb, Au, Ag, ca si a celor care provin
din mineralele de gangd : Ca, Mg, Mn, Al, K, Cu, la care se adaugd aso-
ciatia de elemente majore Bi, Cd, Co, Ge, In, Mo, Ni, Se, Sn, Te, Ti,
V — grupe de elemente citate in ordinea participdrii cantitative. -

Domeniul temperaturilor de formare a mineralizatiei, initial apreciat
de M. Socolescu in limitele stadiului epitermal sau mezotermal
determinat de Steclaci pe baza prezentei asociatiei caracteris-
tice de elemente minore, apare diferit, potrivit rezultatelor investi-
gatiilor geotermometrice (Borcosg, 1967). Datele geotermmometrice veri-
fied existenta unei singure faze metalogenetice, care a decurs predomi-
nant in limitele unui stadiu mezohipotermal. Pe baza aceluiasi studiu,
se apreciazéi cd sensul de circulatie a solutiilor in planul fracturilor pe
verticaldi este dinspre SV spre NE, sens dominant, care controleazi
variatia continuturilor in elemente metalice pe orizontald si verticald. Se
face astfel demonstratia c& in adincime si in acelasi timp pe directie spre
SV, in cadrul principalelor fracturi filoniene cresc continuturile de Cu,
iar in sens opus cresc continuturile de Pb, Zn, Au Ag si de elemente co-
mune sulfosdrurilor de Cu, Pb, Ag. Pe baza acelorasi observatii geotermo-
metrice s-a apreciat §i ordinea de formare a principalelor minerale meta-
lice si de gangd : cuart, piritd, pirotind, mispichel, blenda (1), calcopiritd,
galend (1), sulfoséiruri, blendd (2), galendi (2), carbonati.

Fard suficiente argumente (Gurdu et al, 1975), se incearcd si
o explicatie asupra posibilitd{ii existentei tipului de mineralizatie ,,por-
phyry copper” asociat corpului subvulecanic andezitic. Nu s-a evidentiat
insd pind in prezent nici o corespondentd favorabild unui asemenea model
care si atragd atentia asupra unor aspecte caracteristice din punct de
vedere structural, petrologic sau metalogenetic.

Un singur aspect semnalat de Socol escu (1952), ,formarea
minereului sulfuros incd din stadiul incipient de transformare hidroter-
mald’’, continua si atragd atentia, sugerindu-se in acest mod o circulatie
a solutiilor mineralizate in timpul procesului de propilitizare si epidoti-
zare in spatii 5i volume mari de roci. In realitate, s-a dovedit insi ci ase-
menea roci impregnate reprezintd false tipuri de diseminare ,,porphyry
copper’’ ; acestea se localizeazd in spatii restrinse, mai ales in zonele bre-
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cifiate interfiloniene si din vecindtatea principalelor fracturi frecven»t
intilnite la partea superioard a zdcdmintului.

Contribufii interesante cu implicatii metalogenetice au fost aduse
de Guriu etal (1975) si Gridan et al (1979) la cunoagterea pirtii
nordice a masivului Toroiaga-Tiganul, lisind si se intrevadd o evolutie
magmaticd polifazicd pe parcursul cdreia sint mai putin bine prec1za,te
momentele de formare a mineralizatiilor.

S-au fdcut si incerciri de corelare a activitdtii magmatice neogene
din regiunea Toroiaga-Baia Borsa, ceea ce presupune si incerciri de core-
lare metalogeneticd, in acelasi timp, considerindu-se, pe de-o parte de
citre Dimitrescu (1952), c¢i intruziunile andezitice de la Baia
Borga corespund momentelor de formare a corpurilor subvulcanice din
masivele Tibles si Cilimani, iar pe de altd parte, de citre Rddulescu
si Borcos (1967), cd acestea se incadreazd in limitele ciclului II de
eruptie din regiunea vulcanici Gutii (Sarmatian-Pontian). In aceastd
ultimd alternativé s-a retinut in special caracterul metalogen al masivu-
lui subvulcanic Toroiaga-Tiganul.

incepind din 1978 pind in prezent, regiunea a constituit obiectul
unor studii geologice complexe, insistindu-se asupra descifririi evolutiei
de ansamblu a proceselor magmatice si asupra recunoasterii prinecipale-
lor consecinte de naturd petrologicd, geochimicd, metalogenetica siprog-
noticd sub a@pect economic. Scopul principal al acestor %tudn a fost de
a sintetiza ansamblul datelor existente (publicate sau nepublicate), ca
si al celor obtinute prin lucrdrile proprii, efectuate in vederea fundamentirii
unei imagini revizuite asupra perspectivei regiunii §i a wnui prooram con-
cordant gi eficient de cercetare

Cadrul geologic

Rezultatele studiilor recent efectuate de Berza et al. (1930)
demonstreazd faptul cd masivul subvuleanic Toroiaga-Tiganul s-a format
pe seama unei activitd{i magmatice polifazice, rocile eruptive eviden-
tiind predominant o filiatie cuart-dioritici. In ordine cronologicd, pe
parcursul unei evolutii rapide si complexe s-au succedat 5 faze magma-
tice corespunzitoare andezitelor cuartifere de Novicior (1), andezitelor
de Toroiaga (2), dioritelor cuartifere de Secu-Novat (3), andezitelor cuarti-
fere de Vertic (4) si andezitelor de Piciorul Caprei (5). Desi fenomenul
general de transformare hidrotermald s-a declansat odatd cu primele faze
magmatice, in contextul procesului de propilitizare 4- epidotizare, local
cu aparitii difuze de piritd, pirotind si magnetit, formarea acumuldrilor
metalifere filoniene a avut loc dupid procesul general de consolidare a
masivului subvuleanic; trebuie insd remarcat faptul ci fragmente de an-
dezite mineralizate, sub forma unor enclave, apar remaniate in produsele
eruptive localizate la periferia corpului subvulecanic in formatiunile paleo-
gene din bazinul viii Cisla. ‘

Aspectele structurale preliminare prezentate in figurile 1 si 2 su-
gereazid faptul cd zona axiald a corpului subvulcanic (pe directie NV—SE),
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Fig. 1. — Schita geologicil cu principalele elemente de evolutic magmaticdt, tectonici si metalo-

geneticd (dupd T. Ber za, M. Borcos, D. Zincenco).
1, diorile cuarfifere de Secu-Novit (faza III); 2, andezite de Toioraga (faza II); 3, ande-
zite ecuartifere de Novicior (faza I); 4, If()rmaLiuni sedimentare peleogen-cretacic supcerioare;
5, formatiuni metamorfice; 6, fracturi regionale; 7, fracturi filonicne; §, conturul aureolelor
de impregnalii piritoase; 9, galeric.
Esquisse géologique avee les principaux ¢léments d’évolution magmatique, tectonique et
meétallogénique (d’aprés T. Berza, M. Borcos, D. Zincenco.)
1, diorites quartziféres de Secu-Novil (phase III); 2, andésites de Toroiaga (phase II):
3, andésites quartziféres de Novicior (phase I); 4, formations sédimentaires du Paléogéne-Cré-
tacé supérieur; 5, formations métamorphiques; 6, fractures régionales; 7, fractures filo-
niennes; 8, coptour, des au réoles d’imprégnations pyriteuses; 9, galeric.
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predominant constituitd din diorite cuartifere (care ar putea fi raportate
la doud canale principale de alimentare) in relatie §i cu elementele tecto-
nice ale celor doud sisteme regionale orientate NV—SE si NE—SV, re-
prezintd zona de maximi mobilitate metalogenetici. Intre cele doud zone
de inrdd#cinare a dioritelor cuartifere din bazinul viii Secul §i viii Novit
intr-o arie de largd brecifiere a andezitelor de Toroiaga cu hornblendd si
biotit se delimiteazd sistemul de fracturi filoniene din cimpul minier
Toroiaga, in majoritatea cazurilor acestea corelindu-se cu fracturile re-
gionale orientale NE din formatiunile metamorfice invecinate. Pind in
prezent s-a demonstrat cd fracturile filoniene invecinate cu corpul dioritic
din valea Secul pind in creasta Toroiaga (perimetrul zicamintului To-
roiaga propriu-zis cuprins intre filoanele Emeric si Octavian-Virfuri)
sint deosebit de importante din punctul de vedere al continutului in ele-
mente metalifere, infltimea etajului mineralizat in partea centrald a
zacdmintului depidsind 1000 m. Celelalte indicatii cu mineralizatii din
bazinul viii Novit-Coasta Mare conduc la presupunerea ci i contactul
sud-estic al corpului de diorite din bazinul vdii Novadt a fost la fel de
favorabil din punct de vedere etalogenetic.

Pentru cimpul minier Toroiaga se realizeazi, astfel prima imagine
de distribufie spatiald® a produselor metalifere, in acord cu elementele
structurale si cu evolutia proceselor magmatice. Spre deosebire de cimpul
minier Toroiaga, mineralizatiile din cimpul minier Tiganul se localizeazd
intr-o altd ambiantd structurald — in zona marginal-externd a corpului
dioritic din bazinul viii Novi}, zond consideratd cu o mobilitate metalo-
geneticl scdzutd. Aceeasi observatie este valabild si pentru zona marginal-
externd a corpului dioritic din bazinul viii Secul.

Factorul natural a indepirtat o bund parte din acumulirile filoane-
lor zécdmintului Toroiaga; la aceasta s-a adidugat si activitatea intensid
de extractie, ceea ce limiteazd in prezent observatiile directe doar la partea
median-inferioard a zdcdmintului. Pe de altd parte, si accesul in galeriile
din partea superioard a zdcdmintului este deosebit de anevoios sau im-
practicabil.

Din observatiile pe care le detinem se poate generaliza ideea c#, pe
lingl sistemul principal de fracturi filoniene cu directie NE ce ating di-
mensiuni considerabile, pind la 2,5 km, si grosimi uneori metrice (filoanele
Octavian-Virfuri, Johann, Caterina, Sofia, Orania, filonul X, Domnigoara,
Emeric), cu inclindri de 65—80° NV, se individualizeazd un sistem de fisuri
cu orientare variabild N 20—50° V, cu cdderi in ambele directii, care
adesea, in zonele de intersectie cu fracturile NE, genereazd local corpuri
de brecii. In apropierea fracturilor filoniene mentionate, acestea sint can-
titativ mai bine mineralizate. Cel de-al treilea sistem de fisuri este orientat
E—V, cu cideri variabile in ambele sensuri; prezenta mineralizatiilor in
aceste fisuri este cu totul subordonatd.

Noua imagine cartografici a masivului subvuleanic Toroiaga-Tiganul
(Berza et al., 1980) aratd cd mineralizatiile vin in contact cu produsele
eruptive din fazele 2, 3 si 4, care se suprapun in zona centrald si sudicd
a masivului, §i in acelasi timp si cu produsele fazei 5, care se regdsesc sub
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form# de dyvke-uri in ansamblul structurii. Produsele fazei 1 — andezitele
cuartifere de Novicior, cu dezvoltare areald in partea de nord a masivu-
lui — prezintd in foarte rare situafii slabe efecte de transformare hidro-
termald metalogenii. Este deosebit de importantd constatarea ficutd
cu privire la faptul c& fracturile filoniene orientate NE intersecteazi
produsele fazelor 2, 3, 4 5i 5, de unde se deduce fird dubii localizarea tem-
porali a produselor de transformare hidrotermald, precursoare forméirii
concentratfiilor metalifere filoniene si mineralizatiilor polimetalice, ulte-
rior consoliddrii structurii vulcanice si adaptdrii acesteia in contextul
regimului tectonic regional controlat de elemente dirijate NE.

Reconsiderind datele existente, la care se adaugi observatiile stu-
diilor intreprinse (Berza et al., 1978, 1979, 1980), rezultd ca procese
de transformare hidrotermald cu semnificatie metalogend pot fi conside-
rate epidotizarea, adularizarea, argilizarea §i silicifierea ; cloritizarea si
carbonatarea sint cu totul subordonate. Prezenta piritei este frecventi in
toate tipurile de roci eruptive, cantitativ insfi mai bine reprezentatd in
vecinitatea fracturilor filoniene. S-au intilnit situatii cind pirita este in-
sotitd de pirotind, magnetit §i uneori de calcopiritd, blendd sau galeni.

Pentru testarea caracterului geochimic global cantitativ al unor
asemenea roci hidrvotermalizate §i impregnate, care — asa cum s-a men-
fionat — suscitau interes in ideea ¢& ar reprezenta aspecte comune cu
minereul de diseminare de tip ,,porphyry copper”, s-au colectat doud
probe din zonele cele mai reprezentative, care au fost analizate la uzina
Gura Barza, conform metodologiei propuse si utilizate de Borcos et
al. (1980) in studiul zdcimintului Valea Morii. Rezultatele puse la dispo-
zitie de ing. chimist Doina Kheil sint consemnate in tabelul 1.
Se constatd astfel un continut metalic foarte scizut, chiar si in concen-

TABELUL 1

Distribufia principalelor elemente metalice in andezile hidrolermalizale si pirilizale
din cimpul minier Toroiaga

i i ! i
Ra t S P "t
Produs | oPO | Gu 9% | Pb% L % | S % | Fe% | Augit | Ag gt !
| ! i | i
] !
original 100 9, <0,02 [<0,0038{<0,02 |<0,5 <1 ! 1 1
concentrat 21,789, 0,02—|0,0016—| 0,02—| 2,4— 6—7 0,08—11,2—-2,0
metalic 0,03 [0,0040 0,03 25l 0,05
extras 0,229 0,04— 0,03—| 0,97—1 32,59 1 1
magnetic 0,06 — 0,04 7,49 49,27
steril 789, <0,01 |0,0027—{<0,02 [<0,36 |<5,50 |<0,01 i<1,0
0,0040 ]

tratul metalic global, care reprezintd o imbogitire de cinci ori fatd de
proba originard. Cu exceptia fierului magnetic, continuturile de Cu, Zn,
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Pb, Au, Ag sint total neinteresante. Rezultatele analizelor spectrale
efectuate de Ruxandra Florescu au aritat mai ales in concen-
tratul metalic global confinuturi de asemenea reduse de Co 25, Cr 32,
V 100, Mn 460, Ti 2650, Sn 190, As 100, Ga 18 si Bi 4 ppm.

Principalele aspeete mineralogice

Observatiile mineralogice, calcografice, geotermometrice si geochi-
mice Inregistrate evidentiaz# caracterul polimetalic al mineralizatiilor,
cu o tendintd logicé de distributie pe verticald i orizontald a produselor
cuprifere, plumbo-zincifere JyAu $i Ag. Aceastd variatie la nivelul para-
genezelor determinate se poate urméiri la toate filoanele, dar mai ales la
filoanele Qaterina, Domnigoara, Bmeric §i Virfuri-Octavian. Desi pérerile
sint impértite, majoritatea datelor nu sustine ideea ci ar exista o relatfie
intre variatia confinuturilor in principalii componenti metalici, grosimea
filoanelor si natura rocii-gazda.

Asociatia principald de elemente metalice caracteristice filoanelor
din z#@cdmint §i distributia lor spatiald concordid cu sensul general si
local la partea inferioard, mediand si superioari a zdcimintului.

Spre nivelele inferioare ale zicimintului se evidentiazid urméitoarele
parageneze :

Py, Pyt, Cpy::Mi, Bl, Gl, Ss, Q, C, D, Si?3pentru filonul Emeric ;

Py, Cpy, Bl, Ss, Q, O, D, Si pentru filonul Domnisoara ;

Py, Opy+£Gl, Q, G, Si pentru filonul X;

Py, Cpy+Mi, Bl, Gl, Ss, Q, C, D, Si pentru filonul Caterina.

n zona medianid a zdcimintului este caracteristici parageneza :
Py, Bl, Gl, 8s4:0Opy, Mi, Q, C, D, Si, semnalindu-se o tendintd de im-
bogatire in calcopiritd in zona central-mediand a filoanelor. Oa si in cazul
precedent, local se inregistreazéi cresterea continuturilor de aur §i argint,
in special legate de prezenta calcopiritei.

La partea superioard a zdcimintului apar preponderent Py, BI,
Gl4+Cpy, Q, O, B, D, Si, cu care se asociazi sulfosiruri de Cu, Pb,
Ag s5i continuturi de asemenea ridicate de aur si argint. Aspectele mi-
neralogice determinate in filonul Caterina aratid aceleasi tendinte varia-
bile de acumulare a calcopiritei in planul filonului.

Se poate de asemenea generaliza si constatarea ficutd pentru partea
mediand §i inferioard a zécimintului, cu privire la variatia asimetricd
pe orizontald a mineralizatiei. Partea centrali si superioari a filoanelor
este predominant cupriferd 4= Pb, Zn, in timp ce spre periferie minerali-
zatfiile au un caracter variabil plumbozincifer, cu aport diferit de Au,
Ag si As. :

Luind in considerare observatiile cu privire la distributia globali a
principalelor minerale metalice, se constatd ci pirita, calcopirita, blenda,
galena, mispichelul, pirotina, aurul, mai pufin sulfosirurile sint omni-
prezente in filoane; selectiv, pirita §i calcopirita predominid in filonul
Caterina, Domnigoara si Emeric, blenda si galena controleazi parage-
nezele filoanelor Johann §i Octavian-Virfuri, mispichelul apare frecvent

5 —ec. 622 65
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in filoanele Johann §i Emeric, pirotina in filonul Emerice, iar aurul—
identificat in mispichel, piritd, calcopiritd, blendi si galend—predomind
in filoanele Domnigoara, Caterina gi Johann; sulfosirurile,. acumulate
de preferintd la nivelul generatiilor de galend, apar frecvent in filoanele
Domnisoara, Johann si Octavian-Virfuri.

Mineralele de gangd sint. reprezentate prin cuar{ frecvent intilnit
in toate filoanele, deosebindu-se cel putin trei generatii. Cnartul din ge-
neratia a doua, format la nivelul calcopiritei ¢u care se asociazd pirita,
mispichelul §i blenda, contine numeroase incluziuni lichide bifazice;
acestea se intilnesc in ansamblul zdedmintului §i au fost utilizate in stu-
diul geotermometric (Borecos, 1967). Carbonatii (calcitul, dolomitul
si sideritul) sint omniprezenti, mai bine reprezentati in filoanele Caterina,
Johann, Domnisoara §i Emeric. Steclaci (1962) citeazd si prezenta
cantitativd a sericitului, care se asociazd cu cuartul si carbonatii. »

O contributie esentiald la cunoasterea sulfosirurilor, majoritatea
identificate pentru prima daté in zdcimint, a adus-o Steclaci (1962),
semnalind suita : bournonit, semseyt, jamesonit, plumozit, tetraedrit,
freybergit, boulangerit, geocronit, matildit, la care se asociazi si germa-
nitul. Printre mineralele secundare se citeazi calcozina, covelina, mala-
chitul, anglezitul, argentitul si stromeyeritul. Co ,

Nu este lipsit de interes si se reaminteascd faptul i in fracturile
filoniene de deasupra orizontului 1300 au existat numeroase geode care
atingeau uneori dimensiuni metrice, sediul unor conditii deosebite din
punct de vedere mineralogenetic. Aici au fost identificate esantioane —
— flori de mind — ecu valoare muzeistici de exceptie : cristale neobisnuit
de mari de piritd cu fete striate sau perfect plane, de pind la 30 —35 em?;
concresteri de cristale de cuart--calcit cu piritd, blend#, galend, calco-
piritd ; agregate de baritind lamelard translucidéd, ca §i aparitii specta-
culoase de tetraedrit si plumozit.

Pe baza observatiilor mineralogice, calcografice si geotermometrice
au fost avansate o serie de scheme privind succesiunea de formare a mi-
neralizatiei, care — cu unele deosebiri neesentiale — prezintd urmétoarea
tendintd de evolutie mineralogeneticd : Py, Pyt, Mi, Cpy, Bl, Gl, Ss
cu recurente (2 —3 generatii) de Mi, Cpy, Bl, Gl, Ss, aurul identificin-
du-se incd de la aparitia primelor elemente metalice. Ganga este predo-
minant cuartoasd la inceputul succesiunii §i carbonatici spre finele ei.

Caracterizare geochimiea

Unele aspecte geochimice deduse din comportarea principalelor
elemente majore (Cu, Pb, Zn, Au, Ag, S, Fe) au fost determinate intr-o
primé fazd de prelucrare a datelor de Steclaci (1962). Acestea se
referd doar la partea superioari a zicimintului, deasupra orizontului
1300, luindu-se in considerare filoanele Caterina, Domnisoara si Emeric,
ceea ce restringe posibilitatea de generalizare a concluziilor obtinute
asupra mineralizatiei din ansamblul zdcdmintului. Pe de altd parte, tre-
buie avut in vedere ci aceste concluzii au fost formulate pe un volum
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restrins de date primare, in interpretarea lor folosindu-se doar metode sta-
tistice de interpretare grafici.a variatiei continuturilor de elemente chi-
mice. In acest fel au fost mai bine caracterizate filoanele Caterina si
Domnisoara. S-a scos astfel in evidentd variatia continutului de Cu, Pb,
Zmn, Au, Ag pe orizontald si verticald, stabilindu-se relatii de corelare pen-
tru urmitoarele cupluri de elemente : Cu: Pb 4+ Zn; Au: Cu; Au:Pb+
Znj; Au: Ag; Au:S. S-a ajuns la concluzia ¢d cuprul creste in adincime,
spre partea superioard a zicimintului predominind Pb +Zn +4Au--Ag,
ultimul element determinind $i imbogitiri neomogene (asimetrice) la
periferia filoanelor. Totodat# se mentioneazd o comportare independentd
a aurului, cu toate ¢ in filonul Domnisoara se constata §i o legiturd strinsd
intre aceste dous elemente; de asemenea, se citeazd local relatii strinse
intre Au—Pb; Au—Ag. '

"~ Cu ocazia cercetiirilor geologice si metalogenetice recente (Berza
et al., 1978, 1979, 1980), s-a aprofundat studiul geochimic al mineralizatiei
din cimpul minier Toroiaga, beneficiindu-se de un volum mare de date
(circa: 18.000 analize), care provin din toate filoanele si de la toate orizon-
turile zdcidmintului. Numarul de analize si probarea sint reprezentative,
asigurind o interpretare judicioasi a datelor prelucrate cu ajutorul cal-
culatorului electronic in contextul unor metodologii geomatematice mo-
derne. Zicamintul Toroiaga a oferit o situatie deosebit de favorabild
pentru efectuarea unui studiu geochimic de detaliu, retinind atentia in special
filonul Caterina, deschis §i cunoscut pe o indl{ime considerabild, de 1000 m,
si pe o lungime de pind la 1500 m, ceea ce presupune o suprafatd de in-
vestigare de aproximativ 150 000 m?2. '

Compozitia chimiei a mineralizatiei ,

Din studiul distributiei statistice a continuturilor de elemente chi-
mice efectuate prin metode grafice (histograme de repartitie) $i prin me-
tode cantitative (metoda momentelor), a rezultat pentru fiecare filon in
parte §i in ansamblu pe zécamint atit compozitia chimicd, cit si variatia
statisticd a continuturilor in principalele elemente chimice. Verificarea
cantitativd a naturii distributiei empirice a continuturilor de elemente
chimice efectuatd prin metoda momentelor (Ianovici, Dimitriu,
1965) a evidentiat tendinta generald spre tipul de distributie statistica
lognormalid. Aceastd tendintd sugereaza desfdsurarea proceselor metalo-
genetice ca fiind determinaté de un singur factor cauzal, suficient de bine
individualizat. Examinind tabelul 2 §i diagramele din figura 3 se constatd
cd filoanele din zdcimintul Toroiaga se deosebesc din punctul de vedere
al compozitiei chimice, inregistrindu-se tendinte marcante de variatie,
cu termeni de tranzijie intre caracterul predominant cuprifer si cel pre-
dominant zincifer-plumbifer al mineralizatiei, de exemplu :

Filoanele Caterina i Orania — caracter cuprifer ;

Filonul Bartolomeu — caracter cuprifer-plumbifer-zincifer ;

Filoanele Johann si Emeric — caracter zincifer-plumbifer-cuprifer ;

Filoanele Virfuri si Octavian — caracter zincifer-plumbifer.

65



68 : M. BORCOS et al : 12.

Aspectele particulare, geochimice, cantitative ale filoanelor men-
tionate imprima caracterul geochimic global al zdcdmintului, scos in
evidentd de prezenta mineralizatiilor polimetalice (Cu, Pb, Zn +4 Au, Ag),

TABELUL 2

Valorile nor}nalizate ale conlinulurilor medii penl}'u elemeniele chimice pr_incipdlé
din filoanele zdcdmintului Toroiaga

Filonul S Cu Pb | Zn " Fe Au Ag
Virfuri 0,82 0,18 1,00 1,00 0,69 0,53 " 0,60
Octavian 0,63 0,17 0,46 | 0,81 0,56 0,53 0,56
Johan : 1,00 0,17 0,08 0,07 1,00 0,53 0,44
Caterina 0,79 0,73 0,12 0,16. 0,78 0,75 1,00
Orania” 0,64 1,00 0,03 0,04 0,64 0,09 ___0_,88 '
Sofia 0,48 0,47 — - 0,49 0,31 0,11
Domnisoara 0,80 0,27 0,02 0,03 0,81 | 1,00 - 0,32
X 0,59 0,81 ~ - 0,59 | 0,32 0,25
Bartolomeu 0,78 0,23 0,05 0,05 0,78 0,12 0,24
Emeric 0,74 0,21 0,13 0,10 0,73 0,21 0,35

subsidiar diferentiat marcate prin componenta lor predominant cuprifers
sau zincifers.

Pe baza coeficientilor de corelatie calculati in concordantd cu legea
de distributie adoptatd rezulti cd in ansamblul zdcimintului existd o
corelatie slabd intre elementele chimice mentionate (r< 0,4); totusi,
Ppe anumite tronsoane ale filoanelor s-au calculat pentru diverse cupluri
de elemente corelatii satisfiicitoare, chiar bune (r variind intre 0,45 —0,80) ]

Filonul Caterina —Pb —Zn (r = 0,57) ; Cu —Ag (r = 0,54); Au —Ag
(r = 0,46); '
: Filonul Virfuri —Pb —Zn (r = 0,86); Pb—Ag (r =0,78); Zn —Ag
r = 0,72) 5

Filonul Domnigoara — Pb —Zn (r = 0,54);

Filonul Octavian —Pb—Zn (r = 0,71) ;Pb —Ag (r = 0,56) ; Zn —Ag
(r =0,51);

Filonul Orania — Cu—Ag (r = 0,47).

. _ Legitura dintre cupru §i aur este in general mascatd in_ansamblul
zidcdmintului (r < 0,4); privitd ins§ local, pe filoane, dar mai ales la

B
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nivelul. anumitor orizonturi, corelafpla este satisficdtoare (r variazi intre

0,4—0,6).

Fb - Zn A
F Caterang ; n=1749; mx=111% f ﬂo/mxsam; 7= 1969; max.- 14, 2/

Po— /i 7 ¥ - :
£ 0c/awa/;, n=J358 ; max. -//2,4 Zac Toroizga; n<16620; man,= 6% £ Bartolomey; n- 7.9;/77:7#/.{2%20

VN

—In F
£ Johan; n=135; max=53% £ rania ; n=1387; mex.- 227/ £ Emerve; n= 882 ; max = 53/

Cu

Fig. 3. — Compozitia chimici a mineralizatiei din z#cimintul Toroiaga.

1zolinii cu echidistanta de 2,59, ; n, numir de probe analizate; x, maxim de frecvenii.
Composition chimique de la minéralisation du gisement Toroiaga.

Isolignes & équidistance de 2,5% ; n, nombre d'échantillons analysés ; x, maximum de fréquence.

Filonul Caterina, orizont 1045 r = 0,40;
orizont 1300 7 = 0,45 ;
Filonul Domnigoara, orizont 1045 r = 0,51.

Relatia Au~—Cu-+Pb-+Zn a fost urmiriti in deta.h%,b folosindu-se
pentru a,cea;sf,a o diagrami de variatie binard Cu(?}l-lAu 2 Pb4zn (tig. 4),
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din care rezulty aceeasi concluzie cu privire la existenta — doar in anu-
mite pirti ale zfcimintului — a unei corelatii bune intre Au—Cu inre-
gistratd pe filonul Caterina $i la nivelul orizonturilor 1486 si 1540.
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Fig. 4. — Caracterizarea chimici a mineralizatiei.

1—-109% izolinii de frecvenfd; n, numér probe analizate; x, maxim de frecvenfi.
Caractérisation chimique de la inéralisation.
1 —-109, isolignes de fréquence; n, nombre d’échantillons analysés ; x, maximum de fréquence.

In general, se constati o afinitate intre prezenta i uneori sensul
concordant de variafie al continuturilor de cupru i aur, ceea ce in mod
suplimentar imprim# mineralizatiei §i un caracter subordonat aurifer.

Cu privire la sensul corelatiei, se remarci ci acesta este pozitiv
pentru toate . colectivititile (zficdmint, filon, orizont) §i pentru toate
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cuplurile de elemente examinate, ceea ce demonstreazd o variatie identicd
(acelagi mod de comportare) a confinuturilor tuturor elementelor chimice,
observatie dedusd si din parametrii statistici ai variatiei continuturilor,
ca §i din 1epart1t1a spatiald a continuturilor in planurlle fracturilor
fllomene.

_§Dist1‘ibu§ia spafiald a continutului in elemente chimice
: Determinarea distributiei spatiale a mineralizatiei s-a ficut uti-
'lizindu-se analiza suprafe@elor polinomiale de tendlnta (Zineenco
.et al., 1981) si un nou procedeu de interpretare a parametrﬂor ce stabilese
gradul de metalizare a acumulirilor de minereu. S-au apreciat astfel ten-
.dintele generale de variatie a confinuturilor care caracterizeazd desfé-
surarea globald (amphtudmea) a proceselor de mineralizare, inregistrin-
'du se totodats §i principalele observatii cu privire la variatia primard pe
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ZFig. 5. — Zonele preferentiale de imbogitire a continuturilor de Cu, Pb, Zn, Au, Ag in filonul
Caterina.

1, Cu> 1,9%; Cu 1,1-1,9%; Cu < 1,1%; 2, Pb+Ag; 3, Zn; 4, Au.
- Zones préférentielles d’enrichissement des teneurs en Cu, Pb, Zn, Au, Ag dans le filon
i Caterina. ;
! 1, Cu> 1,9%; Cun 1,1-1,9%; Cu < 1,1%; 2, Pb+Ag¢; 3, Zn; 4, Au.
|
|ve1tlcala §i orizontald a mineralizatiei §i la conturarea zonelor preferen-
‘tiale de imbogiitire in anumite elemente (tab. 3, fig. 5, 6, 7).
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TABELUL 3

Variafia pe verlicald a asociafiei elemenlelor chimice principale in
zdcaminlul Toroiaga

Gradul de 5 . g ke Ordinea de partici- .
Orizontul | mincrali- Remiﬁm(:ﬁ?eclﬁl;:.lcc::palde pare a clementelor Z.onz.ﬂ;!:atc?.'
e i chimice ‘mineralizatiei
Filonul Caterina
Cu 0,74 | ;
1540 1,55 | ——— = | Cu, Ag, Au, Pb, Zn| Cu(Ag, Au, Pb, Zn)
Ag+Au+Pb-+Zn 0,81 : ‘
. 1486 1,41 i 3 Ag, Zn, Pb, Au, Cu| Ag, Zn, Pb(An, C
= : Au-Cu = 5 B, A0, by SCH 8, 02N, Cl)
1410 2,11 | Au, Pb, Ag, Zn, Cu Au, Pb, Ag, Zn, Cu| Au, Pb, Ag, Zn, Cu
1382 2,74 | Ag, Cu, Pb, Au, Zn Ag, Cu, Pb, Au, Zn| Ag, Cu, Pb, Au, Zn
Ag+Cu+4Au 2,25
_— = Ag, Cu, Au, Zn, Pb
29 e Zn+Pb 0,50 | 8 & ,
Ag, Cu, Au(Zn, Pb) |-
g Ag+Au+Cu 1,66 D |
13 ,16 = , Au, Cu, Zn,
. Zn+Pb 0,50 | ¢ :
Au+Cu 0,96
1263 1,70 T Au, Cu, Zn, Ag, Pb
Zn+Ag+Pb 0,74
0,98
1218 1,26 AUSasrOE LR | e Bh Ens
Zn+Pb 0,28
,62
1165 1,08 TP Ll W T e
Ag+7Zn+Pb 0,36
1,
1118 | 1,48 autagtCu 1,28 . Ag, Cu, Zn, Pb
Zn+Pb 0,20
Au, Cu(Ag, Zn, Pb)
1045 0,89 G- _ 981 | au,Cu, Ag, Zn, Pb
Ag+Znt+Pb 0,28 )
975 | 1,06 SvEty _ 081 | su, Cu, Ag, Zn, Pb
Ag+Zn+Pb 0,25
930 | ‘1,16 AutCu 0,85} .y cu, Ag, Zn,Pb
Ag+Zn+Pb 0,31
890 | 0,9 AutCu 0,63 sy cu,Ag, Zn, Pb
Ag+Zn-+Pb 0,32
822 0,82 Au+Cu _0:58 1 Au, Cu, Ag, Zn, Pb
Ag+Zn+Pb 0,24
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(conlinuare tabelul 3)

. |Gradul de - s Ordinea de tici- i
Orizontul | minerali- Re-lazllinil:::e &T:l?;pal €l pare a elempeal:telor Z‘onallPateg .
zaTe & chimice mineralizatiei
Filonul Orania
1300 1,45 Cu+Au _ 120} cu, Au, Ag, Ph, Zn
Ag+Pb+7Zn 0,25 i
£ - - 56‘ Cu, Au(Ag, Pb, Zn)
1263 0,65 AUfAsIPbiZn ~ 0.15 Cu, Au, Ag, Pb, Zn
Cu 0,40
1218 0,63 m = (T2—1 Cu, Ag, Au, Pb, Zn | Cu(Ag, Au, Pb, Zn)
Cu 0,85
1165 1,14 BRihurZn P = wah Cu, Ag, Au, Zn, Pb
K Cu 0,45
1181 0,74 Ag-i—Au+Zn+Pb = 0.29 Cll, Ag, Au, Zl'l, Pb Cu(Ag} Au9 Zn: Pb)
Cu 0,21
1045 0,45 Ag+AUTZn1bb = 5,24 Cu, Ag, Au, Zn, Pb
I Ag 0,40
975 0,61 CutAU+ZniPb = 0,21 Ag, Cu, Au, Zn, Pb | Ag(Cu, Au, Zn, Pb)
Filonul Domnisoara
1165 0,78 Au 0,53 | Au, Cu, Ag, Zn, Pb
i Cu+Ag+Zn+Pb ~— 0,25
Au 1,00
1118 1,29 CuTAgLZnI Db T = 5.29 Au, Cu, Ag, Zn, Pb
Aun 0,97
e T Au(Cu, Ag, Zn, Pb
S 1,26 | GuAgTZas b =~ 0.39 | A% O Ag Zn, Pb| AU(CY As )
975 0.56 Au 0,37
5 s CatAg+Zn+Pb 0.19 Au, Cu, Ag, Zn, Pb
Au 0,25
930 0,49 Cu+Ag+Zn+Pb 0,24 | Au, Cu, Ag, Zn, Pb
Filonul Virfuri
Zn+Pb 1,91 i
1540 2,47 AuTAg+Cu = 0.56 Zn, Pb, Au, Ag, Cu| Zn, Pb(Au, Ag, Cu)
Filonul Octavian
Zn—+Pb 1,23
1410 l 1,78 l m = 055 Zn, Pb, Au, Ag, Cu| Zn, Pb, Au(Ag, Cu)
o A " Filonul Johan
Au 0,32
1300 0,67 m = 035 | Au, Ag, Cu, Zn, Pb | Au(Ag, Cu, Zn, Pb)
g 5
Filonul Emeric
975 | 0,59 | Ag, Pb, Zn, Cu, Au | Ag, Pb, Zn, Cu, Au| Ag, Pb, Zn, Cu, Au
930 | 0,62 | Au, Ag, Pb, Cu, Zn | Au, Ag, Ph, Cu, Zn | Au, Ag, Pb, Cu, Zn
Filonul Bartolomeu
822 | 0,83 | Cu, Au, Ag, Zn, Pb [ Cu, Au, Ag, Zn, Pb| Cu, Au, Ag, Zn, Pb
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In conditiile deschiderii zicimintului Toroiaga, studiul variatiei
areale a mineralizatiei s-a efectuat doar pentru filoanele Caterina,
Domnigoara §i Orania, mai bine cunoscute pe verticald. : :

NE

1300 _ || ' . iyt

Fig. 6. — Zonele preferentiale de imbogitire a confinuturilor de Cu, Pb, Zn, Au, Ag in,
filonul Orania.
1, Cu> 1,59%; Cu<1,5%; 2, Pb; 3, Zn; 4, Au; 5, Ag.
Zones préférentielles d’enrichissement des teneurs en Cu, Pb, Zn, Au, Ag dans le filon Orania.
1, Cu> 1,69%; Cu < 1,5%; 2, Pb; 3, Zn; 4, Au; 5, Ag.

Suprafetele de tendinte calculate evidentiazd caracterul global cu-
prifer al filoanelor, com;muturﬂe de cupru repartlzmdu se in  zone cu
grade diferite de concentratie. Pe acest fond, in care continuturile de
cupru sint omniprezente, se delimiteazs in cadrul unor domenii cu valori,
forme si sensuri de dezvoltare spatiald variabile, zone de maximi imbo-
gaﬂglre a celorlalte elemente analizate (Pb, Zn, Au, Ag). Din figurile 5,

6 si 7 reiese cd la partea superioard a zicdmintului, pe lingd cupru, se
acumuleaz$ concentratiile cu valori maxime de Pb—+Zn+Agd4Au; aurul
apare insd la fel de caracteristic in partile mediane §i inferioare ale, filoa -
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nelor. Se semnaleazi astfel afinititi geochimice intre Pb—Zn—Ag—Au;
-Cu—Anu i Cu—Ag, care nu se reflects atit de bine prin metoda corelatiei.

SV oy HE NE

'Fig. 7. — Zonele preferentiale de imbogitire a continuturilor de Cu, Pb, Zn, Au, Ag in
filonul Domnisoara. :
1, Cu> 1,8% ;Cu<0,8%; 2, Pb; 3, Zn; 4, Au; 5, Ag.
Zones préférentielles d’enrichissement des teneurs en Cu, Pb, Zn, Au, Ag dans lc filon
Domnisoara.
1, Cu> 0,8%; Cu <0,8%:; 2, Pb; 3, Zn; 4, Au; 5, Ag.

Pe de alty parte, zonele de imbogitire preferentiald cu pozitie cen-
trali sau periferici localizate la partea superioard, mediani sau inferioard
a zdcdmintului, lasd sd se presupund in anumite momente ale succesiunii
de mineralizare interventia unor secvente mineralogenetice de mai mare
intensitate (cu modificarea concentratiei initiale a solutiilor in ioni me-
talici); caracteristice unei activitd{i metalogenetice polistadiale.

Repartitia spatiali cantitativd a mineralizatiel in zicZmintul
Toroiaga demonstreazi evident caracterul zonal al procesului mineralo-
genetic, deosebit de bine surprins in filonul Caterina, aspect care se re-
flectd concordant §i in gradul de metalizare dedus din ponderea de parti-
‘cipare a elementelor chimice in compozitia minereului (tab. 4).

Imaginile de distributie a mineralizatiei, dar mai ales sensurile de
dezvoltare spatialy a zonelor preferentiale de imbogitire in anumite
‘elemente majore, caracteristice zdcdmintului, consemnate in figurile 5,
6,.7, 8 demonstreazd faptul ci mineralizatiile se extind pe verticals si
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a2 zicimintului (in planul filoanelor Caterina-Domnisoara),  aducindu-se
pe de alt# parte contributii interésante prin realizarea unui nou instru-
ment de calcul geochumc cantitativ, de mare eficientd in apreclerea Z0-
nelor de prognozi din'extinderea mmera,hzadgulor explorate si in curs de
valorificare.

Asociatia de elemente minore

Sursa principald de date pentru caracterizarea comportirii asocia-
tiei de elemente minore o reprezintdi studiile efectuate de Steclaci
{1962). Determindrile executate pe principalele minerale metalice com-
ponente ale minereului. (Py, Pyt, Cpy, Bl, Gl) au pus in evidenti, pen-
tru partea superioard a zicimintului, o asomad;le bogatd de elemente mi-
nore, care trebuie consideratd parfial reprezentativi, deoarece nu se
bazeazd pe o probare omogend §i sistematicd, ce ar fi permis luarea in consi-
derare a tuturor generatiilor de minerale metalice recunoscute in contex-
tul succesiunii de mineralizare stabilite; cu atit mai mult asociafia de
elemente minore determinate nu poate fi generalizatdi pe ansamblul
zacdmintului.

Luind in considerare observatiile obfinute pentru mineralele me-
talice examinate care provin din filoanele §i nivelele situate deasupra
orizontului 1300 m, s-a stabilit urmitoarea ordine de participare can-
titativi a elementelor minore :

Py = As, Shb, Bi, Ag, Se, Mn, Ni, Co, Auf+Mo, Te;

Pyt = Ni, Co, Mn+Au, Ag, Se, Te;

Cpy = As, Sb, Bi, Ag, Mn, Ni, Co+Mo, Sn, In, Au, Se, Te;

Bl = Cd, Mn, As, Ag, In, Sb, Bi, Sn, Se, Te, Ti, Au+4Ni, Co, V;

Gl = Ag, As, Sb, Bi, Cd, Mn, Sn, Se, Te4Ti, Au. :

Aga cum rezultd din studiile calcografice, care atrag atentia asupra
concresterilor frecvente identificate intre majoritatea mineralelor metalice
si asupra numeroaselor incluziuni recunoscute, este de la sine inteles ci
nu se putea asigura un grad mare de puritate a materialului de analizi.
Doar in acest fel se explicid conjinuturile mai ridicate de Sbh, Bi, Ag in
piritd si calcopiritd, impurificate cu sulfosdruri; de As, Sb, Bi, Ag, Ni,
Co, Sn in blendd concrescutd sau care contine incluziuni de Cpy, Gl,
Mi, Py, Ss §i de As, Sb, Cd, Mn in galend, adesea intim asociatdi cu
blend#, sulfosiruri, uneori i cu piritd si calcopiritd.

Farg si fie doveditd lipsa lor, nu au fost identificate in minereul
zicimintului Toroiaga Ga, Cr, Tl, W sau telurul in galend. Elementele
mentionate apar frecvent in mmerahzatule (cu aceeasi p0z1131e metalo-
geneticd) filoanelor din masivul Gutii.

Valorile i tendinta de variayie a conjinuturilor de Se, Te, Co, Ni
in pirite, de Se, Te, Co, Ni, Sn in calcopirite, de Se, Mn, In in blend% si
de bismut in galend s-au folosit ca indicatori de temperaturd, caracteri-
zindu-se pe baza lor conditii corespunzitoare unui stadiu mezotermal
(Steclaci, 1962),



78 M. BORCOS et al, e 22

in studiile metalogenetice intreprinse ( Berza et al,, 1978, 1979,
1980) nu s-a putut aprofunda geochimia elementelor minore, mai ales in
zona mediand §i partial in zona inferioari a zdcdmintului, mare parte din
acumulirile cunoscute fiind exploatate. Este indicat ca pe viitor si se
obting informatii suplimentare pentru partea inferioard a zdcimintului,
care, in corelatie cu datele existente, s& conducé la stabilirea unei imagini
de distributie a elementelor minore in ansamblul  zdcidmintului §i la de-
terminarea legiturilor existente intre variatia confinuturilor de elemente
minore §i majore.

in acest stadiu de cunoagtere, considerim ci se defin date suficiente
privind repartifia cantitativi a continuturilor in elemente minore pentru
cele mai importante minerale metalice localizate in partea superioari a
zicdmintului ; se poate imagina astfel o tendintd generald de distributie
a acestora in concordantd cu sensul de variatie determinat pentru prin-
cipalele elemente §i minerale metalice.

Coneluzii

Reconstituirea succesiunii evenimentelor magmatice deduse din stu-
diul relatiilor existente intre produsele eruptive proaspete, transformate,
si produsele hidrotermale a permis localizarea spatiald si temporald a
proceselor metalogenetice si aprecierea conditiilor fizico-chimice de for-
mare a mmerahza‘gulor

Declangarea activitdtii hidrotermale s-a produq mai ales prmtr un
proces generalizat de proplhtlzare, chiar la nivelul primelor faze magma-
tice responsabile de formarea corpului subvuleanic Toroiaga—f!?iganul.
Procesul metalogenetic propriu-zis se amplificd i decurge cu formarea
mineralizatiilor polimetalice filoniene dupa consolidarea corpului intrusiv
si adaptarea acestuia in regimul tectonic regional.

Desigurarea proceselor metalogenetice a fost conditionatd si
intretinutd de permeabilizarea avansatd a structurii intrusive. Fracturarea
densd, pe directia aliniamentelor tectonice majore orientate NE, din
vecinitatea corpurilor dioritice §i in zona cuprinsd intre ele (aria cimpului
minier Toroiaga) a determinat localizarea proceselor si modul lor general
de evolutie, atit in stadiul precursor de transformare hidrotermald metalo-
geni, cit §i in cel de acumulare a minereului. Prezenta fracturilor regio-
nale cu mobilitate tectonicd si in etapa de mineralizare (dupi consoli-
darea structurii intrusive) explicd in mare m#surd :

— amploarea s§i intensitatea deosebitd a proceselor metalogenetice
manifestate in planul fracturilor pe suprafete considerabile ;

— intervalul relativ scurt de derulare a activitdtii metalogenetice ;

— localizarea produselor de transformare hidrotermald metalogend
in veciniitatea fracturilor filoniene sau in spatiul de bre01f1ere interfilo-
nian¥% cu lipsa unei zonalitdti evidente ;

— textura predominant brecioasd a minereului ;

. — zonalitatea mineralizatiilor pe verticald si orlzontala, ca §i° ano-
maliile inregistrate de zonele preferentlale de imbogitire in anumite ele-
mente metalice in planul fracturilor {filoniene (fig. 8).
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Rezultatele studiilor mineralogice care se referi doar la anumite
parti din zdcidmint atestd caracterul cuprifer, plumbo-zincifer, in parte
aurifer, al mineralizatiei, constatindu-se o tendintd legicd de acumulare
a minelalizatiilor plumbo-zincifer-aurifere la partea superioard a zicimin-
tului bogatd siin sulfosdruri de Cu, Pb, Ag; de asemenea, se constati
frecvent dlspozn;n asimetrice pe orlzontald, reprezentate prin imbogatiri
variabile in piritd, calcopiritd, blends, galeni, mlsplchel si sulfosdruri,
in parte confirmate de analiza geochimica.

Rezultatele studiului- oreochnmc, care se referd la ansamblul zdcd-
mintului, in limitele spatiului deschis prin reteaua de galerii, oferd elemente
suplimentare de cunoastere. Acestea se referd in special la conditiile fizico-
chimice de formare a mineralizatiei, de evolutie a proceselor metalogene-
tice, la compozitia chimicd a minereului, la distributia spatiald a princi-
palelor asociatii de elemente majore $i minore, ca si la. aspectele prognotice
ce decurg din ipotezele si imaginile noi avansate.

Concordanta stabiliti intre datele mineralogice si geochimice in
studiul mineralizatiilor polimetalice din zdcimintul Toroiaga scoate in
evidentd caracterul predominant cuprifer al acumulirilor, sesizindu-se
insd si aspeete particulare mineralizatiilor plumbo-zincifer-aurifere. Dez-
voltarea spatiali a domeniilor de imbogdtire preferentiald in principalele
elemente metalice (Cu, Pb, Au, Ag) sugereazi, pe de-o parte, dou#d mo-
mente mineralogenetice principale, responsabile de formarea acumuliri-
lor filoniene, si pe de altdi parte, conturarea a doud surse de aport, care
se inrddicineazd divergent in planul. fracturilor spre SV, respectiv spre
NE. Pot fi deosebite astfel, temporal si spatial, cel putin dou# stadii mine-
ralogenetice, care presupun afinitdfi geochimice particulare intre Cu,
Pb, Zn, Au, Ag, determinate fie in contextul procesului primar de acu-
mulare cu distributie zonald a elementelor, fie pe seama imbogatirilor
ulterioare in Cu; Cu-+Au; CutAg; Au; Au-+tAg; Au-+Pb-+Zn; Zn;
Pb; Pb+Zn, care au avut loc simultan sau in secvente diferite, ceea ce
demonstreazi cd succesiunea de mineralizare, apreciatd ca desfisurindu-se
in cadrul acestei faze, este formatd pe seama mai multor generatii de
Py, Cpy, Bl, Gl, Mi si alte minerale metalice, in conditii termodina-
mice corespunzitoare unor stadii mezotermale §i mezohipotermale. Prin
realizarea imaginilor de distributie a confinuturilor in principalele mine-
rale metalice se obtine o viziune imbunatétiti asupra modului general
de derulare a proceselor metalogenetice si asupra caracterului geochimic
cantitativ global al mineralizatiei.

Rezultatele cercetdrilor geochimice efectuate sint deosebit de sem-
nificative, demonstrindu-se faptul cé ele pot fi utilizate §i in orientarea
programelor de cercetare, ca si in elaborarea documentatiilor de prognoza.

3 Py = piritd ; Pyt = pirotind ; Cpy = calcopiriti ; Mi = mispichel; Bl = blenda; Gl=
galend ; Ss — sulfosdruri; Q = cuar}; C = calcit; B = baritind; D = dolomit.
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LA GEOCHIMIE DES MINERALISATIONS POLYMETAL-
LIQUES DU CHAMP MINIER DE TOROIAGA (BAIA BORSA,
MONTS DE MARAMURES)

(Résumé)

Le gisement Toroiaga a suscité I'intérét des specialistes par suite des études de-
Socolescu (1948 —1952), lorsqu’on a contouré les principaux aspects pétrologiques et
métallogéniques caractérisant linstrusion subvolcanique Toroiaga-Tiganul. Lecs recherches.
ultérieures ont apporté d’informations supplémentaires, de détail, sur la structure du gisement,.
la minéralogie et la géochimie des accumulations, le type de transformations hydrothermales,-

" les conditions physiques de formation des minéralisations etc. (Borcos, 1967; Szoke,.

1962; Steclaci, 1962; Gridan et al. 1979). Depuis 1977 et jusqu’en 1980, dans le-
cadre d’un programme complexe de recherches, on a repris 'étude géochimiquc des minéra--
lisations du champ minier Toroiaga (Berza et al.), dans Iintention de déchiffrer spéciale-
ment I'évolution des processus minéralogéniques, les conditions d’accumulation, la distribution
des produits et la signification prognotique de ces aspects. A partir des études pétrologiques.
et de I'image réalisée sur Vévolution des processus magmatiques (Berza et al., 1980), on-
a démontré que la phase de minéralisation s’était déroulée aprés la consolidation de l'intrusion
subvolcanique et I’adaptation de celle-ci au régime tectonique régional imprimé par des aligne--
ments de fractures orientés NE. Les fractures filoniennes les plus importantes sont loca--
lisées au voisinage des corps dioritiques (la troisitme phase magmatique) et dans leur inter-
stice (la deuxi¢éme phase magmatique — andésites de Toroiaga) (fig. 1, 2). Les minéralisations.
viennent ainsi en comtact avec les produits éruptifs attribués aux phases 2, 3 et 4, qui se-
superposent dans la zone centrale et méridionale du massif intrusif; mais celles-ci agissent
partiellemient sur les produits des phases 1 et 5 aussi (fig. 2).

Les processus de transformation hydrothermale se sont manifestés en méme temnps.
que les premitres phases magmatiques — effets de la propylitisation sont retrouvés dans I’en-
semble de la structure. L’évolution du magmatisme découle de ’'amplification du processus-
de transformation hydrothermale, avec passage & des aspects caractéristiques de transformation
métallogénique : épidotisation, adularisation, argilisation, silicification, chloritisation et car-
bonatation subordonnés; les effets de cette activité de transformation hydrothermale pré--

6 —c, 622
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curseurs de la formation des minéralisations sont identifiés seulement au voisinage des frac-
tures filoniennes et dans les zones de bréchification interfiloniennc. La propylitisation et la pré-
sence de la pyrite impriment parfois aux roches éruptives des aspects communs aux andésites
imprégnées ; les tencurs cn éléments métalliques dans ces roches sont trés réduites: avec
Cu < 200 ppm; Pb <5 ppm; Zn < 200 ppm, l'or et 'argent absents. '

La camposition minéralogique de la minéralisation est impriméc par la préscnce quan-
titative de la pyrite, pyrrhotine, chalcopyrite, blende, galéne, mispickel, sulfosels de Cu,
Pb, Ag ct Au, omniprésents. Sur filons et au scin de ceux-ci, les minéraux métalliques
s’associent de maniére variable et sulective, en montrant de claires tendances dc disposition
zonaire sur la verticale et sur I’horizontale. Le cours général du processus minéralogique est
visible dans une succession compréhensive marquée par pyrite, pyrrhotine, mispickel, chalco-
pyrite, blende, galéne, sulfosels avec recurrences (2 —3 générations) de mispickel, chalcopyrite,
blende, galéne, sulfosels, I'or étant identifié dés ’apparition des premiers é1éments métalliques ;
la gangue est surtout quartzeuse au commencement de la succession et carbonatique vers sa fin.

La caractérisation géochimique du gisement pendant une premitre phase d’investiga-
tion des filons Caterina, Domnisoara et Emeric a été faite par Steclaci (1962),. étant
soulignée la variation spatiale des tencurs en Cu, Pb, Zn, Au, Ag et établies des relations de
corrélation pour les suivants couples d’¢1éments: Cu: Pb+Zn; Au: Cu; Au:Pb+Zn; Au:
Ag; Au:S; on a signalé aussi des enrichissements non-homogénes, a dispositions assy-
métriques, de Cu, Pb, Zn, Ag, et le comportement parfois indépendant de I’or.

L’étude géochimique cst fondée sur un grand volume de données (18 000 analyses),
qui reflétent la situation de tous les filons ouverts 4 tous les horizons du gisement ; on re-
tient particulierement la situation tout a fait favorablc du filon Caterina, connu sur une hauteur
considérable, de 1000 m, et sur une longueur de 1500 m, ce qui représente une surface d’in-
vestigation de 150 000 m? d’oll I'on a prélevé plus de 13 000 analyses chimiques.

La composition chimique de la minéralisation a été déterminée par I'analyse de la dis-
tribution statistique, des teneurs en éléments chimiques, le type de distribution suggérant
que le déroulement des processus métallogéniques a €té provoqué par une seule cause. Le
tableau 2, figures 3, 4 démontre le fait que les filons du gisement ne différent que du point
de vue de la composition chimique, étant enregistrées des variations avec des termes de
transition entrc le caractére prédominant cupriféretor et celui & dominance plumbo-zinci-
féereor. Sur le plan local, pour divers couples d’éléments : Pb : Zn, Cu : Ag, Au: Ag, Pb: Ag,
Zn:Ag, Cu: Ag on a calculé des corrélations satisfaisantes, parfois bonnes (r = 0,46 —0,86) ;
dans V’ensemble du gisement on a déterminé quand méme une faible corrélation entre .les
principaux ¢léments métalliques (r < 0,4). On a analysé spécialement la relation Au:Cu-+
+Pb-+2Zn (fig. 4), étaut évidenciée Iaffinité géochimique entre cuivre et or, marquée -sou-
vent par le sens concordant de variation des teneurs et parfois par la corrélation bonne
‘Au : Cu enregistrée pour le filon Caterina 4 la partie supérieure du gisement.

La détermination de la distribution spatiale des tencurs a été faite a 1’aide de 1’ana-
lyse des surfaces polynomiales des tendances et des paramétres qui établissent lc degré de
métallisation des accumulations de minerai. Les surfaces de tendance plaident pour le carac-
tére global cuprifére du gisement, les teneurs en Cu étant réparties dans des zones avec dif-
férents degrés d’enrichissement. Sur ce fond on délimite, dans le cadre de certains domaines
avec valeurs, formes ct sens de développement spatial variables, des zones d’enrichissement
maximum en Pb, Zn, Au, Ag. Les figures 5, 6, 7 et le tableau 3 montrent le caractére zo-
naire du processus métallogénique, mieux saisi dans le filon Caterina (fig. 8). Les mémes
<données suggérent deux moments minéralogiques principaux responsables de la formation
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quantitative des minéralisations, ainsi que le contour de deux sources d’apport orientées.
de facon divergente dans le plan des fractures vers le SO et le NE. Dans Pensemble du gise-
ment, ainsi que pour chaque filon a part, on a pu préciser des affinités géochimiques dis-
tinctes et variables entre Cu, Pb, Zn, Au, Ag, mieux mises en évidence dans les zones d’en-.
richissement en Cu; CutAu; Cu-+Ag; Au; Au+Pb+Ag; Zn; Pb; Pb+Zn. L’ensemble:
des observations soutient aussi I'idée émise sur le rangement des processus nétallogéniques.
dans une seule phase de 1nineralisation, les accumulations de ininerai étant formées aux.
dépens de plusieurs générations de pyrite, pyrrhotine, mispickel, chaleopyrite, blende, galéne-
avec lesquelles s’associent aussi les autres minéraux métallique et de gangue dans des conditions.
thermodynamiques correspondant a2 un stade mésothermal-mésohypothernal. Pour cela plai-
dent les résultats des déterminations géothermomeétriques (Borcos, 1967) et la significations
des éléments mineurs déterminés Se, Te, Bi, Mn, In, Co, Ni, Sn (Steclaci, 1962).

Les résultats de I’étude géochimique offrent la possibilité de dresser une image amé-
liorée sur le mode général de déroulement des processus métallogéniques en démontrant qu’on,
peut les employer dans les estimations prognotiques et ’orientation des programmes de recherche..
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OBSERVATIT LITOGEOCHIMICE §I IMPLICATII METALO-
GENETICE IN ARJA_ VULCANICA GAINEASA (CRATERUL °
SEACA-TATARCA, MUNTII GURGHIU) !
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Volcanism. Andesiles. Hydrothermal alterations. Lithogeochemislry. Metallogenesis. Trace
elements. Prognosis — premises. East Carpathians. Young eruplive. Gurghiu.

Abstraet

ILithogeochemical Remarks and Metallogenic Implicat-ions
in the Gdineasa Volcanic Arca (Scaca-Tdtarca Crater, Guvrglliu
Mountains). The Seaca-Tdtarca crater (Fig. 1) represents the largest eruptive unit from
the southern part of the Gurghiu Mountains (East Carpathians). A mixed, prevailingly
effusive volcanic activity manifesting intensely during the Pliocene led to the building up of
the Seaca-Titarca volcano; the succession of eruptions took place from hornblende andesites
to pyroxenes andesites. The hydrothermal activity is associated with the eruptions of green
hornblende andesites and hornblende + pyroxenes andesites. Argillization and silicification
show a greater extension in the hydrothermal transformations area. Thesc transformations as
wcll as the presence of gold-silver and base metal mineralizations arc located in the Gdineasa
Valley hydrographic basin in the south-eastern part of the crater (Pl. I). The detailed image
on the distribution of B, Cu, Pb, Zn, Mo, As, Ag in the Giineasa area was provided by
750 spectral analyses and 110 chemical analyses. Background and threshold limit lithogeoche-
mical values have been established for each fresh and hydrothermalized andesite as well as
for pyroclastics and thus the metallogenetic peculiarities of the various eruption moments
were noticed. Boron is a good metallogenic indieator; for instance this element is absent in the
hornblende -+ pyroxenes andesite, but it shows values up to 3,000 ppm and 5,200 ppimn res-
pectively in the same argillized and silicified andesite. The boron anomalous values are posi-
tively correlated with those of Cu, Pb, Zn (Fig. 3). The Cu, Zn, Mo contents show important

1 Predati la 9 mai 1980, acceptati pentru publicare la 9 mai 1980, comunicati in

sedinta din 30 mai 1980.
2 Institutul de geologie si geofizici, str. Caransebes nr. 1, 78344 Bucuresti 32.

3 Intreprinderea de prospectiuni si exploriri geologice s,Harghita”, str. Gheorghe Doja
ar. 6, 4100 Miercurea Ciuc. .
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increases as compared to the lithogeochemical threshold limit, especially in the silicified an-
desites (Table 5, Figs.3—5).The Cu—Mo—Zn—Pb— A lithogeochemical anomaly covers
most of the hydrothermal area at Giineasa (Pl. I); within it the copper-molybdenum anomaly
including anomalous boron values is delimited in the central-western part. This anomaly
overlies the copper pedogeochemical and the geoelectric anomalies. The modcrate extent of
the Cu, Mo, Zn, Pb, Ag anomalies in comparison with the lithogeochemical threshold limit
might be due to a disseminated mineraliation which is associated with some eruptive bo-
dies lying at a depth of over 500 m in the crater infrastructure (Fig. 2). The principal metal-
logenic control factor is constituted by the fractures crossing the Giineasa area in the N'W
—SE dircction. These fractures belong to the major tectono-volcanic and metallogenic system
of the Gurghiu Mountains (Fig. 1). The Giineasa fractures group controlled the building up
of the eruptive structure, which became permeable, and favoured the activity of the hydro-
thermal-metallic flux. The good results obtained in the Seaca-Tidtarca crater by the usc of
the lithogeochemical data in the metallogenic studies, recommend the application of this
methodology in the prospection activity that will be going on in the future in craterial or extra-
craterial arcas from the Cilimani-Gurghin-Harghita Mountains.

I. Introdueeré

Edificiul vulcanic cu crater Seaca-Tdtarca reprezintd cea mai mare
unitate vulcanici din compartimentul superior al sudului Muntilor
Gurghiu. _

In aria crateriald Seaca-Titarca s-au executat in perioada 1956-—
1978, in diferite etape, cercetdiri complexe geologice, geofizice, geochi-
mice, cu lucrdri miniere §i foraje. Aceastd activitate s-a insecris in progra-
mul de ansamblu care in ultimele decenii a vizat cercetarea ariei vulcanice
Cilimani-Gurghiu-Harghita cu scopul de a se evidentia ariile de per-
spectivi, metalogenetici §i de a se verifica aceastd perspectivi.

Ca urmare a realizérii programului complex a fost descifratd strue-
tura geologicd a edificiului Seaca-Tdtarca pind la o adincime de circa
500 m sub actualul nivel de eroziune crateriald, remarcindu-se complexi-
tatea acestui edificiu. Totodatd au fost obtinute indicatii privind dezvolta-
rea arealy §i in adincime a proceselor hidrotermale de alterare-mineralizare.

In perioada 1975—1977, autorii prezentei lucréri au efectuat studii
metalogenetice §i prospectiuni geologice de mare detalin eu Iucréri mi-
niere de suprafatd in sudul craterului Seaca-Tédtarca. Cu acest prilej s-a
realizat un important volum de date litogeochimice din deschideri naturale
si artificiale (santuri, puturi.) Integrarea datelor litogeochimice privind
unele elemente minore indicatoare in metalogenezd, precum Cu, Ph, Zn
Ag, As, Mo, B, Hg, cu datele petrografice si paleovulcanologice-structurale
a condus, pe baza anomaliilor litogeochimice, la aprecieri privind perspec-
tiva pentru mineralizatii auro-argentifere si neferoase.

Considerindu-se numirul redus al deschiderilor naturale in craterul
Seaca-Titarca (situatie dealtfel prezentd in toate craterele din Muntii
Gurghiu-Harghita), rezultatele favorabile obtinute in aria Giineasa
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recomandi utilitatea folosirii in studiile metalogenetice a datelor litogeo-
chimice pentru definirea indicatorilor prognotici i pe aceastd cale pentru
delimitarea ariilor de perspectivi §i ilerarhizarea acestora.

Regiunea craterului Seaca-Tatarca, impreund cu celelalte unitdti
vulcanice din Muntii Gurghiu, a constituit obiectul cercetarilor geologice
in mai multe etape. Desi regiunea este cuprinsd in studiile care privesc
intreaga zon# vulcanicd din Carpatii Orientali incd din a doua jumitate
a secolului trecut, abia incepind cu anul 1938 aici s-au executat cercetri
detaliate. Astfel, in perioada 1938 —1955 cercetirile efectuatede Gri gore
in intervalul 1938 1944 cu unele rezultate publicate in 1957, Ghik a-
Budesti, Treiber (1957), GOtz (1957) privese vulemnologla,
petrowraf1a, precum §i unele probleme metalogenetice.

Cercetérile complexe geologice, ge0f1z1ce, geochimice, cu foraje si
galerii s-au executat in diferite etape, deci cu intreruperi incepind cu anul
1956 si pind in anul 1979. La aceste cercetéri au participat : R4 dulescu
et al. (1956 —1958); Suceavid et al (1963); Peltz (1969);
Stanciuetal (1970); Cristescu et al. (1972); Dudnic et al.
(1975); Botar (1975—1976); Peltz, Peltz (1977); Scupin et al.
(1977); Peltz et al. (1979); Ionescu et al. (1979). Cercetarea cu
foraje a infrastructurii craterului Seaca-Tatarca a fost intreprinsd de IFLGS
Intre anii 1958 —1960 si 1967 — 1968. Studiul mineralogic-petrografic al
carotelor a fost efectuat de Tinisescu (1971). In anii 1978 — 1979
IPEG ,,Harghita” executd prospectarea ariei hidrotermale de.la izvoarele
piriului Giineasa cu o galerie de coastd si un foraj de adincime medie.

Lucririle geologice realizate au contribuit la cunoasterea detaliati
a structurii jedificiului vuleanic Seaca-Titarca, precum si a proceselor hi-
drotermale asocmte Ele au fundamentat concluziile privind perspectiva
metalogeneticii, precum §i programele de lucriri vizind verificarea acestei
perspective.i ,

Hi. Cadrul geopetrograiie si paleovuleanelogie

Edificiul wvulcanic cu crater Seaca-Tdtarca se situeazi in partea
centrald a Muntilor Gurghiu, intre caldera Fincel-Lipusna la nord si edi-
ficiul vuleanic cu crater Sumuleu la sud-est (fig. 1); pe acelasi aliniament,
intre Seaca-Ti#tarca si Sumuleu, se situeazd vulecanul Borzont, fari crater
(fig. 1). Toate aceste structuri vulcanice impreuni cu altele mai indepir-
tate, cum sint Jirca la nord-vest, Ciumani-Fierdstraie la est-sud-est (fig. 1),
aparfin compartimentului structural superior al ariei vuleanice Gurghiu.
Acest compartiment cu extindere regionald pe teritoriul vulcanic CHli-
mani-Gurghiu-Harghita cuprinde produsele ultimei etape din desfisurarea
valeanismului andezitic si care s-a manifestat cu amploare in Pliocen.

In acord cu punctele de vedere prezentate de Ridulescu et
al. (1964) cu privire la activitatea eruptivd din muntii. Gurghiu, in spatiul
edificiului .vuleanic . Seaca-Titarca, precum si al celorlalte -aparate din
regiune s-a derulat o aectivitate vulcanicd mixtd, preponderent efuzivi.
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1n linii generale, succesiunea eruptiilor s-a produs de la andezitele cu horn-
blenda la andezitele cu piroxeni. Acestea din urméd ocupéd cele mai impor-

Fig. 1. — Pozifia craterului Seaca-Titarca in aria vulcanici a Muntilor Gurghiu.
1, compartimentul superior (stratovulcanic): a, lave si piroclastite ; b, intruziuni;
2, compartimentul inferior (vulcano-sedimentar); 3, alte formatiuni geologice;
4, marginea calderei si a craterelor; 5, centru de eruptie; 6, aliniament tectono-
vulcanic; 7, limita districtului metalogenetic Gurghiu; 8, aureoli hidroter-
mald; 9, foraj structural 35502 (1200 m).
Position du cratére Seaca-Titarca dans Iaire volcanique des monts Gurghiu.
1, compartiment supérieur (stratovolcanique): a, laves et pyroclastites; b, in-
trusions; 2, compartiment inférieur (volcano-sédimentaire); 3,autres formations
géologiques; 4, bordure de la caldére et des cratéres; 5, centre d’éruption; 6,
aligncment tectono-volcanique; 7, limite du district métallogénique Gurghiu;
8, auréole hydrothermale; 9, forage structural 35 502 (1200 m).

tante suprafete din Muntii Gurghiu; urmeazi andezitele cu hornblendi.
§i piroxeni §i andezitele cu hornblendi.
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Edificiile vulcanice cu crater, impreuns cu structurile vulcanice
din sistemul calderei Fincel-Lapugna, precum §i cu alte structuri extra-
crateriale din Mun{ii Gurghiu marcheazi aliniamente tectono-vulcanice
orientate NV—SE, N—8, V—E (fig. 1). Toate acestea se incadreazs in
sistemul major al ariei vulcanice Cilimani-Harghita cu orientare gene-
rali NV—SE.

TABELUL 1

Compozilia mineralogicd modald (limile) a andezifelor din aria craferiald
Seaca- T'dlarca

Fenocristale Mass
R Tipul petrografi l o B
ipul petrogralic 3 . _«_.| Horn- | Minerale nda-
crt. < Y
Plagioclaz| Piroxeni blendi opace mentald
1 Andezit cu piroxeni 25 —45 512 — 1-3 40 —65
2 Andezit cu piroxeni
+ hornblendi 20—-30 3—6 2-7 1-3 60 —75
3 Andezit cu hornblendi
+ piroxeni 2025 2-—-8 6—12 1-2 60 —70
4 Andezit cu hornblendi 1535 — 6—15 1-2 45 —-70
TABELUL 2
Compozitia mineralogicd modald, forajul 35 502
Fenocristale ' Masi
i N Tipul pctrografic . - A | Minerale | funda-
crt. Plagioclaz| Horn- | Piroxeni Cuar{ | opace si| mentals
: blendi secundare
1 Andezit cu horn-
blendd verde 14,5— 7,9— | 0,5-3,2 — 6,212 52 —61
(superior) 24,3 17,9
2 Andezit cu horn-
blendi verde 30,4— 13,8-— — - 2,5-3,9 38,8—
(inferior) 34,2 24,6 52
3 Andezit cu horn- 21,3— 8,4— |sporadic — 2,6—6,5 55,3—
blenda < piroxeni 30 15,2 —3,5 65,8
4 Andezit cu lhorn-
blenda opacitizatd 12,8— 1,5—-11,3-2,5 — 2-3,7| 74,7—
si piroxeni 17,6 4,3 82,9
5 Andezit, micro-
diorit cu horn- 19,2 — 5,2—6 — sporadie | 5,7—7,3] 74,5—
blendi si cuar} 69,1 84,3

Edificiul vulcanic Seaca-Tatarca se gaseste intr-o buné stare de con-
servare, ceea ce a permis descifrarea structurii sale stratovulcanice. Cer-
cetirile efectuate de Raidulescu et al. (1964) aun aritat c& la alei-
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tuirea suprastructurii edificiului participd produsele a trei momente
explozive §i ale unui numéir egal de momente efuzive. Aceste produse sint:
andezite cu hornblend4 verde, andezite cu hornblendd verde resorbitd -
piroxeni, andezite cu augit si hipersten, piroclastite inferioare (frag-
mente de andezit cu hornblendd verde), piroclastite intermediare (frag-
mente de andezit cu hornblendi -+ piroxeni §i de andezit piroxenic),
piroclastite superioare (fragmente de andezit piroxenic). Cu excepfia ande-
zitelor cu piroxeni care acoperd clinele vulcanului, celelalte produse se
dezvolti in interiorul craterului (pl. I).

Prospectiunile de mare detalin efectuate de B otar in perioada
1975—1976 au condus la evidentierea prezentei in partea sudicd a cra-
terului a rocilor dioritice, a andezitelor cu hornblendsd brund, precum §i
‘a andezitelor cu piroxeni + hornblends verde. Totodatd, se aduc preci-
z4ri privind extinderea areald a tuturor petrotipurilor ce afloreazi i:
‘crater, dar mai ales in legiturdi cu vulcanitele transformate hldrotelm
's1 1ndlcatule de mlnerahzare ;
i Imaginea generald a structurii edificiului vulecanic are in vedere
0 adlncune de peste 1500 m; in stadiul actual de cunoastere aceasta
irezultd din corelarea datelor de suprafatd cu cele oferite de foraje dintre
.care se remarcd forajul 35 502 de 1200 m i forajul 3 de 650 m. In lml
.generale aceastd imagine, asa cum a fost prezentati de Peltz in 1974,
‘evidentiazi urmitoarele : sub actualul nivel de eroziune din crater, res-
pectiv sub andezitele cu hornblends verde se situeazi un complex strato-
vulcanic de compozitia andezitului cu hornblendd verde -+ piroxeni. Gro-
simea complexului este apreciatd la 297 m. Sub acest complex se situeazi
lavele andezitului cu-hornblendd verde (inferior), avind grosimea in foraje
de circa 160 m. Pe grosimi de sute de metri forajul structural 35 502 a
stribdtut andezite cu hornblend% si cuarf sporadic, oprindu-se in acest
petrotip. Se poate considera cd in infrastructura ariei erateriale la adm—
cimi mai mari de 500 m se afld produsele unui vulcanism mai vechi sl
mai acid.

Compozitia mineralogici modali a petrot1pu11lor din aria cratenala,
si din infrastructura acesteia este prezentatd in tabelele 1 si 2. In aria
‘Giineasa, la alcdtuirea infrastructurii crateriale participd, pe hngd lave +
piroclastite, corpuri dioritice setu andezitice, precum §i corpuri de' brecu
endogene (fig. 2). ‘ :

Din cele prezentate rezultd ci cercetirile efectuate si in primul rmd
forajele au evidentiat aleftuirea complexd a lnfrastructuru craterului
Seaca-Tétarca. Aceasta implicd acceptarea unei activitdfi eruptive diver-
sificate, un vuleanism de tip central alimentat de unul sau mai multe canale,
asociat cu intruziuni andezito- dioritice §i cu corpuri de brecii endogene
(vuleanism exploziv ratat). Ping in prezent nu s-a realizat interceptarea
cu forajele executate a unuia dintre canalele de alimentare; pe baza in-
terpretirilor paleovulcanologice (Ridulescu et al, 1964) sau din
datele forajelor (Peltz, 1969 si1974) acesta s-ar situa in partea centrald
a craterului.
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Fig. 2. — Secliune ipotetici in partea de sud a edificiului vuleanic Seaca-Titarca.
1, eon vulcani¢ pribusit si erodat; 2, produsele edificiului ¥Vulcanic si ale fun-
damentului prevulcanic; 3; corp erdptiv andezito-dioritic ; 4, brecie endogeni ;
5, fracturi din grupul Gaincasa; 6, fracturi care au provocat colapsul craterial;
7, aurcold hidrotermald ; 8,‘mii1cra1izatie.
Section hypothétique dans la partie sud de 1’édifice volcanique Secaca-Titarca.
1, cdne volcanigque effondré et érodé; 2, produits de I’édifice volcanique et du
soubassement prévolcanique; 3, corps éruptif andésito-dioritique; 4, bréche
endogéne; 5, fractures du groupe Giineasa; 6, fractures ayant provoqué le
“colapse cratérial; 7, auréole hydrothermale; 8, minéralisation.

III. Cadrul metalogenetie

In acord cu raionarea metalogenetics adoptats pentru harta metalo-
geneticd a Roméniei (Muresan, Peltz 1968), edificiul vulcanic cu
crater Seaca-T#tarca se incadreazd in districtul metalogenetic Gurghiu
cu acumuliri hidrotermale de sulfuri polimetalice §i sulfuri polimetalice
aurifere (fig. 1). In acest district se cuprind ariile de prognozs din compar-
timentul structural superior al Muntilor Gurghiu ce cantoneazd indicatii
privind mineralizatia auro-argentifers, mineralizatia polimetalici i cea
cupro-molibdenics de tip diseminat. Activitatea metalogeneticsd se asociazi
de preferintsi eruptiilor pliocene de andezite amfibolice si de andezite
amfibolo-piroxenice ; Se cunose indicatii de mineralizatie si in asociatie
cu eruptii de andezite cuartifere sau-de dacite. Activitatea  hidrotermald
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a fost controlaty de aliniamentele tectono-magmatice Jirca-Sineu (pl. I,
fig. 1) si Fincel-Lipusna-Seaca-Tdtarca-Jumuleu-Fierdstraie (pl. II, fig. 1).
Majoritatea indicatiillor de mineralizare cunoscute pini in prezent
sint de tip diseminat (cuprifere in special) §i se localizeazi in corpuri
eruptive si coloane dé brecii situate la diferite adineimi in infrastructura
ariilor crateriale (Peltz et al., 1973, 1975, 1976).

In craterul Seaca-Titarca aria transformirilor hidrotermale se lo-
calizeazd in bazinul piraielor Giineasa gi Fritileasa ; asociatia de neo-
minerale indic extinderea areald a faciesurilor argilic si silicic. In coloa-
nele litologice-hidrometasomatice ale forajelor se remarcd extinderea
in adincime a argilizirii si mai putin a silicifierii, prezenta carbonatirilor,
sericitizdrilor (Peltz, 1969,1974); Stanciu etal,1970;Stanciu,
1973; Stanciu in Peltz et al. (1979). Transformérile hidrotermale
din aria GHineasa se extind spre est la exteriorul craterului in sectorul
Poiana Giinusa.

Indicatiile de mineralizare de la Seaca-Titarca se cunosc la izvoarele
piriului Giineasa, sub buza craterului si au fost descrise ca aurifere (piritd
aurifer?) de Grigore (1957). In forajul structural de 1200 m situat
aproximativ in centrul craterului, incepind cu adincimea de 500 m apare
pirita in asociatie cu marcasita ; in apropierea adincimii de 1200 m a fost
observatd asociatia piriti -+ calcopiritd -+ blendi. Mineralizatia este aso-
ciatd zonei de inrddicinare a-andezitului cu hornblendi 4 piroxeni §i
a andezitului amfibolic cuartifer (Peltz, 1974). In forajele de adincime
mici executate in partea centrald si vesticd a ariei Giineasa, precum §i in
forajul de adincime medie din partea extrem sud-estici lipsesc indicatiile
de mineralizare. Aceste constatdri par si confirme punctul de vedere care
vizeazd intreaga arie a districtului Gurghiu privind prezenta corpurilor
eruptive posibil mineralizate in infrastructura calderei Fincel-Lipusna
i a edificiilor vulcanice cu crater, la adincimi mai mari de 500 m.

IV. Observatii privind distributia B, Cu, Pb, Zn, Mo, As, Ag in
vuleanitele proaspete si hidrotermalizate din aria Giineasa

In ultimii ani, in cadrul lucririlor geologice executate in ariile
crateriale Sineu, Seaca-Titarca, Sumuleu din Munt{ii Gurghiu in vederea
stabilirii unor indicatori metalogenetici, s-a acordat o atentie sporits,
pe baza datelor litogeochimice, modului in care unele elemente minore me-
talogene se distribuie in vulcanitele proaspete §i hidrotermalizate.

Experienta acumulati pind in prezent in cercetarea ariilor cra-
teriale din Muntii Gurghiu-Harghita demonstreazi c# in conditiile par-
ticulare din aceastd regiune vulcanicd, i anume : a) gradul avansat de
acoperire cu sol §i grohotis; b) stadiul pufin avansat al ero iunii supra-
structurii vulcanice §i ¢) alcituirea geologicdi complexd a infrastructurii
ariilor crateriale, cercetdrile litogeochimice de mare detaliu completeazi
cu grad sporit de eficientd prospectiunile geoelectrice §i pedogeochimice,
contribuind la elucidarea problemelor metalogenetice.
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Cu prilejul prospectiunilor de mare detaliu, insotite de santuri si
puturi executate in sudul craterului Seaca-Titarca, au fost realizate 725
analize spectrale §i 110 analize chimice 4 privind un larg diapazon de ele-
mente minore. Aceasta a condus la acumularea unui important volum de
date care contribuie la o mai buni cunoagtere a modului in care unele ele-
mente minore indicatoare in metalogenezi se distribuie in vulcanitele
din regiune.

Elementele care vor fi examinate in continuare sint: borul, dintre
elementele emanatiilor vulcanice; Cu, Zn, Ag, Pb, dintre elementele
minereurilor ; arsenul, dintre elementele sulfosirurilor.

Se constatd ci in probele litogeochimice de la Seaca-T#itarca aceste
elemente prezintd limite largi de variatie de la lipsa continuturilor sau
urme, pind la contfinuturi ce depdsesc cu mult pragul geochimic. Datorité
acestei situatii, precum gi a dispersiei areale a valorilor se ia in conside-
ratie pragul geochimic ca indicator-limitd pentru prezenta procesului de
mineralizare. ‘

In acceptarea valorii pragului litogeochimic local ca indicator-
limitd de mineralizare s-a pornit de la comparatia cu valoarea fondului
si nu a clarkului, deoarece fondul reprezintd continutul elementului
respectiv intr-un anumit sistem geochimie, pe cind clarkul reprezinti
media ponderatd a tuturor fondurilor. Aceasta se ilustreazd in tabelele
3 si 4. :

TABELUL 3 TABELUL 4

Valorile clarkurilor (ppm) §i fondului
(ppm) unor elemenie minore in rocile
magmatice inlermediare*

Clarkul diferitelor elemente*

Sc 10 14 22 15 Element Clark Fond l
v 90 95 135 100 :
Cr 83 70 100 90 =t I
Co |18 [12 |25 | 27 s e -
Ni 58 44 75 80 Cupru 100 35
&u 4% ou 22 48 Molibden 3 0,9 |
Zn 83 60 70 40 Argint 0.1 it |
As 1,7 1,7 1,8 — b 5’ 2.4 .
Ag 0,07, 0,06] 0,007 0,08 ey 150 100’ '
Pb 16 15 13 15 Crom 200 560 |
Cobalt 30 20
*Dupid Vinogradov (1962), hiichgl &0 4
Wedepohl(1967), Mason (1966), :
Shaw (1964) in Scerbina (1972). * Dupd A.P. Vinogr adov

In cadrul observatiilor privind valorile ,fondului”, ,pragului” si
»gradului de mineralizare”, trebuie avut in vedere faptul ci fondul
depinde considerabil de conditiile in care se formeazd roecile analizate $i tot-
odatd de proprietitile geochimice ale elementelor in discutie. Astfel,
se gtie ¢4 in sistemele hidrotermale zincul este antrenat ugor, totodatd
cuprul gi molibdenul sint elemente mobile. Mobilitatea plumbului este
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mult inferioarf, comparativ cu mobilitatea cuprului $i zincului, dar
argintul este mai mobil decit plumbul.

A. Borul

Dintre elementele chimice cuprinse in emanatiile vulcanice
—B,C, N, O, F, P, S, Cl1 — borul este singurul despre care detinem infor-
mafgu dm anahzele efectuate Prezenta gi uneori abundenta borului in aria
Gilineasa constituie un indiciu atit privitor la concentrarea sa in solutiile
hidrotermale, precum si la prezen{a unor minerale de bor in vulcanite.
Emanatiile din stadiile solfatarian-mofetice asociate eruptiilor vulcanului
Seaca-Tdtarca nu au lisat urme de bor in rocile preexistente, exceptind
andezitele cu piroxen care constituie ultimele eruptii (B = 0—100 ppm,
tab. 5). Diferitele continuturi de bor care au fost dozate in rocile din
aria crateriald sint depuse din solutii hidrotermale (tab. 5). Se observa
un raport direct proportional intre continutul de bor si activitatea hidro-

TABELUL 5

Limilele valorilor unor elemente minore (ppm) in andezilele din craterul
Seaca-Tdalarca (dupda Botar, 1977)

Nr.

ert Tipul petrografic B | Mo Cu Pb Zn Ag As

1 | Andezit cu piroxeni 0—100 02| 10—150 [0 —22 0—-70 — —

2 | Andezit cu piroxeni+-
hornblendid — 0-—5,8 5—210 [0—50 0—-70 {0-0,4] —

3 | Piroclastitele andezitului :
cu piroxeni+hornblendi — 0—3,6f 5—190 [0—53 | 0—-75 10—0,4 —

4 iAndezit cu hornblcndé. . )
verde + piroxeni — 0—40 4—200 O—§6 0-—-150 {0 —0,5| —

5 | Piroclastitele andezitu-lui ) :
cu hornblenda jverde + 0—1000 {0—37 3—-800 {0—100|] 0-—250 0—1,2] —

piroxeni
Andezit argilizat 0—3000 |0—33 4—270 |0—150{ 0—200 [0—0,5| 300

Andezit silicifiat 0—5200 0-—300; 2-—-1000{0—200| 0—1450{0—1,1| 320

Fondul litogeochimic , B
(ppm) 5 |5 35 8 W Lo T

o] @lvlo]

Pragul litogeochimic
(ppm) : © 100 2,30 75 20 72 0,07 2,5

termala Astfel, borul 11pseste in andezitele cu hornblenda $1 pu‘oxenl
proaspete, dar 1ndlca valori pind la 3000 ppm in aceleasi roci argﬂwate
§i valori pind la 5200 ppm in rocile silicifiate (tab. 5)..

%
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Diagrama de variatie a borului (fig. 3) ilustreazé cresteri importante:
in andezitele argilizate §i silicifiate i in piroclastitele cu elemente de
andezit amfibolic care de asemenea sint hidrotermalizate. In aceeasi figurd
sint prezentate si diagramele de variatie ale elementelor considerate

wﬁ

1004
95-

304

Fig. 3. — Diagrame de varialie Cu, Pb,
. Zn, B.
1, andezit cu hornblendd bruni; 2, an-
dezi’é cu hornblendd verde + piroxeni ;
3, andezit cu hornblendi verde-piro-
xeni, silicifiat ; 4, andezit cu hornblend:i
verde + piroxeni, argilizat ; 5, piro-
clastite nivel I; 6, andezit cu. piroxeni-- -
hornl;}qu_ﬁ verde; 7, piroclastite nivel
rili; 8, andezit cu piroxeni.
Diagrammes de variation Cu, Pb, Zn,B.
Ty andés_ite a hornblende brune; 2, an-
désite. 4 hornblende Vertc+pyroxénes;
3, andésite 4 hornblende verte--pyro-
xénes silicifiée ; 4, andésite a4 hornblende
verte+-pyroxénes argilisée; 5, pyroclas-
tites niveau I; 6, andésite a pyroxénes—+
hornblende verte; 7, pyroclastites ni-
V_gail II; 8, andésite a4 pyroxénes.

50§

Cu—== Po—m— In.---- B—

indicatori metalogenetici, precum Cu, Pb, Zn. In acest mod se poate observa;
prezenta in rocile hidrotermalizate de la Gdineasa a unei corelatii. bune
intre cresterea valorilor borului §i plumbului §i a unei corelatii partiale:
B—Cu—Zn. Rezulti cid prezenta borului peste pragul litogeochimic in
rocile alterate de la Géaineasa indicd aportul ionilor metalici Cu, Pb, Zn:
in solutiile hidrotermale.
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Conform particularitdtilor geochimice ale fiecirui element, este de
presupus o descircare maij accentuatd a borului in etajul superior al sis-
temului termodinamic (fracturi, sisteme de fisuri, corpuri de brecii) si o
migrare limitatd a Cu, Pb, Zn, avind ca rezultat depunerea lor in etajul
inferior.

Situatia de la Seaca-Tdtarca nu trebuie insi generalizati, fiecare
edificiu vulcanic prezentind particularititile sale i din punct de vedere
geochimic.

La Ostorog, de exemplu, desi borul se imbogiteste in procesul de
silicifiere, acestui element nu i se asociazd ionii metalici. Conform datelor
litogeochimice pe care le oferd prospectiunile ficute de Peter (1976),
in andezitul cu hornblendd 4 piroxeni hidrotermalizat din partea cen-
tral-vestici a craterului B = 30 — >1000 ppm. Numai uneori valorile
B>1000 ppm se coreleazi cu valori ale Cu = 300—600 ppm, Mo =
= 10 ppm, Pb > 50 ppm, Zn> 50 ppm. Se intilnesc si cazuri in care la
valori ale B> 1000 ppm, Cu, Mo, Pb, Zn = sld. Aceste date ilustreazi
circulatia solutiilor hidrotermale bogate in bor la mari distante gi posi-
bilitatea diferentierii mai accentuate a chimismului solutiilor cu depu-
nerea ionilor metalici mai in adineime sub controlul regimului termodi-
namic favorabil.

Tot la Ostoros, in forajul 3, Stanciu (1976 si in Peltz et al.,
1975) evidentiazé o metasomatozi a borului de mare intensitate. Autoarea
considerd cé solutiile pneumatolitice-hidrotermale cu confinut ridicat de
bor au substituit total unele minerale, rezultind rocile turmalinizate.
Intensitatea turmalinizdrii scade progresiv cu apropierea de suprafafd.
Desi zona cu turmaliniziri din coloana forajului 3 este sterild, ea repre-
zintd un indicator metalogenetic, deoarece asociatiile turmalini-sericit
;g1 turmalind-cuart se coreleazd genetic cu mineralizatia cupro-molibdenici
de tip diseminat i cu mineralizatia complexd.

n acord cu cele de mai sus, se poate considera ci in aria vulcanics
‘Giineasa borul constituie un bun indicator metalogenetic. Valorile ano-
‘male de bor se inscriu in anomalia litogeochimicd Cu—Mo gi in anomalia
pedogeochimici cupriferd. De aceea, sectoarele cu roci silicifiate gi valori
anomale de bor din aria Géineasa constituie obiective prioritare pentru
cercetirile viitoare.

B. Cuprul

Dupé date din literaturd clarkul cuprului variazd intre 30—100 ppm
{tab. 3, 4). La Seaca-Tatarca, pe baza analizelor litogeochimice,
2 fost stabilit fondul cuprului la 35 ppm. Aceasti valoare este mai mics
decit limita inferioard a cuprului in andezitele cu piroxeni gi hornblend#
.din Muntii Gurghiu in general si craterul Seaca-T&tarca in special (tab. 6),
dar se incadreazd In limitele de continut ale andezitelor cu hornblendi
din Muntii Gurghiu si craterul Seaca-Tadtarca (tab. 6).

Pragul litogeochimic stabilit la 75 ppm ~ 2 X fondul litogeochimic
(tab. 5). Aceastd valoare corespunde foarte bine cu limita intervalului
de mineralizare dispers# a cuprului (Popea et al., 1962, tab. 7).



13 LITOGEOCHIMIE SI METALOGENEZA — GAINEASA, MUNTLI GURGHIU 97

in andezitul cu hornblends verde de la Seaca-Tdtarca, Dudnic
et al. (1975) indicd media Cu =30 ppm =~ fondul litogeochimic. In sol,
cuprul se concentreazi pind la de 13 ori fondul, indicind local trei ano-

TABELUL 6
Limitele valorilor Pb, Cu, Zn in andezile cu piroxeni si hornblendd si andezile cu
hornblendd
Muntii Gurghiu Craterul Seaca-Titarca | Foraj 35.502
andezit cu " andezit cu . ' 5
Elcment piroxeni si lf;-?l(;:ﬁtngg piroxeni si lar;dei)zllt 331 ?ndeﬁt (clfl
hornblenda 4 hornblendy | “OrAPienda o
Ph 5—13 7-30 11 -13 7—10 15—48
Cu 54 —60 20 —58 54 20—-50 90 —180
n 58-—74 40 —80 58—-70 40-70 340 —500

Analist: Constanta Udrescu

TABELUL 7

in Peltz et al.,, 1973; Peltz,

1974.

Limita valorilor Pb, Zn, Cu, Ag, Mo in scoarfa leresird peniru diverse zone
de concenirafie (Popca ect al.,, 1962)

Element Lipsd de mineralizare | Mineralizare dispersi | Minecralizarea bogati
(ppm) (ppm) (ppm)
Plumb 60 .70 —600 700 —3000
Zinc 100 110 —600 700 —3000
Cupru 60 . 70 —600 700 —3000
Molibden 6 7—60 70 —600
Argint = 1—6 7

malii cuprifere cu valori medii: 50, 96, 122 ppm. Asemenea continuturi
constituie indicatori privind prezenta in adincime a unor eventuale
mineralizatii cuprifere. Intensitatea §i extinderea anomaliilor aratd cf ase-
menea mineralizatii ar fi de tipul diseminat si s-ar localiza la adincimi
mai mari de 500 m, o parte din cuprul antrenat in circuitul solutiilor
ascendente si descendente depunindu-se pe parcurs.

In andezitul cu hornblendi verde si piroxeni Cu = 4—200 ppm (tab. 5),
valoarea maximi reprezentind aproape de sase ori fondul. In acelasi
andezit argilizat continutul maxim este de 3,6 ori pragul litogeochimie,
iar in cazul silicifierii valoarea maximi ajunge egali cu 13 ori pragul si

T—c. 622 24
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28,5 ori fondul. Aceste date indici, pe baza marii mobilitdti a cuprului,
circulatia sa in sistemul hidrotermelor acide la confinuturi care se inca-
dreazd uneori in limitele considerate indicatoare pentru mineralizatia
dispersid. In acord cu cele de mai sus se poate considera ci sectoarele cu
roci silicifiate indicd, in cazul ariei Géiineasa, posibilitatea ca in adincime
sd fie prezentd o mineralizatie cupriferd : rocile silicitiate cercetate pini
in prezent constituie doar un indicator, ele in sine nu prezintd interes
economic, dovad#d fiind lipsa sulfurilor si sulfosfrurilor de cupru. Valorile
de pind in 0,06—0,06 % Cu in andezitele silicifiate-argilizate pot fi puse
pe seama piritei cuprifere. Singurele date analitice privind rocile din adin-
cime sint din forajul 35 502. In andezitul cu hornblendd verde Cu = 90—
—180 ppm gi este legat de piritd cupriferd, mai pufin calcopiritd, mine-
rale disperse in masa rocii (Peltz, 1974).

Pragul litogeochimic al cuprului este apropiat de al zincului (tab.5,
fig. 3). Comparativ cu aceste valori, se observd confinuturi mai mari
ale cuprului in andezitele silicifiate, piroclastite nivel I si andezite cu horn-'
blendad verde + piroxeni. Diagramele de variatie ilustreazd o mai accen-
tuatd scidere a valorii cuprului fatd de zinc in andezitele argilizate (fig. 3).

TABELUL 8
Limitele valorilor Pb, Cu, Zn in andezilele cu piroxeni si hornblendd si andezilele cu

hornblendd proaspete (A) si hidrotermalizate (B) din aparalele vulcanice Sumuleu,
Fierdstraie, Orloros

' Sumuleu Fierastraie Ostoros
Element!
i A | B A B A B
Pb 2,523 | 3—53 2,5—10 o 4-—26 2,5-30 31—90
50—190
Cu 13—90 3,5—122 1427 9-—-27 8—56 6—83
330—750- 33—1000-
Zn 45 —175 28-380 46 —115 . 50 —115 30 —88 30 —400
: 150 —400--

. andeczite slab mincralizate din F. 503 ;
. andezite slab mincralizate din F.3.
Analist : Constanta Udrescu in Peltz et al., 1975, 1976_).

Dacd se compard valorile cuprului in andezitele proaspete si hidro-
termalizate de la Seaca-Tatarca, Sumuleu, Fierdstraie, Ostoros (tab. 5,
6, 8) se observi c# magma andezitului cu hornblendd 4 piroxeni de la
Seaca a fost mai bogatd in cupru decit la Fierdstraie §i Ostorog si mai
siracd in cupru decit la Sumuleu. In continuare, aceastd situatie se con-
tureazd mai bine in rocile hidrotermalizate, implicit in amploarea anoma-

liei pedogeochimice. Observatiile de mai sus se impun a fi verificate cu
lucrari de foraj.
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C. Plumbul

In vulcanitele ariei crateriale Seaca plumbul a fost determinat la
valori foarte variate, dar toate in limite mici (tab. 5). Ca urmare a acestei
situatii, fondul litogeochimic este de 8 ppm, ijar pragul litogeochimic,
de 20 ppm. Se constatd cd acest prag este de peste trei ori mai mic decit
limita valorii’ ce indicd procese de mineralizare (Popea et al, 1962).
Rezultd cd la Seaca-Tdtarca pragul litogeochimic nu poate fi considerat,
in cazul plumbului, un indice de mineralizare. Dealtfel si datele din litera-
turd (tab. 6) aratd cd andezitele cu hornblendd -+ piroxeni din Muntii
Gurghiu in- general §i craterul Seaca-T#dtarca in special contin valori mici
de plumb. Situatia este similard la Sumuleu si Fierdstraie atit la andezi-
tele proaspete, cit §i la cele alterate. La Ostoros (Muntii Harghita)
valoarea plumbului creste in andezitul cu hornblendd interceptat de forajul
3 la 50—190 ppm (fatd de 2,5—30 ppm in roca proaspitd). Dealtfel acest
andezit este slab mineralizat cu galeni. Comparativ cu aceastd situatie,
atrage atentia preézenta unor valori de 150—200 ppm in andezitul hidro-
termalizat de la Seaca, deci valori reprezentind de 7,5—10 ori pragul
litogeochimic. Asemenea conginuturi pot fi acceptate ca indicatori de
mineralizare dispersd (tab. 7), considerindu-se si mobilitatea redusi a
plumbului in procesul hidrotermal.

Dijagramele Cu—Pb—Zn (fig. 4a,b) evidentiazd continuturi mai
importante de cupru si zine, comparativ cu cele de plumb in rocile proas-
pete, dar mai ales in cele argilizate i silicifiate. Se remarc# usoara tendintd
a cresterii plumbului in andezitele argilizate (fig. 4a).

D.Zincul

Dupéd datele din literaturd, clarkul zincului este cuprins intre 10—
83 ppm (tab. 3, 4). In vulcanitele din craternl Seaca-T#tarca fondul
litogeochimic al Zn = 35 (tab. 5) se cuprinde in limitele valorilor clarky-
lui. Pragul litogeochimic este =~ doud ori fondul si este egal cu fondul
zincului in roci magmatice, dupd Vinogradov (tab. 4).

Ca si la plumb, valoarea pragului pentru zinc este redusd sub con-
tinutul minim considerat de unii autori ca indicator de mineralizare.
Dealtfel, in rocile nealterate valorile zincului sint reduse, ele pot figura
cel putin in parte pe seama continutului cuprins in amfiboli si piroxeni.
Situatia este comparabild cu datele din literaturd privind Muntii Gurghiu
si craterul Seaca-Tédtarca (tab. 6).

Retine atentia faptul ci in andezitele cu hornblendd 4 piroxeni
din craterele Sumuleu-Fierdstraie-Ostoros limitele valorilor zincului sint
mai mari ca la Giineasa (tab. 5, 8).

In unele roci silicifiate au fost dozate continuturi de zinc pind la
1450 ppm, ceea ce reprezintd de 20 ori pragul litogeochimic. Aceste valori
indicé prezenta in solutiile hidrotermale, local si dispers, a unor concen-
tratii de zinc. Asemenea valori nu au mai fost observate in celelalte arii
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crateriale cu care comparim datele, inclusiv in andezitele slab minerali-

zate interceptate de forajul 3 Ostoros (tab. 8).

TABELUL 9 .

Distribujia unor elemente minore (ppm) in andezile cu hornblenddi verde si tn sol*,
craterul Seaca-Tdtarca; partea sudicd

1. Andezite cu hornblendd verde

Proaspit Hidrotermalizat
Elementul Minim Maxim | Meaia Minim Maxim Media
Cu 10 60 30 10 50 20
Pb 10 40 30 5 30 20
Zn 50 120 70 50 100 |60
Ag - 0,3 <0,3 — 0,5 <0,5
Mo — 2 <2 - 2 <2
2. Sol
Valoarea Domeniul de varatic (ppm)
Elementul
Continut . .
Fond, ppm Prag, ppm ggf}li?n Cont{inut maxim
Cu 15 50 5 400
Ph 17 40 5 80
Zn 55 110 50 110
Ag 0,1 0,3 <0,1 0,3
Mo 1,3 3,3 <1 3

*Dupd Dudnic et al., 1985.

Mobilitatea accentuatd a zincului in solutiile care au circulat in
aria hidrotermald de la Giineasa este indicatd foarte clar si de prospec-
tiunea hidrogeochimicé prin care s-au determinat in bazinul viii Gédineasa
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50—250 y/I' (Dudnic et al, 1975). Coroborarea tuturor- datelor ‘de
observatie comentate anterior conduce la apreciérea cd solutiile  hidro-
termale acide au constituit o sursd favorizantd antrenirii, circulatiei si
eventual concentririi zincului. In consecintdi, prezintdy interes ariile cu
roci silicifiate si. valori de zinc ce depidsesc 400—500 ppm. Consideram
aceste valori ca indicatori pentru mineralizatia zinciferdi, deoarece se
cunoaste pind in prezent ci andezitele slab mineralizate cu blendd de la
Seaca-Tédtarca, foraj 35 502, contin 340—500 ppm Zn.

E. Molibdenul

Cercetéirile litogeochimice indicd prezenta molibdenului in toate
vulcanitele ariei crateriale Seaca-Tatarca. Interesantd este, cregterea
valorii molibdenului de la ultimele eruptii reprezentate prin andezite piroxe-
nice la eruptiile mai vechi de andezite cu hornblendd verde + piroxeni
intens afectate de procesele hidrotermale (tab. 5).

In acord cu datele din literaturi, clarkul molibdenului apare cuprins
intre 1—3 ppm (tab. 3, 4). Fondul litogeochimic la Seaca-Titarca = 1,15 ;
pragul litogeochimic a fost stabilit la 2 X fondul = 2,30 ppm. Conform
datelor din tabelul 7, aceastd valoare este de trei ori mai mica decit limita
inferioard a indicelui de mineralizare. ,

Prospectiunile pedogeochimice au ardtat ¢d molibdenul insol prezintd
o valoare de fond = 1,3 ppm si un continut maxim = 3 ppm.

Singurele valori interesante au fost dozate in andezitul silicifiat,
observindu-se c# ele pot ajunge la maximum 300 ppm.

Valorile mari ale molibdenului se coreleazi bine cu celelalte conti-
nuturi ridicate de B, Cu i Zn (fig. 3, 5) ce apar in mod deosebit in
andezitul silicifiat, evidentiind rolul important al solutiilor acide in
migrarea jonilor metalici. Buna corelare a molibdenului cu cuprul se evi-
dentiazd prin prezenta in probele analizate a unor conjinuturi de peste
500 ppm Cu §i de peste 50 ppm Mo (pragul litogeochimic fiind 70 ppm
la Cu si 2,30 ppm la Mo).

F. Arsenul

Andezitele cu hornblendd s piroxeni din craterul Seaca-Titarca,
In cazul in care au fost argilizate sau silicifiate, indic# importante conti-
nuturi de arsen cuprinse intre 300 —320 ppm (tab. 5, fig. 6).

Considerindu-se valorile arsenului in toate petrotipurile, rezulti
un fond litogeochimic de 1,1 ppm si un prag litogeochimic de 2,5 ppm,
90 9%, dintre probe indicind valori ce se situeazs sub prag. Valoarea 2,5 ppm
este mai mare comparativ cu a clarkului As =1,7—1,8 dupi Vino-
gradov (1962), Wedepohl (1967) si Mason (1966).

In probele in care a fost determinat arsenul la valori peste pragul
litogeochimic se remarcd prezenta bismutului (valori peste prag), pre-
cum $i & mercurului (valori sub prag) (fig. 6). Corelarea As —Bi in andezi-
tele hidrotermalizate constituie un aspect local, deoarece continuturi de
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bismut peste valoarea pragului au fost dozate chiar la valori mai mari
si in unele andezite proaspete (fig. 6).
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Fig. 5. — Diagrame de variatie Ag si Mo.
Explicatia legendei ca la figura 3. :
Diagramnmes de variation Ag et Mo. . :
Explication de la 1égende — idem figure 3. ]
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In plus fatd de bor, migrarea arsenului apare legati strict de circu-
latia hidrotermelor de temperaturd mai ridicatd. Alura diagramei de
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Fig. 6. — Diagrame de variatic As, Bi,
Hg.
Explicatia legendei ca la figura 3.
Diagramines de variation As, Bi, Hg.
Efxplication de la 1é§cnde — idemn
figure 3.
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variatie a arsenului este similard cu a borului §i molibdenului (fig. 3, 5),
fiind strict limitatd la andezitele intens hidrotermalizate. In stadiul ac-
tual de cunoagtere asupra geochimiei arsenului in ariile hidrotermale din
Muntii Gurghiu nu se pot face preciziri privind tipul de mineralizatie
pe care-1 indicé acest element. Pot fi retinute constatirile conform cirora
la Stinceni prezenta arsenului se datoreazd mineralizatiei cu mispichel
aurifer (P eltz et al., 1981).

G. Argintul

Prezenta acestui element a fost observatd in probele reprezentind
diferitele petrotipuri din regiune, cu exceptia andezitului piroxenic (tab.
b). Valoarea pragului litogeochimic este egald cu aceea a clarkului (0,06 —
1 g/t in Rankama, Sahama, 1970). Valori mai mari de 1 g/t
Ag se observd in andezitele cu hornblendéd verde resorbit® - piroxeni in
piroclastitele acestuia afectate de silicifiere. Analizele chimice indic# con-
tinuturi de 2—6,4 g/t Ag in andezitul argilizat si de 2,4 —8 g/t Ag in
andezitul silicifiat. Cele mai ridicate valori apar local in sectorul de la
izvorul piriului Géineasa in corelare cu indicatiile de mineralizare auri-
ferd. Dealtfel, in analizele chimice §i spectrale pe roci hidrotermalizate
din aria Giineasa se evidentiazd corelatia Au—Ag, precum si corelatia
Ag —Pb. Diagrama de variatie a argintului construitid pe baza intregului
fond de date spectrale prezintd dous maxime distincte (fib. 5), asemani-
toare cu cele din diagramele Bi si Hg (fig. 6); primul in dreptul andezi-
telor silicifiate, al doilea in dreptul andezitului cu piroxeni -+ hornblendi
si al piroclastitelor acestuia. Desiin ambele cazuri picurile diagramei se
situeazd sub linia pragului litogeochimic, ele indicd : a) usoara imbogi-
tire in argint a fluxului hidrotermal; b) usoara imbogitire in argint a
magmei andezitului eu piroxeni - hornblendi verde.

V. Anomalii litogeochimice si semnificatia lor

Pe baza datelor analitice care depigesc valoarea pragului litogeo-
chimic au fost conturate anomalii de Cu, Pb, Zn, Mo, si Ag. Aceste ano-
malii se localizeazd fird exceptie in aria hidrotermald din partea sud-estics
a craterului Seaca-Tdtarca, stribitutd de valea Giineasa §i in parte de
piriul Fritileasa (pl. I).

In deplin acord cu particularititile geochimice ale cuprului §i care
privesc mobilitatea sa in procesul hidrotermal, anomalia cuprifersi pre-
zintd cea mai largd extindere, limitele acestei anomalii corespunzind ano-
maliei litogeochimice cumulate (pl. I). Anomalia molibdenului urmireste
pe cea a cuprului; se ilustreazéd astfel grafic buna corelatie Cu—Mo, evi-
dent# in majoritatea probelor analizate ; $i anomalia zincului prezinti ex-
tindere asem#nitoare cu cea cupriferd. In interiorul acestor anomalii
se situeazii cele de plumb (in partea vesticd a cimpului anomal) si de
argint (in partea esticd a cimpului anomal), precum gi valorile anomale
de bor.
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Anomalia litogeochimicé cumulatd se inscrie in sistemul de fracturi
orientat NV —SE ce urmareste in parte directia v#ii Gdineasa (pl. I):
Totodat#, anomalia cumulatd se suprapune pe anomalia geoelectricd
(Scupin et al, 1977) si include anomaliile pedogeochimice cuprifere
(Dud nic et al, 1975). Comparativ cu valorile pragului litogeochimic,
intensitatea anomaliilor de Cu, Pb, Zn, Mo, Ag poate fi apreciatd ca mo-
deratd. Aceastd situatie se explicd prin aceea cd eventualele corpuri mi-
neralizate se situeazd la adincimi de peste 500 —1000 m in infrastructura
edificiului vulcanic. Observatia de mai sus este confirmati de datele
obtinute cu forajul structural 35 502 (Peltz, 1974). In coloana lito-
logici a acestui foraj apar indicatii de mineralizare mai interesante la
adincimi mai mari de 1000 m. o

Intensitatea moderatd a anomaliilor litogeochimice, ca dealtfel si
a celor pedogeochimice §i geoelectrice, se explicd §i prin faptul cd intre
corpurile posibil mineralizate si suprafata actuald de eroziune din crater
se interpune o stivé groasd de circa 500 m constituitd din lave §i piroclastite.

Acest ecran influenteazd nefavorabil rezultatele investigatiilor cu
metode indirecte. Pornindu-se de la aceastd situatie care este proprie
tuturor ariilor crateriale din Muntii Gurghiu, numai cercetarea cu foraje
deschide structura vuleanicd la diferite adincimi, furnizind date de cunoas-
tere privind perspectiva metalogeneticd. :

fn acest context, rolul cercetdrilor litogeochimice este acela de a
evidentia ariile cu anomalii litogeochimice ca arii de perspectivd metalo-
geneticd, de a contribui la ierarhizarea acestora in vederea stabilirii obiec-
tivelor prioritare pentru cercetidrile cu foraje. . e

VI. Rolul controlului teetonic in metalogenezi

Cele prezentate anterior aratd ci din toatd aria crateriald :Seaca-
Tatarca numai partea sud-estich situatd in bazinul véii Gdineasa prezinti
interes metalogenetic. In prezent, prin lucriri geologice se evidentiazi
in sectorul Giineasa prezenta unei arii hidrotermale cu argilizdri si sili-
cifieri; aureolei paleogeotermale i se suprapune aria anomaliilor geochi-
mice §i geoelectrice. Forajele care au cercetat structura vulcanicd au pus
in evidentd extinderea in adincime a transformirilor hidrotermale, pre-
cum §i asocierea acestora, local $i la adincimi de peste 500 m cu indicatii
de mineralizare. l .

Transformérile hidrotermale se extind spre sud-est pini la limita
depresiunii craterului cu abruptul buzei sale, depéisind chiar acest abrupt
spre exterior in Poiana Giinusa. In zona contactului depresiunii cu abrup-
tul se cunosc indicatii de mineralizare auriferd care au atras atentia cer-
eetdtorilor cu multe deceniiin urmé (G rigore, 1938—1944; Ghika—
Budesti, 1939). o '

Admitem c& activitatea de transformare hidrotermald si. de mine-
ralizare care se localizeazé cu o evidentd delimitare in lungul viii Giineasa
se datoreazd unor fracturi orientate NV —SE. Aceste fracturi pe care le
denumim ,,grupul de fracturi Géineasa” se incadreazi perfect in alinia-
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mentul vulcano-tectonic si metalogenetic major al districtului metalo-
genetic Gurghiu (Fincel-Lapusna-Seaca Tdtarca-Sumuleu-Fierdstraie (fig.
1, pl. I).

i Pe lingd alteratii hidrotermale asociate local cu indicatii de minera-

lizare, unele dintre fracturi sint rispunzitoare de punerea in loc a dyke-
ului de andezite cu hornblendi verde resorbitd -+ piroxeni (R & du-
lescu et al., 1964), precum §i a unor apofize microdioritice (Botar,
1976), pe 1nterﬂuv1u1 Giineasa-Titarca ( (pl. I).
' O dovadd in plus cd hidrotermalismul se asociazi acestor fracturi
‘o constituie prezenta alteratiilor la exteriorul buzei craterului numai in
sectorul Poiana Giinusa care se plaseazdi in prelungirea sud-estici 2
ariei valea Giineasa.

Pe baza celor de mai sus, precum si a datelor de cunoastere din
forajele 35 502 de 1200 m (Peltz, 1969, 1974) 5i 3 de 650 m (Peltz
et al., 1979) care se localizeazé pe aliniamentul Gaineasa, se poate admite
cd grupul de fracturi a favorizat punerea in loc a corpurilor andezito-
dioritice si a celor de brecii endogene, precum si dezvoltarea proceselor
hidrotermale asociate.

In etapa subsecvents edificirii vulcanului, fracturile din grupul
Giineasa impreund cu altele avind directii diferite si care au fost active
in diferite sectoare ale aparatului au determinat prabusirea conului vul-
canului si formarea craterului; forma actuald a craterului nu se datoreazi
numai acestor priabusgiri, c¢i $i unei intense eroziuni centripete.

VII. Coneluzii

Rezultatele cercetidrilor geologice, geofizice $i geochimice executate
pind in prezent in craterul Seaca-Tétarca evidentiazad sectorul viii Gii-
neasa, situat in partea sud-esticid a regiunii, ca cea mai interesantd arie
din punctul de vedere al perspectivei metalogenetice. Aria Giineasa
constituie singurul sector din crater in care sint bine reprezentate produ-
sele activitdtii hidrotermale. Acestea se asociazi eruptiilor de andezite
cu hornblendd verde, andezite cu hornblendf verde resorbitd si piroxeni,
iar in adincimea edificiului vulecanic, §i eruptiilor de andezite cu hornblends
verde §i cuart.

In aria crateriali Giineasa prezintd extindere argilizarea i silici-
fierea ; indicatii de mineralizare auriferd se cunosc in extremitatea sudicd
a sectorului.la izvoarele viii Géineasa. Forajele au indicat extinderea in
adincime a transformirilor hidrotermale, asocierea argilizdrii si a silici-
fierii cu carbonatarea, sericitizarea, prezenta pe un larg interval a propi-
litizérii. Asociatiile de minerale metalice piritd - calcopn’lta sint prezente
la adincimi mai mari de 500 m. 7

'

Pe baza unui numir de 750 analize spectrale si 110 analize chimice
reprezentind toate tipurile de andezite proaspete si hidrotermalizate din
craterul Seaca- -Tétarca, probate in aflorimente si deschideri artificiale,
a fost realizatd imaginea detaliaty asupra distributiei B, Cu, Pb, Zn, Mo,
As, Ag. Pentru fiecare tip de andezit, precum si pentru piroc]astite au
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fost stabilite valorile de fond si de prag litogeochimic, iar pe aceasti cale
au fost sesizate particularititile metalogenetice ale diferitelor momente
eruptive. N '

fn aria vulcanicd Giineasa borul constituie un bun indicator metalo-
genetic. Astfel borul lipseste in andezitul cu hornblendd - piroxeni proas-
pit, dar prezintd valori pind la 3000 ppm §i respectiv 5200 ppm in aceleasi .
roci argilizate, respectiv silicifiate. Valorile anomale ale borului se core-
leazd pozitiv cu cele ale Cu, Pb, Zn. Continuturile de Cu, Mo, Zn araté
cresteri fatd de pragul litogeochimic, de preferintd in andezitele silicifiate.
Astfel, 1a cupru cresterile reprezintd de 13 ori pragul (75 ppm), la molibden -
de peste 100 ori pragul (2,30 ppm), iar la zine reprezinta de 20 ori pragul
litogeochimic (72 ppm). Anomalia litogeochimicd cumulatd Cu—Mo —
7n —Pb —Ag acoperda in cea mai mare parte aria hidrotermalizatd din
bazinul vaii Giineasa. In cadrul ei se delimiteazdi, in partea central-
vestici, anomalia cupro-molibdenicé care include §i valori anomale de bor.
‘Anomalia cupro-molibdenicéd se inscrie in suprafata ocupats de anomalia
pedogeochimic# cupriferd si anomalia geoelectricd. Amploarea moderats
a anomaliilor, comparativ cu valorile pragului litogeochimic, poate fi
pusi pe seama unei mineralizatii diseminate care se asociazi corpurilor
eruptive §i coloanelor de brecii situate la adincimi de peste 500 m in infra-
struetura ariei crateriale.

Totodatd, amploarea moderatd a anomaliilor litogeochimice se ex-
plicd prin aceea ci intre corpurile mineralizate i aria crateriald se afli
un complex de lave si piroclastite cu grosimea de circa 500 m, asa cum
indics forajele executate piné in prezent. Aceastd formatiune ecraneazi
in parte efectul mineralizatiei asupra cercetirilor indirecte geochimice si
geoelectrice de la suprafatd.

Factorul principal de control in metalogenezi l-au constituit frac-
turile care traverseazi cu directia NV —SE aria Giineasa. Aceste fracturi
se incadreazd in aliniamentul tectono-vulcanic si metalogenetic major
al Muntilor Gurghiu. Grupul de fracturi Géineasa a controlat edificarea
structurii eruptive constituitad din lave §i piroclastite andezitice cu canalele
lor de emisie, corpuri andezitice i dioritice, corpuri de brecii endogene,
Aceleasi fracturi au favorizat permeabilitatea structurii si activizarea
fluxului hidrotermal, metalizant.

Rezultatele favorabile obfinute in craterul Seaca-Tdtarca prin uti-
lizarea datelor litogeochimice in studiile metalogenetice recomands apli-
carea acestei metodologii de lucru in activitatea de prospectiune ce se
va desfisura in viitor in ariile crateriale si extractrateriale din Muntii
Gilimani-Gurghiu-Harghita. ’

4 Analizele spectrale au fost executate in laboratorul I. M. Bilan, iar analizele chimice
in laboratoarele de la I. M. Bilan si 1. M. Barza.
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OBSERVATIONS LITHOGEOCHIMIQUES ET IMPLICA-
TIONS METALLOGENIQUES DANS I’ATRE VOLCANIQUE DE
GAINEASA (CRATwRE SEACA-TATARCA, MONTS GURGHIU)

(Résumé)

L’¢difice voleanique a cratére de Seaca-Titarca représente la plus grande unité vol-
canique de la partie centrale des monts Gurghiu (Carpathes Orientales). Cette airc volcani-
que est située sur le méme alignement tectono-magmatique que la caldére Fincel-Lépusna
au nord et les appareils volcaniques Borzont, Sumuleu, Ciumani et Fierdstraic 4 l’est-sud-
est (fig. 1). Tous ces appareils voleaniques appartiennent au compartiment structural supé-
ricur des monts Gurghiu, édifi¢é pendant lc¢ Pliocéne.

Dans Iapparcil Seaca-Titarca s’est déroulée une activité volcanique mixte, 4 domi-
nance effusive; la succession des éruptions part des andésites a hornblende jusqu’aux andé-
sites 4 pyroxénes. La corrélation des données du lever géologique avec celles offertes par les
forages (dont un forage de 1200 m) met cn évidence la structure complexe du volcan Seaca-
Titarca. Elle a é1é édifiéc en plusieurs moments éruptifs, a4 savoir : a) un volcanisme andési~
tique effusif et explosif, alimenté probablement par plusieurs canaux; b) l’association du
voleanisme central avec des intrusions andésitiques et dioritiques; ¢) I’activité explosive ratée
et la formation des corps de bréches endogénes. Le Volcan Seaca-Tdtarca se place dans le
district métallogénique Gurghiu (fig. 1) avec des accumulations hydrothermales auro-argen-
tiféres et polymétalliques. L’activité hydrothermale s’associe aux éruptions d’andésites a
hornblende verte et d’andésites a hornblende-+pyroxénes.

L’aire des transformations hydrothermales — dont I’argilisation et la silicification ont
plus d’ampleur — se place dans le bassin hydrographique Gidineasa au sud-est du eratére (pl.I).
Indices de minéralisation auriférec sont connus dans Plaire hydrothermale, aux sources de
la vallée de Giineasa. Dans le forage de 1200 m situé presquau centre du cratére on re-
marque des indices de minéralisation complexc & des profondeurs de plus de 1000 m.

La corroboration des données de connaissance fournies par les recherches géologiques et
géophysiques montre ‘que la minéralisation de G#ineasa s’associe aux zones des cheminées
d’alimentation, aux corps éruptifs andésito-dioritiques satellites, ainsi qu’aux colonnes de bre-
ches endogénes.
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Les derniéres années, dans le cadre des prospections géologiques de grand détail cxé-
cutées dans le cratére Seaca-Tidtarca, on a accordé une attention particuliére a la distri-
bution de certains élémcnts mineurs, indicateurs des processus métallogéniques dans les vol-
canites fraiches et hydrothermalisées. On a réalisé 725 analyses spectrales et 110 analyses
chimiques pour B, Cu, Pb, Zn, Mo, As, Ag. Les échantillons examinés représentent tous les
types d’andésites et ont été prélevés d’affleurements et ouvertures artificielles.

Les €léments dosés se placent entre de larges limites de variation (tabl. 5); du fait
de cettc situation, ainsi que de la dispersion aréale des valeurs, on a pris en considération
le seuil géochimique comme indicateur-limite de la présence du proeessus de minéralisation
(tabl. 5). Dans l'aire volcanique de Giineasa, le borc constitue un bon indicateur métallo-
génique. Par exemple, cet €lément est absent dans ’andésite 2 hornblende+ pyroxénes fraiche,
mais il présente des valeurs de jusqu’a 3000 ppm et 5200 ppm dans la méme andésite argilisée
et notamment silicifice. Ces valeurs anomales du bore dans 'andésite silicifiée viennent se
corréler positivement avec celles de Cu, Pb, Zn (fig. 3). On peut admettre que les valcurs
anomales du bore dans l'aire de Giineasa 1nd1quent I’apport des solutions hydrothermales
en Cu, Pb, Zn. Selon les partlcularltés ULochlmlques de chaque ¢lément, on estime une dé-
charge accrue du bor, 4 ’étage supérieur du systéme thermodynamique et la migration limi-
tée du Cu, Pb, Zn, ayant comme résultat leur déposition dans I'étage inférieur.

~ Les teneurs en Cu, Mo, Zn montrent des augmentations par rapport au seuil lithogéo-
chimique, de pféfére11ce dans les andésites silicifi€es (tabl. 5). Le seuil lithogéochimique du Cu
esf proclie de celui du Zn (tabl 5, fig. 3). En comparaison avee ces valeurs on observe des
teneurs plus grandes en Cu dans les andésites siliciliées, ainsi qu'une balsse plus marquée du
Cu par rapport au Zn dans les andésites argilisées (fig. 3).

Les valeurs anomales du Mo présentent une bonne corrélation avee les autres teneurs
¢élevées en B, Cu, Zn(fig 3, 5), enregistrées dans I’andésite silicifiéc. Une bonne corrélation Cu
—Mo est mise en évidence par la présence — dans les échantillons analysés — des tencurs
de plus de 500 ppm Cu et de plus de 50 ppm Mo (le seuil lithogéochimique est de 70 ppmn
pour le Cu ct 2,30 ppm pour le Mo).

On a déterminé des teneurs de plus de 1 g/t Ag (limitc maximum du seuil lithogéo-
chimique) dans les andésites argilisées et silicifies de Uextrémité sud-est de 1'aire Giineasa;
elles viennent se corréler avec des indices de minémlisation aurifére mis en évidence dans
ce secteur.

A partir des données analytiques dépassant la valeur du seuil lithogéochimique, on a
contouré des anomalies de Cu, PDb, Zn, Mo, Ag. Sans exccption, les anomalies sont locali-
sées dans I’aire hydrothermale de Giineasa. L’anomalie Cu présente la plus large extension;
ses limites correspondent a l’anomalie lithogéochimique cumulée (pl. I). L’anomalie zincifére
a une extension similaire a4 celle cuprifére. Dans la partie central-occidentale de 1’anomalie
cumulée est individualisée I’anomalie cupro-molybdénique avec des valeurs anomales de bore.
Cette anomalie lithogéochimique s’inscrit dans la surface occupée par l’anomalie cuprifére
pédo-géochimique et par I'anomalie géo-électrique.

On peut mettre 'ampleur modérée des anomalies par rapport aux valeurs du seuil
lithogéochimique sur le compte d’une ininéralisation disséminée, qui s’associe aux corps
éruptifs ou aux colonnes de bréches situées a des profondeurs de plus de 500 m dans l'infra-
structure de Vaire cratériale. L’ampleur réduite des anomalies s’explique aussi par le fait
qu’entre les structures minéralisées et P'aire cratériale existe un complexe de laves et pyro-
clastites épais d’environ 500 m, qui joue partiellement rdle d’écran pour I'effet de la miné-
ralisation. Les fractures traversant — sur la direction NO—SE — Paire Giineasa représen-
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tent le principal facteur de contrdle dags-Iil mctallogenése. Ces fractures se rangent dans I'alig-
nement téctono-volcanique et métallogénique majeur des monts Gurghiu. Le groupe des {rac-
tures de Gdineasa a contrdlé 1’édification de la structure éruptive; les mémes fractures ont
favorisé la perméabilisation de la structure ¢t lactivisation du flux hydrothermal-métallisant.

Les résultats favorables obtcnus dans le cratére Seaca-Titarca par Pemploi des don-
nées lithogéochimiques dans les rccherches métallogéniques récommandent Papplication de
cctte méthodologic de travail dans 1’activité de prospection qui se déroulera A 1’avenir dans
les aires cratériales et extracratériales des monts Cilimani-Gurghiu-Harghita.

EXPLICATION DE LA PLANCHE

Carte métallogénique du distriet Gdineasa

(Cratére Seaca-Tidtarca, monts Gurghiu)
1, andésites & pyroxénes; 2, andésites a pyroxénes -+ hornblende : a, laves, b, pyroclastites;
3, andésites 4 hornblende verte 4+ pyroxénes : a, laves; b, pyroclastites; ¢, dykes : 4; bordure
du cratére; 5, groupe de fracturcs Giineasa; 6, autres fractures; 7, aire prohable de locali-
sation des corps minéralisés 2 des profondeurs de plus de 500 m; 8, auréole hydrothermale ;
9, forage; 10, auréole lithogéochimique; 11, limite du district métallogénique Gurghiu.
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2. ZACAMINTE

DATE NOI PRIVIND MINERALIZATIA HIDROTERMALX
DE LA STINCENI (MUNTII CALIMANI DE SUD)!

DE

SERGIU PELTZ?2 CONSTANTINA STANCIU?, ZOLTAN BALLAS3,
AUREL GHEORGHIUS3, ION NITULESCU?2 VASILE POMARLEANU 2,
CONSTANTA UDRESCU 2, SERBAN ANASTASE ?

Hydrothermal mineralizalion. Complex eruplive siructure. Andesites. Diorites. Hydrother~
mal alteration. Melallogenesis. Geothermometry. East Carpathians. Young eruptive. Cali-
mani.

Abstraet

New Data on the Stinceni Hydrothermal Mineralization
(South Cidlimani Mountains). The hydrothermal mineralization from Stinceni
is associated with the Zebrac-Mermezeu complex eruptive structure, the most important
eruptive body (outcrop area of about 10 sq.km) in the southern part of the Calimani Moun-
tains (East Carpathians). The following magmatic events which led to the building up of the
eruptive body are: a) constitution of the andesite laccolith (hornblende + pyroxenes); b) mi-.
crodiorite intrusion within the laccolith space; c) extrusion of sporadic quartz andesites.
forming cupolas; d) failed explosive phase and formation of endogenous breccias. The vol-
canic activity in the region manifested during the Pannonian D/E —Pontian. The hydro-
thermal transformation processes took place in two different phases. The former is connected:
with the microdiorite intrusion and generated both sericitic and argillic rocks. The latter is.
connected with the last andesite cruption that manifested intensely in the zones of tectonic
fracture and the endogenous breccias. The modified rocks occur in a sequence of chloritic,.
sericitic, argillic, carbonatic and silicic type, the argillic rocks being frequently associated:
with the gold-silver and polymetallic association. The mineralization is present as veins and
disseminations. Within the Dealul Ursului vein group the mincralization is mainly gold-silver;
the polymetallic mineralization (sphalerite and stibnite are the more important) is subordinate..
The disseminations are present in ihe breccias (gold-bearing arsenopyrite and sphalerite are:
the more-important) as well as in the andesites+ microdiorites (chalcopyrite and sphalerite
are the more important). The following mineral associations are charaeteristic for the Stincenk
hydrothermal association : gold-bearing arsenopyrite 4+ marcasite 4 pyrite 4+ quartz ; pyrite +
+ sphalerite + galena + tetrahedrite + bournonite + jamesonite + calcite + quartz; spha-

. 1 Predatd la 29 aprilie 1980, acceptatd pentru publicare la 29 aprilie 1980, comuni-
catd in sedinta din 9 mai 1980.

2 Institutul de geologie si gcofizicd, str. Caransebes nr. 1, 78344 Bucuresti 32.

3 Intreprinderea de prospectiuni si exploriri geologice ,,Harghita’’, str. Biii nr. 7, 4200
Gheorgheni, jud. Harghita.

8 — c. 622
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lerite - pyrrhotite 4 chalcopyrite —i—l pyrite + calcite; pyrite 4+ pyrrhotite 4 gold-bearing
arscnopyrite 4+ gold.aud silver tellurides ; stibnite 4 calcite. The mineralized stage is 600 m
in leight, the gold interval being situated at the upper part (150 m). The mineralization ge-
nesis was controlled by the following factors : a) tectonic — which implied the elevation of
the Oligocene-Miocene sedimentary basement that became permeable, thus favouring the
ascension of -the metallizing hydrothermal flux; b) structural — determined by the complex
eruptive body; c) lithologic — the mineralization being associated with the quartz andesites
and microdiorites. Geochemical data confirm the mineralogical observations, proving the gold
and polymetallic character of the mineralization. The mineralothermometric study of the calcite
(three generations) and quartz (two generations) point out forming temperatures ranging be-
tween 300 —170°C ; this thermic interval indicates a mesoepithermal mineralization at Stinceni.

1. Introducere

In partea de sud-est a Muntilor Cilimani, in raza localititii Stinceni,
au fost puse in evidentd cu prilejul prospectiunilor geologice (V asi-
lescu et al, 1959) §i geochimice (Buracu, 1961), precum si al lu-
cririlor miniere din perioada 1959—1960 indicatii de mineralizare hidro-
termald, cu caracter aurifer si polimetalic. Ulterior, Peltz (1969) a apro-
fundat cunoagterea acestor mineralizatii in cadrul studiului asupra erup-
tivalui neogen din sud-estul Munfilor Céilimani.

Mineralizatia de la Stinceni se asociazd structurii complexe andezito-
-dioritice Zebrac-Mermezeu, cel mai important corp eruptiv din sudul
Cilimanilor. In cadrul zonei metalogenetice cu mineralizatii polimetalice
si aurifere asociate ariei vulcanice Cilimani-Gurghiu-Harghita, minerali-
zatia de la Stinceni ocupd o pozitie particularid, aflindu-se intr-un stadiu
mai avansat al cunoasterii perspectivei. La aceasta au contribuit studiile
metalogenetice corelate cu programul de lucrdri miniere $i foraje realizat
de ITPEG ,,Harghita” in ultimii ani in aria corpului Zebrac-Mermezeu.

Avind ca obiectiv principal rezolvarea problemelor care vizeazi
perspectiva economics, cercetarea proceselor de alterare-mineralizare aso-
ciate corpului eruptiv Zebrac-Mermezeu a fost abordati de un larg co-
‘lectiv de specialigti realizindu-se : studiul mineralogic $i geochimic al pro-
duselor alteratiei hidrotermale §i corelarea evolutiel acestora cu procesele
magmatice ; studiul mineralogic §i geochimic al mineralizatiei aurifere gi
polimetalice ; cunoagterea factorilor ce controleaz3 formarea si acumu-
larea mineralizatiei ; pozitia spatiald si temporald a proceselor metaloge-
netice in ansamblul manifestdrilor vuleanice din regiune, tentativa de
corelare a.mineralizatiel de la Stinceni cu mineralizatii hidrotermale si-
milare din provincia metalogeneticd asociatd eruptivului neogen din
Rominia.

Unele dintre rezultatele obfinute pe linia obiectivelor de mai sus
sint prezentate in continuare i se referd la mineralizatia din sectorul
valea Zebrac-Dealul Ursului situat in partea vesticd a structurii eruptive
complexe Zebrac-Mermezeu.
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II. Cadrul geologic

Regiunea bazinului superior al viilor Zebrac-Mermezeu este situats
in partea centrald a sud-estului Muntilor Calimani, la circa 7 km nord de
Valea Muresului si de centrul comunei Stinceni si la circa 17 km nord-vest
de oragul Toplita (fig. 1). Aceastd regiune prezinti o structuri geologici.
complicatd, determinata de participarea depozitelor sedimentare §i a
vuleanitelor. ‘ :

Depozitele sedimentare care afloreazi in bazinul superior al viii
Zebrac, precum §i cele interceptate de unele foraje apartin ca virstd Oli-
gocenului, Miocenului inferior (Acvitanian-Burdigalian — strate de Ze-
brac) si Miocenului superior 4 Pannonianului (?) (Peltz et al., 1980).
Oligocenul a fost observat numai in foraje. Depozitele miocene §i panno-
niene afloreazi la vest, nord si sud de corpul eruptiv Zebrac.

Depozitele sedimentare, ca dealtfel i corpul eruptiv, sint afectate
de falii care se aliniazi dupé directiile principale N 30°E—N 45° si N 60°E
N70° (Peltz et al, 1980).

Formatiunile eruptive ocup#d cea mai mare suprafatd din teritoriu
§1 provin din centre vulcanice situate in regiunea Zebrac-Mermezeu sau
in sectoare invecinate.

Elementul geologic principal este structura eruptivi complexs,
Zebrac-Mermezeu care in bazinul superior al viilor Zebrac si Mermezeu
afloreazé pe o suprafatd de circa 10 km?2 La alcituirea acestui corp par-
ticipd andezite, microdiorite porfirice gi brecii endogene.

Petrofondul corpului este constituit din andezite cu hornblendi.
verde, andezite cu hornblendi verde si piroxeni, andezite cu piroxeni si
hornblendd verde, toate acestea cuprinse in denumirea colectivi ,,ande-
zite de Zebrac-Mermezeu” (Peltz, 1969; Peltz etal., 1981). Aceleasi
andezite constituie ramificatiile pe care corpul eruptiv le trimite spre-
vest si nord in depozitele sedimentare ; forma de zicidmint este de sill,
dyke, apofizd cilindricd. Microdioritele porfirice cu piroxeni §i hornblends.
constituie citeva corpuri eruptive ce afloreaza in vestul structurii complexe.
Corpurile din valea Zebrac si Piriul Popii au fost cercetate cu foraje pe
adincimi cuprinse intre 400—650 m. In coloanele litologice ale forajelor-
s-a observat cid microdioritele stribat andezitele de Zebrac-Mermezeu si
sint strdabidtute de breciile endogene (pl. I). Andezitele cu hornblendd -
piroxeni §i cuart sporadic constituie citeva corpuri de tip cupold in
perimetrele piriul Aurig si Dealul  Ursului. Ele strdbat andezitul de-
Zerbac-Mermezeu, firi a fi dezvelite de eroziune ; sint insd bine deschise de-
lucririle miniere si forajele din perimetrul Dealul Ursului (pl. I). Sub aspect
petrologic aceste roci reprezintid diferentiate mai acide ale magmei pa-
rentale, care in cazul structurii eruptive Zebrac-Mermezeu este magma
andezitului cu hornblendd verde (Peltz, 1969).

Breciile endogene cu liant tufisitic constituie corpuri cilindrice cu
numeroase apofize. Unele dintre aceste corpuri afloreazi in piriul Auris.
si Dealul Ursului. Lucridrile miniere §i forajele care au fost executate in
ultimii ani au evidentiat larga extindere in adincime a corpurilor de brecii..
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Fig. 1. — Pozifia cimpului metalogenetic Zebrac-Mermezeu in cadrul districtului Cilimani;
‘dupd Harta geologici a R.S. Roménia, sc. 1 : 200 000, si IHarta metalogeueticsi a R.S. Romania,
sc. 1:200 000, foaia Toplifa.

1, Cuaternar: a, aluviuni; b, terasc; 2, compartimentul superior; a, andezite; b, piroclastite
andezitice ; ¢, diorite si microdiorite; 3, compartimentul inferior: a, formatiunea vulcano-
sedimentard ; b, andezitc (o) si andezite bazaltice (af); ¢, piroclastite andezitice; d, diorite
si microdiorite; 4, fundament prevulcanic volhinian-bessarabian; 5, Chattian-Burdigalian;
6, limita districtului metalogenetic; 7, limita cimpului metalogenctic : 1, Colibifa-Dornisoara ;
‘2, Zebrac-Mermezeu; 8, cimpul cu acumuliiri de sulf si hidroxizi de fier Gura Haitii.

Position du champ métallogénique Zcbrae-Mermezeu dans le district Cdlimani; d’aprés la
Carte géologique de R.S. Roumanic, échelle 1 : 200 000, ct la Carte métallogénique de la R.S

Roumanie, €échelle 1 :200 000, feuille Toplita.
1, Quaternaire, alluvions; 2, compartimeut supérieur: a, andésites; b, pyroclastites andési-
tiques; c¢, diorites et microdiorites; 3, compartiment inférieur; a, formation volcano-sédimen.
taire; b, andésites («) et andésites basaltiques («B); ¢, pyroclastites andésitiques; d, diorites
et microdiorites; 4, soubassement prévolcanique volhynien-bessarabien; 35, Chattien-Burdi-
galien ; 6, limite du district métallogénique; 7, limite du champ métallogénique; 1, Colibifa-
Dornisoara; 2, Zebrac-Mermezeu; 8, champ 4 accumulations de soufre et hydroxydes de fer
de Gura Haitii.



5 MINERALIZATIA HIDROTERMALA DE LA STINCENI 117

Totodatd, un foraj de 650 m executat in valea Zebrac a stribitut apo-
fizele unui corp de brecii care se localizeazd in apropierea contactului ves-
tie, al corpului Zebrac-Mermezeu (poate chiar la contactul cu depozitele
sedimentare). ) ,

Studiile efectuate de Peltz (Peltz et al, 1977) au condus
la incadrarea acestor brecii la ,,grupa breciilor vulcanice alloclastice’,
varietatea brecie endogeni, conform clasificirii propuse de Wright si
Bowes (1963), precum i la considerarea liantului un tufisit = tuf
intrusiv. §i nu un -cinerit. '

Elementele constitutive ale breciilor endogene sint: andezite de
Zebrac-Mermezeu, microdiorite porfirice, andezite cu cuart, roci sedimen-
tare din fundament.

Prin natura lor geneticsi, breciile endogene cu liant tufisitic au con-
trolat termodinamica solutiilor metalizante, iar prin texturi au favorizat
acumularea mineralizatiei. De aceea, pentru structura eruptivi complexi
Zebrac-Mermezeu corpurile de brecii endogene i contactul acestora cu
alte vulcanite constituie elemente conducidtoare in activitatea de cer-
cetare cu lucriri miniere §i foraje pentru verificarea perspectivei economice.

" Roci similare au fost identificate pentru prima datd de Stanciu
in forajele din craterul Sumuleu-Muntii Gurghiu (in Peltz et al., 1976),
in forajele si lucririle miniere din regiunea Ivo-Madéras-Muntii Harghita
(Stanciu et al, 1977), fiind denumite brecii intrusive; cercetiri
recente au dus la punerea in evidentd a breciilor endogene §i in craterul
Seaca-Tétarca (Peltz et al, 1979).

Breciile endogene de la Zebrac prezinti asem#niri cu breciile de
la Baia de Aries (Ghitulescu et al,, 1979b) sub aspect genetic
51 al pozitiei in structura eruptivid, precum si al mineralizatiei. Ne aso-
ciem punctului de vedere susfinut de Ghifulescu (1958), conform
caruia breciile s-au format in urma unor eruptii punctiforme-percusive,
bogate in ejectii de gaz §i cenusd, acestea precedind faza hidrotermali.

" Relatiile spatiale intre corpurile de roci eruptive descrise mai sus
aratd ci structura Zebrac-Mermezeu are o alcituire complexs, ca urmare
a edificdrii in mai multe momente de activitate magmatici. Initial s-a
produs intruziunea andezitului de Zebrac-Mermezeu in formatiunile fun-
damentului prevulcanic, cu formarea unui lacolit avind ldfimea de circa
4 km §i o grosime de circa 500 m ; zona de inridéicinare a lacolitului s-ar
situa in extremitatea sa vesticd (regiunea viilor Zebrac-Cazitura-Popii).
Intr-o etaps magmaticsi subsecventdi, in spafiul lacolitului s-au pus in
loc corpuri de microdiorite porfirice. A urmat eruptia andezitului cu-
cuart i formarea unor corpuri de tip cupoli. Momentul final de activitate
magmaticd a fost marcat de faza explozivd ratati, rezultind intensa breci-
fiere, dar moderata deplasare a magmatitelor §i formarea breciilor endogene.

Succesiunea tuturor acestor evenimente magmatice a fost contro-
1atd de regimul tectonic local §iregional. Numeroase fracturi —vizibile azi
la suprafatd si in subteran — afecteazd depozitele sedimentare §i vulca-
nitele. Multe dintre acestea au fost probabil reactivate in diferitele momente
- ale desfiisuririi proceselor eruptive. In ansamblu, fracturile au realizat
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permeabilizarea fundamentului prevuleanic si a corpului Zebrac-Mermezeu,
creind conditii favorabile penetratiei si circulatiei fluxului hidrotermal
metalizant. Intensa tectonizare a corpului Zebrac-Mermezeu a fost re-
marcatd de Peltz (1969), Peltz, Peltz (1969), fiind pusd in
legiitursd cu pozitia nodali a acestuia in cadrul aliniamentelor tectono-
magmatice caldera C#liman-caldera Fincel-Lipusna (N—S8) si Strunior-
Bitca (NV-—SE). , :

Vulcanitele corpului Zebrac-Mermezeu sint acoperite de: lavele
andezitului de Tédulet, cu hornblendd verde; lavele si piroclastitele an-
dezitelor de Bitea (cu hornblend4d verde, cu piroxeni); piroclastite de
Iligoara cu fragmente de andezit piroxenic si andezit bazaltic. Aceste vul-
canite au fost emise, dupd constituirea structurii eruptive complexe
Zebrac-Mermezeu, de centre eruptive situate in diferite sectoare din sudul
Muntilor Cilimani.

Totalitatea formatiunilor eruptive din regiunea bazinului superior
al viilor Zebrac gi Mermezeu aparfine compartimentului structural in-
ferior al edificiului Muntilor C#limani. Activitatea vuleanicd cu forme de
manifestare explozive, efuzive §i intrusive s-a derulat intr-un interval de
timp corespunzitor Pannonianului D/E-Pontianului (Peltz, 1969;
R#édulescu et al, 1973 a, b).

Deoarece pind in prezent sint indicatii certe c¢i procesele de alte-
rare-mineralizare din regiune se asociazd structurii eruptive complexe

TABELUL 1

Succesiunea produselor vulcanismului neogen in regiunea Zebrac-Merinezeu $i pozilia

melalogenezei
=i IS ‘
8 g . " q . q
=2 A Andezite de Bitca-Cicuta, cu piroxeni
T g Complexul piroclastitelor de Ilisoara
S Andezite si piroclastite de Bitca, cu hornblendi
i s ] Andeczite de Taulef, cu hornblendid verde
S . =
L B A Brecii cndogene
e i Andezite cu cuarf sporadic Metalogenezi
g = Microdijorite porfirice J
s . 8 Andezite de Zebrac-Mermezeu NN
—~ =2 o 5
=g o
Sl
| Fundament prevulcanic Miocen-Pannonian (?2)
i

Zebrac-Mermezeu, conform celor de mai sus privind succesiunea eruptiilor
rezultd posibilitatea de a plasa in Pontian activitatea metalogeneticd de
la Zebrac-Stinceni (tab. 1).
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III. Incadrarea metalogeneticd

. In acord cu punctele de vedere privind raionarea metalogenetics
2 ariei vulcanice Cidlimani-Gurghiu-Harghita, cuprinse in Harta metalo-
geneticd scara 1 : 200 000, foaia Toplita, si textul explicativ (M uresan,
Peltz, 1968), aria vulcanicd din cursul superior al viilor Zebrac si Mer-
mezeu se cuprinde in cimpul metalogenetic cu mineralizatii de sulfuri
polimetalice 4 aur. Cimpul metalogenetic Colibita-Dornisoara (fig. 1)
din nord-vestul Muntilor Cilimani si cimpul Zebrac-Mermezeu reprezinti
singurele unitdti metalogenetice de acest ordin de méirime de pe cuprinsul
ariel vulcanice Cilimani-Harghita.

IV. Alteratia hidrotermala

In cadrul sectorului Zebrac-Dealul Ursului s-a dezvoltat o alteratie
hidrotermald ampli, legatd atit de intensa tectonizare a corpului eruptiv,
it §i de formarea breciilor endogene. Activitatea minierd desfisuratd in
ultimii ani ne-a prilejuit observarea directi a produselor hidrotermale in
numeroase situatii; cercetarea aureolelor hidrotermale din jurul fracturi-
lor mineralizate din galeria Auriy ne-a furnizat date despre schimbdrile
pe orizontald, iar analizarea zonelor hidrotermalizate interceptate de fo-
rajele din Dealul Ursului si piriul Auris ne-a permis observarea modifi-
cirilor hidrotermale pe treptele de 640 m, respectiv 300 m adincime.
Prezentam totodatd si rezultatele obfinute din studierea forajului valea
Zebrac (650 m adincime), localizat in partea vesticd a corpului eruptiv,
la contactul cu depozitele sedimentare.

Ansamblul informatiilor de care dispunem provine din studiul efec-
tuat de Stanciu care din anul 1977 a prezentat consecutiv capitolul
s, Transforméri hidrotermale™ in rapoartele Peltz et al. (1977—1980).

A. Hvolupia proceselor de alterare hidrotermald

In conformitate cu rezultatele obtinute despre compozifia rocilor
alterate, relatiile spatiale gi genetice dintre ele, ca si pozitia lor fatd de
rocile originale am ajuns la urmé&toarele idei despre evolutia proceselor
de alterare hidrotermald.

Alterdrile apar ca efecte a doui faze hidrotermale distincte, cores-
punzind anumitor activititi tectono-magmatice. Rocile formate in de-
cursul alteratiei de la Zebrac-Mermezeu constituie o serie de tipuri petro-
grafice care sint aceleagi, fie cd ne referim la faza 1, fie la a 2-a. Peste tot
a fost recunoscut un fond propilitic de naturd autometamorfici, care s-a
modificat cu intensitdti variabile, sub actiunea solutiilor hidrotermale.

In ansamblu, evolutia hidrotermalismului poate fi apreciati ur-
mirind tabelul 2. Cunostintele ce vor fi dobinidte in viitor, prin inves-
garea in extindere a zonelor hidrotermalizate, vor imbun#titi desigur
ideile expuse in acest moment.
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Prima fazi hidrotermali are evidente relafii spatiale si temporale
cu intruziunile microdioritice ; alterafia hidrotermald a avut o intensitate

TABELUL 2

Succesiunea produselor hidrotermale

Faza hidrotermald

Roci originale transformate

Tip de alterare

Mineralizafia

IFaza 1, asociatd cu microdiroit porfiric, argilic polimetalica
intruziuni microdiori- | andezit cu hornbienda sericitic (diseminari})

tice si piroxeni propilitic

Faza a 2-a, asociati andezit cu hornblenda, silicic auriferd si poli-
cu crupfia andezitului | piroxeni, cuarf sporadic, | carbonatic metalicd (filoanc
cu cuarf sporadic sub | microdiorit porfiric ; argilic si disemindri)
controlul fracturilor si | andezit cu hornblenda sericitic

hreciilor endogene si piroxeni, andezit cu propilitic

hornblenda

redusd, génerind mici cantitdti de roci sericitice si argilice in cuprinsul
fondului propilitic care a ridmas conservat in cea mai mare parte. Indi-
catiile de mineralizare diseminaté ‘din microdioritul interceptat de forajul
valea Zebrac (sectorul valea Zebrac) atrag atentia asupra zonelor micro-
dioritice din cuprinsul corpului Zebrac-Mermezeu, care pot exercita un
control determinant in procesele de concentrare a elementelor metalifere.
Faza a 2-a hidrotermalsd are legituri cu ultimele manifestdri vuleanice,
producindu-se dupd eruptia andezitului cu hornblend#, piroxeni i cuart
sporadic, in timpul si dupd dislocatiile masei eruptive provocate de frac-
turile tectonice si breciile endogene (sectorul Zebrac-Dealul Ursului).
Intensitatea cu care s-a manifestat alteratia a fost puternicd i binuim
ci volumul de roci modificate este mult mai mare decit cel observat acum.
Alterdrile care afecteazi, trei termeni andezitici $i microdioritul s-au dez-
voltat pe fonduri propilitice proprii fiecirui tip petrografic, alcituind o
serie mai complexid decit in prima fazd; aceasta s-a constituit succesiv
din roci cloritice, sericitice, argilice, carbonatice si silicice (ultimele doud
au dezvoltari locale). Mineralizatia asociatd, cu caracter auro-argentifer
si polimetalic, este bine individualizati in filoane s§i corpuri de brecii.

B. Caracterizarea alieratiei hidrotermale

Asociatiile de roci alterate hidrotermal din cuprinsul edificiului
eruptiv sint reprezentate in plansele IT gi ITI.
Sectorul valea Zebrac

Forajul valea Zebrac este un element suplimentar pe care l-am ala-
turat principalelor observatii ce vor fi prezentate in continuare pentru
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a sublinia caracterul particular al zonelor in care apare o mineralizatie
diseminatd de sulfuri, in cuprinsul unei intruziuni. Zona interceptati de
foraj este alcdtuitd in principal din apofize microdioritice intruse in
masa vuleanicd, constituitd din andezit cu hornblend4 si piroxeni. Brecii
endogene, subsecvente, apar sub formi de dou# filoane mici.

Privind coloana alteratiei, se observii cd aceasta este dominati de
roci propilitice (cu magnetit §i pirotini) care apar aproape continuu de la
m 105 pind in talpa sondei (m 650). Numai spre suprafatd, intre 0—105 m
sint reprezentate produsele unei alteratii avansate, aici fiind principalul
loc de formare a rocilor sericitice §i argilice. Asemenea roci se gisesc si
in cuprinsul masei propilitice in evidente relatii cu brecia endogend si
cu fisurile in jurul cdrora se formeazd ca aureole albe care contrasteazi
cu culoarea verde, tipici propilitizirii. In fisuri §i cavititi apar : caleit,
pe toatd inilfimea coloanei; epidot cu tendintd clard de concentrare spre
adincime, intre. 480—640 m ; turmalind si caolinit in cantititi extrem de
mici si ocurente locale, in filonase. Intreaga formatiune apare mineralizats
(filonase, fisuri, diseminari) cu blendd, iar in adincime, in intervalul
480—510 m, cu calcopiritd asociatd cu blendi, sheelit si stibini.

Sectorul Zebrac-Dealul Ursului

Alteratia hidrotermald din sectorul Zebrac-Dealul Ursului este aso-
ciatd genetic de grupul de filoane din Dealul Ursului (deschise de galeria
Auris) si de breciile endogene (interceptate de galeria Aurig, forajul Dealul
Ursului si forajul piriul Auris). Lucrérile de explorare din acest sector au
stripuns mase importante de roci eruptive, caracterizate de o complexi-
tate petrograficd si structurald remarcabild ; acestea au suferit, in decursul
fazei a 2-a hidrotermale, alterafii puternice, unele fiind implicate in pro-
cesul de metalizare.

Examenul alteratiei hidrotermale din galeria Auris ne di o idee
generald asupra zonalitdtii transformirilor — cele mai frecvente situatii
sint polizonale — in stricts dependents cu zonele de fracturare. In majori-
tatea cazurilor observate zonalitatea spatiald reprezintd in aceeasi misurd
sl 0 succesiune geneticd ; frecvent insd apar si situatii locale in care linia
de dezvoltare este discontinui sau mascatd de suprapunerea unor procese
ulterioare. In cazul unei succesiuni complete, trecerile de la o zoni la
alta se fac gradat, in felul urméitor: roei propilitice — roci cloritice —
~> roci sericitice-»> roci argilitice - roci carbonatice — roci silicice.

Sint si situatii cind foarte brusc aldturi de roci propilitice se dezvoltd
roci argilice (pl. III).

Rocile propilitizate se gisesc ca zone relicte masive in parfile inter-
filoniene ; aparitia ulterioard a breciilor endogene, insofite de o intensd
argilizare, determin# debitarea acestora in blocuri mari de form# angulara.
Zonele cloritice si sericitice sint forma de tranzitie spre zonele argilice,
care sint cele mai abundente. Acestea apar bine individualizate, cu dez-
voltare stricty in peretii filoanelor, dar mai ales in zonele de puternicd
tectonizare, cum sint cele in care sc intersecteazd fracturile sau in care
se dezvoltsi corpurile de brecie (in aceastd formafiune circulatia solutiilor
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este intensd, liantul breciilor fiind poros.) In cuprinsul zonei a fost surprins
caracterul progresiv al transformirii argilice de la cdile de circulatie
spre exterior, observindu-se o subzond puternic argilizatd in apropierea.
filoanelor (mineralele argiloase au inlocuit aproape in intregime roca)
si o subzond incomplet agrilizatd care face trecerea spre zonele cu care
se afld in contact. Dimensiunile §i morfologia zonelor argilice sint depen-
dente atit de sistemul de fracturi, cit si de forma corpurilor de brecie.
In stricta veciniitate a fracturilor izolate se dezvoltd microaureole argi-
lice, in"timp ce in spatiul breciilor §i cel apropiat filonului 15 (pl. I, III)
apar zone extinse, concordante cu directiile pe care acestea le au. Din
cercetarea galeriei Auris, apreciem c# rocile argilizate se dovedesc indi-
catori de mineralizatie, fiind medii favorabile pentru diseminirile spora-
dice de molibdenit §i pirotind, dar mai ales pentru principala minerali-
zatie auro-argentiferd §i polimetalicid cu care se asociaz# spatial §i genetic.

Forajul Dealul Ursului este caracterizat de o eterogenitate remar:
cabilii; - Complexul andezito-microdioritic (andezite cu hornblendi si pi-
roxeni strapunse de apofize microdioritice, succedate de andezite cu horn-
blend#, piroxeni §i cuart sporadic), care se afld in contact cu fundamentul
prevulecanic sedimentar (stratele de Zebrac; Acvitanian-Burdigalian), este
puternic dislocat, in partea superioard, pe o grosime de 300 m, de breciile
endogene. Cu exceptia zonei ocupate de rocile sedimentare, impenetra-
bile la circulatia solutiilor hidrotermale, intervalul forat este intens alterat
§i aledtuit aproape.in intregime din roci sericitice i argilice. Formarea
lor se afli sub controlul breciilor din partea superioard, intre 0—300 m
adincime, §i al unei fisurdri fine in zona situatd sub m 400. Rocile propi-
litice apar ca doud relicte solitare care corespund in coloana litologicd cu
spatiile ocupate strict de andezite .cu hornblendi si piroxeni. In fisuri si
cavititile de dizolvare din apropierea suprafetei se giseste frecvent cal-
citul care uneori formeazi cuiburi (cu dimensiuni maxime de 7 cm) si
depuneri minore de turmalind si cuart; in adincime s-a semnalat prezenta
sporadicd a anhidritului. Mineralele metalice apar sub form# de fisuri si
disemindri fine §i sint reprezentate prin pirotindg sau/si molibdenit, care
apar discontinuu pe toatd indltimea coloanei, ca §i calcopiritd cu ocurentd
strictd, intre 50—70 m, 540—560 m adincime (pl. II). :

Forajul piriul Auris a interceptat o masi vulecanicd constituitd
din andezit cu hornblends §i andezit cu hornblendd si piroxeni, stripunsi
de brecia endogeni. Alterafia hidrotermald a fost extrem de intensid si
s-a produs in conditiile unei hidrometasomatoze argilice suprapusi pe
un fond propilitic, din care a mai rimas o singuri zoni de dimensiuni
reduse (pl. II).

C. Observatii mineralogice $1 geochimice

Prin cercetarea microscopicid a rocilor alterate a fost determinati
particip area mineralelor la alcituirea lor. Intr-o form# generalizatd, in
figura 2 este prezentatd contributia neomineralelor pentru fiecare specie
petrograficd nou formaté, intr-o ilustrare care sugereazid si succesiunea
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Dintre rezultatele geochimice — elemente majore §i minore — asu-
pra Intregului ansamblu de produse alterate hidrotermal prezentim aici
modificarile suferite de Pb, Cu, Zn, Sn, Mo si B care sint cele mai core-
labile cu datele privind mineralizatia ce va fi prezentati in continuare.
Tabelul 3 cuprinde elementele (ppm) in rocile hidrotermalizate in galeria
Aurig, iar diagrama dublu logaritmics ¢ din figura 3 ilustreazi procesele
de generalid imbogitire. Prin valorile sale, borul se plaseazi intr-un in-
terval de aport cuprins intre 1—10 X, corespunzitor unui slab, dar
general, proces de borificare, concomitent.cu o imbogitire a staniului
(pind la 4 X). Elementele Pb, Cu, Zn cu afinitate pentru sulf sint im-
bogitite pe toatd durata transformdirii (inclusiv propilitizarea), atingind
valori ale coeficientilor de 6—10 X. Se remarcd si continuturi extrem de
ridicate de plumb (1900 ppm) si zine (3000 ppm) intr-o probd argilicd.
Spre deosebire de elementele mentionate anterior, molibdenul nu a fost
detectat (<< 2 ppm) in majoritatea probelor analizate ; el apare numai in
unele probe colectate din zonele argilice (10—24 ppm) si intr-o probd
propiliticd (17 ppm).

Produsele de alterare din cadrul corpului eruptiv Zebrac-Mermezeu
sint tipic hidrotermale (Stanciu et al, 1977), prezentind multe si-
militudini cu cele care apar in jurul filoanelor metalifere din Muntii Oasg-
Gutii " (Stanciu, 1972) si Muntii Metaliferi (Ianoviei et al,
1969).

V. Mineralizatia
A. Caracterizare generald

Studiul mineralizatiei hidrotermale de la Stinceni vizeazi sectoarele
Dealul Ursului §i valea Zebrac din partea central-vesticd a corpului erup-
tiv Zebrac-Mermezeu.

Mineralizatia apare in urmitoarele situatii: a) filoane localizate la
contactul corpurilor de brecii endogene cu andezitele si mai rar in cor-
purile de brecii, andezite, microdiorite ; b) diseminiri in corpurile de brecii
endogene, andezite, microdiorite ; ¢) diseminiri la contactul vestic §i sudic
al corpului Zebrac cu depozitele sedimentare.

Intr-un stadiu mai avansat de cunoastere se afli mineralizagia din
sectorul Dealul Ursului (pl. I), cantonatd in principal de grupul filonian
Dealul Ursului. Principalul caracter al acestei mineralizatii este aurifer,
fiind legat de mispichel ; subordonat apare caracterul polimetalic.

Filoanele marcheazi un sistem de fracturi orientate NNV-—SE si
V—E (pl. I). Acestea au tendinta de a se fascicula §i li se asociazd nume-
roase fisuri mineralizate cu diferite orientiri.

Corpurile de brecii endogene contureazi diseminiri de mispichel
aurifer si/sau piritd aurifers, precum si de blendi. In sectorul valea Ze-
brac, la contactul vestic al corpului, mineralizatia apare ca filonage si
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TABELUL 3
Elemente minore (ppm) in produsele hidrolermale din galeria Auris
Nr. 3 "
ert Nr. probi Tipul petrografic Pb Cu Zn Sn Mo B
Andezite alterate hidrotermal !
1 81* rocd proaspati \ 4,5 27 65 I 2 ndt ndt |
2 m 29 ,»  propilitizata I 115 32 __670 6 | ndt 60
3 |m 18,5 " . 33 | 50 | 10| 3,5 | 17 | 60
4 | m 156 > 4 9,5 32 75| 3 ndt | ndt |
|5 w365 i " 13 | 20 82| 3 ndt | ndt |
¢ | m 253 . . 12 38 63| 2 ndt | 46
7 m 3 A ,s  Sericitizata 38 20 42 3 ndt 34
8§ 1m 98 » s 30 24 50 3 ndt 58
9 Ilm 9 . . 40 [ 210 | 100 5 ndt | 55 |
10 m 340,5 ,,  argilizata 36 16 110 | 4 ndt 40
11 m 175 5 » 57 230 310 7 10 12
12 |m 384 | . 5 1900 | 88 | 3000 | 19 2,5/ 56
13 m 27 ' 5 70 62 220 5 24 85 |
14 m 138 ¢ = " 27 46 380 3 ndt | 130
15 m 138 a = - 5 ©19 ndt 2,5‘ ndt | 160
16 m 27 ,» carbonatatad 10 44 230 2 ndt 45
17 m 8 ” s 65 40 125 4,5 3 100
- 18 m 542 50 silicifiata 26 18 65 3,5 ndt 50
19 m 30 o s 24 12 55 5 2,5 65 |
Brecii cndogene si filoane ?
20 m 541,7 brecic argilizati 20 ;3 50 ndt | ndt | 88
21 m 58 i carbonatati 24 22 200 ndt | ndt 80 |
21 m 36 A ™ silicifiatd 1900 88 3000 19 ndt 56 |
23 | m 36 C | argila filoniana 220 | 28 | 3000 9 "nat| 50 |
24 m 168 B % 3 65 70 650 4,5 4,5 58 |
25 m 42 B ™ Iy 82 4 105 4,5/ ndt] 110

* proba 81 — rocé ctalon, colectatd piriul Pailtinis.
Limite de detectic : Sn — 3 ppm; Mo — 2 ppin; Zn — 30 ppm; B — 30 ppm.
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impregnatii cu sulfuri 4 mispichel aurifer - telururi. In zona contac-
tului sudic se observd prezenta mineralizatiei diseminate de blends.

Coroborarea tuturor indicatiilor pe care le furnizeazi stadiul actual
de cunoagtere conduce la aprecierea preliminard a indltimii etajului mi-
neralizat de circa 600 m ; la partea superioari a etajului mineralizat se
situeazd intervalul aurifer. Datele de mai sus sint in acord cu numeroase
aprecieri gitologice §i cu exemple din literatura roméneased (Iano -
vieci et al, 1969; Borcos et al, 1975) privind indltimea etaju-
lui mineralizat in cazul mineralizatiilor asociate structurilor eruptive
neogene.

B. Factorii de conirol

Analiza complexd a regiunii Zebrac-Mermezeu privind : a) litologia.
si tectonica fundamentului prevuleanic, b) structura ariei eruptive in
cadrul evolutiei vulcanismului, ¢) pozitia regiunii in cadrul aliniamentelor
tectono-magmatice de importantd regionald si locald conduce la unele
consideratii privind factorii care au controlat formarea mineralizatiei.

Factorul tectonic. Regiunea bazinului superior al viilor
Zebrac-Mermezeu constituie un compartiment ridicat al fundamentului
prevulcanic. Pe lings fracturile care au implicat elevatia, se observi si
altele orientate NE—SV §i N—E. Acéstea au fragmentat aria eruptivi,
iar unele dintre ele sint mineralizate. Aceste fracturi se inscriu in alinia-
mentul tectono-vulcanic major caldera Cilimani-caldera Fincel-Lipusna,.
cu functie metalogeneticd doveditd in cele doud caldere si in aria Zebrac.

Factorul structural. Acesta este determinat de corpul
eruptiv Zebrac-Mermezeu cu alcituire complexd. Mineralizatia se asociazd
structurilor inridicinate ce constituie acest corp. In mod deosebit mine-
ralizatia auriferd se asociazd fazei explozive ratate, care a condus la for-
marea corpurilor de brecii, la finele edificdrii structurii eruptive. Faza:
explozivd a contribuit la extragerea si concentrarea metalelor, la gene-
rarea fluxului metalizant.

Factorul litologic. Mineralizatia se asociazd eruptiilor de
andezite cu hornblendd verde - piroxeni §i eruptiilor mai acide de ande-
zite cu cuart. Din punct de vedere petrochimic aceste andezite apartin
unei magme maj acide decit magma andeziticd normali.

C. Observagii mineralogice

In scopul obtinerii unor indicatii preliminare privind posibilitifile
de valorificare a mineralizatiilor din sectorul Dealul Ursului (Pande-
lescu et al, 1979) s-au efectuat cercetdri mineralogice pe probe tehno-
logice prelevate din grupul filonian Dealul Ursului si din corpul principal
de brecii, 1a nivelul galeriei Auris. Probe mineralogice prelevate de citre
IPEG ,Harghita’ din lucririle de explorare geologicd in extinderea fi-
loanelor, precum si din unele foraje de pe valea Zebrac si Dealul Ursului
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au condus la obtinerea de date suplimentare privind caracteristicile mi-
neralogice ale mineralizatiilor din aceastd zond. :

Desi dupé relatiile structurale si paragenezele mineralogice carac-
teristice mineralizatiile din regiunea Zebrac-Dealul Ursului trideazi o
afiliatie hidrotermald comuni, totusi, dupf pozitia in spatiu si unele par-
ticularitid{i mineralogice, se pot considera (pe baza datelor detinute pind
in prezent) doud sectoare mai importante : Dealul Ursului §i valea Zebrac.

Mineralizatiile din sectorul Dealul Ursului sint localizate in andezite
puternic argilizate, uneori in microdiorite sau la contactul cu acestea, si
anume atit pe un sistem neregulat de fracturi, cit si in corpuri de brecii.
In ansamblu, aceste mineralizatii au un caracter auro-argentifer, slab
polimetalic (confinuturi reduse in zinc, stibiu, arsen, plumb, cupru), si
sint reprezentate prin filonase, benzi, vinigoare si impregnatii de sulfuri
si sulfosdruri (piritd, marcasitd, mispichel aurifer, blend#, pirotin#, caleo-
piritd, uneoris tibind, si cu totul subordonat tetraedrit argentifer, jamesonit,
galend, bournonit ete.) asociate cu o gangd de carbonati §i cuart. Mine-
ralele metalice sint rdspindite foarte neregulat pe directia filoanelor, con-
statindu-se imbogitiri locale in piritd, blendd, mispichel aurifer, stibini,
calcopiritd, sau in tetraedrit argentifer. In corpurile de brecii (corpul
principal) roca andeziticd este puternic transformaté hidrotermal — argi-
lizatd, carbonatizatd, piritizatd — insd gradul de mineralizare cu sulfuri
si sulfosdruri este foarte redus, cu mult sub limita economicd de valorificare.

Aurul §i argintul, desi sint prineipalele elemente de interes economic
din aceste mineralizatii, nu apar ca minerale proprii, ci sint ,legate”
in mod diferit de alte minerale : aurul ca incluziuni submicronice in mis-
pichel, iar argintul ca substituent izomorf in sulfosdruri, in special in
tetraedrit. ,

Prin valoarea sa economicd si prin modul siu de prezentare, mispi-
chelul aurifer constituie caracteristica principald a mineralizatiilor auri-
fere din sectorul Dealul Ursului. Mineralizatia auro-argentiferd cu telururi,
interceptatd in adincime prin forajul de pe valea Zebrac, este reprezentats
prin filonage si benzi centimetrice de piritd compactd, traversate si coro-
date de viniyoare fine de cuar} si caleit, impreghate in proportie redusé
cu calcopiritd, blendd, mispichel aurifer, telururi auro-argentifere, tetra-
edrit, galend etc. Prezenta telururilor de aur si argint, intr-o paragenezi
ulterioard mispichelului aurifer, conferi mineralizatiilor din sectorul valea
Zebrac atit interes economic, ¢it §i mineralogic si geochimic.

Trebuie mentionat c& in unele lucriri miniere sau foraje au fost in-
tilnite, pe intervale restrinse, unele mineralizatii cu parageneze mai simple,
reprezentate prin:

— impregnatii cu calcopiritd gi piritd in microdiorite ;

— filonage si cuiburi compacte de blendd neagri, subordonat piro-
tind, piritd, calcopiritd in asociafie cu calcit;

— benzi de piritd compactd impregnatd fin cu calcopiritd, amintind
mineralizatiile de piritd cupriferd ; .

—filonage compacte de stib;ni, subordonat berthierit (din filo-
nul estic). !

!
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Textura mineralizatiilor este predominant rubanatd, cu caracter
fluidal, fiind accentuatd de alternanta benzilor diferit colorate de sulfuri
si sulfosdruri, cu benzile cenusii de cuart si caleit cu impregnatii fine de
sulfoséruri sau cu filonasele albe de calcit steril. Subordonat apar si frag-
mentele de minereu cu texturi compacti de tip piritos sau piritos-zincos,
uneori cu trecere spre texturd brecioasi, alteori in cocardi, in care unele
fragmente de mineralizafie mai timpurie apar stribitute si cimentate de
depuneri mai noi de caleit, mai mult sau mai putin impregnate cu sulfo-
saruri de plumb si cupru sau chiar de telururi cu’aur, argint si bismut.
Cu totul subordonat apar si agregate cu stfucturd radiard sau in evantai,
constituite din cristale aciculare de stibin& sau din impregnatii puternice
de marcasitd filiformd sau lanceolati.

Pentru a putea ajunge la unele concluzii metalogenetice in raport
cu succesiunile paragenetice si unele caracteristici structurale i geochi-
mice ale mineralizatiilor din regiune este necesari o scurtd descriere a
modului de prezentare a mineralelor metalice §i de gangd si a relatiilor
lor structurale.

Pirita are o rispindire extensivd si este mineralul metalic predo-
minant in toate filoanele evidentiate in regiune; se prezintd in general
in cristale fine, cu dimensiuni cuprinse intre citiva microni si 1 mm, Modul
de raspindire a cristalelor de piritd si in special relatiile structurale cu
celelalte minerale metalice 5i de gangé sint foarte variate, datoritd in-
deosebi conditiilor diferite in care s-au depus din solutiile hidrotermale,
in diversele etape de mineralizare, putindu-se diferentia mai multe ge-
nerafii de piritd.

Pirita cea mai veche — pirita I — precede toate celelalte minerale
metalice si de gangd, fiind depusd din primele solutii hidrotermale, sub
formd de impregnatii in rocile andezitice, in timpul fazei de argilizare a
acestora.

Fenomenele de argilizare gi piritizare a rocilor andezitice delimi-
teazd cadrul de interes metalogenetic in care au fost depuse ulterior mi-
neralele cu continuturi de metale pretioase. Pe lingd diseminirile in roca
andeziticd din vecinitatea fracturilor si fisurilor mineralizate, pirita apare
§i ca benzi, filonase sau cuiburi compacte, de ordinul centimetrilor, cu
structurd microcristalind (piritd IT).

Pirita compactd are o rispindire locald, neregulatd, uneori in aso-
ciatie cu agregate de blendd neagri (blendad I) sau pirotind si corespunde
unei etape slabe de mineralizare ; manifestiri tectonice ulterioare au re-
deschis fracturile vechi sau au creat altele noi, pe care s-au depus succesiv
principalele minerale utile de interes practic, in asociatii complexe, in
tunctie de suprapunerea pulsatiilor hidrotermale mineralizante :

— piritd ITI + blendd II 4+ calcopiritd 4 tetraedrit 4 galend -+

jamesonit + caleit ;

— piritd IIT 4 mispichel aurifer 4- marcasitd 4 calcit + cuart.

In sectorul valea Zebrac asociatia este mai complexii, apirind si
parageneza cu telururi:

9 — c. 622
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! — piritd II 4 pirotind 4 marcasitd I + piritd III 4 marcasitd IT
-+ blenda II + calcopiritd II 4 galend + telururi de aur §i argint, mine-
rale de bismut ete.;

— piritd IT + calcopirité I + blendad IT + telururi de aur si argint
+ minerale de bismut -+ cuarf 4 caleit.

Pirita -compactd (pirita II) este frecvent cataclazatd, cimentatd si
corodatd de mineralizatia cu sulfuri comune si sulfosdruri; uneori calco-
pirita se infiltreazé printre cristalele fine de piritd, constituind agregate
de tipul piritelor cuprifere.

De un interes mai deosebit este pirita asociatd paragenetic cu mar-
casita si mispichelul aurifer (pirita III) sau cu sulfurile comune si sulfo-
sdrurile argentifere.

Pirotina, cu totul subordonatd cantitativ piritei, a fost intilnitd
in dou# asociatii corespunzdtoare unei faze de mineralizare timpurii,
anterioard paragenezelor auro-argentifere :

— piritd IT 4 pirotind + marcasitd I + sulfuri si sulfosiruri;

— blendd I + pirotind 4 piritd III 4 calcopiritd 4 galend + caleit.

Frecvent, pirotina este substituitd pseudomorf de marcasitd.

MiSpichelul desi apare subordonat cantitativ piritei, datoriti con-
tinutului sidu ridicat in aur este prmmpalul mineral util al mineralizaiiilor
din regiunea Zebrac-Mermezeu, iar prin structura agregatelor pe care le
formeaza conferd acestor mineralizatii un caracter particular.

Mispichelul are o raspindire neregulati in filoanele din sectorul
Dealul Ursului si se prezintd in general in cristale idiomorfe, fine, cu di-
mensiuni cuprinse intre 0,005 si 0,10 mm ;. in majoritatea cazurilor mis-
pichelul formeazd asociatii intime cu pirita si marcasita, dar apare si
liber diseminat in ganga de cuart sau de caleit.

Asociatia mispichel-piritd se caracterizeazd prin faptul cd intot-
deauna mispichelul este depus in jurul cristalelor sau cuiburilor de piritd,
constituind agregate cu contururi fin dintate (pl. I, fig. 1); uneori depu-
nerea mispichelului pe piritd este precedatd de o marcasitizare a acestuia,
constituind agregate cu structurd complexi. :

Asociatia mispichel-marcasitd este de asemenea frecventd gi se pre-
zintd sub forma unor agregate cu structurd spectaculard caracteristica,
imbracind fie forme de frunze fin dintate, fie forme de lame de fierdstrin,
cu grosimi in general sub 0,5 mm (pl. I, fig. 2, 3); in aceste cazuri marca-
sita apare ca nervuri sau filamente uneori cu grosimi micronice, pe care
sint depuse cristalele de mispichel.

Subordonat, mispichelul apare si sub formé& de cristale libere, dise-
minate in ganga de cuarf saun calcit, rareori formind chiar vinisoare cu
grosimi de 2—3 mm. '

Studiul cristalelor de mispichel la microscopul calcografic, cu méiriri
pind la 1000 ori, inclusiv al unor probe calcinate in diverse conditii de
temperaturd (700—1000°C) nu a permis punerea in evidentd a incluziu-
njlor de aur, dimensiunile acestora fiind deci submlcromce constituind
pseudosolutii solide cu mispichelul, de tipul crlstalosohlor. Caracterul
aurifer al mispichelului a fost stabilit prin studiul chimico-mineralogic
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comparativ, efectuat pe diverse probe tehnologice, mineralogice, geologice,
concentrate de flotatie, sterile, fractii minerale alese sub microscop ete.,
pe baza corelafiei strinse dintre proporfia de mispichel si continutul in
aur. In studiul de valorificare (Nitulescu, in Pandel escu
et al., 1979) este prezentatd corelatia dintre continuturile in aur si arsen
ale probelor, raportul dintre aceste elemente constituind si un indice de
control al analizelor chimice si al caracterului probelor geologice si teh-
nologice. .

Modul de prezentare al mispichelului in mineralizatiile din sectorul
Dealul Ursului este foarte asemdnator din punctul de vedere al structurii,
paragenezelor si caracteristicilor geochimice, inclusiv al continutului in
aur, cu mispichelul aurifer din stocurile de la Baia de Ariey (Nitulescu
et al., 1960).

Blenda este un mineral cu o rdspindire largd, neomogens, inmasa
mineralizatiilor din aceastd regiune, insd proportia in care apare la nivelul
galeriei Auris este cu mult sub limita economicd de valorificare. Blenda
are un mod de prezentare variat, intilnindu-se atit in cuiburi $i benzi
compacte cu grosimi de 10—20 mm, cit mai ales ca impregnatii submili-
metrice in ganga de calcit, in asociafie cu celelalte sulfuri si sulfosiruri.
Agregatele compacte de blendd au culoarea neagri, caracteristicd varie-
titilor ferifere, iar la microscop prezintd incluziuni micronice de pirotinéd
si calcopiritd, ca rezultat al fenomenului de dezamestec din solutii solide.
Blenda sub formé de impregnatii fine este mai deschiséi la culoare, semi-
transparentd si nu contfine practic incluziuni micronice de dezamestec de
calcopiritd sau de pirotind. Cele doud varietiti de blendd se intilnesec in
asociafii- diferite, corespunzdtoare unor faze diferite de mineralizare,
si anume :

— blendd neagrid, in cristale si agregate dezvoltate, se asociazi cu
pirotina si piritd, constituind o paragenezd timpurie de temperaturd mai
inaltd (blenda I);

— blenda galben-bruné, in cristale fine (pl. II, fig. 1, 2), formeazi
asociafii frecvente cu pirita, calcopirita, mispichelul aurifer, galena, tetra-
edritul, jamesonitul, sau cu telururile, incadrindu-se deci in paragenezele
auro-argentifere depuse mai tirziu din solutiile hidrotermale (blenda IT,
IIT).

* Meritd a fi mentionat faptul cd benzile si cuiburile de blendd neagra
compactd au fost interceptate pe intervale restrinse atit in grupul de fi-
loane Dealu! Ursului, la nivelul galeriei Auris, cit si in microdiorite, la
un nivel inferior, in forajul din Dealul Ursului.

Calcopirita este prezentd in toate filoanele si ivirile de mineralizatii,
insé in proportie foarte scizutd (sub 0,1 %); ca si celelalte sulfuri, are o
rdspindire neregulatd si un mod de prezentare foarte diferit, in functie de
conditiile de depunere :

— fin dispersd, asem#ndtor mineralizatiilor de tip ,,porphyry cop-
in microdiorite si in unele brecii andezitice ;

— ca incluziuni si retele de vinigoare cu dimensiuni micronice insi-
nuate in agregatele compacte microcristaline de piritd, imprimindu-le
aspectul de ,piritd cupriferd’;

2
per”,
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— ca impregnatii fine, neregulate, in gangd de calcit, in asociatie
cu sulfosdrurile de cupru si plumb;

— c¢a incluziuni micronice in blenda neagrd sau in concresteri foarte
intinse cu tetraedritul, constituind structuri de dezamestec de solutii
solide.

Calcopnta apare depusi in mai multe etape de mmerahzare, in-
tilnindu-se atit in paragenezele auro-argentifere, cit si in cele cu caracter
piritos sau zincos.

Galena este prezentd cu totul sporadic, fiind depusi dupi diversele
generatii de blenda ; este substituitd frecvent de jamesonit. -

Tetraedritul este principalul mineral argentifer, intilnindu-se atit
ca impregnatii sporadice (pl. I1, fig. 3) in paragenezd cu mispichelul aurifer,
galena, bournonitul, jamesonitul §i calcitul, cit si in concentratii notabile
(filonul 20) sub form# de filonase $i cuiburi milimetrice in concrestere cu
calcopirita, ganga fiind reprezentatd prin cuart. Caracterul argentifer al
tetraedritului a fost pus in evidentd prin analiza spectral:i la microscopul
cu laser.

Bournonitul apare atit in cristale izolate in ganga de caleit, cit si
in asociatie cu jamesonitul care-l corodeazi si-1 substltule perlferlc ; pre-
zintd frecvent macle caracteristice cu structurd in lame de parchet.

Jamesonitul se intinleste in toate filoanele cu un mod de prezentare
variat : cristale aciculare fine (pl. II, fig. 2), agregate pisloase caracteris-
tice (pl. ITI, fig. 2, 3) si uneori chiar in cristale grannlare ; este un mineral
depus din ultimele solutii hidrotermale impreund cu caleitul si substituie
frecvent celelalte sulfosdruri si sulfuri de plumb si cupru. Jamesonitul,
ca §i bournonitul, prezintd continuturi relativ ridicate In argint.

Stibina se intilneste sub form# de filonase compacte cu grosimi
de ordinul centimetrilor, fiind caracteristicd filonului estic; reprezinti
o etapd distinctd de mineralizare, intersectindu-se cu mineralizatia auro-
argentiferd. Cristalele de stibin& (pl. III, fig. 1) sint in general fine, nu
depédsesc 1 —2 mm in grosime si sint dispuse in agregate radiare sau in
snopi; rareori apar si cristale de stibind diseminate In roca andezitici,
argilizatd, In imediata vecinitate a fantei filoniene. Printre agregatele
aciculare de stibind apar uneori si cristale de berthierit cu un mod (e pre-
zentare foarte aseminitor.

Telururile de aur si argint au fost intilnite numai in mineralizatiile
din valea Zebrac, in probe din foraje. Telururile apar ca o fazd de mine-
ralizare tirzie, in raport cu mineralizatia cu piritd, calcopiritd, blendi,
galeni si mispichel aurifer. In general se prezinti ca impregnatii fine in
ganga de carbonati §i cuar} ce strabate §i cimenteazi agregatele de piritd
compactd microcristalind. Granulele cu telururi au dimensiuni cuprinse
intre 0,03 —0,5 mm §i apar intotdeauna cu structuri complexe de dez-
amestec ; dupid culoare, putere de reflexie, anizotropie si atacuri cu reac-
tivi s-au diferentiat patru specii minerale, unele corespunzind hessitului
i petzitului, celelalte fiind mai dificil de caracterizat. Analizele spectrale
la microscopul cu laser, pe granule in care mineralele sint intim concres-
cute, au pus in evidentd ca elemente majore in toate cazurile telurul,
argintul, plumbul, bismutul si, in proportie snbordonatd, aurul, cuprul
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si uneori fierul : limita de sensibilitate pentru’identificarea aurului —in
conditiile de lucru folosite la spectrograful cu laser, echipat cu micro-
scop calcografic —este de minimum 1000 ppm aur.

Ganga mineralizatiilor este reprezentatd in principal prin calcit si
subordonat prin cuart. In unele portiuni de filon apar si alfi carbonati ca :
rodocrozitul, dolomitul §i sideritul. Degi calcitul §i cuartul apar in aso-
ciatie cu toate tipurile de sulfuri si sulfosiruri mentionate, inclusiv cu
telururile si stibina, totusi in unele cazuri s-au intilnit minerale metalice
— pirita in filonul vestic, stibina in filonul estic — care apar ca impregnatii
chiar in masa argilizatd a rocii-gazd#, in imediata vecindtate a fracturi-
lor mineralizate.

Calcitul apare in general sub form# de benzi compacte, filonase si
cuiburi cu grosimi ajungind pini la citiva centimetri, in majoritatea cazu-
rilor in asociatie cu sulfurile §i sulfosirurile de plumb si cupru care-i
imprimé nunante cenusii pind la negru; calcitul steril este alb ldptos, iar
in unele portiuni apare in cristale dezvoltate (1 —2 cm), transparente,
de tip ,,spat de Islanda’.

Se remarci o preferintéd de asociere a mispichelului aurifer cu cuartul
si a sulfosdrurilor argentifere cu calcitul.

Trebuie mentionat faptul ¢4 in imediata vecindtate a fracturilor
mineralizate, roca-gazda andeziticd este puternic argilizatd, illitul §i cao-
linitul fiind componenti principali ai probelor tehnologice. '

Mineralizatiile auro-argentifere din regiunea Zebrac-Mermezeu pre-
zintd variatii mari atit in ceea ce priveste gradul de mineralizare, cit §i
raportul dintre diversele minerale metalice §i de gangid. S-a mentionat
faptul cd pe anumite intervale de mineralizare a fracturilor apar asociatii
simple de 2 —3 minerale, $i anume :

— piritd compactd + pirotind -4 calcopiritd (piritd cupriferd);

— piritd 4 blendd neagré ;

— piritd IIT (impregnatii) + mispichel aurifer 4 marcasitd ;

— stibind + berthierit ;

— tetraedrit argentifer + calcopiriti ;

— calcopiritd 4 piritd (in microdiorite) ;

— jemesonit + caleit.

In alte portiuni din aceleasi filoane, mineralizatia este mult mai
gomplexd, asociindu-se cinci pind la zece minerale metalice, cu relatii
structurale complicate mai ales cind se suprapun mai multe generatii
din acelasi mineral, astfel : piritd II 4 pirotind + calcopiritd I + piritd
I1 + blendd XII + galend II + calcopirita II 4 mispichel aurifer - mar-
casitd + tetraedrit 4 jamesonit.

Complexitatea compozitiei mineralogice este in functie de supra-
punerea in spatiu a depunerilor din solutiile hidrotermale ce au venit in
etape succesive.

In unele portiuni ale filoanelor, agregatele de minerale depuse din
primele solutii hidrotermale — pirita I, II 4 pirotind + calcopirita I —
apar brecifiate, cimentate §i corodate de minerale depuse mai tirziu,
si anume de mispichel aurifer + marcasitd, tetraedrit argentifer + jame-
sonit, telururi auro-argentifere, care reprezintd in esentd tocmai parage-
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nezele auro-argentifere. Acest mod de prezentare — textura si relatiile
structurale — denotéi c& suprapunerea depunerilor de minerale a avut

TABELUL 4

Succesiunea de depunere a mineralelor in filoanele cu mineralizafie auro-argentiferd
din regiunea Zebrac-Mermezeu

Pirita

Piroting —_—

Marcasita HE— e B

Blenda —_— = s

Calcopirita = o] ——

Galeng e —_— _

Mispichel =t
aurifer ’

Tetraedrit
argentifer

Bournonit ——

Stibind

{ Telururi X
auro-crgentifere

Jamesonit

e
Berthierit (0]
X%

Cuagrt

Carkonati de
Ca. Mg, Fe, Mn

() Mineralizare locald, filonul estic;
(**) Mineralizare locald, zona valea Zebrac.

loc dupé o fazi tectonici ce a redeschis vechile fracturi sfirimind minera-
lizatiile anterioare, cimentindu-le cu depunerile de minerale din solutiile
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hidrotermale ce au venit pe noile cédi de acces. La rindul lor, noile depuneri
de minerale prezints o texturd rubanaté fluidald, imprimatsd de depunerile
ritmice de minerale, in parageneze noi, corespunzator pulsatiilor solutiilor
mineralizante, neintrerupte de alte manifestdri tectcnice. Calcitul alb,
steril, incheie ciclul de depuneri din solutiile hidrotermale.

Varietatea mare de minerale si parageneze, depuse intr-o succesiune
marcatd atit prin faze tectonice cit §i prin pulsatii diferite de minerali-
zare, pledeazi pentru un interval larg de temperaturi de formare cores-
punzitor stadiului mezo-epitermal. In tabelul 4 este prezentati schematic
succesiunea de depunere a mineralelor, asa cum rezulti dupid relatiile
structurale dintre ele.

D. Observajii geochimice

In vederea cunoasterii modului in care se distribuie unele elemente
minore in andezite §i breecii mineralizate §i in filoane s-au efectuat 51 de
analize spectrale. Tabelele 5 si 6 cuprind analizele grupate astfel : pentru
filoanele Dealul Ursului §i in alte fisuri mineralizate din galeria Auris
(tab. 5), pentru forajele valea Zebrac §i Dealul Ursului (tab. 6) Descrierea
probelor analizate este prezentatd in tabelele 7 si 8. In stadiul actual de
cunoastere se poate aprecia ci probele analizate. reprezintd in mod cores-
punzitor diferitele tipuri de roci hidrotermalizate si mineralizate, precum
§i principalele filoane din galeria Auris sau intervale mineralizate din co-
loanele celor doud foraje.

Fondul de date reprezentind aria Zebrac, precum si sectoare de in-
teres metalogenetic din Muntii Gurghiu a fost utilizat la stabilirea unui
prag litogeochimic care si serveasca pentru aprecierea gradului de mine-
ralizare a probelor cercetate. Valorile pragului litogeochimic au fost sta-
bilite considerindu-se : a) domeniul de variatie al unor elemente minore
indicatoare pentru procesele de mineralizare, precum : Pb, Cu, Zn, As,
Sb, Ag, Bi, Cd, Sn, Mo, B, in andezitul de Zebrac proaspit ; b) domeniile
de variatie ale acestor elemente minore in andezitul de Zebrac hidroter-
malizat ; ¢) pragul litogeochimic stabilit pentru aceleasi elemente in ande-
zitele hidrotermalizate din unele arii crateriale ale Muntilor Gurghiu
— Seaca-Titarca (Botar, 1977), Sumulen (Peter, 1977), Lipusna
(Peter, 1978), — pe baza unui numir de peste 1000 analize spectrale;
d) date din literaturi privind valorile-limitd ce indici o mineralizatie
hidrotermals asociatd structurilor eruptive (Popea et al., 1962).

fn acord cu cele de mai sus, au fost stabilite urmitoarele valori
(ppm) : Pb =100; Cu =100; Zn =200; As =300; Sb =100; Ag =2,
Bi =5, Cd =100; Sn =3, Mo =3; B =100. Pentru aria structurii
eruptive Zebrac-Mermezeu aceste valori pot contribui la evidentierea
unor sectoare de perspectivd §i in consecin{d la orientarea activitdtii
geologice in viitor. In acord cu particularititile mineralizatiei din sectorul
Zebrac, se remarci frecvent valori crescute peste pragul litogeochimic la
Pb, Zn, Cu, comparativ cu limita inferioar# a valorilor considerate dupd
datele din literaturs ca indicatoare pentru procesul de mineralizare (Pb =

=60 ppm; Cu =60 ppm; Zn =100 ppm).
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O primi crestere a valorilor peste pragul litogeochimic se observa
in andezite si brecii endogene hidrotermalizate (tab. 3). Continuturile
atrag atentia asupra unor procese de mineralizare mai importante in

TABELUL 7

Descrierea probelor analizate speclral, galeria Auris

Nr, Nr. probei* Descrierea
crt.
1 150 A Andezit argilizat, stibind si blenda
2 230 Andezit argilizat si silicifiat, stibind si pirita
3 216 Andezit argilizat, piritizat
4 200 Andezit argilizat, silicifiat, blends, pirita
5 203 Andezit argilizat, piritizat
6 184
7. 156 Brecie piritizatd
8 215 »
9 217 »
10 238 »
11 218 . »
12 222 »
13 237 Filon cu piritd si sulfuri complexe
14 154 Filon cu caleit si sulfuri complexe
15 199 Filon cu calcit, caolin, pirita
16 152 Filon cu stibinid
17 149 Filon cu calcit si stibina
18 231 Filon cu piritd, blend&, galend, stibini
19 229 Filon cu sulfuri complexe
20 226 »
21 186 -
22 187 Geoda cu calcit, caolin, sulfuri complexe
23 211 Filon cu caolin, calcit, pirita
24 213 Filon cu caolin si pirita
25 142 A Fisurd cu piritd si alte sulfuri
26 202 Fisurd cu calcit si stibind
27 182 Fisurd cu sulfuri complexe
28 173 Filon cu caolin, calcit, blenda
29 128 Filon cu piritd

.>"

* Probele de la nr. crt. 1—3, 7, 8, 13—19, 29 provin din‘~f§'10 ul estic; probele de

o= ] s

la nr. crt. 5, 6, 28 provin din filonul sudic ; probele de la nr. crt-1¢, i1, 21 —24 provin din
filonul sudie; probele de la nr. crt. 10, 11, 21 —24 provin- din #ilgn(d central ; probele de
la nr. crt. 4, 9, 12, 25—27 reprezintd roci mineralizate si fisuri ’f(*i ieralizate. '

it

o

3

W el
cazul breciilor. Se observi coreldrile Zn —Pb ~-Sn 4~ Mo. Raportul Zn/Pb
este supraunitar, rocile hidrotermalizate inscrise in tabelul 3 situindu-se
intr-un domeniu cuprins intre Zn/Pb =1 si- Zn/Pb =8.

Din examinarea tabelului 5 se observd valori peste pragul litogeo-
chimic in multe probe de roci mineralizate ce provin din galeria Auris.
Zincul si plumbul indic# valori interesante in filonul estic, impreund cu
Sb, As, Ag. Raportul Zn/Pb variazd intre 1/5 gi 5. Acordul intre datele
spectrale si cele mineralogice certificd mineralizatia cu mispichel §i sul-
furi, in particular de stibind. Mineralizatia de stibiu insoteste de reguld
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pe cea de arsen (fig. 4), raportul Sb/As fiind subunitar. Uneori, concen-
tratiile de stibiu depésesc cu mult pe cele de arsen, probele proiectindu-se
in afara dreptei de corelatie Sb — As; aceste situatii certifici prezenta
stibinei si jamesonitului in paragenezd.

In filoanele Dealul Ursului argintul se coreleazd fie cu plumbul, fie
cu arsenul, fiind legat de galend si sulfosiruri; se observia si concentratii
izolate de argint (fig. 5) care nu pot fi explicate numai pe baza continu-
tului ridicat din galend cu prezenta unor concentratii de tetraedrit argen-
tifer. .

Probele din foraje se remarcd prin continuturi §i mai ridicate de Zn,
Pb 5i Cu decit cele din galeria Auris. Se situeazé peste pragul litogeochimie
cca 809, din valorile de Zn, 149, din cele de Pb si 509, de Cu. Raportul
Zn/Pb este in permanentd supraunitar.

TABELUL 8

Descrierea probelor analizaie spectral; forajele valea Zebrac si Dealul Ursului

D Nr. probei* Descrierea
crt.
1 13/12 . Andezit argilizat, piritd si blendi
2 191 Andezit argilizat, blendd pe fisuri
3 192 Brecie cu piritd, blendd, galena
4 193 Microdiorit piritizat cu blend& pe fisuri
o) 221 Microdiorit piritizat
6 189 Microdiorit argilizat, piritizat si cu blenda
7, 188 Filonas cu mineralizatic complexa
8 195 Filonas cu calcit si cuarf, piritd si blenda
9 190 Microdiorit silicifiat, blendd pe fisuri
10 13/365 Filonas cu caolin si piritd
11 178 Microdiorit cu piritd pe fisuri
12 205 B Filonas cu mineralizafic complexd in microdiorit
13 205 Microdiorit cu piritd pe fisuri
14 206 Microdiorit cu piritd si calcopiritd pe fisuri
15 207 Microdiorit cu piritd si calcopirita pe fisuri
16 13/531 Fisura cu piritd in microdiorit
17 220 Microdiorit cu piritd si galend pe fisuri
18 8/40 Brecie endogenid, argilizatd, piritizata
19 8/131 Brecie endogend, argilizatd, piritd, marcasitd, blenda
20 8/244 Andezit silicifiat, argilizat, piritizat
21 8/246 Andezit silicifiat, argilizat, piritd si blendd
22 8/633 Andezit silicifiat, piritd si calcopiritd

* Probele de la nr, crt. 117 provin din forajul valea Zebrac; probele de la nr
1822 provin din forajul Dealul Ursului.

. crt,
Cadmiul apare cu valori detectabile (>10 ppm) numai in probele
cu continut de zinc peste 500 ppm. Diagrama din figura 6 evidentiazi
corelatia pozitivi Cd —Zn, raportul intre elo fiind cuprinsintre1/70—1/200;
in flgura au fost proiectate si citeva probe din galeria Auris care indics
de asemenea corelarea p0s1b11a Cd —Zn. Bismutul apare de asemenea
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mai frecvent in foraje. Nu se observi insd nici o corelare intre bismut si
celelalte elemente specifice mineralizatiei. El este prezent probabil in sulfo-

ppm
30.000 1

Sb )

30.000

10.000

5.000

3.000

1.000
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300 1

100 J

50 1

As

3 v v —T =TT T
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Fig. 4. — Corelatia Sb—As in filoane, galeria Auris.
1, filonul central; 2, filonul sudic; 3, filonul estic; 4, alte filonase ; 5, cimpul
de proiectie a 14 probe cu stibiu si arsen nedetectate.
Corrélation Sb—As dans les filons, galerie Auris.
1, filon central; 2, filon sud; 3, filon est; 4, autres filonnets; 5, champ de pro-
jection de 14 échantillons 4 antimoine et arsenic non détectés.

sdruri (bismutina nu a fost evidentiaté la examinarea microscopicd in niei

o probi).

v
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~ Se observi prezenta staniului la valori ce depiisesc pragul litogeo-
chimic al ariei Zebrae, pentru majoritatea probelor (tab. 5, 6). Dealtfel

RED Ag

200 1

100 1 X——AQ ————— R

50 1

30 1

o4
+ 2
X3
AL
B 5
R6

Pb,As

Sb 5‘0 ) 150 | 3(‘)0 500 1.000 3.000 500C 10.000 Z0.000ppm

)
Fig. 5. — Corelatia Ag—Pb si Ag—As in filoane, galeria Auris.

1, filonul central; 2, filonul sudic, 3, filonul estic; 4, alte filonase (corelatia Ag—Pbh); 5,
filonul central; 6, filonul estic (corelajia Ag- As).
Corrélation Ag—Pb et Ag—As dans les filons, galerie Auris.
1, filon central; 2, filon sud; 3, filon est; 4, autres filonnets (corrélation Ag—Pb); 5, filon
central; 6, filon est (corrélation Ag—As).

se remarcd prezenta staniului §i in rocile proaspete la valori de 2 —3 ppm ;
situatia ar sugera o usoard imbogitire in acest element a magmei andezi-
tului de Zebrac. In rocile mineralizate §i in filoane staniul atinge in mod
frecvent valori de 10 ppm. In unele cazuri se observi o buni corelare
Sn —Zn (tab. 5, 6).

Valorile borului se situeazd sub pragul litogeochimic local in majori-
tatea cazurilor. Prezenta lui insg la continuturi mai ridicate decit in rocile
proaspete (bor in roci proaspete < 30 ppm) indicd un proces slab, dar
general, de contaminare eu bor a rocilor hidrotermalizate §i mineralizate. -
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Deoarece multe dintre probele analizate reprezintd andezite, micro-
diorite, brecii, se observd o buné reprezentare a valorilor Ni, Co, Cr, V si

ppm
500

300 ¢

100 ]

50

30

10 4

-Zn
500 1.000 3000 5000 10000 50.000 ppm
01 +2 X3 A4 ®5 OF
Fig. 6. — Corclatia Cd~Zn in filoane si roci mineralizate din galeria Auris si

Y forajcle valea Zebrac, Dealul Ursului.
Explicatia le“endel ca la figura 4 pentru 1,2, 3, 4; 5, foraj valea Zebrac; 6,
foraj Dealul Ursului.
Corrélation Cd—Zn dans les filons et roches minéralisées de la galerie Auris
el les forages vallée de Zebrac, Dealul Ursului.
Explication de la légende la méme qu’a la figure 4 pour 1,2, 3,4; 5, forage
vallée de Zebrae; 6, forage Dealul Ursului.

in limitele caracteristice acestor roci. Valorile cobaltului si nichelului
se coreleazd cu prezenta piritei.

Valorile manganului sint relativ mari, ajungind in unele cazuri
peste 19, (tab. 5, 6). Aceste continuturi sensibil sporite de mangan pot fi
puse pe seama participirii importante a carbonatilor si a blendei.

In cadrul cercetirilor privind geochimia mineralizatiei de la Stincen
o atentie deosebitd a fost acordatd studiului d1str1but1e1 aurului. Pentru
sectorul Zebrac-Dealul Ursului, analizele privind determinarea aurului
" prin metoda de mare sensibilitate a activirii cu neutroni se constituie
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intr-un fond de date bogat si reprezentativ. Au fost executate 200 de ana-
lize asupra tuturor tipurilor de roci hidrotermalizate si mineralizate,
asupra filoanelor si salbandei lor, iar pentru comparatie, $i asupra vuleani-
telor proaspete din regiune (analist: §. Anastase). Dintre probele
analizate, 759, reprezintd aria de interes pentru mineralizatia aurifers.
Repartitia analizelor pe structurile componente ale corpului Zebrac-
Mermezeu indicé faptul cid peste 509, dintre acestea provin din corpul
de andezit cu cuarf sporadic asociat cu coloane de brecii endogene din
perimetrul Dealul Ursului; 179%, din analize reprezintd grupul filonian.

Primele observatii au in vedere distributia aurului cu scopul de a
se stabili valoarea de fond in rocile proaspete. Continuturile de aur in
andezitele de Zebrac-Mermezeu variazé intre 0,0004 —0,0023 ppm cu un
continut mediu ~ 0,0010 ppm. Deoarece aceste andezite constituie petro-
fondul structurii eruptive complexe, valoarea 0,0010 ppm Au poate fi
acceptatd ca indicator litogeochimic pentru andezitul proaspit din regiune.

De la aceastd valoare, continuturile cresc de circa cinci ori in ande-
zitele si microdioritele porfirice propilitizate. La roecile argilizate se ob-
servi cresteri si mai importante, comparativ cu valoarea de fond ; raportul
intre continutul mediu de aur in rocile argilizate si cele proaspete ajunge
la ~ 40 in cazul andezitelor de Zebrac-Mermezeu. In breciile andezitice
argilizate valoarea medie absolutd pentru aur este de circa doué ori mai
mare, in comparatie cu andezitele argilizate.

Se observd urmitoarea ierarhie cantitativd medie pentru aur in
rocile argilizate : Au (andezite Zebrac-Mermezeu) << Au (microdiorite por-
firice) << Au (andezite cuarfifere) << Au (brecii endogene).

Se exprimi o tendintd clard de crestere a continutului mediu de aur
de la andezitele de Zebrac argilizate la breciile endogene argilizate. Este
o constatare cu profunde semnificatii si implicatii prognotice, vidind in-
teresul ce trebuie acordat cercetdrii corpurilor de brecii endogene $i de
andezite cuarfifere din regiune.

Pe filoane si fisuri mineralizate continuturile de aur se coreleaz
pozitiv cu valorile arsenului si reprezintd cresteri importante, comparativ
cu aurul in breciile endogene mineralizate. Corelirile sint pozitive ecu
arsenul in sectorul Dealul Ursului; se remarci corelatia aurului cu te-
lurul in sectorul valea Zebrac, unde au fost identificate telururi de aur si
argint.

E. Observatii mineralo-termometrice

Studiul caleitului §i cuartulul in asociatie cu sulfurile polimetalice
si corelat cu studiul incluziunilor fluide a condus la evidentierea unor
aspecte ce contribuie la o mai completd cunoastere a regimului termodi-
namic al solutiilor mineralizatoare.

Probele de calcit provin din galeria Auris atit din salbanda filoane-
lor, cit si din erdpiturile rocilor hidrotermalizate. Principalele asociatii
ale calcitului cu alte minerale sint: calcit 4 pirité, calcit + sulfosdruri,
caleit + piritd + caleopiritd, calcit -+ cuart, caleit 4 stibini.
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Sub aspectul localizérii in umplutura filonianid sau in fisurile an-
dezitului, al relatiilor cu alte minerale, dar mai ales sub aspectul morfo-
logiei externe §i interne ale cristalelor de calcit s-au evidentiat mai multe
generatii.

Calcitul I se localizeazd in fisurile andezitelor hidrotermalizate si
in salbanda filoanelor. Apare larg cristalizat; se asociazid cu pirita sub
form4, de agregate sau cristale individuale. Este constituit din agregate de
cristale de romboedru fundamental (10I1). Dupi pozitia sa in spatiul
fracturilor mineralizate s-ar pirea ci odaté cu aparitia acestui tip de calcit
incepe procesul de mineralizare.

Calcitul IT apare sub forma agregatelor constituite din cristale
compuse (2131) din scalenoedri si fete de romboedru (1011), asociate cu
forme prismatice (1010) si de plnacmd bazal (0001).

Calcitul IIT se contureazd prin agregate de cristale sau cristale in-
dividuale druzice, prismatice, formate din combinatia fetelor de prismi
(1010) si de romboedru (0112)

Calcitul IV il formeazi calcitul tirziu sub form# colomorfd, distri-
buit in zone concentrice foarte fine, care ar indica originea coloidali a ul-
timelor solufii.

Mai apare calcitul in asociatie cu stibina care formeazi agregate
deformate plastic i ar putea fi incadrat la calcitul III.

In cazul calcitului I sint caracteristice incluziunile fluide primare
si pseudosecundare in care faza de gaz ocupd 30 —85 9, din volumul micro-
cavititii. Limitele temperaturilor de omogenizare ale incluziunilor fluide
primare sint cuprinse intre 248 —375°C; maximul de frecventi variazid
intre 280 —320°C (tabelul 9 si figura 7). Temperaturi mai ridicate se in-
registreazd la calcitul din fisurile andezitului hidrotermalizat.

Calcitul IT indic un interval de temperaturi cuprins intre 225 —289°C
cu maximul de frecventd 255—270°C, deci mult mai restrins decit al
calcitului I. Din tabelul 9 se evidentiazd intervalul 245 —250°C caracte-
ristic incluziunilor pseudosecundare.

Calcitul ITI evidentiazid un interval de temperaturi mult mai re-
strins decit calcitele I si IT (tab. 9). Astfel, limitele de temperaturd sint
cuprinse intre 170 —222°C, cu maximul de frecventd intre 190 —205°C.
Calcitul asociat cu stibina posed# incluziuni fluide cu temperaturd intre
130 —180°C ; dupa succesiunea celor dous minerale rezultd c& stibina s-a
format la o temperaturi mai mare de 180°C.

Luindu-se in considerafie limitele de temperaturi determinate la
cele trei generatii de calcit §i principalele forme cristalografice proprii
fiecirei generatii, se propune o.schema cristalogeneticd orientativi a cal-
citului din cadrul mineralizatiei studiate (fig. 8). Scheme cristalogenetice
pentru calcit, mai complete, cu referiri la varietatea formelor cristalo-
grafice sint date in literaturd de Kalb (1928), Skabara (1940),
Kostov (1968), fird a se preciza insi intervalele de temperaturi
pentru fiecare tip.

Probele de cuart provin din galeria Aurig, din foraje, precum si
din lucréri miniere de suprafata Se observd cristale alungite dupd fetele
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de prismd variind in lungime de la eitiva milimetri 1a1,5 em. Fetele comune
tuturor ocurentelor in ordinea dezvoltérii lor sint : prisma m (1010), rmo-

Fo/
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P 1 I ] | 1 i I

2,0 250 260 270 280 290 300 310 320 330 340 350 360 370 380°C

Fig. 7. — Curbele de frecventd ale temperaturii de omogenizare a incluziunilor fluide din
caleitul 1.
A, proba 2085 ; B, proba 2086 ; C, proba 2.
Courbes de fré¢quence de la température d’homogénéisation des inclusions fluides de la calcite 1.
A, échantillon 2085; B, échantillon 2086 ; C, échantillon 2.

boedru direct v (1011), romboedru invers Z (0111). Lipsesc fetele plagi-
edrice .Culoarea variazi de la clar transparent la alb Liptos. In general
cristalele se caracterizeazi prin structuri macromozaicale; rareori apar
structuri zonare. Sint prezente si cristale cu baza fragmentatd si regene-
ratd care indicd misciri tectonice ulterioare formdirii cristalelor §i conco-
mitent cu circulatia solutiilor mineralizatoare.

S-au observat doud generatii de cuart: cuart I sub forma agrega-
telor granulare, asociat cu piritd, mispichel, caleopiritd, tetraedrit ; cuartul
II il formeazi cuartul geodic constituit din cristale pind la 1,5 em lungime
pe care se dispun cristale de tetraedru IT si jamesonit (varietatea plumozit).

Limitele i maximele de frecventd ale temperaturii de cristalizare
a cuartului sint inscrise in tabelul 10 si reprezentate grafic in figurile 9
gi 10.

10 — c. 622
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Din examinarea histogramelor (fig. 9) rezultd ci la nivelul galeriei
Auris cuartul a cristalizat la intervale de temperaturd apropiati (280 —
—290°C). Curbele de frecventd din figura 10 indick un interval de crista-

TABELUL 9

Limitele si maximul de frecvenid ale lemperaturii de cristalizare a celor Irei generalil de
calcil, zona Zebrac-Mermezeu

Temperatura, °C
Generatia Proba* Nr. deter. maxim-frec- | Tipul de incluziuni
limite -
ven{d
C1 33 294 —354 315—-320 pseudosecundare
2069 2 330 —360 = primare
2 17 303 —335 315 —320 primare
' 2085 38 280 —375 315—320 primare
i 2086 44 248 —324 280 —285 primare
16 180 —105 180 —~190
sccundare
I B-3 26 220 —243 230 —-235
15 280 —338 295 —300 primare
26 225272 255 —260 pscudosccundare
240
24 - 285—324 300 —305 primare
N
B-5 50 252 —308 280 —290 primare
1 22 266 —303 280 —285 primare
S 21 267 —298 285 —290 primare
198 38 228 —298 245 —250 pscudosecundare
I 255 —260 primare
C-5 29 225 —292 255 —260 primare
199 31 190 —222 200 —205 primare
TS 241 - 23 172 -212 190 —195 primare
2066 9 196 —214 = primars
B-13 10 180 —196 190 —196 primare

* Probele provin din galeria Auris

lizare a cuartului din geodele andezitului de Zebrac intre 280 —285°C
(proba B-12) si intre 305 —310°C (proba B-7).

Dacéd se iau in considerare relatiile genetice dintre cuart si unele
minerale cu care se asociazd, se pot stabili urméitoarele : asociatia calco-
piritd + tetraedrit I s-a format in jurul temperaturii de 300°C ; asociatia
tetraedrit II + jamesonit s-a format sub 240°C. La cuartul in asociatie
cu pirita + calcopiritd + rodocrozit au fost puse in evident# ineluziuni
primare cu maximul de frecventd al temperaturilor 280 —285°C, precum
§1 incluziuni fluide secundare cu maximul de frecvents 170 —175°C.
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In acord cu schema imaginaty de Borcos (fidle Ianovici
et al., 1969) privind controlul geotermic in distributia mineralizatiei aso-:

150
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O 200
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) |2
Fig. 8. — Schema cristalogenetici a cal- — -
citului din cadrul mineralizatiei de la «
Zebrac-Stinceni. 250
Schéma cristallogénique de la calcite o d
au sein de la minéralisation de Zebrac — r
Stinceni. Lu
o« |
Z —
“ 3001
F' -
-
350 +

ciate vuleanismului neogen din Muntii Metaliferi, intervalele de tempera--
turd determinate pentru formarea mineralizatiei de la Stinceni indicd in
deplinii concordantd cu observatiile mineralogice §i geochimice prezenta
stadiului aurifer (275 —185°C) si a stadiului sulfurilor comune (220 —336°C)..
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TABELUL 10

Limiltele si maximele de frecven{d ale temperaturii de cristalizare a cuarfului,
zona Zebrac

Temperatura, °C
] ik e i : Tipul de
Proba* Asociajia** Nr. det. limite maxim-frec- | jpcluziuni
ventd
P+M+CHT,+

2072 Q+T,+J 54 260 —312 290 —295 primare

B-18 P+Cp+Q+R 37 264 —340 280 —285 primare
10 173 —214 170 —175 secundare

B-8 P+Cp+Q+C 10 303—336 = primare

!

* Probelc 2072 si B-18 provin din galeria Auris; proba B-8 provine din forajul piriul
Paltinis.

** P.-piritd, M-mispichel, C-calcit, Tj-tetraedrit I, Q-cuarf, T,-tetraedrit II, J-Jame-
sonit, Cp-calcopiriti, R-rodocrozit.

N
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Fig. 9. —~ Histogramele temperaturilor- de omogenizarc a incluziunilor fluide din cuart : a,
proba 2072; b, prof)a B-18.

Histogrammes des températures d’homogénéisation des inclusions fluides du quartz : a, échan-
tillon 2072; b, échantillon B—18.
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Frecvente sint valorile de temperaturid cuprinse intre 175 —300°C (tab.
9, 10); acestea conduc la aprecierea caracterului mezo-epitermal al mi-
neralizatiei polimetalice cunoscute in prezent:la orizontul galeriei Auris.

Fo%
A

40

35

Fig. 10. — Curbelc de 30
frecventd ale temperaturii
de cristalizare a cuartului.
A, proba B-12; B, proba 25
B-~7. ;
Courbes de fréquence de
la température de cristal- 20k
lisation du quartz.
A, échantillon B-12,;

[

B, échantilion B—-7. 15 -
10
| \
5 \
B
1 \ 1/ ] ! P G

260 270 280 290 300 310 320 330°C

~ VI. Conecluzii

Mineralizatia hidrotermald de la Stinceni se asociazi structurii
eruptive complexe Zebrac-Mermezeu, cel mai important corp eruptiv
din sudul Muntilor Cilimani. Urmitoarele momente de activitate mag-
matics au condus la edificarea corpului eruptiv: a) formarea lacolitului
andezitic (andezite cu hornblendd i piroxeni); b) intruziunea microdio-
ritelor porfirice cu piroxeni - hornblendd in spatiul lacolituluij; ¢) ex-
truziunea cupolelor de andezite cu piroxeni, hornblendd si cuart sporadic ;
d) faza explozivi ratatid §i formarea breciilor endogene cu liant tufisitic.

Activitatea vulcanici din sudul Muntilor Cilimani incluzind si
structura eruptivii Zebrac-Mermezeu s-a derulat in intervalul de timp
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cuprins intre Pannonian D/E-Pontian. Se consideri cé activitatea metalo-
geneticd asociatd a avut loc in Pontian.

Alteratia hidrotermald s-a destisurat in doud faze distincte. Efectele
lor care apar din transformarea unor mase propilitice proprii unor tipuri
petrografice distincte sint similare. Faza 1 care are relatii spatiale i gene-
tice cu intruziunea microdioriticd, de la marginea corpului eruptiv, a
generat cantititdt{i mici de roci sericitice si argilice dezvoltate in spatiul
propilitic. O diseminare generald de blendid si ocurent#d locald de calco-
piritd apar specifice in coloana forajului valea Zebrac. Faza a 2-a hidro-
termalit, manifestati in sectorul valea Zebrac-Dealul Ursului, este conec-
tatd la ultima eruptie andeziticd si se produce pe dislocatiile create de
fracturile tectonice si breciile endogene. Intensitatea alteratiei este mare ;
secventa completd cuprinde o succesiune de roci cloritice-sericitice-argi-
lice-carbonatice-silicice, dezvoltate zonal in raport cu mineralizatia ;-dintre
acestea, rocile argilice sint cele care se asociazd frecvent cu mineralizatia.
auro-argentiferd si polimetalicd.

Mineralizatia apare ca filoane §i diseminiri §i are un caracter auro-
argentifer, slab polimetalic (continuturi scdzute in Zn, Sb, Cu, Pb); este
caracterizatd prin urmitoarele asociatii paragenetice mai importante :
mispichel aurifer + marcasitd + piritd + cuart; piritd 4 blendd + ga-
len# + tetraedrit -+ bournonit + jamesonit + calcit + cuart; blendd 4
+ pirotind 4 calcopiritd -+ piritd —+ caleit; piritd 4 pirotind + mispi-
chel aurifer -+ telururi de aur si argint; stibing + calcit.

In stadiul actual de cunoastere iniltimea etajului mineralizat se
apreciazd la circa 600 m ; la partea sa superioard se situeazi intervalul auro-
argentifer.

Geneza, mineralizatiei a fost controlatd de wurméitorii factori:
a) tectonic, care a implicat elevarea fundamentului sedimentar $i permea-
bilitatea sa, favorizind ascensiunea solutiilor mineralizatoare; b) structu-
ral, determinat de corpul eruptiv andezito-dioritic cu alcituire complexi,
faza explozivi ratatd care a format corpurile de brecii endogene, contri-
buind la generarea fluxului hidrotermal, metalizant; c) litologic, mi-
neralizatia asociindu-se eruptiilor de andezite acide avind ca petrotip
andezitul cu cuart, precum si microdioritelor profirice.

Datele geochimice privind rocile mineralizate (andezite, miecrodio-
rite, brecii endogene), fisurile mineralizate si filoanele confirm#i obser-
vatiile mineralogice si certificd pentru mineralizatia de la Stinceni carac-
terul auro-argentifer si polimetalic. In ansamblu, paragenezele geochimice
caracteristice ale mineralizatiei sint reprezentate prin sistemele : Au—As—
—8, Ag—Sb—Cu—Pb—S pentru sectorul Dealul Ursului si in plus sis-
temul Au—Ag—Te—Bi pentru sectorul valea Zebrac.

Studiile mineralo-termometrice efectuate pe calcit si cuart au pus
in evidentd temperaturi de formare cuprinse intre 300 —170°C. Se disting
trei generatii de calcit (320—190°C) si doud generatii de cuart (310—170°C).

Intervalele de temperaturd indicd — in deplin acord cu observa-
tiile mineralogice si geochimice — prezenta stadiului aurifer (275—185°C)
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si a stadiului sulfurilor comune (336 —220°C). Frecvente sint valorile de
temperaturd cuprinse intre 300—175°C; acestea conduc la aprecierea ca-
racterului mezoepitermal al mineralizatiei de la Stinceni.

4 Acest tip de diagraméd redd chimismul rocilor alterate, in comparalic cu roca proas-
piati (Stanciu, Udrescu, 1973); axa verticalii — scala confinuturilor din roca proas-
piata, de referintd ; axa orizontald — scala continuturilor din rocile alterate; valorile rocii
originale sc proiectecazd pe diagonald la 450 care trece prin origine; valorile situate in

" dreapta si stinga diagonalei reprezinta imbogitirile, respectiv pierderile; dreptele trasate pa-
ralel cu diagonalele reprezintd coeficientii de imbogitire sau pierdere.
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NOUVELLES DONNEES SUR LA MINERALISATION
HYDROTHERMALE DE STINCENI (MONTS CALIMANI
DU SUD)

(Résumé)

La min¢ralisation hydrothermale de Stinceni ecst localisée dans la haute-vallée de
Zebrac et s’associe 4 la structure éruptive andésito-dioritique Zebrac-Mermezeu, le plus im-
portant corps éruptif au sud des monts C#limani (Carpathes Orientales, fig. 1).

En accord avec les points de Vue sur la division en districts métallogéniques de 1'aire
volcanique Cilimani-Gurghiu-Harghita, présentés sur la Carte métallogénique de la R.S. de
Roumanie, ¢chelle 1:200 000, feuille Toplita, le corps ¢ruptif Zebrac-Mermezeu est cncadré
dans un champ mélallogénique & minéralisation aurifére et complexe. Le champ Zcbrac-Mer-
mezeu et le champ métallogénique Colibifa-Dornisoara du nord-ouest des monts Cialimani
(fig. 1) représentent les scules unités métallogéniques de cet ordre de grandeur de 1'aire volca-
nique Cilimani-Ilarghita.

Les résultats des recherches exécutées les derniéres années au sud des monts Cilimani
révélent 'intérét suscité par le secteur Zchrac-Dealul Ursului, de la partie occidentale du champ
métallogénique, 4 cause de la minéralisation aurifére et complexe.

La structure géologique compliquée de cette région cst déterminée par la participation
des dépéts sédimentaires et des volcanites. Les dépots sédimentaires traversés par le corps érup-
tif Zebrac-Mcrmezeu appartiennent par age a I’Oligoeéne, au Miocéne, probablement au Pan-
nonien aussi. Le corps éruptif a une constitution complexe : andésites a hornblende-pyroxeénes,
andésites 4 pyroxénes, hornblende et quartz sporadique; microdioriles porphyriques, bréches
endogénes. Ces derniéres sont particuliérement importantes pour Dactivité métallogénique
puisqu’elles ont contrélé la thermodynamique des solutions iétallisantes et, 4 la fois, ont fa-
vorisé laccumulation de la minéralisation. )

La structure éruptive Zebrac-Mermezeu affleure sur quelques 10 kilomeétres carrés.
Elle a été ¢difiée au cours de plusieurs moments d’activité magmatique, présentés dans 1'ordre
de leur déroulement : a) la formation du laccolithe andésitique (andésites & hornblende 4+
pyroxénes); b) Iintrusion des microdiorites porphyriques dans 'espace du laccolithe; ¢) I'érap-
tion des andésites & quartz sporadique avec formation de coupoles; d) phase explosive ratée
et formation de corps de bréches endogénes a liant tuffisitique. L’activité volcanique de la
région méridionale des monts Giilimani, y compris la structure complexe Zebrac-Mermezeu,
s’est dérouléc dans I'intervallec de temps Pannonicn E-Pontien. On considére que l'activité
métallogénique associée a cu lieu au Ponticn (tab. 1).

Dans le cadre du sccteur de la vallée de Zcebrac-Dealul Ursului s’est développée un®
altération hydrothérmale de grandes dimensions, liée tant a Vintense tectonisation du corps
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éruptif, ainsi qu’d la formation des bréches endogénes. Si Von ajoute les données acquises
dans la zonc latérale .du contact du corps ¢ruptif avec les dépéts sédimentaires, on peut ad-
mettre les suivantes idées sur I'évolulion des processus d’altération hydrothermale. 11y
a deux phases hydrothermales distinctes, correspondant 4 certaines activités magmatiques. Les.
effets de I'altération sont similaires, sans égard a la phase hydrothermale; clles résultent de
la transformation des masses propylitiques, d’origine autométamorphique. L’évolution dcs
processus hydrothermaux cst illustrée dans le tableau 2.

La premicre phase hydrothermale a des relations spatiales et génétiques avec Iintru-
sion microdioritique; 'intensité de l'altération hydrothermale est généralement réduite, en
générant de petites quantités de roches sériciteuses et argileuses dans V'espace propylitique,
qui est conservé en majeure partie; des sulfures polymétalliques apparaissent disséminées
en petites quantités dans les roches transformées. La deuxi¢me phase hydrothermale este con-
nectée aux derniéres manifestations volcaniques se déroulant aprés 1’éruption de 1'andésite
a hornblende, pyroxénes ct ruartz pendant et aprés les dislocations de la masse ¢ruptive
provoquées par les fractures tectoniques ct les bréches endogénes. L’intensité de Valtération
a été forte, le volume des roches modifiées est grand et comprend trois termes andésitiques et
la microdiorite. Sur des fonds propylitiques propres & chaque type pétrographique a pris
naissance une séquence complexe constituée des suivantes roches successivement formeées :
chloritheuses — séricitcuses —argileuses —carbonatiques —siliccuses ; la minéralisation associée
a caractére auro-argentifére et polymétallique est bien individulalisée en filons et bréches
cndogénes.

On peut poursuivre les associations de roches hydrothermalisées dans lcs planches II
et I

La colonne du forage vallée de Zebrac est un cas d’altération de la premiére phase hy-
drothermale, développé dans une masse microdioritique. La roche principale cst propyli-
tique, a magnétite ct pyrrhotine. Dans la partic supérieure apparaissent des altérations avan-
cées de type sériciteux ct argileux ; celles-ci occurrent également sur de petites distances, au
sein de la masse propylitisée, en évidentes relations avee les bréches endogénes et les fissures
autour desquelles elles apparaissent comme auréoles. Toute la colonne est minéralisée (filonnets,
veinules, disséminations) 4 blende et, dans la profondeur, & chalcopyrite + blende-+schéelite+
~+stibine.

L’examen de Valtération hydrothermale de la galerie Auris montre le caractére zonal
de celle-ci (le plus souvent polyzonal), en stricte dépendance des zones de fracture. Une sue-
cession compléte comprend les roches mentionnées pour la deuxiéme phase hydrothermale. Les
milieux les plus favorables & la minéralisation aurifére et polymétallique sont les roches argi-
leuses.

Le forage de Dealul Ursului a intercepté en principal des roches sériciteuses ct argi-
leuses. Leur formation est sous le contrdle des bréches de la partie supérieure (0 ~300 m) et
d’une fissuration fine dans la zonc au-dessous de 400 m. Les minéraux métalliques, Veinules et
disséminations, sont représentés par pyrrhotine oufet molybdénite, qui apparaissent disconti-
nuellement sur ’entiére colonne, et par la chalcoyprite, 4 occurrence loeale.

Le forage du ruisseau Auris a traversé une zone intensivement argilisée. La contributions
des néominéraux, pour chaque type d’altération, est illustrée dans la figure 2.

Les tencurs en Pb, Cu, Zn, Sn, Mo et B des roches altérées sont présentées dans le
tableau 3 ct le diagramme de la figure 3, qui mettent en évidence leur enrichissement général,
i,e bore est placé dans Vintervalle d’apport — 10 x, le Sn monte jusqu'a 4 x ; Cu, Pbs
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Zn atteignent fréquemment des valeurs d’enrichissement de 6-~10 . A la difference des
¢léments mentionnés, le Mo n’a pas été détecté dans la plupart des produits analysés.

On constate que l'altération est typiquement hydrothermale et présente beaucoup de
similitudes avec cclles qui apparaissent autour des filons métalliféres des monts Oas-Gutii
et dans les Monts Métalliféres.

La minéralisation du seeteur silué dans la vallée de Zebrac-Dealul Ursului apparait
dans les suivantes situations : a) filons localisés au contact des corps de bréches endogénes
avec les andésites ct moins souvent dans les corps de bréches, d’andésites et microdiorites ;
b) disséminations dans les corps de bréches, andésitcs, “microdiorites; c) ' disséminations au
contact occidental et celui méridional du corps Zebrac avec les dépdts sédimentaires.

Dans le groupe filonicn de Dealul Ursului (pl. 1), le principal caractére de la miné-
ralisation est auro-argentiféere, 1i¢ au mispickel ct aux sulfosels; le caractére polymétallique
est subordonné (les minéralisations a4 blende et stibine sont plus importantes). Les corps de
bréches endogénes contourent des disséminations de mispickel aurifére et de blende. Les corps
de microdiorites et andésites abritent des disséminations de chalcopyrile et blende. Ce type
de minéralisation, accompagné par des filonnets etfou fissures a sulfures complexes <4 mispickel
aurifére £ tellurures, apparait aux contacts ouest et sud du corps éruptif Zebrac.

Dans le stade actucl de connaissance, il y a quelques indices qui prouvent que I'ac-
tivité métallisante s’est déroulée en plusieurs moments. Ainsi, la minéralisation a4 mispickel
aurifére, sulfosels argentiféres et tcllurures appartient & un moment ultérieur 4 la minérali-
sation disséminée (chalcopyrite, blende).

On estime 4 environ 600 m 1’épaisseur de 1'étage minéralisé; A sa partie supérieure
se place lintervalle auriftére, auro-argentifére.

La genése de la minéralisation a €té contrdlée par les suivants factcurs: a) tecto-
nique, ayant impliqué I’exhaussement du soubassement et sa perméabilisation, en favorisant
T'ascension des solutions minéralisantes; b) structural, déterminé par lc corps éruptif a consti-
tution complexe, la phase explosive ratée contribuant a la génération du flux hydrothermal-
métallisant ; ¢) lithologique, la minéralisation s’associant aux éruptions d’andésites acides ayant
comme pétrotype l'andésite a quartz, ainsi que les microdiorites porphyriques.

Pour certains éléments mineurs indicateurs des processus de minéralisation on a établi
des valeurs du scuil lithogéochimique dans 1'aire Zebrac, en examinant plus de 1000 analyscs
spectrales. Les valeurs du seuil {ppm): Pb = 100; Cu = 100; Zn = 200; As = 300; Sb =
= 100; Ag=2; Bi=5;Cd = 100; Sn = 3; Mo = 3; B = 100. Dans lc secteur de la vallée
de Zebrac-Dealul Ursului sont fréquemment mises cn évidence des valeurs dépassant le seuil
lithogéochimique pour le Pb, Zn, Cu en andésites, mierodiorites, bréches minéralisées. Les te-
necurs augmentent sensiblement dans le groupe de filons Dealul Ursului, pour Zn, Pb, Sb, As,
Ag. La minéralisation d’antimoine accompagne ecclle d’arsenie (fig. 2), le rapport Sb/As étant
subunitaire; Pargent est corrélé soit avec le plomb, soit avec I'arsenic (fig. 3). 1 y a aussi
des coneentrations isolées d’argent. qu’on ne peut pas expliquer sculement & parlir de la te-
neur élevée de la galéne, mais en vertu de la présence de la tétraédrite argentifére. Les roches
minéralisées de la zone du contact occidental présentent des valeurs élevées de Zn, Pb, Cu;
le rapport Zn/PDb est supra-unitaire. On remarque la corrélation positive Cd—Zn (fig.4),
le rapport entre les deux ¢léments étant eompris entre 1/70 — 1/200.

La valeur de fond de or dans les andésites fraiches de la région est de 0,0010 ppm.
A partir de cette teneur, les valeurs augmentent d’environ 5 fois dans les roches propylitisées.
Dans les roches argillisées sont évidenciées aussi des augmentations importantes; le rapport
entre la teneur moyenne en Au dans les roches argilisées et celles fraiches arrive a ~ 40. On
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remarque la tendance claire d’augmentation de la teneur moycnne en Au des andésites argi-
listes dans les bréches endogénes argilisées. La tcneur en Au. des filons marque, en moyenne,
des augmentations importantes par rapport a la valeur. cnregistrée en bréches. Les corréla-
tions de Au avee As, Ag, Pb, Sb sont po'iltwes

Les études minéralo-thermométriques effectuées sur calcxte et quartz mettent en €vi-
dence des températures de formation comprises entre 170 —200°C. On distingue trois généra-
tions de calcite : I = 282—-320°C; 1 = 225—270°C; III = 190 —~205°C, ainsi que deux
générations de quartz (170 —310°C).

Les intervalles dc température déterminés indiquent —en plein accord avee les obser=
vations minéralogiques ct géochimiques — la-présence du stade aurifére (275 —~185°C) et du
stade des sulfures communes (220 —336°C). ILes valeurs de température comprises entre
175 — 300°C sont fréquentes; celles-ci inénent & Vestimation du caractére méso-épithermal de
1a minéralisation de Stlinceni.

INTREBARI

G.Udubasa: 1. Breciile endogenc preferi un anumit tip petrografic sau afec-
teazd mai multe (sau toate) tipuri de roci?

2. Exista diferen{e mineralogice intre mineralizatiile din frloanc si cele din diseminéri ?

3. Sint mai multe etape de mineralizarce, legate de fiecare fazd magmaticd, sau numai
una, care a fost prezentatd? Intrcbarea nu se referd la pulsatiile din cadrul unei etape/faze de
mineralizare.

Raspuns : 1. Elementele constitutive ale breciilor endogenc sint reprezentate prin toate
tipurile de roci care alcdtuicese corpul Zebrac-Mermezeu (andezite cu hornblendid + pifoxeni,
microdiorite porfirice, andezite cu cuart), precum si prin fragmente de roci sedimentare.

2. Da, se observi diferenfe paragenetice importante. Astfel, in cazul mineralizatiei filo-
niene asociatia mineralelor metalice este mai largd : piritd, marcasiti, mispichel aurifer, stibina,
tetraedrit argentifer, blend#, galend, jamesonit, telururi cu aur, argint si bismut. In cazul
disemindrilor sint prezente asociafiile : piritd + calcopiriti, piritd + blendd, pirita + calco-
piritd 4+ pirotind + blenda.

3. In stadiul actual de cunoastere a mineralizaliilor din regiune se consideri cel pufin
doui ctape de mineralizare : etapa timpuric, asociatd crupiiilor de andezite de Zebrac si micro-
diorite, in care mineralizatia apare ca disemindri si este complexi ; ctapa tirzie, asociati erup-
tillor de andezite eu cuarf si de breeii endogene; mineralizatia aparce ca filoane si disemindri,
este auro-argentiferd si complexd.

EXPLICATION DES PLANCHES

Planche I

Esquisse géologique contenant le raccord des données des affleurements avee celles
des forages (le niveau de la galerie Auris) dans le sceteur de Dealul Ursului.
1, a, andésite & hornblende de Bitca; b, pyroclastites; 2, bréches endogénes; 3, andésite
4 quartz sporadique; 4, microdiorite porphyrique; 5, andésite &4 hornblende et pyroxénes
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de Zcbrac; 6, flysch distal, schisteux gréseux (Miocéne inférieur); 7, limite géologique :
a, dans Paffleurement, par section géologique; b, au niveau de la galeric Auris; 8, faille;
9, filon; 10, imprégnation; 11, la galeric Auris; 12, {forage.

Planche II

Lithologie et altération hydrothermale dans les forages de la vallée de Zebrac, de Dealul
Ursului et de la riviere Auris. 1, sol 4 blocs andésitiques; roches éruptives : 2, bréche endo-
géne; 3, andésite a hornblende, pyroxénes, quartz sporadique; 4, microdiorite porphyrique ;
5, andésite 4 hornblende ct pyroxénes; 6, andésite 4 hornblende; roches sédimentaires: 7,
couches de Zebrac (Aquitanien-Burdigalien); produits postmagmatiques; 8, roche argilli-
que; .9, roche séricitique ; 10, roche propillitique; 11, imprégnations et fissures & pyrite (Pyr),
magnetite (Mt), chalcopyrite (Cpy), molybdénite (Mo), blende (Bl), localement stibine (Sb)
et scheelitec (W), pyrite omniprésente; 12, bréchifications; 13, filons 4 tourmaline (Tm), cao-
linite (K); 14, dépdts locaux de nids de calcite (Ca), anhydrite (An), quarlz (Q) et tourmaline
(Tm); 15, colonne du forage.

Planche IIT

Altération hydrothermale dans la galeriec Auris.
1, roches siliceuses; 2, roches argilisées; 3, roches séricitiques; 4, roches chloritiques ; 5,
roches propillitiques; 6, bréches endogéncs; 7, andésite 4 hornblende 4+ pyroxénes, quartz
sporadique ; 8, fracturcs filoniennes. )

‘Planche IV

Fig. 1. — Cristale fine, idiomorfe, de mispichel aurifer (1) diseminat in ganga de cuart (negru)
sau depuse pe cristalele de piritd (2). 250 x, sectiune lustruita.
Cristaux fins, idiomorphes, de mispickel aurifére (1) disseminé dans la gangue
de quartz (noir) ou déposés sur les cristaux de pyrite (2). 250 x, section polie.

Fjg. 2. — Mispichel aurifer si marcasitd, concrescuti in ‘agregate caracteristice cu aspect de
frunze dinfate sau lame de fierdstrdu ; mispichelul (1) in cristale idiomorfe, depus pe
filamentele de marcasitd (2), ganga de cuar! — negru. 250 x, sectiune lustruiti.
Mispickel aurifére et marcassite, enchevétrée en agrégats caractéristiques a 1’aspect
dc feuilles dentées ou lammes de scie; le mispickel (1) en cristaux idiomorphes,
déposé sur les filaments de marcassite (2) ; gangue de quartz — noir. 250 x, section
polie.

Planche V

Fig. 1. — Mispichel aurifer si marcasitd concrescutc in agregate caracteristice, dispuse in
evantai; ganga- de calcit — cenusin. 250 x, sectiune lustruiti.
Mispickel aurifére et marcassite enchevétrés en agrégates caractéristiques, disposés
en évantail; gangue de calcite — gris. 250 x, section polie.

Fig. 2. — Agregate caracteristice de mispichel aurifer si marcasiti cu aspect de frunze dinfate
in asociatie cu cristale idiomorfe dc blenda.
Agrégats caractéristiques de mispickel aurifére et marcassite 4 I'aspect de feuilles
dentées en association avec des cristaux idiomorphes de blende.
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Planche VI

Fig. 1. — Asociatic complexi intre pirita (1), blenda (2), galend (3) si jamesonit (4); ganga
este reprezentatd prin calcit (cenusiu) cu incluziuni de cuarf idiomorf (5). 100 X,
sectiune lustruita. o
Association complexe cntre pyrite (1), blende (3), galene (3) et jamesonite (4);
gangue représentée par calcite (gri) a inclusions de quartz idiomorphe (5), 100 x,
section polie.

Fig. 2. — Paragenezii auro-argentiferd : impregnatii de tetraedrit argentifer $i bournonit (1),
calcopiritd (2), mispichel aurifer si piritd cu calcit (5). 75 x, seciune lustruitd.
Paragenése auro-argentifére : imprégnations de tétraédritec argentifére et bourno-
nite (1), chalcopyrite (2), mispickel aurifére et. pyrite a calcite (5). 75 x, section
polie.

Planche VIL

Fig. 1. — Agregat compact de stibind acicularid cu structuri radiari. 75 x, secliune lus-
truita, N4-.
Agrégat compact de stibine aeciculaire a strueture radiaire. 75 x, section polic, N+.
Fig. 2. — Concrestere foartc intim3 intre piritd (alb-poros), blenda (cenusiu-alb), galend +
+ jamesonit (alb), in asociatic cu ganga de calcit (cenusiu inchis). 75 x, sectiune
lustruita.
Enchevétrement trés intime entre pyrite (blanc poreux), blende (gris blanc), galéne +
jamesonite (blanc), en association avec la gangue dec calcite (gris foncé). 75 x
section polie.

Planche VIII

Fig. 1. — Agregate fin fibroase de jamesonit argentifer (negru) in ganga de calcit si cuarf (ce-
nusiu). 100 x, sccfiune subfire, N //.
Agrégats finement fibreux de jamesonite argentiférc (noir) dans la gangue de cal-
cite et quartz (gris). 100 x, section mince, N //.

Fig. 2. — Tmpregnatii de cristale fine idiomorfe de mispichel aurifer (alb) in ganga de cuart
(cenusiu inchis). 100 x, sectiune lustruitd.
Imprégnations de eristaux fins idiomorphes de mispickel aurifére (blanc) dans la
ganguc de quartz (gris foncé). 100 x, secction polie.

Planche IX

Fig. 1. — Incluziuni fluide primare zonale intr-un cristal de cuart (proba 2072), galeria Auris-
Stinceni.
Inelusions fluides primaires zonales dans un cristal de quartz (échantillon 2072)
galerie Auris-Stinceni. d

Fig. 2. — Incluziune fluidd azonald in calcit (proba B-—-3), galeria Auris-Stinceni.
Inclusion fluide azonale en calcite (échantillon B—3), galerie Auris-Stineeni.

Fig. 3. — Incluziuni pseudosecundare in calcit (proba G —3), galeria Auris-Stinceni.
Inclusions pscudosecondaires en calcite (échantillon G —3), galerie Auris-Stinceni.
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Planche X

Fig. 1. — Incluziunc preponderent gazoasi in cuarful asociat cu piritd + calcopiritd (proba
B —8), Torajul piriul Piltinis, nr. 127, Siinceni.
Inclusion 4 dominance gazcuse dans le quartz associé a la pyrite + chalcopyrite
(échantillon B —8), forage ruisscau Piltinis, no. 127, Stinceni.

Fig. 2. — Incluziune fluidd cu solutic apoasi + gaz in cuarl (proba B-—23), galeria Giineasa
(Muntii Gurghin).
Inclusion fluide & solulion aqueuse 4 gaz en quartz (échantillon B—23), galerie
Gdincasa (mont Gurghiu).

Fig. 3. — Incluziune fluidd bifazicd in calcit (proba B—5), galeria Auris-Stinceni.
Inclusion fluide biphasique ecn calcite (échantillon B ~5), galerie Auris-Stinceni.
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2. ZACAMINTE

BASALT-SPILITIC (OPHIOLITIC) COMPLEX OF PATIRS
(MURES ZONE) AND THE ASSOCIATED SULFIDE
MINERALIZATIONS?

BY

HARALAMBIE SAVU? ION BERBELEACG? CONSTANTA UDRESCUSZ,
VASILICA NEACSU®

Basalls. Spilites. Ophiolites. Sulfides. Hydrolhermal-sedimenlary mineralizations. Stock-
work. Jurassic. Crelaceous. Island arc volcanism. Magmalic differentiation. Tholeiilic
magma. Apuseni Mountains. Mures Mounfains. Drocea Mounlains.

Sommaire

Le complexe basalto—spilitique (ophiolitique) de Piatirs
(zone de Mures) ¢ les minéralisations de sulfures associées.
Dans la région de¢ Pitirs-Ziball se développe le complexe basalto-spilitique de la série des
roches ophiolitiques jurassique-préoxfordienncs de la zone de Mures; dans les dépdts du Ju-
rassique supérieur-Crétacé inférieur du nord sont intercalés les produits du voleanisme d’are
insulairc mésozoique. Dans cetle région le complexe ophiolitique consiste en alternances de
coulées quasihorizontales de basaltes, anamésites ct spilites; ces derniéres sont formées par
des processus de différenciation du magma tholéiitique, avec ’enrichissement du magma rési-
duel en NaQ, et en volatiles. Dans ee complexe apparait un gisement de sulfures hydrother-
males & structure de stockwerk, formées dans deux stades successifs de minéralisation :
le premier & pyrtite, hématite et chalcopyrite en minéralisation disperse, et le deuxiéme & pyrite
compact'e. La premiére paragenése s’est formée a4 des températures supérieures 4 200°C, & la
fin du stade mésothermal, et la minéralisation A pyrite compacte a pris naissance a moins
de 200°C, au commencement du stade épithermal. Le gisement est 1ié aux roches ophiolitiques
et fait partie de la catégorie de gisements de type Cyprus, d’origine hydrothermal-sédimentaire,
4 Pitirs étant représentée seulement la partie inférieurc d’un pareil gisement, notamment le
stockwerk hydrothermal ct diseordant par rapport aux coulées de roches basiques.

1 Paper received on 12 April 1980, accepted for publication on 9 May 1980, communi-
cation in the session on 9 May 1980.

2 Institutul de geologie si geofizicd, str. Caransebes, nr. 1, 78344 Bucuresti 32.
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I. INTRODUCTION

The existence of the sulfide mineralizations round the Pitirs lo-
cality required the present study, which attempts to establish the distri-
bution of the sulfide mineralizations and their genesis. The study de als
with the alpine ophiolitic rocks in the region, their associated minerali-
zations as well as the relation between them.

The Pitirg-Zdbalt region, investigated by us, is situated in the
northern part of Banat, in the Lipova Plateau, and belongs to the Arad
district. It lies south-east of Lipova and south of the Ususiu locality,
within the Z#balt Brook hydrographic basin, between the Patiry and
Zibalt localities (Pl I). The most important forms of relief are the Tur-
canu Hill, Dealul Cetitii and the Migura Hill. They are below 300 m high,
while the altitude in the Zibalt Valley is of 150 m.

The first data on the basic eruptive rocks in the region were furnished
by Cotta in 1864, who regarded them as a special banatite variety
and later by Loczy (1885), who describes them as a normal diabasic
porphyrite. In 1946 Stoi covici and Pop published a detailed
paper on the geological formations and mineralizations of Péatirg, showing
that the eruptive rocks are spilites or albitized diabases, due to the hydro-
thermal processes that led also to the formation of a copper mineraliza-
tion at a “middle temperature”’ during a first cycle, which is followed by
2 second cycle with pyrite and hematite mineralizations.

In 1969 Cioflica and hi§ collaborators dealt with the petroche-
mistry and geochemistry of the succession of basalts, anamesites and dole-
rites investigated by ISEM drillings in the Bruznic region, south of Pitirs,
where they are overlain by Pannonian sedimentary deposits. In 1967
Manea investigated the Neogene sedimentary deposits in the southern
part of the region, pointing out another small zone in which there crop out
basic rocks from under Tertiary deposits, represented by gabbros; this
zone is situated south-south-west of Bruznic, on the Coruba Brook, the
right side tributary of the Stenowt Brook, outside the area mvestlo'ated
by us.

Recently, Bogstinescu and V1ad (1978) have been interested
in the sulfide mineralizations of Pitirg, which they consider of Cyprus
type.

Our researches carried out in the period 1979—1980 on the ophio-
litic rocks from the PHtirs-Zibalt zone and their associated mineraliza-
tions provided new data that are going to be presented in this paper.

II. GEOLOGY AND TECTONICS

The region investigated lies in the south-western extremity of the
Mures oceanic zone, which includes the last occurrences of ophiolitic rocks
before the whole zone — which extends underneath the Tertiary sedimen-
tary formations towards Belgrade and joins the Vardar ophiolitic zone
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from Serbia (Andjelcovié, Lupu, 1967) —is covered by the
Pannonian deposits from the Lipova Neogene sedimentary basin.

¥ This region consists of the following important geological formations :
(1) Jurassic or pre-Oxfordian ophiolitic rocks; (2) Upper Jurassic-
Lower Cretaceous sedimentary deposits associated in the lower part
with island arc volcanics of the same age (J 3); (3) Neogene sedimentary
deposits. Only the first two categories of formatlons were investigated
by us.

The ophiolitic rocks, which display tectonic relations with the Meso-
zoic sedimentary deposits, crop out in two important areas. One is situat-
ed at Pitirs, between the Patirs Valley and the Gridistea Brook and the
other lies west of Zibalt in the Stumnicu Brook basin.

The ophiolitic rocks in this region make up an ocean floor basaltic
complex, formed of alternative basalt, anamesite and spilite, more rarely
variolite flows, which is usunally in pillow lava facies. The basalt flows sel-
dom include anamesite sills very close to dolerites. As can be noticed in
the quarry north of Pitiry, these successive basalt flow alternations are
approximately horizontal. The study of the. drillings of Bruznic — a
locality situated 4 km south of Zibalt — reveals the same relations, on
the basis -of which Cioflica et al. (1969) pointed out six such flows
ranging between 60—120 m in thickness; exceptionally the basalt flows
may reach 180 m. According to these authors, the lower flows reached by
the Bruznic drillings show features characteristic of anamesite-dole-
ritic rocks, while the upper ones show basalt characteristics. One should
mention that south-west of Bruznic, Manea (1969) pointed out gab-
bros that crop out on the valley, through the erosion of the Pannonian
sedimentary formations. These rocks probably make up a gabbro body
located within the basalt complex, such as the bodies from Julita and
Bituta (Savu et al, 1980).

The basalt flows show a slight south-eastward dipping in the over-
thrust (obducted) region of the basalt complex on the Upper Jurassie-
Lower Cretaceous formations.

The separation within the Bruznic drillings indicates that the up-

per horizon prevails in the Patirg-Zabalt zone, as the rocks are predomi-
nantly basaltic, often spilitic, more rarely anamesitic and show the charac-
teristic pillow lava facies.
' The pillow lava separations are usually elongated and flattened,
being ellipsoidal with the big axis reaching 2.5 m, while the small one
reaches 0.80 m. Concerning the structure, the pillow lava forms have a
marginal crust, whose thickness ranges between 2--3 ecm (Pl. II, Fig. 1),
covering the internal part or the basalt-anamesite core of the separation
(Fig. 1). The marginal crust consists of hyalobasalt that, towards the glassy
matrix of the pillow lavas, changes into & material with features similar
to those displayed by the tachylites from the Rogia Nouj locality (Sa vu
et al., 1970). As in the latter case, the glassy devitrified material divides
into bmall oval or spherical forms (Pl. II, Fig. 2).
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The complex of Upper Jurassic-Lower Cretaceous (Lupu, 1965)
sedimentary formations develops north of the overthrust line oft he ophio-
lites. The lower part of this complex shows features characteristic of a
volcano-sedimentary formation in places, for instance on the north-

Fig. 1. — Section through pillow lava
separations.
1, marginal crust; 2, .internal zone;
3, tachylitic matrix.

western bank of the Gridistea Valley and on the Stina Valley. It is found,
at the tectonic contact of the ophiolites in the Zabal{ Valley, that the
lower horizon of the complex — as much as it is visible in the flank of
an overthrust (facing) north-westward syncline — begins with marls or
clay marls with limestones and gritty limestones intercalations or lime-
stones with eruptive elements including red argillites, sometimes associat-
ed with jaspers. The latter together with the red argillites are as a rule
associated with the sedimentary lower horizon in the zone of island arc
eruptions. The pyroclastic products of the volcanoes are intercalated in
these sedimentary deposits, in which the whole volcanic structure is
buried.

The island are volcanism (Savu, 1980)2 is weakly developed
in the region, consisting of a single volcanic centre, with two emission
points, one in the Gridistea Brook basin and the other on the Stina Brook.
The first point is marked by the formation of pyroclastics represented
by agglomerates, tuffs and polygenous agglomerates of porphyric basalts
and andesites associated with limestones bearing volcanic elements;
they originated in the pyroclastics that fell into the sea after the explosion
and were included into the coral reefs (Savu, 1962 a). They alternate
with red argillites and very characteristic radiolarites. The volcanic ma-
terial in the emission point on the Stina Brook is acid, consisting of rhyo-
lites and dacites, more rarely also andesites. They make up a mass of
agglomerates that pass laterally into polygenous agglomerates (volcanic
melange) with reef limestone elements varying in size and tuffs associated
with reef limestones and red argillites that are laterally intercalated within
the marly-clay mass of the lower horizon with limestone intercalations
including eruptive elements.

The volcanic centre of Pitirs represents the south-western extremity
of the island arc on the NW border of the Mures mobile zone. This island
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arc continues towards NE comprising the volcanic ecentres at Lalesing,
Troag-Pirnesti and those in the basin of the Saturani and Zeldis valleys,
the whole formation being then covered by Neogene volcanics from the
Crisul Alb basin (Savu, 1962 b; Savu, 1980). This Upper Jurassic
voleanic island arc might extend towards SW, under the Pannonian de-
posits, in a direction parallel to the margin of the oceanic zone or the
margin of the sialic plate in the north, but the limit of this extension can-
not be specified so far.

The age of the ophiolitic rocks results from the absolute age data,
obtained by Herz et al. (1974), according to which the ophiolitic com-
plex in the Mures axial zone belongs to the Lower and Middle Jurassic
(180 m.y.). :

If we take into account also the voleanic activity from the southern
island arc, where the volcanics are overlain by the Stramberg lime-
stones * (Savu etal, 1981), we must admit that the lower horizon of
sedimentary formations associated with island arc voleanics is of Upper
Jurassic age. The sedimentary deposits from the Upper Jurassic sea
showed various facies (L upu, 1976); they had a pelitic and aleuropelitic
character in the secondary trough on the north-western margin of the Mures
zone and a facies of reef limestones on the volcanic structures, in the se-
condary trough on the south-eastern border of this zone (Sa vu, 1962 a;
1962 b).

The island arc volcanic activity within the Mures oceanic zone,
that manifested also during the Upper Jurassic, possibly up to the begin-
ning of the Neocomian, was determined by the new kimmerian movements
that brought about changes in the oceanic zone structure.

From the tectonic point of view, it is found that the ophiolites are
obducted over the Mesozoic sedimentary formations, by an overthrust
movement from SE towards NW. The geophysical (magnetism) research-
es carried out by Andrei (1964, 1969) and Andrei et al. (1970)
showed that the ophiolites advanced along at least 3 km towards NW
in this overthrust. Later the formations were affected by Laramian frac-
tures.

III. PETROGRAPHY OF THE BASALT-SPILITIC COMPLEX

As already shown, the Patirs basalt-spilitic complex includes basic
effusive rocks, represented by hyalobasalts, basalts, amygdaloidal basalts
and anamesites that pass sometimes to dolerites and spilites.

1. The hyalobasalts usually form the margins or the crust of the
pillow lava separations. They are black rocks, consisting mainly of devi-
trified glass. Small pldgioclase crystals occur in these rocks, being dis-
tributed either in arborescent structures, as within variolites, or achiev-
ing an incipient form of intersertal texture. The glass, which consti-
tutes the main part of the rock, is devitrified, containing numerous mag-
netite crystals. There occur also fine and elongated plagioclase crystals,
whose thickness does not exceed 20 —30 microns and are 0.3 mm in length.
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Usually a garland of extremely fine plagioclase crystallites comes off the
ends of these microcrystals.

2. The tachylitic material within the interstices of the- p1110w lava
separations actually consists of devitrified glass. Small hematite sticks
and grains form by the glass devitrification and the oxidation. of the iron
initially existing within it; microlites or plagioclase m1c1ocrystals are
very seldom noticed W1th1n this material.

3. The basalts, which form the internal part of numerous p1110w
lava separations, are rocks showing an intersertal texture; they consist
of a network of plagioclase sticks (Pl. II1, Fig. 2) tWinned according to
the albite law, which form sometimes arborescent structures or show the
tendency of forming variolitic structures. A section through a basalt
pillow lava separation shows that the rocks within it contain a greater
amount of glass outwards than inwards.

Within some lava flows it was found that while the plagioclase
phenocrysts in the glassy crust of the pillow lavas consist of andesine
(An 40), the plagioclase sticks (An 20) inside are altered and albitized,
the rock being often spilitized.

The augite within basalts is present in 1sometr1c crystals, and some-
times also in elongated crystals, like the plagioclase ones. The bigger
sticks are bent in places, a process probably taking place during the con-
solidation of lava.

4. The basalts with intersertal-porphyritic texture form some pil-
low lavas that show a specific structure both in the marginal zone, formed
of basalt richer in glass (Pl. III, Fig. 1). and inside, where the glass
is present in a smaller amount. Plagioclase phenocrysts reaching 4 mm in
length and more rarely augite phenocrysts can be noticed on the plagio-
clase ophitic network. The plagioclase phenocrysts (An 55) are usually
idiomorphic, more rarely broken and often grouped, indicating a glo-
meroporphyritic structure. Some phenocrysts include the glassy devi-
trified groundmass, which indicates a rapid, non-equilibrated lava cool-
ing, in contact with the marine water. The augite phenocrysts are some-
times idiomorphic or broken and occur grouped in the same way in places.

5. The amygdaloidal basalts are also rocks showing an intersertal
texture, formed of a. network of plagioclase sticks and augite crystals
elongated like the plagioclase crystals bearing the same glassy material
in the interstices, with small augite crystals and opaque minerals, as in
the other basalts. They differ from the latter by the presence in their
ophitic mass of the amygdales filled with chlorite, within whose lamellas
there form numerous radial structures, the amygdale forming thus a
chloritite. The plagioclase sticks within the amygdaloidal basalts are albi-
tized and stuffed with fine, argillitic material. The elongated augite crys-
tals are slightly brown-reddish with the extinction angle ¢ A Ng = 55°

6. The anamesites are rocks making the transition between basalts
and dolerites. They have an intergranular texture and consist of a network
of altered, often albitic plagioclase sticks, in whose interstices there are
small augite and opaque mineral crystals, such as magnetite or pyrite.
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The glass is present in an extremely reduced amount or it lacks altogether ;
in the latter case the rocks are very similar to dolerites. These rocks con-
tain also seldom fresh or altered plagioclase crystals bigger in size, show-
ing phenocryst characteristics.

7. Spilites are frequent in the region. Their structure corresponds
to that of the various mentioned rocks, consis ting of albite (Ang_,,), augite
(chlorite) and magnetite, possibly pyrite.

The presence of the amygdales filled with zeolites, ealcite and chlo-
rite within some basaltic rocks of the ophiolitic complex as well as the
plagioclase alteration indicate processes of ocean floor metamorphism,
that mamfested at the level of the zeolitic facies towards the greenschist
facies.

IV. GEOCHEMISTRY

a. Petrochemistry. Several rocks were chemically analysed for estab-
lishing the petrochemical characteristics of the ophiolites from the
Piatirg region. The results of the analyses are presented in Table 1, to which
were added 7 chemical analyses found in the relevant literature and which
refer to similar rocks from the Pitirs and Bruznic region.

The SiO, amount, which varies between 44.15 and 52.20%, shows
that the "basalt-spilitic complex consists of rocks originated in a weakly
differentiated basic magma. The same conclusion arises also from the MgO
variation, whose content ranges between 4.09 and 6.91 9% as well as from
the CaO variation between 467 and 14. 56 %, and FeO between 5.32and
8.54 9%,. Higher CaO contents (14.40 —14.56 9%,), normal for the basic rocks,
were determined in two basalts from Z#balt (samples 89 and 90), that
derived from undifferentiated basaltic magmas and which were affected
by secondary alteration processes. These samples also show the smallest
TiO, -contents from the series of basalt-spilitic rocks in the Pitirs region.
The potassium oxide from this series is in a quite low amount, ranging
between traces and 0.80%.

As far as Na,O is concerned, it behaves differently in the spilitic
rocks as compared to the basaltic ones. Thus, the 1.40—3.12 % Na,O
content from basalts does not differ from that in other basic rocks,
such as those at Rosla Noud, for instance, described by Savu et al.
(1970). But this oxide is present in a higher amount in spilites, varying
between 4.08 and 4.75%,. By these values the spilites of Patirg resemble
those presented by Turner and Verhogen (1960) in Table
25 (analyses 1, 2 and 5), including those from Oregon. As shown in
Table 1, not all the basaltic rocks in the Pitirs region are spilites, as
Stoicovici and Pop (1946) thought.

The rocks of the ophiolitic complex resulted from an initial basaltic
magma, whose tholeiitic character is clearly indicated by their situation
on the P,0;/Zr diagram on Figure 2 and on the TiO,/Zr : P,O, diagram on
Figure 3, both being drawn after Floyd and Winchester (1975)
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and Winchester and Floyd (1976) respectively. The diagram
on Figure 3 shows a single basalt projected in the alkaline basalts field.

As results from the diagram on Figure 4, the tholeiitic magma un-
derwent a weak differentiation proeess, which is also suggested by the

Ti027,
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Fig. 4. — FeO (total) — MgO —Na,0+ K,0 diagram.
j, differentiation line of the Julita gabbroic body.

fact that all the basaltic rocks are projected within a restricted field, in
contrast with the differentiation line of the gabbroic body from Julita
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(Savu-et al.,, 1982). This conclusion is confirmed by the magma types
(Table'2) to which the rocks correspond and which are generally gabbroic.
It is to be noted that all the spilitic rocks generally show the alk para-
meter higher than that of the basalts, while the k parameter is smaller.

One should also mention that throughout the basaltic series the FeO
and Fe,0O3 contents are higher than in the basalts of the same age from the
Rosia Noud-Pietri zone previously described (Savu et al., 1970). That
is why, the field on the diagram on Figure 4, in which they lie, covers also
the domain in which some tltanomagnetlte gabbros are situated. These-
observations indicate that the process of dlfferentlatlon of the tholeiitic
magma led to the enrichment in iron of the magmas on the one hand and
to the increase of the Na,O content on the other hand, as results also from
the diagram on Figure 5.

——~>'. Na320+Kz0

4 i I L 1 c s tip - sioz
45 50- 55 60 65 0

Fig. 5. — 8i0,—Na,0+K,0 diagram.

This diagram shows that, function of the alkalies sum and SiO,,
only three basaltic rocks are pleserved within the tholeiitic domain, the
other rocks shifting towards high alkali values. Of the latter, a lot of rocks
remain in the domain of basalts rich in Al,Qg, but the spilites are placed
in-the domain of the alkaline basalts series. This situation shows the sense
of the tholeiitic magma differentiation towards residual magmas en-
riched in Sodium on the one hand, and demonstrates that the spilites re-
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sulted from residual tholeiitic, subcooled magmas, rich in Na,O and vola-
tiles, of which there form rocks in which the clinopyroxene coexists with
the albite (Savu et al, 1980), on the other hand. The ‘“spilitization”
process might end on the ocean floor at the contact with the marine water.
In our opinion the further differentiation of the spilitic magma would
lead to the formation of the granophyres and granites or albite aplites,
which as a rule occur in small amounts associated with the ophiolitic
series (Savu et al, 1982).

b. Distribution of trace elements. For investigating the dlstrlbutlon
of trace elements from the basalt-spilitic complex of Pitirg, 9 samples
were analysed by emission spectroscopy (Table 3). It is found that there
are differences in this respect too, between the basalts resulted from the
undifferentiated tholeiitic magma (samples 89 and 90) and the other
basalt-spilitic rocks in the region.

TABLE 3

Trace elemenis (ppm)

Sam-
No. | ple | Ni | Cr Co v Se | Zr Y Yb | Cu | Ga | Sn {Ba | Sr
no. o

1 81 32 10 46 440 | 40 270°| 72 8.5 | 38 24 2 32 85
2 68 40 15 58 660 | 52 330 | 83 11 38 23 ndt.| 60 170
3 83c 31 12.5| 50 520 | 42 215 | 67 8.5 24 16 2.5 32 | 145
4 83bB | 24 11 46 500 | 43 220 | 70 10 24 16 ndt.| 22| 120
5 83A | 30 10 50 570 | 42 300 | 76 10 28 16 ndt. | 22 160
6 90 90 310 | 46 370 | 42 130 | 35 5.2 | 40 16 ndt. 12 | 105
7 89 95 340 | 45 370 40 | 115 | 36 5.0 | 38 15 ndt. 16 | 240
8 82 22 10.5; 40 340 | 33 160 | 57 7.5 | 40 | 25 2 40 95
9 84 27 11 44 440 | 40 230 | 68 8 40 23 2 36 90

Samples 89 and 90 show for most elements values close to those
known in the relevant literature for the basaltic rocks. Ba has very low
values both in these basalts and in the other basalt-spilitic rocks. This
is correlated with the small K,0 contents from the whole series of ana-
lysed rocks.

In comparison with the two basalts (samples 89 and 90) the differ-
entiated basalt-spilitic rocks show lower nickel and extremely small
chromium contents, and higher values for V, Ti, Zr, Y and Yb res-
pectively. The variation of these elements 1ndicates the sense of the tho-
leiitic magma differentiation towards residual magmas, as shown above.
This differentiation is also illustrated on the diagram on Figure 6, where
function of the zirconium increase with the differentiation (S avu,
Udrescu, 1975), there is an increase of the contents of the four ele-
ments characteristic of this process.

Cobalt and scandium show throughout the series contents similar
to the averages known for the basic tholeiitic rocks ; this shows that they
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are not influenced by the differentiation processes towards magmas of
the type of those from which the spilitic rocks resulted.
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V. ORIGIN OF OPHIOLITIC ROCKS

The geological and tectonic situation of the ophiolites belonging
to the basalt-spilitic complex of Patirs as well as the frequency of the
pillow lava separations indicate that the basic rocks formed under sub-
marine conditions. This conclusion is supported also by the TiO, —P,0, —
K,O diagram (Fig. 7) drawn after Pearce et al. (1975) which shows
that the basalt-spilitic rocks formed in the oceanic realm (BOC). Accord-
ing to Hart et al. (1970) the strontium contents show that they
originated in basaltic magmas generated in the mantle, at a depth of
below 100 km.

Although the Ti, Zr and Y contents from the basalt-spilitic rocks
are higher than in the two basalts originating in the undifferentiated
magma, the ratio between them is the same as in the tholeiitic basalts ;
for this reason they are situated in the field B of the ocean floor basalts
{OFB) on the Ti—Y —Zr diagram (Fig. 8) drawn after Pearce and
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Cann (1973). One should mention that, on a Ti—Zr diagram, drawn
after the same authors, only two basalt samples (89 and 90) remain in

~
Ti02

P205\
Fig. 7. — Ti0,~P,0,~K,0 diagram.

Ti/100

r Yx3
Fig. 8. — Ti[100— Y x3—Zr diagram.

the ocean floor basalts field, the other differentiated rocks being situated
outside the field -and reaching higher titanium -and zirconium values.
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It is worth mentioning that the two basalt samples (89 and 90) are
situated on the Ti—Cr diagram (Fig. 9), which separates the island arc
basalts from the ocean floor basalts, in the field of the latter. Owing to

Ti '
pam
20000

10.000 -
390483 Ocean floor basalts

lsland arc basalts

4000 1 : 1 L Cr p.pm
10 50 100 500 1000

Fig. 9. — Ti—Cr diagram.

the extremely low chromium (10—15 ppm) and high titanium contents,
the other rocks lie outside the fields established by Pearce (1975) for
the basalts in the two geotectonic situations.

q

Fig. 10. — QLM diagram.

The whole complex of basaltic and spilitic rocks that formed in the
Mures Mesozoic ocean comprises ophiolitic rocks, as results from the
diagram on Figure 10 drawn after Burri and Niggli (1945). The
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above-mentioned data assign the basic rocks from this region, as well
as the similar ones from the rest of the Mures zone, to the definition given
by Coleman (1977) for the ophiolitic rocks.

VI. PETROGRAPHY OF ISLAND ARC VOLCANICS AND OF THEIR ASSOCIATED
SPECIFIC FORMATIONS

The island are volcanics congsist of agglomerates and tuffs of altered
basic rocks, oligophyres, orthophyres and rhyolites. They associate with
limestones bearing eruptive elements, radiolarites and red argillites.

The basic rocks are found as pyroclastics (agglomerates and tuffs)
on the left bank of the Gridistea River. They show a porphyritic texture
and consist of a groundmass, whose structure has a divergent tendency
and comprises altered, albitized plagioclase, chlorite and magnetite, in
which there float partially or totally altered plagioclase and augite pheno-
. erysts. Quartz and calcite veinlets cross the rocks.

The rhyolites are white-yellow rocks with porphyric texture, formed
of a microcrystalline groundmass on which there floatal bite plagioclase
and seldom quartz phenocrysts. Quartz appears as phenocrysts relicts
corroded by magma and showing sometimes lobed depositions that seemed
to have formed in the final stage of crystallization. The plagioclase
phenocrysts are sometimes broken and corroded by magma. Usually they
show polysynthetical twins. Small chlorite lamellae, formed at the expense
of biotite, also occur. Fine magnetite grains are rarely observed.

Table 4 indicates that the rhyolites are hyperacid rocks, in which
Si0, varies between 76,35—79,789,. The hyperacid character of these
rocks results also from Table 5, according to which they correspond to
leucogranitic magmas. The potassium feldspar within two of these rocks
is albitized, as the K,0 content is lower. The behaviour of the trace ele-
ments (Tab. 6) is characteristic for the acid rocks.

The rhyo-dacitic tuffs are rocks showing a crystallovitroclastic
texture, formed of fragments of microcrystalline or cryptocrystalline
groundmass and broken plagioclase and potassium feldspar crystals, more
rarely quartz and biotite lamellae, sometimes cemented by calcite.

The orthophyric tuffs are characterized by the participation of the
potassium feldspar phenocrysts in large amounts, the absence of the
quartz phenocrysts and the presence of some idiomorphic sphene, apatite
and pyroxene crystals, which are to be found in paleotrachytes, and also
biotite idiomorphic crystals. The orthoclase phenocrysts are pink, show
a perthitic structure and are partially altered and replaced by calcite.
The plagioclase crystals are polysynthetically twinned and broken.

Albitized oligophyre rock fragments with specific trachytic or bos-
tonitic textures were also observed within the orthophyric tuffs.

The limestones with tuffogenous elements are fine-grained rocks
consisting mainly of calcite; these rocks contain numerous fragments
of the island arc voleanic rocks deseribed above and of broken albite and
quartz crystals.
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The radiolarites consist of cryptocrystalline silica impregnated
with limonite and contain radiolaria in places. The radiolaria remnants

TABLE 6
Trace elements in rhyolilic rocks
| ' H
No. } SRt i Nl CrlCo | v i Sc|zr | Y |Yb|Pb|Cu| Ga Sn! Ba| Sr
: | !
1 92g |95 |4 |3 16| 7|100i6 |o0.8| 21|95 102 |550]120
2 92¢ 10 | 2 |5.5] 23| 12 [140]9 1t 22 |12 | 11 | 3 {480 150
3 92d 7514 |5 5 2| 8)8.5(0.9] 38 7 | 11 [ndt.| 380 135

make up the prevailing material in some bands. These more siliceous
bands alternate with bands richer in red argillites, in which the radio-
laria are more rarely found or are absent altogether.

VII. METALLOGENESIS

The pyrite, iron oxides and chalcopyrite mineralization of Pitirs
is situated in the ophiolitic basalts, in the region obducted over the Upper
Jurassic-Lower Cretaceous sedimentary deposits. This mineralization was
exploited to a little extent in the past century and it was prospected and
explored by ISEM in the period 1962—1965 (Ridulescu, 1962;
Popescu, Munfiu, 1966). Recently the mineralization of Pitirs
has been investigated and exploited for a short period by CM —Deva
(Muntiu, 1978). Special studies concerning the mineralizations of Pitirs
are not known. We mention the fact that some matters regarding the de-
posit mineralogy and genesis were dealt with by Stoicovici and
Pop (1946), and Bostinescu and Vlad (1978).

Before presenting the results of the study on this deposit, one should

- mention that the mining works carried out by ISEM and CM-Deva were
‘not available at the time of our terrain observations; for this reason the
studied samples were gathered from the waste material existing in the
galleries (especially gallery II) and from the outcrops existing in the oxi-
.dation zone.

A. Hydrometasomatic Alterations

The ophiolitic rocks lying in the mineralization zone underwent
‘hydrometasomatic transformations characterized by the presence of the
following mineral associations : albite-chlorite-carbonates ; chlorite-albite ;
quartz-iron and titanium oxides-pyrite + carbonates; quartz-pyrite-chal-
copyrite-iron oxides ; quartz-pyrite-chalcopyrite-clay minerals, and quartz-
pyrite-chlorite (Fig. 11).
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The mineralogic study indicates that the mentioned associations
hold well defined positions within the deposit : the chlorite-albite-quartz-
iron and titanium oxides-pyrite 4+ carbonates association is character-

MINERALS STAGEI ? STAGE I
Pyrrhotite ;
Pyrite — R T S
Magnetite - §
Hematite e =g
Hematitell - =
Chalcopyrite- _z,:g §
Quartz t
Chiorite — 8 =
Carbonates % 3
Clay minerals = =

Fig. 11. — Succession of Péatirs mineralization.

istic especially of the hydrothermalized and mineralized rocks, which
are surrounded by the chlorite-albite-carbonates 4 pyrite association;
the other associations are present in the numerous fissures and veinlets
as well as in the compact pyrite association. These observations indicate
that important hydrothermal alteration processes acted inside the min-
eralized area, resulting in: (1) the chloritization of the whole mass of
ophiolitic rocks often entailing a total replacement of the femic minerals.
by chlorite and iron and titanium oxides, while the feldspars are replaced.
by albite and carbonates and (2) the silicification, by which important
substitution processes took place and especially the deposition of the
grey-pink, grey and white-grey quartz in the fissures. A third process.
— argillization — of low intensity manifested especially during the depos--
ition of the massive pyrite mineralizations in the mineralization stage II.

"The intensity of the mentioned alteration processes was controlled
especially by the fissure extent and the nature of the ophiolitic rocks;
the coarser and strongly brecciated rocks are affected by intense chlori-
tization and albitization processes which are not so intense in the apha-
nitie rocks. One should mention that, in some cases, the elements within:
the brecciated rocks are wholly replaced by chlorite and iron and tita-
nium oxides. The chlorite shows in fact two- varieties : one rich in magne--
sium and a more frequent one, rich in iron, which seems to be of the first
generation. The iron and titanium oxides occur in the chlorite mass as
fine powder randomly distributed. Sometimes, especially towards the
periphery of the mineralized zone, in addition to chlorite, iron and tita-
nium oxides and pyrite, carbonates and albite also occur within these:
rocks. The-latter mineral totally replaces the feldspars, while the carbo--

1
‘g
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Fig. 12. — Microscopic dectails on the Pitirs ore, gallery II, Nic. ||, x 100.
1, large crystallized pyrite aggregates, formed in the second mineralization stage; 2, pyrite
aggregates, iron oxides 4 chalcopyrite and quartz; 3, fine, triturated pyrite; 4a, hematite;
4b, hematite 1I; 5, chlorite: a, stage II; b, si:age I; 6, quartz: a, stage II; b, stage I; 7,
pyrite I1: a, second quartz generation (6) with large crystallized (1), triturated pyrite, ce-
menting the pyrite, iron oxides and chalcopyrite (2) association; b, asymmetrical parallel
depositions of hematite (4a), hematite II (4b) & pyrite and quartz of first generation (6a);
¢, large crystallized pyrite grains (stage II), broken and strongly ecorroded (7) by quartz
{6a); d, quartz veinlets (6a)j with large crystallized, broken and corroded pyrite and vermi-
cular chlorite (5) in a mass of quartz, pyrite and iron oxides 4+ chalcopyrite (2); e, idiomor-
phic and hypidiomorphic pyrite grains formed in the mineralization stage I, together with
chlorite (5).
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nates accompany the chlorite occurrences resulting from the transforma-
tion of the femic minerals ; they also occur in the fissures.

The mineralization stage IT is characterized by the presence of a
chlorite with vermicular development, associated with the last quartz
depositions (Fig. 12, d). This frequently large developed and fibroradial
chlorite represents a variety rich in magnesium, probably formed during
and after the hematite IT deposition. The occurrence of these two mi-
nerals within the mineralizing solutions underwent significant chemism
modifications, marked especially by their enriching in silicon and mag-
nesium.

The neomineral associations mentioned for the accumulation of
iron oxides, pyrite and chalcopyrite of Pitirs suggest, by their nature
and formation conditions, that they formed in an environment with
hydrothermal solutions. .

B. Deseription of the Mineralization |

The iron oxides, pyrite and chalcopyrite mineralization from Dealul
Cetiitii of Patirs represents a local accumulation in the mass of intensely
tectonized ophiolitic rocks of the useful components and of the already
presented gangue minerals. This accumulation shows, both at the surface
and under the ground, an elliptical shape, whose axis is about 150 —180 m
long and trending approximately E—W. The mineralization varies in
thickness, reaching 60—80 m in the central zone, at the level of gallery
IT (altitude of 198,34 m). Drilling data (Popescu, Muntiu, 1960)
show that the mineralization decreases in thickness to its complete dis-
appearance as the depth increases. We remind the fact that this disappear-
ance is determined also by the fact that at the depth of about 120—140 m
below the level of gallery II, the drillings (nos. 285035, 28508, 28512 and
28514) penetrated Upper Jurassic-Lower Cretaceous sedimentary deposits,
devoid of mineralizations (Pl. T and Fig. 14). The mineralization can be
followed up to the surface (altitude of 320 m) through gallery I (altitude
of 257 m) and other short tunnels as well as by a lot of surface mining
works.

1. Preseniation of the Mineralization in the Oxidation Zone

The mineralized zone from Dealul Cetédtii is marked by the presence
of the iron secondary minerals from the oxidation zone, that represent
an interesting iron cap in the western part of the Dealul Cet#tii crest to-
wards the contact with the Pannonian sedimentary deposits. The men-
tioned iron cap, which is partially explored and exploited by short tunnels,
extends on about 180—200 m, being 30—60 m thick and comprising an
iron hydroxide concentration (goethite, hydrogoethite, lepidocrocite) in
a mass rich in cryptocrystalline or crystallized quartz. The mentioned
hydroxides show various colours, frequently yellow with dark brown
nuances and display numerous voids partially filled with reniform, concre-
tionary, stalactite depositions with an amorphous-earthy- and ecrypto-
crystalline aspect.



182 H. SAVU et al. 22

The microscopic cross sections through these deposits show, beside
structural and textural variations (parallel, massive, radial and concentric
depositions), also some mineralogical unconformities marked by the abun-
dance of clay minerals crusts, opal or calcedony, remnants of primary
metallic minerals (pyrite, hematite) or of partially transformed rocks and
more rarely hydrated copper carbonates veins and clusters (malachite,
azurite), cuprite and very seldom native copper. It is also noteworthy
the presence within the iron cap of manganese oxides and hydroxides
dendriform depositions as well as other secondary minerals occurrences.

Outside the iron cap, that, due to human activity and supergene
alterations, exhibits shapes similar to those present in the karst regions
(voids of variable size ete.), there is a gradual transition to the surrounding
rocks that are less atffected, fissured and cemented by quartz and pro-
bably sulfides. These rocks stand out by their light yellowish colour, the
frequency of millimetric voids in the quartz veinlets and of the iron hydro-
xides in the latter. Further, towards the fresh rocks, their degree of fissur-
ing and cementation with quartz decreases. In the latter case the rocks
exhibit various colours, they become spotted, greyish-greenish and light
yellowish.

The above-presented data entitle us to state that the mineraliza-
tion can be easily pointed out at the surface both by the variety of nu-
ances and the structural-textural variations.

2. Presentation of the Primary Mineralization

The microscopic study of the primary minerals associations identi-
fied in the samples from the gallery IT waste material as well as the pre-
vious remarks made by Stoicovi ci and Pop (1946), Popescu
and Muntiu (1966) and Bostinescu and V1ad (1978) reveal
that the mineralization from Dealul Cetdtii of Patirs comprises in fact
two successive depositions, with different compositions and types of
deposits : a pyrite deposition with 17—309%, S, between 243 m and 255 m,
as well as by drilling no. 28505 (169—185 m), and another one of disse-
minated type with pyrite, iron oxides and chalcopyrite. No direct rela-
tions between the two types of mineralizations could be noticed, but the
data provided by exploration works indicate that they hold relatively
different positions; the compact or semicompact pyrite mineralization
lies in the western extremity of the deposit, while the other one occurs
in its central and eastern parts. Still the description of the previous
mining works (Popescu, Muntiu, 1966) indicates that the prevail-
ingly pyrite mineralization is part of the hydrothermal alterations halo
and of the mineralizations characteristic of the other mineralization type
with pyrite, iron oxides and chalcopyrite (Pl. III, Figs, 3, 4).

a. Dissemination mineralization with pyrite, iron owides and chal-
copyrite. This mineralization may be likened to the dissemination type
by parageneses and way of occurrence. The main identified mineral asso-
ciatoions are: :
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(1) chlorite—quartz—iron and titanium oxides—pyrite4-carbonates ;

(2) pyrite—chalcopyrite—quartz 4 chlorite ;

(3) pyrite—hematite—hematite II—chalcopyrite —quartz;

(4) pyrite—hematite + hematite IT — quartz;

(5) pyrite—quartz—chlorite.

These parageneses occur frequently in the network of submillime-
trie, millimetric and centimetric veinlets, within which the interpenetra-
tion granular structures (Fig. 12) and the often symmetrical oriented
textures are particularly frequent. These associations are found again
in the rock mass in the central part of the disseminated body; in this
case, higher copper contents in ore are recorded (Popescu, Muntiu,
1966). Such a zone is delimited under the name of “pyrite and chalcopy-
rite stockworks and impregnations’ in Figure 1 in the study made by
Bogstinescu and Vlad (1978).

Regarding the denomination, we think it is more adequate to con-
sider the mineralization as representing a single impregnation body of
dissemination type or “stockwork” with pyrite, iron oxides and chalco-
pyrite. We state this having in view the following facts : the existence of
a network of fissures with various trendings, frequently E—W and NE—
SW, filled especially with quartz, the concentration of most metallic
minerals in the network of anastomosed veinlets and, to a lower degree,
in the rock mass; the gradual disappearance of the useful components
proportional to the distance from the centre of the mineralized body and
the decrease of the fissuring degree ; the abundance of the breccious strue-
tures and of the local neomineral agglomerations and, finally, the pre-
sence of a small amount of metallic minerals in the host rock mass. Itis
interesting to point out the zonal spreading of the neomineral associations
within the dissemination body; the associations with iron oxides and chal-
copyrite with quartz and chlorite prevail especlally in its central part
(gallery IT), while the association of pyrite with iron oxides, -quartz
and chlorite was indentified in the marginal and peripheral parts, where
chalcopyrite occurs only accidentally. It is also worth mentioning that,
at the extremities of the mineralized area, pyrite seems to be the only
metallic mineral deposited in the network of quartz veinlets. This fact
indicates the existence of an important circulation way of the solutions,
which probably had a restricted development area, and might coincide
with the central part of the disseminated body, trending E—W.

The dissemination mineralization with the mentioned zonal struc-
ture is characterized by simple paragenetic associations, in which prevails
one of the following minerals : pyrite, hematite-hematite II and chalco-
pyrite. Pyrrhotite, magnetite, chalcosine, malachite, azurite, cuprite and
native copper are seldom present.

b. Compact] pyrite mineralization. The previous interpretations
indicate that it has a lenticular shape, being about 60 m long and 10 —20 m
thick. It consists of pyrite with an average content of 269% S (Popescu,

Muntiu, 1966)
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Taking into account these observations and reinterpreting the data
provided by the mining works and drilling no. 28505, one can state that
this accumulation is different from the surrounding rocks and the disse-
minated copper with iron oxides mineralization. This hypothesis is sup-
ported by the following arguments : the contacts between this minerali-
zation and the surrounding rocks are relatively sinuous, with great varia-
tions of the dipping angles (25—75° SE); the contact zone is marked by
the abundance of the clay minerals and, finally, the existence of some evi-
dent interruptions of the network of quartz-pyrite-iron oxides-chalco-
pyrite veinlets by this mineralization (PLIV).

As results from the observation of the material on the waste place,
the pyrite ore shows a granular, compact or semicompact texture. This
type of mineralization is characterized by the pyrite panidiomorphism
and hypidiomorphism as well as by the presence of some zones, clus-
ters and other irregular forms of millimetric or centimetric dimensions.
The pyrite exhibiting the above-mentioned features is frequently found in
bands with various textures and sizes, while the grain size ranges from
a few microns to 2— 3 mm, exceptionally 8 —13 mm, showing sometimes
oriented structures of banded type. Both within these bands and in the
case of the preferential developments of some crystals within millimetric
or centimetric spaces, the presence of brecciated structures, of friction
tables and especially of some pyrite trituration (mylonitization) proces-
ses are noticed (Fig. 12 ¢; Fig. 13 a, b).

The main visible gangue mineral is'the greyish, frequently opa-
lized quartz; carbonates and vermicular fibroradial chlorite (magnesian
variety) rarely occur.

In addition to the Dealul Cetdtii mineralization, two other small
outerops were identified in the region of Pitirs: on the left bank of the
Gridigtea Valley, at about 100 m upstream the gallery III at the place
called “La Cuznita” (Stoicovici and Pop, 1946) and on the
Stumnicu Brook, a left tributary of the Zidbalt Valley, NW of Zabalt.

The ‘‘Cuznita” mineralization consists of small agglomerations of
cuprite, native copper, together with malachite and azurite, in green basic
tuffs, intercalated in the Lower Cretaceous sedimentary deposits. This
mineralization, described by Stoicovici and Pop (1946), may
be genetically associated with the metallogenetic activity generated by
the island arc magmatism.

As regards the other outerop, one should mention that it is situated
in the Jurassic basalts on the left bank of the Stumnicu Brook, in the
vicinity of the confluence with the main valley (Pl. I). Here the basalts
in pillow lava facies extend along several tens of metres and on a width
of 20—30 m; they comprise a network of veinlets filled with iron
hydroxides and quartz. The mentioned hydroxides form through the alter-
ation of some iron sulfides, as in the case of the Dealul Cetiitii ore
deposit. Mention should be made of the fact that no secondary copper
minerals were noticed in this alteration zone.
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c.. Presentation of the main metallic minerals. P yrite. This sulfide
prevails both quantitatively and as regards the extension area, in com-
parison with the other metallic minerals and represents several genera-

Fig. 13.'~ Microscopic details on the Pitirs ore, gallery 1I, Nic. +, x 100.
1a, pyrite; 1b, the last pyrite sequence from mineralization stage II; 2, chalcopyrite; 3a,
hematite ; 3b, hematite I1; 4, hematite II compact aggregates; 5, quartz; 6:1I, II, IlI, zones
within a pyrite grain (stage II); a, quartz and large crystallized pyrite (stage 1I); b, band-
ed structure in the pyrite ore, iron oxides and chalcopyrite; ¢, poikilitic texture (pyrite
in chalcopyrite); d, pyrite-chalcopyrite and hematite-hematite IT association in quartz; e,
hematite remnants in compact hematite 11 ag}gregatcs; f, xcnomorphic pyrite together with
quartz and iron oxides; g, pyritc gencration in quartz (stage II); h, large crystallized pyrite

with zonal structure; i, pyrite-hematite-hematite TT-quartz association.

tions formed in two principal stages (Fig. 11). The pyrites from the first
stage are found in the form of some fine and very fine grains of micro-




186 : H. SAVU et al. ‘ 26:

nic size, usually 15—20 microns, grouped or isolated. The grouping of
the pyrite members in local agglomerations points to obvious glomero-
blastic features, evident hydrothermal recrystallization processes being
identified. The microscopic study reveals, both within the agglomera-
tions and in the case of the isolated pyrite grains, a low idiomorphism
degree, determined by the close relations of replacing the sulfide from
this stage by the subsequently formed metallic and gangue minerals.
One should mention also the preservation of some cubic idiomorphic
grains - which are more frequent in the rock mass and in some quartz
fissures and veinlets. The strong xenomorphism is on the other hand
determined also by subsequent tectonic processes that led especially to
important brecciations of this mineral. The most significant replacements
of the pyrite grains are noticed when the latter show direct relations with
hematite and chalcopyrite (Fig. 13 b-d, j). We also point out that the
pyrite formed during the first mineralization stage is frequently found in
parallel bands, particularly rich in hematite and hematite II, in which
case, these latter minerals together with chalcopyrite,” 1nclude and cor-
rode the previously formed pyr1te grains (Fig. 12 a; Fig. 13 D).
A Pyrite formed during the second mineralization stage.differs from
the pyrites formed during the first stage by : the abundance of the large
crystallized forms and of the zonal and porous textures (Fig. 12 h); the
strong brecciation (Fig. 12 ¢, d}; the slight yellowish colours; the much
better lustre; the association with quartz 4 vermicular chlorite (Fig.
12 ¢, d; Fig. 13 a, g, h) and the absence of the parageneses with iron
oxides and chalcopyrite. '

This stage is also marked by the presence of two pyrite generations
(Fig. 13 g), of which the latter shows more intense white-yellowish
colours wh1ch indicates a weak anisotropy.

Hematite and hematite IL. In "bhe central part of the
dissemination body, in the richer .copper zone, important iron oxides
agglomerations to compact zones of centimetric and decimetric thicknesses
are noticed, in which hematite (specularite) and especially hematite 1T
prevail ; magnetite occurs only subordinately. The two mentioned mi-
nerals he in bands with parallel ‘symmetrical and assymmetrical structures,
associated or not with pyrite and chalcopyrite.

The bands, frequently fissured and brecciated, are marked by the
abundance of the idiomorphic hematite IT in the form of leaflets and
tablets of micronic dimensions, brownish in colour with strong anisotropy
(Fig. 12 b, Fig. 13 b, d, £, j). The agglomeration of hematite II in bands
also reveals the intense hematite replacement whose xenomorphic contour
(Fig. .13 b, d, e, f), as in the case of pyrite, is remarkable. The rich
iron oxides ore is characterized by the alternation of some oxides bands
with other quartz 4- sulfides bands. This fact suggests the presence of
several generations of oxides and sulfides.

Chalcopyrite. The intensely brecciated zones, rich in quartz

veinlets, pyrite and oxides, are marked by the chalcopyrite presence.
This sulfide forms patches, veinlets and disséminations in the ore mass,
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being or not associated with pyrite and iron oxides. It is noteworthy
that this mineral is subsequent to the pyrite and oxides depositions within
the ore and seems to have formed exclusively during the first minerali-
zation stage. Due to this fact, both the fine grains (10 —40 microns) and
the granular aggregates within clusters and veinlets exhibit complex beau-
tiful replacement and cementation textures of which the poikilitic ones
are the most representative (Fig. 13 b, ¢). We mention that, in the
supergene alteration zone, there formed secondary copper minerals (covel-
lite, chalcosine, cuprite, native copper).

d. Mineralogenesis succession. The textural-structural relations, the
paragenetic associations deduced from the microscopic study as well as
the macroscopic observations carried out on the samples from the pyrite,
iron oxides and chalcopyrite deposit from Dealul Cetatii allowed the
estimation of the mineralogenesis succession (Fig. 11). The interpretation
of these data indicates that the mineralization of Dealul Cetitii results
from the depositions of the mineralizations by hydrothermal solutions,
during two stages corresponding to a single mineralization phase.

During the first stage the deposition succession of the metallic and
gangue minerals in the rocks mass, but especially in the network of fis-
sures was the following: pyrrhotite-pyrite-magnetite-hematite-hematite
II-chalcopyrite and quartz-chlorite respectively. During the deposition
of these minerals there took place important intermineralization move-
ments, at short time intervals, deduced mainly from the spatial position
of the mineralized fissures within the dissemination body. The main
characteristic metallic minerals of this body are: iron oxides (hematite
and hematite II) and chalcopyrite.

The second mineralization stage appears after an important breccia-
tion and fissuring moment ; it is marked by the deposition of the large
crystallized pyrite, quartz, vermicular-fibroradial chlorite, carbonates and
clay minerals.

The most characteristic feature of the mineralizing solutions in this
stage consists in the copper absence and the sulphur and iron abundance.
The sulphur abundance determined the iron retention in pyrite. Also
during this stage the magnesium left from the previous stage is this time
included in the magnesian chlorite, while the calcium, aluminium and
potassium excesses are part of the constitution of carbonates and clay
minerals.

The mineralogenesis succession also reveals the fact that during
the first formation stage the solutions initially had a reducing character,
becoming strongly oxidizing afterwards, then became reducing again
towards the end of this stage, while in the second stage they were strongly
reducing.

VIII. REMARKS ON THE GEOCHEMISTRY OF THE SULFIDE
MINERALIZATIONS

In order to study the distribution of the trace elements within the
mineralization of Pitirg, 17 ore samples were analysed by emission spec-
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troscopy. Ten of them are from the mineralization of the first stage, while
the other seven are from that of the second stage (Tab. 7 a). The varia-
tion of the determined elements indicates higher Cu, V, Mn and Ti con-
centrations in the mineralization of the first stage. In one sample, copper
reaches 11,500 ppm.

In addition, 3 pyrite samples from the first stage and 5 samples
from the second stage were analysed.(Tab. 7 b). It is found that cobalt
reaches values close to or exceeding the average of 300 ppm, which is
characteristic of the pyrites from the hydrothermal and syngenetic mine-
ralization (Cambel, Jarkovski, 1967). Co/Ni ratio varies be-
tween 8.61 and 64.52, which shows, according to Bralia et al. (1979),
that the pyrites within the Patirs mineralizations are similar to the vol-
canic or hydrothermal-sedimentary pyrites as meant by us.

With only one exception (sample 75), the titanium content within
the pyrites from the first stage is higher than that within the pyrites
from the second stage. Hawley (1952) thinks that the titanium con-
tent within the pyrite crystals depends on the depth and rock type
where the deposit lies; this conclusion would explain very well the high
titanium content from the pyrites of Patiry, where the mineralization
is located in the basalt-spilitic complex, formed of rocks with high tita-
nium content.

IX. GENESIS AND AGE OF THE PATIRS SULFIDE DEPOSIT

The position of the Patirs deposit in the ophiolitic rock mass in
the upper part of the basaltic complex as well as the characteristic para-
geneses show that this mineralization is connected with the Jurassic-pre-
Oxfordian ophiolitic magmatism from the Mures zone.

The mylonitization planes within the deposit, that sometimes led
to the ore brecciation and the crushing and trituration of the pyrite crys-
tals from the compact pyrite mineralization, generated in the second
mineralization stage, formed during the overthrust of the ophiolitic rocks
on the Mesozoic sedimentary formations that started probably with the
Austrian movements and ended during the Laramian movements (P apiu,
1953). This fact shows that the mineralization can be by no means con-
nected with the banatitic magmatites, which are post-Laramian.

Stoicoviec i and Pop (1946) thought that the Pdtirs mine-
ralizations are hydrothermal and connected with the process leading to
the spilitization of the diabases; they formed during the mesothermal or
“middle temperature” stage.

Bostinescu and Vlad (1978) also connected the sulfide
mineralizations with the ophiolitic rocks of the Mures zone, considering
them stratiform of “Cyprus type”. As regards the formation of minerali-
zations, their arguments are contradictory when they show that ’’the
mineralizations present a peneconcordant distribution in the lavas mass”
and make up ‘‘pyrite-chalcopyrite stockworks, tectonically controlled by
two systems of fissures’.
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As shown above, the Pitirs deposit consists of a dissemination
mineralization with stockwork structure that thins at depth in prolonga-
tion of the entry way, as suggested by geological sections in Plate I and
Figure 14 ; at the lower part the mineralization is crossed by the over-
thrust plane of the ophiolites, together with the ore deposit, on the sedi-
mentary formations (Cioflica et al., 1973).

As the mineralization shows a, stockwork structure, unconformable
with regard to the quasihorizontal basaltic lava flows, we think that it
formed, like any deposit of this nature, by hydrothermal processes, as
did the stockwork at Rosia Noud (Savu, 1972). In a previous paper,
one of us (Savu, 1973) showed that the gabbroic magmas contain iron
oxides and sulfides, that, during the late-magmatic and hydrothermal
stages, separate and form veinlike hydrothermal mineralizations, with
the pyrite-magnetite-chalcopyrite paragenesis, as in the gabbro body
of Almisel. The formation of this paragenesis depended on the evolutlon
of the Cu—Fe —S —O system at temperatures of 210 —230°C.

In several situations known in the relevant literature, the hydro-
thermal veins pass to stockwork textures upwards, as seems to be also
the case of the Piatirs stockwork, where an entry way, that disappears
with depth, is recognized. As this mineralization is situated in the pre-
vailingly basalt-spilitic upper horizon, which was first on the Mures ocean
floor, we have to admit that it formed at a somewhat lower tempera-
ture than that at which the Almigel paragenesis formed. This would
-explain also the formation of the specific paragenesis of Pitirs: pyrite-
hematite (hematite II)-chalcopyrite and pyrite. The mineralization must
have formed at the end of the mesothermal stage (> 200°C — disperse
mineralization) and the beginning of the epithermal stage (<< 200°C —
massive pyrite) according to Schneiderhodhn’s -classification
(1955).

As regards the relationship with the “Cyprus type’ deposits, due
to the fact that these mineralizations are connected with the complex
of ophiolitic rocks, as was previously underlined, it is obvious that they
partly resernble the copper-pyrite deposits fromn Cyprus. But as there
are contradictory opinions on the genesis of these deposits, we intend
to make some specifications concerning this matter and establish the
position of the P#tiry mineralizations with regard to their structure.

The mineralizations from Cyprus are considered as massive stra-
tiform (stratabound) pyrite and copper deposits associated with pillow
lavas and jaspers (Mitchell, Garson, 1976) that lie on a stock-
work of brecciated, silicified lavas which are impregnated with pyrite.
There are two opinions on their genesis : (1) a syngenetic (volecano-exhala-
tive) fumarolian origin and (2) an epigenetic origin, according to which
the deposits are generated by hydrothermal solutions that ecirculated
through the voleanic rocks.

We think that a third interpretation is valid ; namely we consider
that these deposits are hydrothermal-(exhalative)-sedimentary, which
means that the hydrothermal solutions derived from the tholeiitic magma,
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that comes from depth on primary fractures and brecciation zones, lead
to the formation of veinlike mineralizations of Almigsel type at a greater
depth and to mineralization of Patirs stockwork type in the upper part
of the ocean floor basaltic complex. This conclusion is also supported
by the value of $?2/8% = 22,162 ratio recently determined by Gaftoi
and Borcos (1980) on the pyrites from the mineralization on Dealul
Cetétii’; this value ascribes the mineralization to the magmatie-hydro-
thermal deposits.

The hydrothermal solutions circulating through the stockwork and
mineralizing it may rise to the ocean floor water and generate those
“brines”’ and ‘‘muds’ rich in metals and sulphur, that spread in the warmed
water with a changed pH, on a more or less extended area, above
the stockwork zone; there follows the deposition (sedimentation) of sul-
fides on the surface of the brecciated and mineralized basaltic flow,
so that the stratiform deposition forms a horizontal roof for the almost
vertical stockwork. Such a deposit might be that at Baia de Arami in
Romania.

This is how the classic structure of the deposit of Cyprus type may
form in our opinion; only the lower part of this structure is present at
Patirg, namely the zone of hydrothermal and unconformable stockwork.
This is due either to the fact that the stratiform deposition did not form,
or that it existed, but was eroded and the stockwork cropped out. It is
worth mentioning that another similar stockwork structure was pointed
out at Rosia Noud (S avu, 1972) in the ophiolites from the Mures zone,
but nowhere has a stratiform sulfide deposit been identified so far.

X. CONCLUSIONS

The conclusions resulting from this paper are the following:

In the Pitirs region there develops the basalt-spilitic complex of
the Jurassic-pre-Oxfordian ophiolitic rocks series from the Mures zone.

The cemplex consists of alternations of quasihorizontal basalt
flows, anamesites and spilites ; the latter are generated by differentiation
processes of the tholeiitic magma, accompanied by the enrichment in
Na,0 and volatiles of the residual magma.

In the ophiolitic complex there forms a hydrothermal sulfide
deposit with stockwork structure formed during two successive mineraliza-
tion stages : the first with pyrite, hematite and chalcopyrite in disperse
mineralization and the second with compact pyrite.

The first paragenesis formed at temperatures exceeding 200°C, at
the end of the mesothermal stage, while the mineralization with com-
pact pyrite formed below 200°C, at the beginning of the epithermal stage.
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The deposit is connected with the ophiolitic rocks and belongs to
the Cyprus type deposits, of hydrothermal-sedimentary origin, only their
lower part being represented at Patirg— namely the hydrothermal stockwork.

3 The term *‘island arc’’ was first used in the geological literalure on the Mures
zone (South Apuseni) by Savu et al. (1978), who showed that the Jurassic-pre-Oxfordian
basic rocks have characteristics of ocean floor magmatites and the Upper Jurassic-Lower
Cretaccous rocks correspond to the island arc volcauics. This idea was developed in the papers
of 1979 and 1980 (see S a vu, 1980), and it was established that the Mures zoune was first an
ocean floor zone and afler the new kimmerian movements, due to subduction processes, it
developed like an island arcs zone, the second stage products overlying those of the first stage,
as in the case of the West Pacific,

4 The term ‘Stramberg limestones’’ was introduced in the geological literature on the.
Mures zone by Papiu (1953).
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EXPLANATION OF PLATES

Plate 1I

Fig. 1. — Basalts separated in pillow lava. “Diabase’” quarry on the Pitirs Valley.
Fig. 2. — Crust and tachylitic matrix of the pillow lava separations that show small sphe-
roidal or ellipsoidal separations, 5—6 cm in diameter.

Plate III
Fig. 1. — Basalt with intersertal-porphyritic texture. Niec. H, X 60.
Fig. 2. — Basalt with intergranular texture. Nie. ||, X 60.

Fig. 3. — First stage pyrite (Py), hematite (H) and chalcopyrite (Cp) mineralization. Gallery
IL. Nic. ||, x 26. )
Fig. 4. — Idiomorphic hematite If mineralization in quartz gangue. Gallery ||, Nic. || x 80

Plate 1V

Structure of the Patirs stockwork mineralization.
B, brecciated, hydrothermalized basaltic rock impregnated with sulfides from nineralization
stage I; Q, anastomosed quartz veinlets. with pyrite, hematite and chalcopyrite formed in
the first stage from the hydrothermal solutions that circulated on the fissures of the primary
breccia zone; Py, massive pyrite veins, formed in the second inineralization stage, after a
second brecciation process, that cross unconformably the structures of the first stage.
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2. ZACAMINTE

METALOGENEZA REGIUNII CORANDA-HONDOL,
MUNTII METALIFERI?

DE
GHEORGHE UDUBASA % GHEORGHE ISTRATE? MIHAI VALUREANU @

Polymelallic mineralizaiions. Crefaceous.  Subvolcanic  body. Andesile.  Neogene.
Argillizalion. Adularizalion. Ophioliles. Sulfides. Sulfo-salls. Framboidal pyrile. Trace
elements. Melallogenesis. Apuseni Mountains. Neogene eruptive. Brad-Sdcdrimb seclor.

Semmaire

La métallogenése de la région de Coranda-Hondol, Monts
Métalliféres. Les minéralisations de Coranda-Hondol (Monts Métalliféres) sont situées
en majeure partic dans des dépots sédimentaires crétacés (Barrémien-Aptien), 2 intercala-

- tions isolées de laves spilitiques. Ce complexe de roches est localisé dans la coupole et autour
d’un corps andésitique subvolecanique néogéne, intensivement hydrotherialisé (argilisation-
adularisation). Les roches sédimentaires crétacées et, en moindre mesure, celles miocénes sont
également argilisées, silicifiées et adularisées. Le type de minéralisation de Bocsa (Pb--Zn,
pratiquement sans or) est caractérisé par l'altération argilique (illite 2M, dominante), tandis
que la minéralisation polymnétallique-aurifére de Coranda est accompagnée de silicification et
adularisation et seulement dans les parties inférieures apparaissent des argilisations intenses.
La composition minéralogique du minerai de Coranda (tableau 5) est plus complexe que celle
du minerai de Bocsa, associ¢ aussi & un corps subvolcanique, intrusif cependant dans des
dépots sédimentaires miocénes et dans des laves andésitiques. Dans les sphalérites des deux
gisements les teneurs en fer différent, 4 Coranda sont enregistrés des sulfosels absents 4 Bocga,
et le rapport Ni: Co est supraunitaire & Coranda, tandis qu’ad Bocsa le nickel manque. Dans
les deux gisements, Ja sphalérite a des teneurs comparables en Cd et Mn et des concentrations
insignifiantes en In, Ge etc. Dans les galdnes Sb> Ag, et le Bi apparait sporadiquement.
La diversité des minéralisations de la zone de Bilita-Sicirimb, considérée dans le cadre d’une
spécialisation minimale des magmatites néogénes de cette zone, peut suggérer aussi 'effet d’'une

1 Predatdi la 10-XI1-1979, acceptatd pentru publicare la 16-XI1-1979, comunicatd
in sedinfa din 16-X1-1979.
2 Institutul de geologie si geofizicd, str, Caransebes nr. 1, 78344, Bucuresti 32.
Tntreprinderea de prospectiuni si explordri geélogice »Hunedoara’, str. Minerilor nr,
3, 2700 Deva. )
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rémobilisation de quelques concentrations métalliféres pré-néogénes, phénoméne qui a eu une
intensité maximale au moment des éruptions des andésites quartziféres a biotite ¢t hornblende
de type Sidcirimb {Sarmatien).

In partea de sud a bazinului neogen Brad-Sicirimb produsele acti-
vitdtii metalogenetice sint numeroase si variate. Zicimintele §i minera-
lizatiile cunoscute pind in prezent aratd diferente notabile ale formelor
de zicimint, ale temperaturilor de formare, ale chimismului minereului,
ale paragenezelor primare etc. Aceastd diversitate gitologicd este privita
ca efect al evolutiei in timp a magmatismului i modului siu de manifes-
tare, precum si al conditiilor geologice locale. Cercetarea detaliatd a
mineralizatiilor de la Coranda-Hondol, asociate unui corp subvulcanic
nedeschis de eroziune si situate in imediata apropiere a mineralizatiilor
auro-argentifere filoniene de la Hondol (Ghitulescu, Socolescu
1941), ne-a prilejuit abordarea gitologic# in contextul general al metalo-
genezei manifestate in zonele adiacente.

Cercetiri anterioare

Zona de intensd alteratie hidrotermald din dealul Coranda este
figuratd pe héirtile prezentate de Ghitulescu si Socolescu
(1941), Rddulescu (1955),Jude si Mantea (1962), Berinde
(1965), Ungureanu et al. (1972). Investigarea in profunzime a
acestei zone a condus la identificarea unor mineralizatii filoniene cu gro-
sime redus#d, situate in zona centrald a corpului subvulecanic Biiaga
(Haidue, 1962—1965; Lidia Bonea et al, 1965)% TUlterior,
IPEG ,,Hunedoara’ executd in aceastd zon# lucriri de prospectiune si
explorare de detaliu, conturindu-se astfel mineralizatii de impregnatie
in roci sedimentare cretacice, situate in cupola §i in jurul unui corp sub-
vuleanic andezitic (subvulcanul B#iaga). Lucririle de explorare au fost
dirijate i urmirite in detaliu de M. Vélureanwu, parfial gi de
I. Tdndsescu, iar unele aspecte mineralogice, petrografice gi geo-
chimice au fost evidenfiate de Udubasga et al. (1976, 1977). Lucrarea
de faté incearcd s# aducéd intr-o interpretare unitari datele petrografice,
mineralogice, geochimice i gitologice asupra ziacimintului Coranda-Hondol
$i in acelagi timp o incadrare in contextul metalogenetic general al zonei
Biita-Sicirimb. ‘

Cadrul geologic si struetural

Zgecdmintul Coranda-Hondol se situeazi intr-o zoni de ridicare a
fundamentului preneogen, reprezentatd prin aparifii la zi de formatiuni
sedimentare crefacice §i de roci magmatice din suita ofiolitici mezozoics
(pL. I). Elementele structurale majore, reflectate in parte si in datele geo-
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fizice, sint reprezentate de o zon# de fracturd orientatd E—V, activaty
petrogenetic i metalogenetic, intersectatd de un important aliniament
vuleanic orientat NE—S8V. Pe acest aliniament apar §i corpuri subvul-
canice, printre care cele mai bine conturate sint cele de la Biiaga si Bocsa.
In zona de intersectie, a cirei grosime aparents urmiritd in subteran este
de peste 30 m, breciile sint larg dezvoltate i relativ intens mineralizate.

Zona adiacentd zdecidmintului este aleituitd in cea mai mare parte
din. depozite sedimentare neogene gi din vulcanite andezitice.

Formatiunile ce reprezinti fundamentul mezozoic apar la nord-est
de localitatea Hondol, fiind reprezentate de ofiolite, ce afloreazi pe o
suprafatd cu totul restrinsi, si de o secventd grezoasi-siltici-argiloasd bar-
remian-aptiand. In dealul Coranda depozitele cretacice apar pe o diferents
de nivel de aproape 150 m, ele atingind cota de peste 600 m, iar bazaltele
spilitice din versantul sudic al Viii Biiegii afloreazd pini la altitudinea
maximg de cea 500 m. Cu totul subordonat, asociate ivirilor de roci
bazice, se intilnesec calcare care, pe criterii stratigrafice i petrografice, au
fost considerate de R&dul escu (1955) ca fiind de virstd jurasici.
Degi ulterior Jude si Mantea (1962) au interpretat aceste calcare
ca fiind interstratificate cu ofiolitele, aledtuind o formatiune stromatitici,
observatiile noastre converg spre prima interpretare, deoarece avem in
vedere atit situatiile din Valea B#iegii, ¢it §i pe cele din regiunile inve-
cinate, Biita-Hirtdgani, Voia-Balsa. Hste de mentionat c¢& roci bazice,
intens hidrotermalizate, au fost intilnite si in subteran, la nivelul galerii-
lor Coranda III, la altidudinea de 535 m.

Depozitele cretacice — gresii, gresii siltice, argile si sisturiargiloase-
grezoase cenusii sau negre, aproape eirbunoase — afloreazd pe o micd su-
prafatd in dealul Coranda, fiind in parte acoperite, pe culmea dealului, de
depozite sedimentare neogene (antebadeniene). Ele au fost interceptate
prin toate galeriile de coastd (Coranda IX, ITI, IV) si apar destul de in-
tens hidrotermalizate §i mineralizate.

Deschise prin galerii, depozitele cretacice se prezintd ca o stivd destul
de groasd, de ordinul a 150 m, bine stratificatd, in bancuri si strate fine
alternante de 5—200 m, aproape orizontale sau slab cutate, putind fi
echivalate cu partea superioard a stratelor de Cabegti (M. Lupu si
G. Mantea, comunicare verbald, 1976). Prezenta lavelor spilitice spre
partea superioard a succesiunii ar putea indica frecerea laterald a strate-
lor de Cibesti la stratele de Fenes superioare (Vdlureanmu, 1973).

Desi ocupii o suprafati restrinsd, depozitele cretacice au jucat rolul
principal in concentrarea mineralelor metalifere. In cadrul zicimintului
sint foarte caracteristice alternantele de gresii cuartoase (cu ciment ini-
tial carbonatic) cu argilite sistoase negricioase. Subordonat apar micro-
conglomerate oligomictice, marne glauconitice etc. Gresiile au frecvente
diaclaze cu caleit alb, care nu depigesc grosimea unei lamine, putind fi
considerate (cel putin partial) ca fiind de naturd diageneticd. Argilitele
negricioase, cu unele variatii privind in special compactitatea, formeazd
rareori strate ce depisesc 25-—30 cm; de obicei ele se efileazd pe directie
sau se indinfeazd cu rocile grezoase. Coloratia negricioasi se datoreste
prezentei substantei bituminoase-cirbunoase, adeseori transformatd in
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pregrafit. Pregrafitul (in sensul adoptat de Ramdohr, 1953) se aso-
ciazs, constant cu pirith framboidald si cu granule izolate de anatas-rutil, aso-
ciatie de minerale caracteristici acestui tip litologic, indiferent de virsta.

Depozitele cretacice suportd in dealul Coranda pietrisuri i conglo-
merate neogene, antebadeniene, puternic cimentate, ca urmare a unor
intense procese de silicifiere hidrotermald. Cuvertura de depozite neogene
are o ampld rispindire in regiune §i este reprezentatd de ,,Complexul pie-
trisurilor de Almagsu Mare” (Ghitulescu, Socole scu, 1941;
Tanovici et al., 1969); pe lingd pietrisuri propriu-zise, se intilnesc
gresii micacee rosii sau cenusii, siltite gi argile siltitice rosii sau ciocolatii;
pe alocuri, in baza acestora apar conglomerate slab cimentate, cu ele-
mente foarte variate. Virsta acestor depozite este antebadenians ®.

Conglomeratele si gresiile neogene apar in structura zdcimintului
numai la partea superioard, jucind un rol subordonat in localizarea mi-
neralizatiilor. La nivelele inferioare ale structurii Biiaga-Coranda apar
depozite similare, dar cu elemente mult mai heterogene $i mai slab sor-
tate, intens mineralizate ; mineralele metalifere §i de gangd substituie
atit cimentul, cit §i elementele carbonatice, apéirind frecvent structuri
zonare remarcabile.

Complexul pietrisurilor suportd suprastructura vulcanicd, repre-
zentatd in zona Hondol prin trei tipuri petrografice de vulcanite : 1) an-
dezite cuartifere cu hornblendd §i biotit (tip Sécdrimb) ; 2) andezite cu horn-
blend# (tip Hondol-Fherag) si 3) andezite cuartifere cu biotit §i hornblendi
(,,dacite”) tip Cetras.

Andezitele cuartifere cu hornblendd si biotit (tip Sicérimb, sens
larg) au fost emise, probabil simultan, din dou# cratere vulcanice vecine,
Haitdu si Sarciu. Se remarcd dezvoltarea la vest de Sarcéu a unei curgeri
de lavd de circa 3 km lungime, care a ajuns pind in Valea Hondolului
(pl. I). In prezent se intilnesc numai fragmente ale acestei curgeri, din
zona sa frontald, insd in apropiere de Sarciu ea este destul de bine con-
servatd. In aceastd zond au mai fost conturate doud corpuri andezitice
inrfddécinate, unul pe piriul Ciongan, la est de Bocsa, celdlalt mai 1a nord,
in dealul Curituri.

Partea central-vesticd a regiunii, la nord de Hondol, este alcituitd
in special din andezite cu hornblendd, uneori intens hidrotermalizate, care
reprezintd primele produse ale manifestdrii vuleanismului din zoni.

In partea nordici nota caracteristici o dau andezitele cuartifere cu
biotit §i hornblends, de tip Cetras, emise de un aparat vulcanic situat
probabil in Coasta Mare. De remarcat ci, spre deosebire de zonele inveci-
nate, la izvoarele Piriului lui Avram si acest tip de rocs este intens alterat
hidrotermal ; se intilnesc zone de intensd silicifiere, cu veritabile cuartite
secundare 4+ alunit §i argilizdri, cu care sint asociate mineralizatii cu-
prifere ; parageneza minereului de aici este dominaté de minerale din grupul
enargit-luzonit (Socolescu et al., 1963).

O mentiune speciald se impune pentru un mic corp, conturat in
versantul drept al Pirfului lui Toader, constituit din roci holocristaline
foarte bogate in fenocristale de plagioclaz si piroxen, cu pasta mirunt
cristalizatid. Aceste roci reprezintd un facies de tranzifie al andezitelor spre
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diorite porfirice si au o compozitie chimicéi mai bazick decit celelalte roei
din regiune (tab. 1).

Relatiile andezitelor de tip Sdcarimb cu celelalte tipuri de roei vul-
canice sint clare. La Bocsa Micd ele acoperd partial andezitul de tip
Hondol, iar mai la nord ele sint acoperite de lave andezitice de tip Cetras,
venite dinspre nord.

Vulcanitele mentionate reprezintd tipuri mineralogic-petrografice
distincte, insd local, in cadrul fiecdrui tip, se pot intilni si faciesuri putin
deosebite. Intrucit principalele aspecte petrografice sint cunoscute din lucriri

anterioare (Rddulescu, 1955; Jude, Mantea, 1962; Cio-..

flica et al, 1968), atentia noastrd s-a indreptat mai ales spre surprin-
derea caracterelor geochimice, a tipurilor de transformiri hidrotermale si
indeosebi a unor aspecte metalogenetice. In tabelele 1 §i 2 sint prezentate
date analitice cu privire la compozitia chimicid a diferitelor tipuri de roci
andezitice proaspete sau alterate hidrotermal, iar in tabelul 3, continuturile
de elemente minore ale acestor roci.

Transformari hidrotermale In zona ziciamintului Coranda-Hondol

Elementul petrografic caracteristic pentru zona Coranda il constituie

la prima vedere andezitul cu hornblends de tip Hondol, intens alterat hidro-

termal in faciesul propilitic sau puternic argilizat i in parte mineralizat.
In realitate, in zona Coranda se intilnesc, pe un spatiu destul de restrins
(circa 1 km?), formatiuni geologice foarte variate ca virstd §i constitutie
petrografici (fig. 1).

La nivelul galeriei Coranda II, pe lingd andezitele cu hornblendd si
depozitele sedimentare prebadeniene-carpatiene, se cunoaste un corp
subvulcanic andezitic, deschis pe cca 150 m, intrus in depozite sedimentare
cretacice. Prezenta acestui corp subvulcanic a fost semnalatd de multi
vreme in legiturd cu investigarea filoanelor din zona sa centrali (Lidia
Bonea et. al, 1965)5. La nivelul superior, Coranda 1V, corpul subvul-
canic nu a mai fost interceptat, apexul siu fiind tridat doar in zone de
brecii cu elemente andezitice intens argilizate si adularizate, situate pe
fracturi ce afecteazi stiva de depozite cretacice si conglomeratele carpa-
tiene de deasupra.

Transformirile hidrotermale suferite de spilitele interceptate la
Coranda IIT se manifestd prin adularizarea plagioclazului albitic si prin
aparitia unei retele fine, neregulate, de filonase de [calcit cu cuart, piritd,
sfalerit si galend. Din relatiile examinate, succesiunea de depunere a
acestor minerale pare a fi urmatoarea : adular-calcit-cuart -+ piritd, sfa-
lerit, galeni.

Depozitele argilo-grezoase cretacice (barremian-aptiene) reprezintd
roca-gazds preferatd a mineralizatiilor. Rocile sint traversate de filonage
de minerale argiloase, de cuart, adular, illit £ baritind, alteori de cuar
si caleit, la care se asociazi minerale metalifere (fig. 2). Aceste roci au
reprezentat un mediu favorabil pentru refinerea din abundenté a adularului
st silicei. Observatiile microscopice §i datele chimice (tab. 4) aratd cé
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depunerile de adular au loc de preferin{d in rocile fin granulare aleuro-
pelitice (adular -+ cuart) sau in nivelele argilo-grafitoase (adular + piritd).

NV SE VSV Coranda Micd ENE
600
ol
500
==
ul
300 TN
PAN i e
o B
200 ~ )
s NI

Fig. 1. — Sectiune geologici prin structura mineralizati Coranda. .

1, depozitc cretacice (barremian-aptian) grezo-siltice; 2, bazalte spilitizatc; 3, depozite ante-
badeniene (conglomerate si gresii) ; 4, andezite cu hornblendi propilitizate din structura vul-
canici Hondol; 5, roci andezitice -argilizate ale subvulcanului Bidiaga, in parte brecifiate
(a); 6, brecii heterogene de naturd mixtd; 7, conturul zonei mineralizate; 8, fracturi mai
importante. :

Geological section through the Coranda mineralized structure.
1, gritty-silty Cretaccous deposits (Barremian-Aptian); 2, spilitized basalts; 3, ante-Badenian
deposits (conglomerates and sandstones); 4, propilitized hornblende andesites of the Hondol
volcanic structure; 5, partly brecciated (a) argillized andesite rocks of the Biiaga
subvolcano 6, mixed breccias; 7 outline of the mineralized zone; 8, important
fractures.

In gresiile mai grosiere adularul se intilneste mai rar, in acest caz mai frec-
vente fiind depunerile de silice i illit, caolinit §i piritd. Filonasele de sfalerit
intersecteazi de reguld depunerile de cuart, minerale argiloase i piriti.

In apropierea zonelor pe care au circulat solutiile hidrotermale apar
cuartite secundare (bidrotermale) cu adular §i piritd. Adularul apare de
obicei idiomorf, prezentind sectiuni rombice ‘caracteristice varietdtii mono-
clinice, atingind uneori 0,30 —0,45 mm. Se recunosc macle variate, lamelar-
paralele sau care se intersecteazi, precum si macle simple de tip Manebach
sau Baveno. Uneori adularul prezintd structuri zonare i neomogenititi
optice in cadrul unui monocristal.

Concentratia cea mai mare de adular, corelabili cu continuturile
ridicate de potasiu, se inregistreazi la nivelele superioare (Coranda IIT si
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IV), in timp ce la nivelele inferioare asociatia de minerale hidrotermale este
dominatd® de mineralele argiloase.

Andezitele din zona Coranda au suferit de asemenea intense trans-
forméri hidrotermale. Corpul subvulcanic interceptat prin galerii si prin

Fig. 2. — Aspecte mezoscopice (desene dupd slifuri) ale mineralizatici de la Coranda.
A. gresie cenusie (alb) cu benzisi filonase de minercu (negru) talonat de calcit -+ cuar} (punctat) ;
B, gresie cenusiu-negricioasi (puncte fine) cu fisii de sisturi argiloase (arg), piritizald uniform
(puncte mari) si calcitizatd selectiv; C, alternanid de gresii fine (punctat) cu sisturi argiloase
negre (linii), cu benzi si filonase de piritd (L sfalerit si galend); de remarcat micro-slump-ul
din partea de jos a desenului; D, silt negru (fondul alb) cu benzi intrerupte de piritd (negru).

Mirime naturalid.
Mesoscopic aspects (drawings after polished sections) of the Coranda mineralization.
A, grey sandstone (white) with bands and ore veins (black) followed by calcite + quartz
(dotted); B, blackish-grey sandstone (thin dots) wilh strips of clay schists (arg), uniformly
pyritized (thick dois) and sclectively calcitized ; C, alternation of fine sandstones (dotted) with
black clay schists (dashed), with pyrite (£ sphalerile and galena) bands and veins; one should
note the micro-stump at the lower part of the drawing; D, black silt (whife background) with
discontinuous pyrile bands (black). Natural sizc.

forajul 7 de la orizontul —200, pe o diferentd de nivel de cca 500 m, este
intens alterat in facies argilic si puternic impregnat cu piritd find. Feno-
cristalele de plagioclaz si hornblend& pot fi recunoscute numai dupi con-
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tururi, fiind integral substituite cu illit, calcit, piritd $i subordonat cu
adular. Pasta rocii este mai putin afectati.

TABELUL 4

confinulurile de eclemenle alcaline in depozilele argilo-grezoase barremian-apfiene

%
Nr'. Localizare Tipul de roca
probei
K,0 Na,O
327 Coranda II | gresie albicioasd fin stratificati 3,16 0,08
328 L gresic grosierd 1,32 0,03
329 ,, gresie grosierd silicifiata 1,46 0,03
344 Coranda IIT| gresic find silicifiatd 4,93 0,13
348A p gresie cenusie find 5,23 0,12
348B Lol sist argilos-siltic negricios 8,69 0,12
358C o breeie cu elemente de gresii si ciment
siltic negricios 12,08 0,22

La nivelul Coranda IT si in forajul GP 8 atit fenocristalele, cit §i pasta
rocii andezitice sint complet transformate in illit si caleit. Chiar $i apa-
titul, mineral rezistent in procesele de alteratie hidrotermalf, este partial
sau total argilizat. Pot fi urmirite stadii de transformare, de la relicte
idiomorfe de apatit limpede, cu relief ridicat, dar cu terminatii difuze,
aparent ciuruite cu incluziuni opace, cu refringentd mult diminuatd, pini
la completa inlocuire a apatitului cu illit.

Andezitele cu hornblendd de tip Hondol sint proaspete numai in
afara ariei mineralizate, pe cind in cadrul acesteia rocile au suferit trans-
formiri ce pot fi grupate in urmétoarele faciesuri: 1) propilitic, cu extin-
dere larga; 2) argilic 4 carbonati, caracteristic zonelor de fracturi intens
circulate de solutii si 3) potasic (cu adular, silice 4 minerale argiloase si
baritind), limitat la cdile de circulatie a solutiilor hidrotermale tirzii, care
afecteazi toate tipurile de roci din aria zdcimintului.

Consideratii gitologice

Particularitatea zdcimintului Coranda-Hondol const# in localizarea
mineralizatiei in depozite sedimentare cretacice aflate in cupola unui sub-
vulean andezitic neogen (fig. 1). Configuratia actuali a zonei mineralizate
reprezintd un cumul de efecte, de naturd tectonicd si efecte legate de
punerea in loc a corpului subvulecanic. Depozitele cretacice din jurul si
acoperisul acestui corp sint intens fragmentate, alterate hidrotermal i
traversate de brecii. Rocile conglomeratice §i grezoase neogene sint de
asemenea transformate, dar deformarea lor este mai putm accentuati.

Localizarea mineralizatiei a fost controlats htologlc, fiind favorizata
de alternanta rocilor grezoase si siltice, roci care provoacé si o usoars dife-
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rentiere calitativd a mineralizatiei; pirita se concentreazi preferential in
rocile fin granulare, iar galena si sfaleritul mai ales in nivelele grezoase.
Configuratia sistemelor de fisuri §i alternanta neregulati de gresii/siltite
a condus la o distribufie neomogeni a mineralizatiei in spatiul zicimintului
(fig. 3 a, b). Remarcabil este faptul ¢4 maximele de concentratie ale auru-
lui nu se suprapun pe cele de plumb si zine (fig. 4). -

Distributia si gradul de concentrare a sulfurilor sint extrem de variate,
observindu-se tranzitii de la simple impregnatii uneori abia vizibile macro-
scopic, la cuiburi de minereu cu diametrul de 1 m. Vinisoarele scurte si
lentilele sau benzile care urmairesc sistozitatea rocilor sedimentare comple-
teazd ansamblul de aspecte morfologice ale mineralizatiei. Subordonat,
mineralele metalifere se observa i in masa breciilor tectonice sau de con-
tact, sub formi de impregnatii, precum §i in masa subvulcanului, ca filo-
nage de minereu compact. Dealtfel, in zona centrali a subvulcanului au
fost urmirite mineralizatii filoniene cu grosime redusa (fig. 5). La nivelul
intregului zicimint masa principald a sulfurilor s-a format in decursul
aceluiasi flux hidrotermal, unele desincronizari remarcate in diverse par{i
ale zdecamintului neputind fi considerate etape distincte de mineralizare,
in sensul unui proces poliascendent. Efectele unei diferentieri extreme a
solutiilor hidrotermale se concretizeazd in aparitia unor filonase de cuart
cu antimonit, incongruente in raport cu mineralizatia de sulfuri de zinc
$i plumb.

Mineralele metalifere principale sint sfaleritul gi galena; pirita este
cantitativ subordonatd. Primele doud minerale sint foarte frecvent aso-
ciate, insd local se pot intilni concentratii monominerale importante. Geo-
dele sint relativ rare, continind alituri de sulfurile mentionate cristale
centimetrice liber dezvoltate de caleit, baritind §i cuar{. Sulfurile hidro-
termale sint depuse in spatii preexistente, ulterior lirgite prin procese de
substitutie progresivi. Pirita inlocuieste deseori selectiv calcitul presupus
diagenetic din masa rocilor argilo-grezoase cretacice.

La nivel microscopic mai pot fi observate urmétoarele minerale :
constant tetraedrit, calcopiritd, bournonit, mai rar meneghinit, arseno-
piritd, boulangerit, pirotind si mackinawit. Local au fost observate granule
mici de aur incluse in sulfuri, in special in sfalerit.

Mineralizatia fiind grefati in mare parte pe roci sedimentare, a fost
normaly regisirea unor minerale detritice (rutil/anatas) sau diagenetice
(pirita framboidald). Substanta cdrbunoasi din sisturile argiloase negri-
-cioase a fost local reorganizatd structural la nivelul pregrafitulu (ef.
Ramdohr, 1953).

Un element structo-textural mai putin obisnuit este oferit de dez-
voltarea granulelor de piritd pe seama piritei framboidale, de naturad dia-
geneticd, cu forme circulare i dimensiuni similare celor calculate ca repre-
zentind dimensiuneamedie aframboidelor, 5microni(Love, Amstutz,
1966). Se realizeaza astfel maturizarea framboidelor de piritd, fenomen
progresiv , care poate fi recunoscut in glifuri in toate etapele (fig. 6 ; pl. ITI).

Desi subordonatd cantitativ, pirita se prezintd in aspecte foarte
variate, care includ formele framboidale amintite, granule euhedrale uneori
zonate, cu coroane imbogatite in arsen §i cupru, precum si cubide 0,5—2 mm,
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Fig. 3. ~ Sectiune orizontali (a) si verticali (b) prin zicimintul Coranda, cu suprafefe de
echicontinut.
1, zona sterild; 2—8, suprafete cu confinuturi crescinde de Pb+7Zn; 9, corpul andezitic sub-
vuleanic; 10, fracturi.
Horizontal (a) and vertical (b) section through the Coranda deposit, with equicontent
surfaces.
1, barren zone; 2—8, surfaces with increasing Pb—Zn contents; 9, subvolcanic andesite
body; 10, fractures.
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Fig. 4. — Distributia zonelor cu confinuturi maxime de Ph-4-Zn si Au.

1, brecii; 2, andezite argilizate; 3, depozite sedimentare crctacice; 4, conturul zonei mine-
Talizate ; 5 zone cu continuturi maxime de Pb+-Zn; 6, zone cu confinuturi de aur; 7, fracturi;
8, galerii.

Distribution of zones with maximum Pb4Zn and Au contents.

1, breccias; 2, argillized andesites; 3, Crelaccous scdimentary deposils; 4, outline of mine~

ralized zone; 5, zones wilh maximuim Pb--Zn contents; 6, zones with gold contents; 7, frac~
tures; 8, gallerics.

Fig. 5. — Gradul de cunoastere a strueturii Coranda-

Bidiaga in 1965 (dupid Bonea et al, 1965, date

nepublieate), cu amplasarea filoanelor in corpul sub-

vuleanic.

1, ofiolite; 2, depozite sedimentare cretacice; 3, de-

pozite sedimentare miocenc; 4, andezite argilizale;
5, filoane metalifere.

Knowledge state of the Coranda-Biiaga structure

in 1965 (according Lo Bonea ct al, 1965, unpub-

lished data), with the location of the veins within
the subvoleanic hody.

1, ophiolites; 2, Crelaccous sedimentary deposits;

3, Miocene sedimentary deposits; 4, argillized andes-
ites; 5, ore veins.

14 — c. 622 24
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usor deformati, distribuiti neuniform pe fisuri in masa diverselor roci. De
retinut este astfel faptul ci pirita din zicimintul Coranda-Hondol este
heterogenetici, formatd in cadrul a doud procese separate in timp (pirita

Fig. 6. — Piritd framboidald (negru) si
piritd cuhedrali (py) asociate cu sfalerit
(sph) si tetraedrit (ttr).
Framboidal pyrite (black) and euhedral
pyrite (py) associated with sphalerite
(sph) and tetrahedrite (ttr).

ttr

framboidald este sincrond cu litificarea rocilor sedimentare aptiene), in
-care sursele de fier si sulf au fost complet diferite.

Granulele eubedrale de piritd arati uneori o zonare recurentd sau
simpla (pl. IV i fig. 7); nucleele de piritd au opticd normali, sint invelite
cu figii galben-brunii, izotrope de asemenea, local usor poroase, cu R Y,
mai scazutd, diferenta de reflectivitate putind fi apreciatd la 5—109,.
De la chenare simple in jurul unor granule izolate se trece la ,,inglobarea’’
unor grupuri de granule, iar procesul de substitutie a piritei normale (pyI)
cu piritd ,,anomald’’ (pyII) continui prin micsorarea progresivi a nucleelor
pind la disparitia lor (fig. 7). Uneori are loc o farimitare a pyI si cimentarea
ei cu pylI (fig. 8). Formarea pyII pare s% fie concomitents cu depunerea
tetraedritului (fig. 8). Pe fisurile din masa sfaleritului se observi uneori
pyIl asociaté cu cuart (fig. 9). Aspecte similare la granule de piritd au fost
identificate si in minereurile aurifere de la Barza-Carpen (Udubasa,
1978) si de la Custura-Magura, zonarea simpld sau recurentd a granulelor
de piritd (cu imbogatiri in cupru §i/sau arsen) putind reprezenta o caracte-
risticd a piritei din minereurile aurifere sau a celor polimetalice-aurifere.

Sfaleritul este mineralul dominant al paragenezei primare. Neomo-
gene cromatic (galben de ceard pind la brun-gilbui, usor portocaliu), gra-
nulele de sfalerit sint uneori zonate, diversele zone caracterizindu-se si
prin continuturi deosebite de elemente minore. Incluziuni de calcopirité
sint relativ putine, concentratia lor parind s% scadi cu adincimea. In masa
sfaleritului eu incluziuni de calcopiriti se observdi deseori ,,vinigsoare’
ramificate de sfalerit fiird corpusculi de calcopiritd, insd cu plaje alungite
aledtuite din acest mineral. Aceste aspecte pot fi interpretate ca reechili-

e
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briri texturale postdepozitionale, apirute ca urmare a cristalizérii colec-
tive a corpusculilor fini de calcopirité, prin procese de difuzie in stare solidi.
Asemenea reechilibriri texturale pot avea, evident, si o altd semnificatie,
insd dezvoltarea lor locals face improbabild acceptarea unei generatii diferite

Fig. 7. — Piritd zonatd; zonare recurentii (A, B) si simpld (C). In D, pirita mai slab reflec-
tantid (cu arsen si cupru) substituie progresiv nucleul de pirita normald.

Zoned pyrite; recurrent (A, B) and simple (C) zoning. Tn D, the more weakly reflecting pyrite

(with arsenic and copper) progressively replaces the normal pyrite nucleus. '

de sfalerit. Fenomenul de difuzie in stare solid& este probabil dublat si de
0 ,alterare’” a sfaleritului (Williams, 1974), prin care acesta pierde
o parte din fier, transferat in masa calcopiritei. Astfel s-ar putea explica
sciderea R Y, a acestor ,,vinisoare” de sfalerit fard calcopiritd.

Galena formeazi local cuiburi monominerale, care au tendinta de
a deveni filonase ce stribat sfaleritul. Galena este deseori insotitd si par-
tial substituits de bournonit si meneghinit (fig. 10). Cele doud minerale se
deosebesc (in imersie) cu relativi usurintd, meneghinitul avind o culoare
alb-gilbuie, similard galenei, RY mai mare decit bournonitul, efecte
de anizotropie mai puternice si pe tonuri mai vii. Bournonitul se distinge
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prin nuanta sa vernil i prin prezenta maclelor de tip parchet. Uneori

bournonitul formeazd lamele fine, orientate pe dou#d directii in galeni,

intr-o maniersd similard bournonitului de la Boesa-Sicdrimb.
Tetraedritul este de reguli asociat cu sfalerit. Dupé caracterele optice

se pare ci reprezinti un termen intermediar din seria tetraedrit-tennantit,

Fig. 8. — Relatii ale pyll cu telracdritul (ttr) si sfaleritul (sph); cp, calcopiritd; gg, minerale
nemetalifere.
Relations of pyll with the tetrahedrite (ttr) and sphalerite (sph); ep, chalcopyrile; gg, non-
metalliferous minerals. '

dar relativ sirac in arsen (probabil ten,;, Udubasa et al, 1980). Gra-
nule optic omogene de tetraedrit s-au dovedit chimic neomogene dacd au
fost analizate cu microsonda electronicd (Y ui, 1971). In grupa tetrae-
dritului s-a constatat ci regimul general al solutiilor este reflectat de ele-
mentele majore stibiu si arsen; termenii bogati in stibin se coreleazi de
reguld cu argintul, iar cei Imbogititi in arsen se formeazi mai aproape de
sursa solutiilor hidrotermale (Wu et al., 1974). Aceastd constatare isi
giseste o confirmare in cazul zicimintelor Bocsa (tetraedrit aproape pur)
5i Coranda (ten ,;), pentru care sursele generatoare sint in imediat apro-
piere (Coranda) sau la adincimi mai mari (Bocsa).

In continuarea unora din vinigoarele de calcopirité din sfalerit apare
uneori un mineral cu bireflexie §i anizotropie foarte puternice. Studiul
cu microsonda electronic al unui mineral cu proprietati similare (Clark,
Sillitoe, 1970) a ardtat cd este vorba de un analog cu zine al idaitului,
avind formula Cu,ZnsS,.
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Antimonitul apare rar, in filonase subtiri de cuarf, in ecare nu mai
existd alte sulfuri. Unele cuiburi de antimonit sint transformate progresiv

o
B Io,oo7mm ’
{—sph—

Fig. 9. — Dectalii texturale la scard microscopicd.
A, vinisoare de tetraedrit (ttr), cuarf (q) si piritd bogatd in arsen si cupru (pyll) in sfalerit
(sph); B, s,alterarea’ sfalerituluj in lungul unor fisuri fine, pe care s-a insinuat calcit (ca);
tn sph apar doud tipuri dimensionale de calcopiriti, cp, si cpy: G, Vinisoare de tir stribat
¢p,, din sph; D, lamele fine de mackinawit (mck) in incluziunile de cp din sph; E, bournouit
lamelar (bnn) pe doudl directii cristalografice in galend (gn).
Microscopic fealures of the ore.
A, tetrahedrite veinlets (Ltr), quartz (q) and pyrite rich in arsenic and copper (py 1I) in spha-
lerite (sph); B, ““alteration’’ of sphalerite along some fine fissures, filled with calcite (ca) ;
in sph there occur two dimensional types of chalcopyrite, cp, and cpy; C, ttr veinlets cross
cpy, contained by sph; D, fine mackinawite (inck) lamellae in the cp ineclusions within sph;
E, lamellar bournonite (bnn) on two crystallographic directions in galcna (gn).

in mase gilbui-portocalii de oxizi de stibiu (probabil valentinit gi stibi-
conit). Réispindirea filonagelor cu antimonit este limitatéi; ele au fost
identificate de I. Téndsescu (IPEG ,Hunedoara’) in decursul car-
térii galeriilor Coranda IIL.
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Mackinawitul apare sporadic, asociat incluziunilor de -calcopirits
din sfalerit. Pirotina §i arsenopirita constituie, de asemenea, raritdti
mineralogice in cuprinsul zicimintului.

50 4m

-

Fig. 10. — Relalii fntre galendi (gn), tetraedrit (ttr), bournonit (bnn) si meneghinit (mng);
pv, pirita.

Relationship among galena (gn), tetrahedrite (ttr), bournonite (bnn) and meneghinite (mng);

pYy, pyrite.

Unele date eomparative iuntre ziedmintele
Coranda-Hondel si Beesa-Siedrimb

Situate la o distantd de mai putin de 3 km unul de altul, aceste doud
zacdminte, asociate unor corpuri subvulcanice de naturd andeziticd, in-
truse la nivele deosebite, arati o serie de caractere comune, precum §i
diferente in privinta paragenezelor si a distributiei mineralelor metalifere.

Mineralizatiile de la Boecsa-Sicirimb (Udubasa et al, 1976)
sint localizate .in zone de brecie (stockwerk) si pe fracturi filoniene care
strabat lave andezitice (tip Sdcirimb). Paragenezele sint in mare parte
similare {tab. 5) ; lamele de bournonit gi jamesonit incluse in galend au fost
observate in ultimul timp §i in minereul de la Bocga. Diferentele parage-
netice constau in : 1) continutul de fier in sfaleritul de la Bocsa este mai
mare decit in cel de la Coranda ; 2) incluziunile de caleopiritd sint mai abun-
dente in sfaleritul de la Bocsa, unde calcopirita este asociatd cu pirotini
§i calcopiroting’ ; la Coranda apare sporadic mackinawitul ; 3) pirita de la
Bocga contine frecvent incluziuni de piroting (extrem de rari la Coranda),
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uneori de calcopiritd §i magnetit; 4) sulfosdrurile sint mai abundente la
Coranda unde apare in plus si antimonitul ; 5) observatii preliminare (op-
tice) indici prezenta tetraedritului aproape pur la Bocsa §i a unui termen
intermediar (ten,;?) la Coranda.

TABELUL 5

Date mineralogice comparalive inire zdcdmintele Coranda-Hondol si Bocga-Sdcdrimb

Mineralul Coranda Bocsa

Piritd xx (uncori zonati) XXXX

Pirotiné xi xi

Arsenopiritd xi (in piritd) XX

Sfalerit xxxx (Fe ~ 2—39%) xxxx (Fe ~ 5—7%)

Galend XXXX XXXX

Calcopiritd xi xx(i)

Calcopirotina Xi

Mackinawit xi

Cubanit xi

Tetraedrit X (teny ?) x (ttr)

Bournonit x X

Jamesonit X

Meneghinit X

Antimonit b

Aur x

Cuart XXX XXX

Calcit XX XX

Baritind X X

Adular X

Minerale argiloase XX XXX

Piriti{ framboidal& X ;

Rutil XX X (asociat cu piritd in ande-
zite pe scama magnetitu-
lui din roc#)

xxxx, dominant ; xxx, frecvent; xx, prezent; X, sporadic; i, numai ca incluziuni;
(i), si ca incluziuni.

Relatiile dintre sulfuri arati o succesiune normald de cristalizare,
adicy : pirita — sfalerit — pirita II - tetraedrit — galena — sulfosdruri.
Incluziunile de calcopirity §i mackinawit din sfalerit pot fi privite ca pro-
duse exclusiv de exsolutie, apirute dup cristalizarea sfaleritului. Celelalte
fenomene de reechilibrare texturald si compozitionald (aparifia ,,vini-
soarelor” de sfalerit firs corpusculi de calcopiritd, insd cu plaje alungite
de calcopiritsi) au apirut ca efect al depunerii mineralizatiei in conditii
dinamice. Intr-o asemenea acceptiune, unele relatii contradictorii intre
sulfuri nu sint interpretate ca etape distincte de mineralizare. La scara
intregului zdcimint procesul de mineralizare a fost continuu, insd neomo-
genitatea mediului de depunere a determinat deschiderea nesincrond a
ciilor de acces pentru solutii in diferitele parti ale zécimintului. In atare
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conditii i chimismul solutiilor a suferit usoare modificdri, determinind
chiar variatii cantitative ale paragenezelor. :

Date geochimice

Analizele spectrale efectuate pe probe globale de minereu (tab. 6)
aratd continuturi semnificative la unele elemente. In toate probele nichelul
predoming asupra cobaltului, confirmind existenta unui suport geochimic
sedimentar al minereului de la Coranda, reprezentat prin pirita framboi-
dals. In acelasi sens este de interpretat si valoarea ridicati a titanului,
mostenit din rutilul/anatasul detritic din rocile sedimentare. Semnifica-
tivi este absenta nichelului in minereul de la Bocsa, cantonat in roci
vuleanogene. Arsenul, reprezentind participarea moderatd a arsenopiritei
si mai importantd a ten ,; la alcituirea minereului, prezinté o tendintsd de
crestere in adincime. Argintul §i stibiul sint legate de prezenta galenei, a
cirei distributie neuniformsi este reflectatd si in continuturile oscilante in
aceste elemente ; valorile mai ridicate de stibiu apar in probele care contin
sulfosdruri. Manganul si cadmiul apar in cantitate relativ mare, in special
datoritd sfaleritului. Raportul net favorabil manganului poate si reflecte
§i prezenta lui in masa piritei. Bi, Ga, In si Sn sint prezente in ambele zéici-
minte, la continuturi in general reduse si foarte variabile.

Elemente minore in sfalerit (fab. 7). Valorile medii ale continuturilor
de mangan si cadmiu pentru sfaleritul din cele douf ziciminte sint simi-
lare (tab. 8), in ciuda continutului diferit de fier. Doar manganul la Coranda
inregistreazi o cregtere notabild cu adincimea (tab. 9). Zonalitatea ecromatics
a unor granule de sfalerit de la Coranda, datoritd variafiei continutului
de fier, este dublatd si de variatii ale continuturilor de elemente minore.
Zonele centrale, de culoare brunie, sint bogate in mangan gi contin in plus
staniu, indiu i mai mult galiu $i aur in comparatie cu zonele externe, gilbui,
imbogitite in cadmiu.

Elemente minore in galend (tab.10). La valorile medii se inregistreazs
diferente mai mari la Ag, Sb si As (tab. 11), iar pe verticali microzonali-
tatea este mai pregnants decit la sfalerit, ardtind variatii sistematice, ins#
in sensuri deosebite (tab.12). Aceste deosebiri in comportarea elementelor
minore reflectd probabil §i regimuri diferite de diferentiere a solutiilor in
cele doud zéciminte. La telur se contureazi tendinta de crestere spre adin-
cime, ajungindu-se la valori similare celor din galena de la orizontul—120 m
de la S#cdrimb, unde mineralizatia a devenit polimetalici.

Elemente minore in piritd. In ambele ziciminte pirita este relativ
bogatd in arsen (tab. 13), la Bocsa datoritd frecventelor concresteri-cu
arsenopiritd, iar la Coranda din cauza imbogitirii in arsen a chenarelor din
jurul piritei normale. Deoarece pirita de la Coranda nu aratd incluziuni de
calcopiritd (cum este cazul celei de la Bocsa), prezenta cuprului trebuie
pusd tot pe seama coroanelor mai putin reflectante ale piritei, in care se
presupune existenta simultani a unor confinuturi ridicate de cupru gi
arsen. Inglobarea cuprului in refeaua piritei, care duce la anizotropizarea
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TABELUL 7
Elemente minore in sfalerit (ppm)
Nr.' Localizare Cd Mn Ag | Ga | In Ge | Co Sn l Ph Cu As
probei I
Zidcadmintul Coranda
207 Coranda IV | 3000 | 2800 7 75 — o 10 L 400 =
209A | Coranda III| 3500 | 2450 5 90 == = 10 — 180 10 =
344 53 3000 | 2100 38 55 3 8 3 — | 1000 | 1050 -
346A . & 2800 | 2350 - — — —_ 3 — 19, | 4200 | 750
3468 Ll 4000 | 2100 16 — —_— — 3 — 950 | 1500 | 170
346C - 4000 | 2100 — — - —_ 3 — ‘8 100 —_
211 - 4000 | 3300 3 68 =— — 10 — - 10 .
212A A 3500 | 2850 3 82 — — 10 - — 10 —
212B - 2800 | 4800 18 97 14 — 10 48 — 150 —
322 1 3500 | 2700 4 90 26 5 - 26 36 420 —
323 - 3000 | 2850 10 48 18 ‘4 3 10 8 320 —_
204 Coranda IT | 3200 | 1050 3 10 - — 10 —_ 720 10 —
325 4 2700 | 5000 | 110 50 — = 3 16 19, 1 1700 | 100
282 Coranda I 4100 | 1,39 380 | 160 —_ 12 — —_ 19, | 3300 | 420
337 —100 m 3400 | 6000 18 70 26 s 10 14 19, | 1100 =
Zicimintul Bocsa
134 Leopold 2500 | 5400 8 — — — 10 — 750 | 1000 —
105 Maria 2700 | 2000 8 — — — 10 — | 3500 | 1000 —
117 — 65 | 3000 | 2300 3 — -5 e 10 = 570 280 =
121 - | 2800 | 4000 10 — 5 — 10 — 1.1100 | 1000 -
223 - l 3500 | 6300 | 38| 4| —| —| —| 8| 19 |180]| —
303 . i 2450 | 2000 | 300 5 6| — | — | 17| 19 |1850 | —
TABELUL 8
Confinuturi medii in sfalerile (ppm)
Cd Mn
Coranda 3366 3606
Bocsa 2888 3866
TABELUL 9
Variatia confinuturilor de cadmiu $i mangan din sfalerit cu adincimea
(valori medii, ppm)
Coranda Bocsa
Cd ] Mn cd Mn
C. Iv 3000 2800 Leopold 2500 5400
C. 1II 3410 2760 Maria 2950 4000
C. IT 2950 3025 —65 2930 3480
—100 3400 6000 .
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mineralului, este mentionati frecvent in literaturs (Frenzel, Ottemann,
1967 ; Einaudi, 1968; Radcliffe, McSween, 1969; Lazir,

TABELUL 10

Elemente minore in galend (ppm)

prljlt)'e ) Localizare Ag | Sb | Bi | As | Mn | Te ’
Zidcdmintul Coranda
209A Coranda III 650 | 1600 | — 300 | 47 —
344 % 330 | 3100 3 750 23 120
346 % 300 | 1250 — 850 45 185
211 " 750 } 3000 - 1250 13 300
204 Coranda II 280 | 1550 | 10 600 | 26 =
325 o8 420 | 1950 3 420 26 140
325X 53 700 | 1350 3 280 8 100
337 —100 m . 500 | 1500 40 750 70 550
336 ’ 520 500 — 370 80 380
Zicidmintul Bocsa

134 Leopold 800 | 1300 10 - 67 _
105 Maria 850 | 1300 10 = 30 —
299 " 950 | 9000 | — 180 | 13 -
117 —65 920 { 1300 | 10 = 53 —
121 - 2800 | 1850 e 300 35 L
223 7, 2300 | 1530 15 180 28 320
303 » 800 | 1550 5 160 12 120
307 Sicéirimb --120 600 | 3600 =3 1700 46 220

TABELUL 11

Confinufuri medii in galene (ppm)
Ag Sb As

Coranda 494 1755 618
Bocsa 1122 2283 105
TABELUL 12

Varialia confinuturilor de argint, stibiu si arsen din galend cu adincimea
(valori medii, ppm)

i Coranda ‘ Bocsa

| ]Ag\Sb[Asl \Ag\Sb|As
C. I1x 506 | 2237 787 | Leopold 800 | 1300 sld
C. II 466 | 1616 433 | Maria 886 | 3533 90
—100 © 510 | 1000 560 | —65 1350 | 1530 160

Ottemann , 1973). Pirita a,rseniferé, cu model de zonare similar
celui de la Coranda, complet izotropi, este descrisi de Burkart-
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_—

Baumann si Ottemann (1971) in minereul de la Djebel Hallouf,
in Tunisia ; continutul de arsen ajunge pini la 7%, in zonele cu reflectivi-

TABELUL 13

Elemente minore in pirild (ppm)

& . Localizare ‘ As Co Ni Mn Ag Sb Ti Cu v
probei
Zicdmintul Coranda
236 | Coranda III 3300 165 | 190 145 120 = 720 380 30
344 i 2,49 3 17 1650 19 19, 45 19, e
332 | —100 1400 67 42 - 80 = 100 1500 =
337 = 6200 10 70 155 300 770 | 132 1500 —
Zidcamintul Bocsa
91 | Maria 39| 14 = 370 150 [ 1000 55 1,29%1 —
105 55 19| 10 - 210 58 — 53 2100 =
299 - 5200f — | — 123 300 | 4700 - 19, —
223 | —65 1,29 — — 210 260 = = 19, | —
117 - 1% — = 350 80 = 50 3800 —
303 . 3700 — — | 140 300 350 — 19, —
304 5 2000 35 10 30 4 — 78 501 78

tate minimd. Continuturi simultan ridicate de cupru §i arsen in piritd
colomorfi reporteazd Ottemann (1978), iar Jarkovsky et al
(1978) detfermind confinuturi congruente de arsen §i cupru in granule
zonate de piritd din zdcimintul Dubrava (Cehoslovacia).

La Coranda raportul Ni: Co este favorabil nichelului (valori medii
80 : 61), caracteristic piritei formate pe un suport de sulfuri de fier sedi-
mentar-diagenetice (pirita framboidali). De mentionat este si faptul ei o
asemenea mogtenire g raportului Ni : Co s-a remarcat i in pirita din masivul
Tibles, in zonele mineralizate gizduite de roci sedimentare paleogene
(argilite negricioase cu piritd framboidald §i anatas, Ud u b a § a et al.;1976).

In cele trei sulfuri principale din minereul de la Coranda fractionarea
gurului este net favorabild piritei, in care se inregistreazi continuturi de
3—6 ori mai mari decit in galens si de 25—100 ori mai mari decit in sfa-
lerit. Se constatd astfel cid depunerea aurului, desi diferentiatd cantitativ,
a insotit formarea celor trei sulfuri, pirita, galena §i sfaleritul, depunere
extinsd pe o perioadd de timp relativ indelungaté. Continuturile de aur sint
congruente in raport cu cele de As, Mn, Ag si Sb (in piritd), Sb §i Te (in
galend), Mn, As, Ag, Ga si Cu (in sfalerit) §i incongruente cu cele de Co,
Ni (in piritd) §i Cd (in sfalerit).
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Elemente pentru abordarea studiului metalogenetic
unitar in partea sudied a bazinului Brad-Saedrimb

In Muntii Metaliferi metalogeneza asociati magmatitelor subsec-
vente tardive s-a realizat in trei etape (Ghitulescu, Socolescu,
1941, Tanovici etal, 1969,Cioflica etal,1973,Berbeleac,
1975) S-a expnmat s oplma ex1stente1 unei smgure etape de mineralizare
{(Giu §ecd et al, 1970), a ciirei pozme in timp coincide cu etapa a II-a,
cea mai unportanta, a autorilor de mai sus.

In partea sudics a bazinului Brad-Sicirimb metalogeneza are maxi-
mum de intensitate la nivelul eruptiilor de andezite de tip Barza-Sicirimb
§i al intruziunii corpurilor subvulcanice asociate.

Luind ca o prim# bazd de discutie §i comparatie zicimintele Coranda
§i Bocga, se constatd unele diferente evidente intre ele, desi ambele sint
asociate unor corpuri subvulcanice, care se dispun pe acelagi aliniament
tectono-vulcanic. Nivelele de intruziune ale acestor corpuri, private ca
surse generatoare sau doar ca factori revelatori (Routhier, 1977), nu
sint aceleagi in cele dous zone, fapt care se reflectd indirect in paragenezele
minerale. Asociatia de minerale metalifere de la Bocsa (sfalerit bogat in
fier, arsenopiritd, pirotini, calcopirotini) indics temperaturi de formare
mai mari in comparatie cucea de la Coranda (sfalerit sirac in fier-cleiofan,
sulfosiruri, mackinawit ete.). Tipul de mineralizatie (Pb + Zn, practic
fird aur) de la Bocsa este caracterizat de alteratia argilicd (illit 2M, domi-
nant), pe cind mineralizatia polimetalici-aurifers de la Coranda este inso-
titd de silicifiere gi adularizare i numai in pirtile inferioare apar argiliziri
mai intense.

Pentru moment este dificil de afirmat daci subvulcanul Biiaga este
singur raspunzdtor pentru formarea mineralizatiilor din sistemul Coranda-
Biiaga, dacd aceste mineralizatii sint perfect sincrone si asociate aceleiagi
surse generatoare de solutii hldrotermale, mai ales ci spre adincime con-
tinutul de aur are tendin’gi de crestere. Ridicarea si intensa fragmentare a
depozitelor cretacice care gizduiesc mineralizatiile s-a produs cu sigurantd
datoritd intruziunii subvulcanului, in intregime transformat hidrotermal.
Difuziunea componentilor metalici pe laterals n-a fost foarte extinsa, sul-
furile localizindu-se uneori chiar in masa subvulcanului. Ca formi de zicé-
mint §i paragenez#, zdcdmintul Coranda-Hondol (Co) este asemidngtor
mineralizatiilor de la Rotunda-Strimbu-Biiut, localizate in dep0z1te sedi-
mentare miocene, fragmentate §i brecifiate in zona de cupold a unui corp
subvulcanie.

. Pe o arie relativ restrinsi, de cca 25 km?2, intre Biita-Criciunegti
(BC) in vest §i Sdcidrimb (8) in sud-est (fig. 12), metalogeneza asociatd
vulcanitelor neogene este extrem de diferenfiat# paragenetic i morfologic.
Tipologia zicdmintelor sau mineralizatiilor cunoscute in aceastd zond
este astfel foarte extinsd, datoritd modului de manifestare a magmatismului
i conditiilor geologice locale, elementele variabile fiind forma de zicimint,
temperatura §i adincimea de formare, chimismul global al minereului,
paragenezele primare, rocile-gazdsd etc.
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In apropierea cunoscutului zicimint filonian de telururi aurifere
de la S#cirimb s-au conturat in ultima vreme, la Bocsa (Bo), minerali-
zatii plumbo-zincifere de tip stockwerk (Udubasa et al, 1976),
‘jar in partea centrali a structurilor vuleanice de la Bolcana-Troita-Migura
-(Tro-Troita, Tr-Trestia, Mgd-Magdana, Mg-Migura), cu mineralizatii fi-
loniene polimetalice §i aurifere (Cioflica et al., 1966) au fost identi-
ficate mineralizatii de tip ,,porphyry copper’”’ (Bolcana-Troita-Be)
(Andrei et al, 1974; Udubasa et al, 1978); Istrate et al,
1979). In structura vulcanici riodaciticit de la Sfredelu-B#ita se cunose
de mai multy vreme filoane aurifere - polimetalice (Ghifulescu,
Socol escu, 1941), iar pe Piriul lui' Avram (PA), in masa andezi-
telor cuartifere (,,dacitelor’’) de tip Cetras, au fost descrise mineralizatii
filoniene cuprifere, in care parageneza este dominati de minerale din
seria enargit-luzonit (Socolescu et al., 1963). In imediata apropiere
a zicimintului Coranda, la Hondol (HD), se cunosc mineralizatii aurifere
filoniene (Ghitulescu, Socolescu, 1941).

Densitatea de metalizare (Folea, 1980) este relativ - ridicata
in zona Biita-Sacdrimb, implicatiile unei astfel de concluzii putind fi
racordate la doud idei principale : 1) este posibil si se intrevadi ‘eventuale
fenomene de mobilizare a unor mineraliza{ii preexistente, legate de eveni-
mente geologice preneogene ; 2) in zona Biifa-Sicarimb pot exista in di-
verse puncte conditii favorabile pentru formarea mineralizatiilor de tipuri
foarte diverse. Datoritd faptului ci depozitele sedimentare cretacice,
dovedite ca buni ,,receptori de mineralizatii*‘, se afli la adincimi relativ
reduse (in forajele de la sud de zdcdmintul Coranda acestea s-au interceptat
la adincimi de cca 300 m), creste posibilitatea de a intercepta mineralizatii
asociate unor corpuri subvulcanice nedeschise de eroziune.

Mineralizatiile cuprifere din Piriul lui Avram au o extindere modests
pe orizontald §i verticald (Socolescu et al., 1963). Filoanele sint lo-
calizate in andezite cuartifere (dacite) de tip Cetras, care numai in aceast#
zond aratd fenomene de transformare hidrotermald. Localizarea stricta
a acestor fenomene de transformare pune problema dac# eruptia acestui
tip de roci a avut efectiv un caracter metalogen. Este posibil ca sub
,,dacite” si existe (sau ca ,,dacitele’” si fie stripunse de) un corp sub-
vulecanic, rdspunzitor de aceste transforméri .Pe de altd parte, analogia
cu iviri similare (filoane cu minerale din seria enargit-luzonit, de la Recsk,
Ungaria, si Butte, Montana, S.U.A.) ca sateliti ai unor importante mine-
ralizatii de tip ,,prophyry copper’’ sugereazi posibilitatea ca in apropierea
filoanelor din Piriul lui Avram s& existe un corp subvulcanic -cu minerali-
zatii similare. Problema celei de-a treia faze de mineralizare asociate
vulcanismului neogen din Muntii Metaliferi s-ar pune astfel intr-un alt
mod, atenuind in acelasi timp caracterul singular al mineralizatiilor cu-
prifere de la Piriul lui Avram. 4

Amendind nivelul de eroziune, dificil de estimat cu acuratete, adin-
cimea pe care sint cunoscute mineralizatiile din zona Baita-Sicirimb este
foarte variatd (pl. IT C). Aceastd constatare oferi premise favorabile pen-
tru identificarea unor acumuliri de diverse tipuri atit in extinderea. spre
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adincimefa celor cunoscute, cit si in al doilea interval de adincime (500 —
—1500 m). Aceastd afirmatie este sustinutd si de observatia ci nu se poate
vorbi de o specializare metalogenetici deosebiti a magmatitelor neogene
din aeeastd zoni, care si ofere o explicare convingitoare a caracterului
,,heterogen’ al mineralizatiilor asociate.

Coneluzii

Zicimintul Coranda-Hondol contribuie la diversificarea tipologiei
mineralizatiilor asociate vulecanismului neogen din Muntii Metaliferi,
prin forma de zicdmint §i natura rocilor-gazdi; mineralele metalifere
(dominante : sfalerit cleiofanic si galena) sint distribuite neuniform in
masa rocilor grezo-siltice cretacice barremian-aptiene (transformate hidro-
termal, inclusiv adularizare) din cupola §i din jurul unui corp subvulcanic
andezitic, integral transformat hidrotermal (illit, calecit, piritd, adular)
Spre deosebire de rocile sedimentare cretacice, cele prebadeniene, congle-
meratice gi grezoase, constituie capcane mai slabe pentru mineralizatii,
desi local aratd si ele fenomene intense de silicifiere. Breciile tectonice §i
eruptive sint patial mineralizate, iar in masa subvulcanului se -intilnesc
filoane cu parageneza similard, dar cu extindere limitatd. -

Parageneza cuprinde, alituri de sfalerit, galens si piritd (vizibile
si macroseopic), cantitdfi mici de calcopiritd §i mackinawit (incluse in
sfalerit), tetraedrit (ten,;?), bournonit i meneghinit, asociate galenei,
arsenopiritd, inclusd in piritd, rar pirotind (in piritd), aur (inclus in sul-
furile principale) si antimonit (filonase cuartoase securte, care intersecteazi
mineralizatia cu mineralele mentionate mai sus). Mineralele de gangi
sint reprezentate prin cuart, calcit §i baritini. '

Minereul, si in particular pirita, poartd amprenta formirii sale pe
un fond geochimic sedimentar (piritd framboidald §i anatas si/sau rutil),
reflectat in continuturile relativ ridicate de nichel (caracteristice piritei
sedimentare) si de titan. In sfalerit sint de mentionat continuturile ridi-
cate i comparabile de cadmiu §i mangan, iar in galehd dominarea stibiu-
lui fatd de bismut si argint. Datele comparative asupra zicdmintelor
Coranda §i Bocga-Sicirimb sugereazd surse generatoare similare, intruse
insd la nivele deosebite.

Diversitatea  mineralizatiilor din zona Biita-Sicirimb, privitd in
cadrul unei specializiiri reduse a magmatitelor neogene din aceastd zoni,
poate sugera si interventia unor evenimente geologice preneogene in edifi-
carea zicamintelor, asociate aproape integral eruptiilor andezitice de tip
Barza-Sicirimb §i corpurilor subvulcanice asociate. Localizarea strictd
a mineralizatiilor cuprifere (enargit-luzonit) in masa andezitelor cuarti-
fere de tip Cetras (,,dacite’’) numai pe Piriul lui Avram poate fi pusid
pe seama unui corp subvuleanic mai nou, care stribate(?) ,,dacitele” din
zona, Coasta Mare. In misura in care asociatia filoniani energit-luzonit
poate fi acceptatd ca tipomorfd (sau ca metalotect indirect), in zona ime-
diat apropiatd Piriului lui Avram existd premise favorabile pentru exis-
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tenta unor mineralizatii cuprifere de diseminare, situate in -prefunzime.
Situatiile geologice similare de la Recsk, Ungaria, i Butte, Montana, pot
reprezenta un ,,etalon’” in acest sens.

Pozitia elevatdi (doveditdi prin foraje) a fundamentului preneogen
in regiunile invecinate zicimintelor Coranda $i Bocsa constituie.un ele-
ment pozitiv (in special depozitele sedimentare cretacice, dovedite ca
buni receptori pentru mineralizatii) in aprecierea perspectivei metaloge-
netice a acestei zone.

9 Bonea L., - Coteatd Gh, Haiduc P. Consideratii asupra corpului.subvul-
canic Biiaga si mineralizatiile legate de el. Comunicare la sesiunea stiintifici a TPEM, Bucuresti.

§ Intrucit in regiunea Hirfigani ,,Complexul pietrisurilor de Almasu Mare’’  suporti
depozite badeniene reprezentate prin tufuri, marne cu globigerine si gipsuri, CGiofl ica
et al. (1966, 1968) apoi Berbeleac (1975) au apreciat ¢i virsta lor ar trebui si fie ante-
tortoniani, probabil helvetiani (carpatiani, Burdigalian s.1.). Asemenea depozite au fost se-
parate cartografic si deasupra ,,complexului pietrisurilor” din zona Hondol, intre Coasta
Bisericii si virful Fierag, ca si la sud de virful Sirciu (pl. I), asftel ci, dacd §i acestea vor fi
atestate mieropaleontologic ca badeniene, se va confirma virsta prebadeniani a ,,Complexului
pietrisurilor de Almasu Mare’’.

8 Op. cit. pet. 4

7 Calcopirotina ca specie’ minerali nu este unanim acceptati. Ramdohr (1975)
o.'socoteste ca mineral independent. Studiile experimentale recente pun in evidentd existenfa
ufui ,cubanit cubic” si confirmi talnakitul descoperit in minereurile de la Norilsk. Desi
structura preconizati de Ram dolhr pentru calcopirotind (de tip sfalerit) este similari cu
cea a talnakitului, ele diferd compozifional. Corespondentul cxperimental cel mai apropiat
al calcopirotinei pare si fie ,,intermediate solid solution’’ din sistemul Cu—Fe—S, stabili —
ca si calcopirotina — doar la temperaturi ridicate. Pentru o discufie mai ampla vezi U d u-
basa ,Calcopirotina §i mineralele din grupa calcopiritei” (sub tipar).
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METALLOGENESIS IN THE CORANDA—HONDOL AREA,
METALIFEERI MOUNTAINS

. (Summary)

The Neogene metallogenesis in the southern part of the Brad-Sicirimb basin, Metali
feri Mountains, comprises various types of mineralizations, i.e. Veins, impregnations, stock-
works and porphyry copper. The Coranda-Hondol ore deposit is of pafticular interest
because of its setting within partly brecciated sandstones and black shales of Barremian-
Aptian age. These rocks form a cap rock” of a Miocene subvolcanic body completely argil-
lized and adularized.
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Geologic Setting

The Coranda-Hondol ore deposit is located in an uplift arca of the pre-Neogenc base-
ment which comprises Cretaceous sedimentary rocks and ophiolites. The outcropping of the
basemcnt is duc to both the prescrvation of some pre-Ncogene palco-islands and the late
vertical movements on E—W and NW—SE fault zones. Beneath these zones some subvol-
canic andesitic bodies do occur, among which those of Bocsa and Coranda arc metallogencti-
cally the most important.

The Crctaceous fine grained sandstones alternate with black shales containing rutile/
anatase, framboidal pyrite, and carbonaceous matter and/or pre-graphite. The Miocene sedi-
mentary rocks consist of microconglomerates, mica-bearing sandstones and reddish-brown
shales. Generally they are less favourable to the sullide concentration as compared with the
Crctaceous rocks.

The Miocene (Sarmatian) volcanic rocks belong to three types of andesites : 1) horn-
blende bearing andesite (FHondol type), 2) hornblende and biotite bearing quartz andesite
(Sdcirimb type) and 3) biotite and hornblende bearing quartz andesite (Cetras type). They
build up the volcanic suprastructure of this area (Pl. I) and are followed by some subvolcanie
bodies of andesitic character. The chemical and speetrographical data concerning these rock
types — fresh and partly altered — arc presented in Tables 1-—3.

Hydrothermal Alteration

The three types of andesites outcropping in this area exhibit different patterns of hydro-
thermal alteration. The first type (hornblende andesite) is mainly adularized and argillized
and represents the host roek fer the gold vein mineralizations at Hondol (beneath the Co-
randa ore deposit). With such a rock is also connected the porphyry copper mineralization
at Boleana-Troita (Andrei et al, 1974; Udubasa et al, 1978; Istratec ct al,
1979, unpublished reports), situated westwards. The Scirimb type exhibits mainly intensc
argillization (2M, illite as dominant species) and is connected with both near purc Pb—Zn
mineralization of Bocsa (Udubasa et al, 1976) and the well-known gold-telluride ore
deposit at Sicirimb, now completely exploited; its deeper part shows a base metal enriched
paragenesis practically without tellurides. The Cetras type occupies a large area (Pl 1),
but exhibits little or no hydrothermal transformations. Nevertheless a restricted area of
unusually strong silicification was identified at Pirivl lui Avram. Here some small veins and
impregnations in silicified andesites occur. The mineral association is dominated by the enar-
gite-luzonite group (Socolescu et al, 1963). It is now presumed that such a special type
of mineralization could be indicative of the presence at depth of a porphyry copper system in
connection with a subvoleanic body. Similar cases are known from Butte, Montana, USA. and
from Recsk, Hungary.

The subvolcanic body in the Coranda arca does not outcrop; it has been surveyed
by means of drillings and mining works. The entire known andesite body is completely bleached
and partly pyritized. Its alteration involves an intensive argillization (mainly in the deeper
parts) and an extensive adularia formation. The strong hydrothermal alteration is reflected
also in the transformation of apatite which appears replaced by illite.

Ore Mineralogy

. As shown, this deposit is located mainly within the brecciated Cretaceous sedimen-
tary rocks (Fig. 1). A preferred deposition of pyrite in sandstones and of galena and sphale-
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rite in shales has been observed. This may explain the non-uniform distribution of minerali-
cation (Fig. 3) as well as the separation of the gold- and the Pb4Zn-rich areas (Fig. 4)

The ore minerals form impregnations (in andesites, in spilites, in Miocene and Creta-

ceous sandstones and shales), fine veins or veinlets cutting across the bedding, ore pockets
(up to 1 m in size) and short concordant thin beds in shales and sandstones. There exist “also
small veins within the subvolcanic body. Early Haiduc et al. (1962 —1965, unpublished
reports) described some base metal veins in the central and deeper parts of the subvolcano
(Fig. 5).
' The main sulfide minerals are sphalerite, galena and pyrite. Microscopically were iden-
tified also : fahlore (an As-rich tetrahedrite), chalcopyrite, bournonite, meneghinite, arseno-
pyrite, boulangerite and scarce pyrrhotite and mackinawite. Few fine gold grains have been
observed as inclusions in the main sulfides, prevailingly in sphalerite. The inherited nature
of some pyrite grains can be asserted by observing the ’maturing” of the frainboidal p&n‘te
(Fig. 6). The pyrite framboids are believed to be formed diagenetically together with rqtile/
anatase and the pre-graphite.

The most characteristic feature of the pyrite grains appears to be their zoning (Figs.
7 and 8). The zoning is both simple and recurrent, the former showing a higher frequency.
The marginal zones posscss a lower reflectivity and a creamy tint. It is presumed that these
>’anomalous’” zones (Py,) are enriched both in As and Cu, which is well demonstrated by the
spectrographic analyses of inclusion-free pyrite grains. The anomalous pyrite seems to be
formed simultaneously with the tetrahedrite. Such pyrites with zones enriched both in As
and Cu are believed to be typical of the gold bearing mineralizations. Zoned pyrite is des-
cribed by Udubasa (1978) from the Barza-Carpen gold depesit.

Sphalerite contains only in the deeper part abundant chalcopyrite inclusions with scarce-
ly associated mackinawite (Fig. 9 and Pl. V). Some chalcopyrite veinlets cutting theé spha-
lerite aggregates are interpreted as products of the solid state diffusion processes along crys-
tallographical and/or mechanical planes. Around such chalcopyrite veinlets an ’’alteration”
of sphalerite (Williams, 1974) does occur. The altered sphalerite appears to have a lower
reflectivity and therefore a lower iron content. Galena frequently forms monomineralic ag-
gregates and its association with bournonite, tetrahedrite and meneghinite is characteristic
for this ore deposit (Fig. 10). The oriented bournonite lamellae in galena (Fig. 9), a feature
observed in the ores from the Bocsa deposit too, are also worth noticing.

Locally stibnite bearing quartz veins were observed. They cut the lead-zinc ores. Stib-
nite is transformed into yellow Sb-ochres.

The sulfides arc believed to have formed from an unique hydrothermal supply. Non-
synchronous depositions of sulfides as well as rcverse paragenetic sequences were however
observed in differcnt parts of the deposit. They do not indicate a polyascendant nature of
the ore solutions; in our interprctation these features are the effects of an extreme differen-
tiation of the hydrothermal solutions during their passing through non-uniform opened brec-
ciated sedimentary rocks. The stibnite-rich veins have finally formed from such extremely
differentiated solutions.

Ore Geochemistry

There exist certain differences between the Coranda and Bocsa ore deposits regarding
ore mineralogy (Table 5), ore geochemistry (Table 6) and minor elements in the main sulfides
{Tables 7 —13). The Coranda pyrite contains rather high As an Cu contents, leading to the
appearance of the zoned marginally lower reflecting grains showing a creamy tint. Nearly



33 METALOGENEZA REGIUNII CORANDA~HONDOL 229

equal Cd and-Mn contents in sphalerite are characteristic for the two ore deposits and seem
to be a typomorphic feature of the orc deposits connected with subvolcanic bodies. Mn
decreases at Coranda and increases at Bocsa with depth (Table 9). Galena contains signi-
ficant Sb and Ag contents {Tables 10 and 11), with Sb> Ag and negligible Bi concentration.
The average values for the two deposits differ (Table 11). Increcasing and dccreasing of
average contents of Ag, Sb and As in galena from Coranda and Bocsa respectively are shown
in Table 12.

Metallogenesis in the Southern Part of the Neogene
Brad-Sa@earimb Basin

The Neogene metallogenesis in the Metaliferi Mountains developed during Sarmatian
and Pannonian and consists of three main stages (Ghitulescu, Socolcscu, 1941;

Ianovicietal,1969; Cioflica et al,1973; Berbeleac, 1975 cte.). The existence
of 2 unique metallogenic phase has been cxpressed too (Giuscd et al, 1969).

The area considercd (see Plate IT) comprises very different kinds of ore concentrations.
The variety refers to both the morphology and the mmain ore inetals; there are gold-silver
vein deposits (Bidita-Criciunesti, Migura, etc.), gold-telluride vein deposits (Sdcirimb, foxr-
merly Nagyag), base metal minerzalizations (Bocsa and Coranda of stockwork type, Troita —
veins), porphyry copper (Bolcana-Troita) and cnargite-luzonite bearing veins and impregna-
tions (Piriul lui Avram). The metallization density (Folea, 1980) of this area is relatively
high and such a remark may be corrclated with two main ideas: 1) remobilization of pre-
Neogene concentrations during the Sarmatian volcanic and subvolcanic activity and 2) the
variety of mineralizations has been conducted by the local geological conditions which helped
with — as locally developed hydrologic systems — thc ‘‘activation” of the metals dispersed
within the rocks intruded by Ncogene magmatites. This supplementary source of metals has
probably inereased the metal concentration, the metal ratios and the metal variety brought
up. by the magmatites.

The unique cnargite-luzonite mineralization at Piriul lui Avram within the Cetras
type of andesites is a fact which cannot be overlooked when discussing the metallogenetic
potential of this area .As in the Buttc/Montana and Reesk/Hungary areas such special mine-
ralizations may indicate the existence of a hidden porphyry system in the neighbourhood.

EXPLANATION OF PLATES

Plate I

Geological map of the Hondol-Sicirimb region (Metaliferi Mountains)
Quaternary : 1, deluges, alluvia, detritus; Neogene volecanics : 2, biotite and hornblende
quartz andesites (Cetras type); 3, hornblende and biotite quartz andesites (Sdcarimb type);
4, hornblende andesite (Hondol-Fierag type); Badenian-Sarmatian: 5, Globigerina marls,
gypsum, tuifs, Leitha limestones ; Carpathian : 6, the complex of Almasu Mare gravels ; Barrem-
jan-Aptian: 7, Cibesti Beds: sandstones, blackish siltites; Mesozoic: 8, ophiolites (spi-
lites); 9, neck, lava; 10, intense hydrothermal transformations (silicification, argillization,
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adularization) ; 11, chemical analyses (S$i0,%); 12, galleries; 13, mine waste; 14, mineralized
zones (Vveins and impregnations); 15, fractures.

Plate I1

A — Structural sketch of the Brad-Sicirimb Neogene basin (southern part), according
to M. Borcos, from Ianovici et al. (1976).
1, crystalline schists; 2, Mesozoic basciment; 3, Neogene molasse; 4, Neogene Volcanics;
5, tectonic lines; B(, Baita-Criciunesti; S, Sacdrimb; Co, Coranda; Bo, Bocsa.

B — Distribution of mineralizations in the Baita-Sdcirimb zone.
1, pre-Necogene basement; 2, Neogene molasse; 3, rhyolites; 4, hornblende andesites (Hon-~
dol type); 3, hornblende biotite and quartz andesites (Sdcirimb type); 6, biotite and horn-
blende quartz andesites (Cetras type); 7, fractures; 8, vein and impregnation mineralizations ;
stockwork.

C — Vertical distribution of mineralizations (partly after the data from Ghitulescu
and Socolescu, 1941).
1, (prevailingly) gold mineralizations; 2, gold tellurium mineralizations; 3, polymetallic mi-
neralizations (£ Au); 4, copper (enargite + luzonite) vein mineralizations ; 5, porphyry copper
type mineralizations. :
BC, Biita-Criciunesti; Tro, Troita; Tr, Trestia; Mgd, Magdana; Bc, Bolcana; Mg, Migura;
PA, Piriul lui Avram; Hd, Hondol; Co, Coranda; Bo, Bocsa; S, Sdcirimb.

Plate III

Fig. 1. — Piritd framboijdald in sist argilos negricios. Formele sferice, cu structuri granularj
au diametrul de 6 microni. Galeria Coranda III. N //, imersie in ulei.
Framboidal pyrite in blaekish clay schist. The spheric forms showing a granular
structure are 6 microns in diameter. Coranda III Gallery. N //, oil immersion.

Fig. 2. — Framboide dc piritd asociate, simulind o structurfi organici piritizatf. Coranda
111. N //, imersie in ulei, x 500.

Associated pyrite framboids, simulating a pyritized organic structure. Coranda III.
N //, oil immersion, x 500.

Fig. 3. — Granul de magnetit titanifer intens sulfidizat, in gresii tufitice, Piriul Corinzii. in
zona centrald se mai observd structura lamelar relicti si granule izolate de anatas.
N //, imersie in ulei, X 500. .
Intensely sulfidized titanomagnetite grain in tuffitic sandstones, the Corinzii Brook.
The relict lamellar structure as well as isolated anatase grains are to be noticed in
the central zome. N /[, oil immersion, x 500.

Fig. 4. — Gresii prebadeniene cu magnetit titanifer a cirui structuri primari este perfect
conservatdi, dar intreaga mas# este alcituitd din leucoxen. Piriul Corinzii. N[/
imersie in ulei, x 500. : :

Pre-Badenian sandstones with titanium-bearing magnetite whose primary structure
is perfectly preserved, but the whole mass consists of leucoxene now. The Corinzij
Brook. N /[, oil immersion, x 500.
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Fig.

Fig.

Fig.

Fig.

Fig.

Plate IV

1, — Piritd hidrotermald cu corcani poikilitici (incluziuni de minerale nemetalifere).
Coranda III. N /[, x 160.
Hydrothermal pyrite with a poikilitic rim (non-metalliferous mineral inclusions).
Coranda IIL. N//, x 160. :

. 2. — Granul de piritd cu zonare recurentfi; zonele bogate in cupru si arsen au reflecti-

vitate mai micd. Coranda I. N /[, imersie in ulei, x 160.
Pyrite grain with recurrent zoning; the zones rich in copper and arsenic show a
lower reflectivity. Coranda I. N //, oil immersion, x 160.

3. — Granule de piritd cu zonare simpli (coroane mai slab reflectante). Coranda IIL. N {/,
imersie in ulei, x 500. o
Pyrite grains with simple zoning (more weakly reflecting rims). Coranda III. N //,
oil immersion, x 500.

4. — Piritd normali (pyl, cenusiu deschis) substituiti prin piriti imbogifiti in cupru
si arsen (py I, cenusiu inehis) si tetraedrit (cenusiu negricios). Coranda III. N //,
imersie tn ulei, x 500.

Normal pyrite (py I, light grey) replaced by pyrite enriched in copper and arsenic
(py 1J, dark grey) and tetrahedrite (blackish grey). Coranda IIL. N //, oil immer-
sion, X 500.

Plate V

. 1. — Sfalerit (cenusin) cu doué tipuri de incluziuni de calcopiriti (alb). Orizontul — 100.

N /[, imersie in ulei, x 500.
Sphalerite (grey) with two types of chalcopyrite inclusions (white). Level ~100m.
N//, oil immersion, x 500.

. 2. — Sfalerit (cenusiu) cu incluziuni uniforme de calcopiriti (alb). De remarcat este filo-

nasul de sfalerit lipsit de incluziuni (sfalerit alterat, vezi textul). Orizontul ~ 200.
N //, imersie in ulei, x 500.

Sphalerite (grey) with uniform chalcopyrite inclusions (white). One should note the
sphalerite veinlet without inclusions (altered sphalerite, see text). Level —200m. N //,
oil immersion, x 500.

. 3. — Similar cu figura 2, dar aici in filonagul de sfalerit alterat apar incluziuni alungite

de calcopiritd, apdrute probabil prin difuzie in stare solidd. Orizontul — 200. N //,
imersie in ulei, x 500. '
Similar to Figure 2, but the altered sphalerite veinlet contains clongated chalco-
pyrite inclusions that might have appeared by diffusion in solid state. Level —200m.
N//, oil immersion, X 500

4. — Sfalerit ,zonat’’, cu nucleu imbicsit de incluziuni fine de calcopirita (alb). Orizontul
— 100. N //, imersie in ulei, x 500.
“Zoned’ sphalerite, with nucleus containing fine chalcopyrite inclusions (white).
Level —100 m. N//, oil immersion, Xx 500.

Plate VI

1. — Structurii de recristalizare (?); concrestere de sfalerit (cenusiu) cu calcopiritd (alb)
in bournonit (bnn) (cenusiu deschis) care substituie galena (gn). Coranda IL N /[,
imersie in ulei, x 500.
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Recrystallization structure (?); intergrowth of sphalerite (grey) with chalcopyrite
(white) in bournonite (bnn) (light grey) which replaces galena (gn). Coranda II. N //,
oil immersion, x 500.
Fig. 2. — Sfalerit (cenusiu inchis) cu incluziuni fine de calcopiritd ; in centrul fotografiei apare
galend cu inclu.iuni de bournonit ; la limita galend/sfalerit apar granule fine de tetra-
edrit'si calcopiritd. Coranda I. N //, imersie in ulei. x 500.
Sphalerité (dark grey) with fine chalcopyrite inclusions; galena with bournonite
inclusions appears in the middle of the photograph; fine tetrahedrite and chalco-
pyrite grains appear at the galena/sphalerite boundary. Coranda I. N //, oil immer-
sion, x 500. ) ' v
‘Fig. 3. — Galen3 (cenusiu-albicios, gn) traversatd de un filonas de tetraedrit (ttr). si bourno-
nit (bnn) Coranda 1. N //, imersie in ulei, x 500.
Galena (whitish grey, gn) cut by a tetrahedrite ({tr) and hournonite (bnn) veinlet.
Coranda }. N //, oil immersion, x 500.
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ZACAMINTE

MINEREURILE SINGENETICE DE BARITINA DE LA
HOLDITA-BROSTENI (CARPATII ORIENTALI)?

DE

ALEXANDRU VODA 2, DOINA VODA 2

Barile. Syngenelic ores. Sirafiform metamorphosed sedimentary deposils. Tulghes Series.
Cambrian. Lithosiraligraphie control. Mineralogical composilion. Pelrochemistry. Trace
elements. East Carpalhians. Crystalline-Mesozoic zone. Pietrosu. Barnar. Budacu.

Abstraet

Syngenetic Barite Ore Deposits from Holdita-Brosteni
(East Carpathians). The syngenetic barite ore deposits from Holdi{a-Brosteni appear
in the form of conformable beds within the metamorphic formation of the black quartzites
from the Tulghes Series. The succession comprising the barite ore deposits shows a facies
characteristic for the unit which includes also the manganese mineralizations on the eastern
side of the Crystalline-Mesozoic zone in the East Carpathians. The analysis of the lithostrati-
graphic, structural, mineralogical and geochemical characteristics provides arguments in
favour of a sedimentary genesis of the barite beds at Holdi{a-Brosteni.

In formatiunile metamorfice cambriene (seria de Tulghes) din Car-
patii Orientali sint bine cunoscute mineralizatiile singenetice de mangan
§i cele de sulfuri polimetalice. Cu o extindere relativ redusd si mai putin
cunoscute sint minereurile de bariting de la Holdita-Brosteni.

Minereurile de baritind de la Holdita-Brosteni se gésesc la nord-est
de satul Brosteni, judetul Suceava, in versantul sting al viii Bistrifa,
intre piriul Holdita §i piriul Réchitis, ultimul afluent mic pe stinga viii
Bistrita, aval de Brosteni, Minereul de baritind a fost pus in evident{d de
Al. Vodd si I. Popa in anul 1965, in versantul drept al piriului

1 Predatd la 12 mai 1980, acceptatdi pentru publicare la 13 mai 1980, comunicati in
sedinta din 30 mai 1980. -~ I
‘ 2 Intreprinderea geologicii de prospeciiuni pentru substante minerale solide, str. Caran-
sebes nr. 1, 78344 Bucuresti 32.
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‘Fig. 1. — Schita geologicd a regiunii Hdldita-Brosteni cu zonele de aparifie a minereurilor
singenetice de baritini.
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Holdita. Cercetirile detaliate executate ulterior de Vo d 4 (1966), Vo d &
$i Vodd (1968) au dus la gisirea minereului de baritini din versantul
sting al piriului Holdita si pind la sud de pirjul Casei (Lungeni). In 1971,
L e s e mentioneazd o lentild de baritind, cu grosime micé, in versantul
drept al piriului Steghioara (Borea).

Regiunea Holdita-Brosteni este amplasati pe bordura estici a
zonei cristalino-mezozoice, la contactul acesteia cu zona flisului Carpati-
lor Orientali. '

La alcdtuirea regiunii iau parte formatiuni metamorfice precam-
briene, cambriene si devoniene, precum si formatiuni sedimentare mezo-
zoice (fig. 1).

Cadrul litostratigrafie

Succesiunea litostratigraficd in care apar minereurile de bariting.
constituie o secventd tipicd pentru un anumit facies al formatiunii de cuar-
tite negre din seria de Tulghes. Aceastd succesiune este aledtuitd dintr-un
pachet de cuartite negre grafitoase, uneori cu piriti sau cu minereuri de
mangan, in care se intercaleazi unul sau mai multe strate de baritini,
de grosime cuprinsg intre 0,2 m si 4 m. Intreaga secventii are grosimea de
80—120 m. In toate cazurile, stratele de bariting au fost giisite la partea.
superioard a succesiunii de cuartite negre, peste nivelele de calcare cris-
taline, gisturi carbonatice §i minereuri de mangan.

In versantul drept al piriului Holdita §i in versantul drept al piriu-
lui Steghioara (fig. 2) succesiunile litostratigrafice, care cuprind inter-
calatii de baritind, sint mai complete §i cuprind :

— in bazi, sisturi carbonatice, minereuri de mangan (carbonafti,
silicati sau oxizi de mangan) si cuartite negre grafitoase (70—80 m);

— in partea mediani, calcare cristaline, cuartite feldspatice cenusiu-
verzui, detritogene, sisturi calecaroase §i sisturi grafitoase cu benzi metrice
de cuarfite negre grafitoase (40—50 m);

1, strate de Sinaia (flis grezocalcaros cretacic inferior), in unitatea de Ceahliu; 2, formafiuni
sedimentare triasice si neocomiene, ‘n lame de rabotaj; 3, seria de Tulghes (vendian-cam-
briand)s in unitatea bucovinici (a) si unitatea de Borca (b) ; 4 formatiunea de Negrisoara (pre-
cambrian superioard), in unitatea de Pietrosu Bistrilei; 5, formafiunea de Steghioara (devo-
nian#), in unitatea de Gura Steghioarei; 6, mineralizalia singeneticd de baritini ; 7, falie; 8,
sariaj.
Esquisse géologique de la région de Holdija-Brosteni avec les zones d’apparition des mine-
rais syngénétiques de barytine.
1, couches de Sinaia (flysch grésocalcaire d’dge Crétacé inférieur), dans l'unité de Ceahliu;
2, formations sédimentaires triasiques et néocomiennes, en lames de rabotage; 3, série de-
Tulghes (vendien-cambrienne), dans l’'unité bucovinienne (a) et l'unité de Borca (b); 4,
formation de Negrisoara (Précambrien supérieur), dans 'unité de Pietrosu Bistritei; 5, for~
mation de Steghioara (DéVonien) dans Punité de Gura Steghioarei; 6, minéralisation syn-
génétique de barytine; 7, faille; 8, charriage.



236 N AL. VODA, DOINA VODA

.
U

~
!§

Vf. Afinis (Brosteni)

3
<
<
y E!
- &

i

-~

O,

]
A

= .

\ A\
p:

0-Steghicara (Borea)

wb

> uP8 £
Y ogn

W77 S A
55 . &3

Fig. 2. — Sectiuni geologice caracteristice in regiunea Holdita-Brosteni si Borca. A, piriul
Holdifa; B, pirful Casei-virful  Afinis; C, piriul Steghioara.
1, lami de sariaj, dolomite brecioase (triasice), brecii, gresii, marne, argile rosii (neocomiene) ;
2, strate de Sinaia, gresii calcaroase, marne, marnocalcare ; 3, 4, 5, 6, 7, seria de Tulghes; 7,
complexul Tg;, cuarfite muscovitice; 6, complexul Tg,, cuarlite negre (qn), calcare §i sisturi
calcaroase (c), minereuri singenetice de baritind (Ba) 5i de mangan (Mn); 5, 4, complexul Tgg
metatufuri si metatufite acide (Ma), metatufite acide cuartitice (Maq) sisturi verzi tufogene
bazice (Mb); 3, complexul Tgys cuarfite cu sericit, sisturi satinate, metatufuri dacitice; 8,
formatiunea de Negrisoara, paragnaise, icasisturi si gnaise porfiroide; 9, formatiunea de.
Steghioara, metapelite negricioase si metaaglomerate bazice; 10, falie; 11, plan de sariaj;
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— in partea superioari, cuartitele negre grafitoase, uneori cu pi-
ritd, cuprinzind stratul (stratele) de baritini (80—120 m).

Deasupra formatiunii cuartitelor negre apar sisturi terigene, cuar-
tite albe feldspatice, sisturi verzi tufogene bazice si metavulcanite acide,
apartinind formatiunii vuleanogen-acide din seria de Tulghes (Tg,).

In cadrul secventei cu minereuri de baritini pot fi intilnite unul,
doud sau chiar trei strate de bariting.

Extinderea acestora a fost verificatd pe o lungime si adincime de
ordinul mai multor sute de metri.

Stratele de baritind sint separate intre ele prin pachete de 5—10 m
grosime de cuartite negre grafitoase, uneori cu impregnatii de piritd.
O cantitate mai mare de piritd se observi in culcusul stratelor de bariting
{pl. I, fig. 2) si in masa mineralizatiei de baritini. Episoadele piritoase
se repetd uneori ritmic, mineralizatia cipitind aspect rubanat (pl. I, fig.
1). In partea inferioar a succesiunii, care cuprinde mineralizatia de bari-
tind, apar uneori lentile-strat de piriti compactd, cu grosimi submetrice.

In versantul sting al piriului Holdita, la obirgia piriului Arsita,
intre doud strate de baritind apar sisturi carbonatice §i oxizi de mangan,
o recurentd a faciesului manganifer din baza formatiunii de cuartite
negre.

Date strueturale

a

Caracteristica structurali a regiunii este marcati in primul! rind
de sariajul zonei cristalino-mezozoice peste zona flisului. In cadrul zonei
cristalino-mezozoice sint delimitate mai multe unitdfi structurale, cu
rang de pinze de sariaj, unele luind contact direct cu zona flisului. Pe fron-
tul de sariaj al pinzelor apar lame de gariaj, iar spre interior apar ferestre
tectonice (Vod#, 1980). Dupd punerea in loc a pinzelor, acestea au
fost cutate si faliate. Din acest motiv structurile sint dificil de surprins si
de urmdrit.

uC, unitatea de Ceahliiu; Is, lama de sariaj; ub, unitatea bucovinicd; uB, unitatea de Borca;
uPB, unitatea de Pietrosu Bistrifei; uGS, unitatea de Gura Steghioarci.
Sections géologiques caractéristiques dans la région de Holdi{a-Brosteni ct Borca. A,
ruisseau Holdita; B, ruisseau Casei-sommet Afinis; C, ruisseau Steghioara.
1, lame de charriage, dolomies brécheuscs (triasiques), breéches, grés, marnes, argiles rouges
{néocomiennes); 2, couches de Sinaia, grés calcairces, marnes, marnocalcaires;3, 4, 5, 6, 7, série
de Tulghes : 7, complexe Tgl, quartzites muscovitiques: 8, complexe ng, quartzites noires
{qn), calcaires et schistes calcaires (c), minerais syngénétiques de barytine (Ba) et de manga-
nése (Mn); 5, 4, complexe Tg,, métatufs et métatufites acides (Ma), métatufites acides quartz
itiques (Maq); schistes verts tuffogénes basiques (MDb); 3, complexe Tg,, quartzites & séri-
cite, schistes satinés, métatufs dacitiques; 8, formation de Negrisoara, paragneiss, mica-
schistes et gneiss porphyroides; 9, formation de Steghioara, métapélites noiratres et méta-
agglomérés basiques; 10, faille; 11, plan de charriage; uC, unité de Ceahliu; I, lame de char-
riage; ub, unité bucovinienne; uB, unité de Borca; uPB, unité de Pietrosu Bistritei; uGSs,
unité de Gura Steghioarei.
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O complicatie structurald importants in regiune este datd de supra-
punerea a doud unitdti, alcdtuite din formatiuni apartinind seriei de
Tulghes.

In unitatea superioard (unitatea bucovinicd) seria de Tulghes apare
in succesiune normaldi, completd, in vestul regiunii, pe piriul Ciboaia,
piriul Viciria si piriul Stinei. In zona median si esticsi apare doar partea
superioard a succesiunii seriei de Tulghes, stind tectonic peste diferifi
termeni ai unitdtii inferioare (unitatea de Borca). Aceastd situatie este
vizibili pe piriul Holdita (fig. 2 A) si piriul Casei (fig. 2 B), in sectorul
nordic al regiunii i pe piriul Steghioara (fig. 2 C), in sectorul sudic al
regiunii. Integrind datele litostratigrafice si structurale din profilele de
mai sus, obtinem o imagine sugestivii a cadrului structural in care apar
mineralizatiile de baritind din regiunea Holdita-Brosteni-Borea (fig. 3).

— T

unitatea butoyiniqo(t_]b): : : -

) .'L.Jnlftlfél;‘l. de ék')r:ca (uBy

unitatea de Pietrosu Bistritei (uPB)
s e T
I l I | l l I H l l l | , unitatea de Cechlu{uC)

unitatea de Gura Steghioarei (uGS)
Fig. 3. — Cadrul structural schematic al regiunii Holdifa-Brosteni.
Cadre structural schématique de la région de Holdita-Brosteni.

Mineralizatia de bariting apare pe ambele flancuri ale anticlinalului
Holdita-piriul Casei si pe flancul vestic, cizut, al aceleiagi structuri. Ridi-
carea structurii spre sud face si apari unitatea interioars, pe un compar-
timent mai intern, cu indicatii de baritini, la acelasi nivel litostratigrafic,
in versantul drept al piriului Steghioara. La Brosteni acest comparti-
ment se afli la vest de falia inversd, urmériti de la Piriul lui Balaban
si pini la pirinl Secu. In aceastd zon# unitatea inferioars ar fi la cel putin
500 m sub nivelul viii Bistrita. ’
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Compozifia mineralogicd, structura si textura mineralizatiei

In relatia parageneticsi specifici stratelor de baritini se gisesc
doar citeva minerale : baritina, cuarful, pirita §i witheritul. Sporadic,
in cantitdti nesemnificative, apar §i alte minerale : feldspat, muscovit
sericit, clorit, calcit ete. In zona de alteratie a stratelor de baritini, care
contin si piritd, pe piriul Casei, s-a intilnit cuprit, cupru nativ si gips, iar
pe o zon# de fisuri, in patul stratelor de baritini, au fost intilnite depuneri
secundare de celestini.

Variatia compozitiei mineralogice a stratelor de baritin# este mare.
‘Baritina se intilneste in mase compacte, alcituite din granule aproape
izometrice, cu dimensiuni de 0,05—0,3 mm, in asociatie cu cuartul si
pirita. Cuarful apare in granule mirunte, izolate in masa baritinei, sau cu
contururi indintate, in benzi subtiri, intercalate intre benzile in care pre-
doming baritina. Pirita apare ca mineral principal (10—159%,), in partea
centrald a zdcimintului Holdita-Brosteni. Lateral, continutul in pirit4
scade treptat, pind la 0,5 —19%,. Witheritul formeazi cuiburi mici printre
granulele de baritini, cuart i piritd. Este in mod constant impurificat de
oxizi de fier i nu depiseste 1%,. Benzi carbonatice, cu acelasi aspect-
»murdar”, apar frecvent in secventele piritoase din baza stratelor de bari-
tind. Calcitul predomind asupra sideritei §i rodocrozitului.

Baritina §i cuartul se gisesc in cantitéiti complementare, suma lor
depisind in mod obisnuit 909, din roci.

Cu totul sporadic apare feldspatul plagioclaz (albit), serieitul si
cloritul, mai ales in zonele marginale ale stratelor de baritini, in care
predoming si cuartul.

Stratele de bariting pidstreazd aspectul structurii primare strati-
ficate, prezentind in acelagi timp §i structuri secundare datorits metamor-
fismului (struetura microeristaling a minereului) si deformirilor post-
metamorfice. :

Textura minereului este in general masivd. Prezenta piritei in sec-
vente cu grosimi diferite imprimé o texturd vargatf sau paraleli (ruba-
natd), ca rezultat al conservirii texturii primare. O textury sistoasd se
observi in zonele marginale ale stratelor de baritin, unde apar $i minerale
metamorfe (clorit §i sericit), care au foliatie paraleli cu a rocilor adiacente.
Tot in aceste zone apare paramorfoza de rutil dup# brookit, cu orientéri
diferite.

Asa cum s-a observat la mineralizatiile singenetice de sulfuri poli-
metalice din seria de Tulghes (Krdutner, 1965; Balintoni
et al.; 1973), aspectele structurale ale minereurilor metamorfozate sint
determinate de proprietitile fizico-chimice ale mineralelor din sistem. Nu
a existat o ordine de cristalizare, ci o cristalizare in sistem inchis, sincroni
evenimentului metamorf. In comparatie cu minereul de sulfuri, in mine-
reul de bariting rolul de ,,minerale moi’’ il au baritina, carbonatii si cuarful.
Printre acestea, pirita se dezvoltd in cristale idiomorfe ale cror dimensiuni
sint in functie de structura primari a minereului. :

Trebuie mentionate aspectele deformationale, postmetamorfe, vizi-
bile mai pregnant in paragenezele in care pirita abund#. Sint. prezente
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TABEL

Rezultalele analizelor chimice $i specirale ale probelor recoliale din flancul
estic al zdedminiului Holdija-piriul Casei )

Nr. | Nr. Analize - chimice, % Analize spectrale, ppm
crt. |probei |Baso, [BaCO,| SO, |CaCO,[ Sr | Mn | Co | Ni | v |1 | P
ol 1| 2 3| 4|5 | 6 | 7 g o | ] i1 4 12
1]1418 | 1,78 73,36] — 200 | 3000 | 25 80 80 150 3
2| 991 | 6,38 0,32 | 85,26/ 0,57 | 400 | 400 | — 10 | 250 400 | 10
3 | 1414 | 12,51 — | 67,78 — 100 | 3000 | 10 30 20 100 | 10
4| 904 | 13,01| 0,51 | 76,28| 3,24 | 1000 | 100 3 10 | 100 200 | 20
5| 98 ! 14,15/ 0,25 | 79,75 — | 1000 | 300 | — 3 60 20| —
6| 990 | 14,65] 0,39 | 82,50| 0,57 | 600 | 400 | — = 50 | 200 3
7 | 994 | 19,16| 0,40 | 50,00| 0,37 | 1000 | 500 | — 10 | 250 200 | 180
8 | 849 | 19,98| 0,76 | 59,56/ 0,42 | 1200 80 | — 3 30 200 | 10
9 | 804 |20,60]/ 0,36 | 66,64] 1,06 | 1500 | 100 | — 20 | 150 300 | 10
10 | 944 | 21,39} 0,41 | 69,31| 1,87 | 1000 | 300 | — 3 30 10 3
11 | 972 | 22,17/ 0,23 | 58,00| 6,23 | 700 | 1000 | - 30 80 2 | —
12 | 986 | 23,89| 0,39 | 65,00] — | 1000 8| 10 50 30 30 3
13 | 894 | 30,37/ 0,55 | 67,76] 0,50 | 1500 | 500 | — 20 | 250 200 | 20
14 { 942 | 31,09] 0,43 | 56,34 2,80 | 1500 | 500 | — — | 100 10 | 10
15 | 939 | 31,65/ 0,51 | 62,60] 1,24 | 1000 80 | . — 3 40 10 8
16 | 892 | 35,02/ 0,53 | 50,32 0,62| 1700 | 100 | — 10 | 100 100 | 10
17 | 983 | 35,36/ 0,62 | 55,10, — | 1000 | 2000 | — 20 50 10| 10
18 | 887 | 35,88/ 0,56 | 39,12| 0,94 | 2000 | 100 | — 3 50 500 | 10
19 | 993 | 36,23| 0,49 | 43,75 0,44 | 1000 | 500 | — 7 | 200 150 | 10
20 | 1417 | 36,69] — | 34,60/ — : 1000 | 3000 [ 10 | 100 | 100 200 | 10
21 | 992 | 36,88/ 0,36 | 50,00| 0,50 { 900 | 500 | — 10 | 250 210 | 10
22 | 902 | 37,27| 0,53 | 49,82| 5,27 | 1200 | 200 3 30 | 150 300 | 20
23} 936 | 39,24/ 0,44 | 56,09) 1,87 | 2000 | 200 | — 3 20 3 3
24 | 984 | 39,42/ 0,44 | 6,60 — | 1200 P 3 20 20 0] —
25 | 848 | 39,52{ 0,73 | 50,28 0,42 | 1500 80 3 = 30 300 | 10
26 | 940 | 39,72| 0,36 | 56,54] 0,92 | 1200 | 100 | — - 10 3| —
27 | 903 | 40,40| 0,62 | 50,28| 2,50 | 1700. | 100 | — e 30 200 3
28 | 1028 | 41,18| 0,46 | 24,86] 1,60 | 1000 45| — = 10 100 | 10
29 | 935 | 42,46| 0,42 | 51,24] 1,24 | 2000 | 300 | ~— 3 80 10 3
30 | 1181 | 42,78/ 0,38 | 33,04 — 500 | 100 | — 10 30 | 1000 | 25
31 | 988 | 44,12/ 0,38 | 48,60| 0,62 | 1000 | 200 | — = 20 10| —
32 | 937 | 44,80| 0,56 | 51,79| 1,60 | 1000 | 150 = 3 20 3 3
33| 982 | 45,98| 0,54 | 43,50] 0,45 | 2000 P o 30 30 10 3
34 | 938 | 46,49} 0,51 | 48,43] 1,87 | 1000 | 100 | — 3 10 3 3
35 | 1374 | 47,66] — | 44,90 — | 2000 | 3000 | 20 20 50 200 3
36 | 934 | 48,38| 0,44 | 40,32/ 2,08 | 3000 | 3000 | — 3 20 3 3
37 | 1275 | 51,60( 0,43 | 8,00 : 6,76 | 2000 | 3000 | 30 50 50 150 3
38 | 1099 | 52,80 0,52 | 26,14 ! 0,68 | 3000 | 1000 10 30 100 | 10
39 | 1101 | 52,80[ 0,52 | 26,14| 0,68 | 3000 | 2000 | 20 80 800 3
40 | 884 | 52,67| 0,63 | 44,08] 0,99 | 1500 | 100 3 10 30 80 3
41 {11396 | 55,02 — | 12,82} — | 1200 | 3000 | 20 30 80 150 | 10
42 | 996 | 53,65| 0,59 | 30,35| 0,37 | 800 | 5000 | 40 80 | 100 100 | 20
43| 976 | 56,16] 0,44 | 4,5 | 9,10 | 3000 | 3000 3 10 50 30 3
44 | 971 | 57,14} 0,41 | 25,20| 7,12 | 3000 | 500 [ — 3 50 20 3
45 | 941 | 57,29 0,42 | 40,34| 1,02 | 3000 80 | — — 3 3 3
46 | 948 | 57,52| 0,28 | 17,14} 2,50 ] 3000 30 | — - 30 201 10
47 | 810 { 57,90! — | 39,78| 3,70 | 1000 | 100 | — 3 30 100. 3
48 | 868 | 62,00, — | 33,26) — {2000 | 300 | — = 30 100 3
49 | 1266 | 62,55/ 0,53 | 3,00| 4,00 | 1000 | 3000 | . 10 10 20 80 3
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TABEL (continuare)

ol 1| 2| 3| a|la]se] 2] s8] 9| 10]1un]i
50 | 1276 | 62,90| 0,34 | 8,34| 3,64 | 2000 | 3000 I 25 | 40 | 40 | 80

51 | 963 | 68,05(0,35 | 27,20{0,80 | 500 | P | — | 3 | 30 | 30| —
52 | 977 | 7043 (0,41 | 3,62/ 9,10 | 1000 [3000 | 3 | 10 | 30 | 20| —
53 | 943 | 72,52| 2,06 | 24.02[ 0,82 | 2000 | 80| — | — | 30 3] 8
54 | 985 | 78,51/ 0,51 | 8,201,14]2000| P| 3 | 30 | 20 | 15| 3
55 | 1029 | 78,74| 0,46 | 14,66| 1,60 | 1500 | 500 | — | — | 70 | 500 | 10
56 | 964 | 80,53 0,30 | 16,28/ 0,53 | 800 | 00t — | — | 10 | 20| 3
57 | 1190 | 82,82[ 0,48 | 10,66 0,50 | 1200 | 200.*. — | 10 | 8 | 20| 30
58 | 920 | 83,11/ 0,79 | 3,59/ 1,25 | 300 [3000 . 3 | 30 | 40 | 20| 5
59 | 1120 | 83,25| 0,33 | 5.00| 0,55 | 1200 | 3000 | 20 | 80 | 30 | 100 | 100
60 | 811 | 84,10| 0,51 | 4,06 5,30 | 3000 | 3000 | — | 10 | 10 | 80| 10
61 | 987 | 85,39| 0,43 | 5.25/ 0,62 [3000 | 800 | — | — | 25 | 20| 5
62 | 933 | 87,30| 0,45 | 9,42/ 1,07 {1500 | 300 | — | — | 30 | 20| 5
63 | 995 | 88,33f 0,51 | 6,15/ 0,37 | 800 | 3000 | 3 | ‘30 | 30 | 100 |110
64 | 805 | 90,09/ 0,45 | 2.02( 1,24 1300 | 80| — | — | 30 | 100 | 10
65 | 931 | 90,99/ 0,51 | 5,70| 0,90 | 1500 | 3000 | — | — | 20 | 10| 3
66 | 1027 | 92,02/ 0,44 | 5,20/0,43 | 800 | P | 5 |250 |200 | 500 | 10
67 | 809 | 92,10| 0,39 | 4.40| 0,62 [ 2500 | 100 | — | — | 30 | 100 | 10
68 | 945 | 92,17/ 0,43 | 4,12/ 1,41 | 50 | 100 — | 10 | 20 3 | 100
69 | 932 | 92,60| 0,48 | 4,70/ 0,92 [ 3000 | 2000 | — | — | 10 3| 8
70 | 1265 | 93,06| 0,43 | 7,74] 1,35 | 1000 | 3000 | 25 | 40 | 30 | 100 | 30
71 | 907 | 93,49/ 0,51 | 2.60| 1,29 | 2000] 100 | 3 | — | 30 | 100 | 10
72 | 1397 | 94,12] — | 3.04] — |1000 | 3000 | 10 | 20 | 30 | 50| 5

fisuriri, falieri §i lamin#ri puternice, care aratd o sfirimare avansatd,
cu deplasiiri in cadrul stratului, vizibile dupfi umbra (coada) granulelor
strivite de piritd (pl. II, fig. 1).

Compozitia chimicii §i elementele minore

Variatiile componentilor mineralogi principali sint reflectate in
compozitia chimicd a minereului. :

Analizele chimice de bazi ale unui numir de probe, recoltate din
flancul estic al zicimintului Holdita-piriul Casei, analizate §i spectral
pentru elementele minore, sint prezentate in tabel.

Numirul determinirilor de care dispunem este insuficient pentru o
analizdi, geochimic# statisticd.

Din analiza compozifiei chimice i a elementelor minore se remarcd
urmitoarele aspecte :

— baritina si cuartul sint principalii componenti ai mineralizafiei;
suma acestora (BaSQ, -+ Si0,) tinzind spre o valoare medie de peste 909 ;
cresterea continutului in BaSO, se produce odaté cu sciiderea proportio-
nald a conginutului in SiO, (fig. 4);

— nu se observy o corelatie intre continutul in carbonatii determinati
chimic (BaCO; i CaCO;) si continutul in componentii principali; este
posibil ca legitura carbonati-pirité, observats la microscop, sé fie intr-o
corelatie genetici care caracterizeazd un facies local al mineralizatiel

/1
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— dintre elementele minore, doar strontiul §i manganul au valori
care dep#sesc continuturile medii ale sedimentelor cambriene ; strongiul
i °/O
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901 _sio,
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— cobaltul §i nichelul au valori foarte sciizute, iar raportul lor este
in mod constant subunitar (fig. 5);
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. — vanadiul si titanul au valori mult mai scizute decit in rocile adia-
cente stratelor de baritiné, iar corelatia lor nu pare a fi semnificativi ;

— multe din elementele metalice (Ag, Cu, Zn, Sn, Cd, Ga) sint in
cantititi sub limita de detectie a spectrografelor obignuite ; doar plumbul
a fost trecut in tabelul datelor analitice, dar valorile sint foarte mici si
nu prezintd o variatie semnificativi.

Consideratii genetice

Caracterul singenetic al minereurilor de bariting de la Holdiya-
Brogteni este sugerat in primul rind de forma de ziicimint, care este de
tip sedimentogen. In acelagi sens pot fi interpretate ambianta litologics,
compozitia mineralogicd, structura minereului, ca si caracterele chimice i
geochimice.

Preluind modul de argumentare folosit in stabilirea genezei sulfurilor
polimetalice interstratificate in seria de Tulghes (KXrdutner, 1965;
B alintoni etal., 1973), pentru mineralizatiile de baritini de la Hol-
dita-Brogteni, diferentele se evidentiazd doar in ceea ce priveste aportul,
o sursi hidrotermald a aportului nepdrind a fi posibili.

1. Argumente cd ‘mineralizatia reprezinid formajiuni premetamorfe
cu control spafial sedimentogen. Forma de zicidmint este de strate con-
cordante cu rocile din culcug si acoperis, iar unghiul de efilare al stratelor
este foarte mic. Controlul litostratigrafic a fost verificat atit in zicimintul
Holdita-piriul Casei, cit §i prin identificarea minereului de bariting in
versantul drept al piriului Steghioara (Borea), la o distantid de peste 10 km,
la acelasi nivel litostratigrafic. Structura §i textura minereului pdstreazi
aspectele primare ale unor depuneri succesive de piritd, baritind, cuart
si carbonati, in proportii diferite.

2. Argumente c¢d mineralizatia este metamorfozatd. Stratele de
bariting sint cutate sincron §i concordant cu metamorfitele, avind foliafii
si liniatii paralele cu metamorfitele. In masa minereului apar minerale
metamorfe cu foliatie paraleli cu a rocilor adiacente. Structurile minereu-
lui aratd o cristalizare metamorfs tipica.

3. Argumente pentru o depunere sedimentogend. Ambianta lito-
logici datd de cuartitele negre (metalidite), in care se gésesc cantonate
$i minereurile singentice de mangan, este caracteristici zonei de limitd
intre faciesul carbonatat si faciesul cu sulfuri din distributia faciald a mi-
neralelor sedimentare. Lipsa unui spectru mai larg de elemente minore
din cadrul mineralizatiei §i valorile, in general, mai mici, decit a celor din
sedimentele adiacente, sint argumente impotriva unei geneze hidrotermale.

Ne vom limita la aceastd argumentare, considerind, pentru etapa
actualy de cunoastere, indreptititd ipoteza unei geneze sedimentogene.

Coneluzii

Minereurile de baritind de la Holdita-Brogteni se gisesc sub formi
de strat (strate), interstratificate la un nivel litostratigrafic bine definit,
in partea superioari a formatiunii de cuartite negre din seria de Tulghes.
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Unitatea structurald in care apare faciesul cu bariting al formatiunii
de cuartite negre este unitatea de Borea, umtate inferioard pinzei buco-
vinice.

Stratul de baritini are grosimi variabile, de 0,2—4 m. In zicimintul
Holdita-Brogteni au fost intilnite doud si trei strate de baritind, separate
prin pachete de cuarfite negre, groase de 5—10 m.

In cadrul stratelor cu mineralizatie de baritini se observy uneori
0 succesiune care cuprinde in bazi cuart,lte negre grafitoase cu pmta,
cu cuart si carbonati, trecindu-se ap01 la masa de barltmd §i cuart, in care
apar rare benzi piritoase, ce imprimi aspect rubanat rocii.

Compozifia minereului cuprinde douf minerale principale in core-
latie cantitativi, invers proportionald : baritina §i cuartul. Pirita §i car-
bonatii (caleit, witherit, rodocrozit si siderit) se intilnese frecvent in partea
centrali a zdcimintului Holdita-piriul Casei §i sporadic in restul zici-
mintului.

Compozitia chimicd a mineralizatiei redd variatiile observate in
compozitia mineralogici. Dintre elementele minore doar strontiul $i man-
ganul depisesc continuturile medii ale sedimentelor cambriene adiacente
mineralizatiei ; cobaltul §i nichelul au valori foarte scizute, iar raportul
lor este in mod constant subunitar.

Caracterul singenetic al mineralizatiei de baritind este argumentat
pe baza formei de zicimint de tip sedimentogen, stratele de bariting -fiind
concordante gi eu control litostratigrafic. Sint cutate sincron si concor-
dant cu metamorfitele din succesiunea litostratigrafici a formatiunii de
cuartite negre din seria de Tulghes. Ambianta litologicd este datd de cuar-
titele negre in care sint cantonate §i mineralizatii singenetice de mangan.

Argumentele mineralogice gi geochimice motiveazi geneza sedimen-
togend, neputindu-se justifica o genezi hidrotermals.
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MINERAIS SYNGENETIQUES DE BARYTINE DE
HOLDITA-BROSTENI (CARPATHES ORIENTALES)

(Résumé)

La région de Holdila-Brosteni est emplacée sur la bordure orientale de la zone cris-
tallino-mésozoique, 2 sont contact avec la zone du flysch des Carpathes Orientales. A la
constitution de cette région participent des formations métamorphiques précambriennes, cam-
briennes et dévoniennes, ainsi que des formations s¢dimentaires mésozoiques (fig. 1).

Les minerais de barytine apparaissent sous forme de couches concordantes, épaisses.
de 0,2 —4 m, a la partie supérieure de la succession de quartzites noires de la série de Tulghes,
dans le faciés qui comprend ¢galement les minéralisations de manganése a la partic infé-
rieure de la formation des quartzites noirs. Ce faciés de la séric de Tulghes se trouve dans
la région de Holdita-Brosteni, dans une unité structurale inférieure 4 la nappe bucovinienne,.
dénommée Vunité de Borca.

La composition minéralogique du minerai est simple. La barytine et le quariz sont
les minéraux principaux, dans une corrélation quantitative inversement proportionnelle.La:
pyrite et les carbonates sont [réquemment renconirés dans la partie centrale du gisement
Holdita-ruisseau Casei et sporadiquement dans le reste du gisement.

La composition chimique du minerai présente les variations observées dans la compo-
sition minéralogique (tableau 1). La teneur moyenne des échantillons analysés est la suivante :
BaSO4—51% 2 Si02—42% g BaCOa— 0,589, ; CaCO3 —2,329%,. Sur les éléments mineurs, seuls
Sr et Mn dépassent les teneurs moyennes des sédiments cambriens adjacents & la minéralisa-
tion. Co et Ni ont des valeurs trés basses, et le rapport Co/Ni est constamment subunitaire.

Le caractére syngénétique du minerai de barytine est argumenté & laide dc la forme
du gisement de type sédimentogéne, les couches de barytine étant concordantes et avee contrdle
lithostratigraphique. Elles se sont plissées synchroniquement et en concordance avec les méta-
morphites de la succession lithostratigraphique qui les cantonne. L’ambiance lithologique est
donnée par les quartzites noires, qui renferment aussi les minerais syngénétiques de manga-
nése. Les caractéres minéralogiques et géochimiques sont favorables 4 une genése sédimen-
togéne.

EXPLICATIA PLANSELOR
Plansa I

Fig. 1. — Minereu de baritind cu benzi inilimetrice de piritd. Suprafafd lustruita.
Minerai de barytine avec laniéres millimétiriques de pyrite. Surfaee polie.
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Fig. 2. — Zona de culcus a minereului de baritini; se observi cuarfitele negre (in partea de
sus). Suprafati lustruita.
Zone de lit du minerai de barytine; on observe les quartzites noires (en haut).
Surface polie.

Plansa IT

Fig. 1. — Minereu dc baritind eu granule de piritd zdrobite si cu o intercalatie de cuartite
negre in bazd. Suprafatd lustruiti. ’
Minerai de barytine &4 grains de pyrite broyés et avec une intercalation de quartzites
noires en base. Surface polie. ;

Fig. 2. — Minereu de baritind cu benzi piritoase, cutat si faliat. Suprafati lustruiti.
Minerai de barytine avec laniéres pyriteuses, plissé et faillé. Surface polie.

Planga III

TFig. 1. — Baritind microgranulari. Sectiune subtire. N //, x 10.
Barytine microgrenue. Section mince. N //, x 10.
Fig. 2. — Baritind microgranulari. Seciiune subfire. N 4, x 25.
Barytinc microgrenue. Section mince. N 4, -x 25.
Fig. 3. — Piritd si carbonafi in minereul de baritini. Sectiune subtire, N //, x 10.
Pyrite et carbonates dans le minerai de barytine. Section mince. N //, x 10.
Fig. 4. — Baritind microgranulari cu piriti. Secfiune subtire. N 4, x 10.
Barytine microgrenue avec pyrite. Section mince. N 4, x 10.
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