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2. ZACAMINTE

CONTRIBUTII LA CUNOASTEREA METALOGENEZEI
MASIVULUI BANATITIC DE LA BUDUREASA
(MUNTII APUSENI)!

DE

GHEO RGHE ISTRATE si GHEORGHE UDUBASA 2

Banatites. Diorites. Monzonites. Tonalites. Rhyolites. Magmatic differentiation. Me-
tallogenetic zoning. Pyrometasomatic and thermal contact ore deposits. Minerals— parage-
nesis. Laramian orogenesis. Petrochemistry. Bihor Mits.

Abstraet

Contributionstothe Knowledgeofthe Metallogenesisofthe
BanatiticMassiffrom Budureasa(theApuseniMountains).The Bu-
dureasa banatitic massif has a complex sltructure, resulting from the emplacement, at short
intervals, of some magmatic fractions of comnposition ever more acid, from quartz diorites and
tonalites to monzogranites and, finally, to microgranitic rhyolites and porphyric microgranites.
The magmatic phenomena took place in two phases. The first phase consists of two episodes,
of the quartz-diorites and of thc monzogranites, being of metallogenetic interest, while the
second phase, of the microgranitic rhyolite dykes, is devoid of mineralizations. The metal-
logeneses associated with the two episodes of the first phase of magmatism are marked by
distinct hornfels and skarn types as well as by distinct parageneses of associated ore minerals.
The early intrusion of the quartz-diorites and tonalites generated pyrometasomatic and ther-
mometamorphic high temperature processes and magnetite mineralizations. Hornfelses and
skarns bearing lead-zinec mineralizations formed in connection with the banatites of monzo-
granitic composition. The galena-sphalerite-magnetite mineralizations from Ciungitura are of
particular interest as they actually consist of two parageneses. The magnetite formation took
place previously as thermally recrystallization product under the influence of the quartz-dio-
rites, while the galena-sphalerite (4 chalcopyrite, pyrrhotite etc.) paragenesis belongs to the
metallogenetic ensemble generated by monzogranites. The microgranitic rhyolites and the

1 Lucrare predatd la 1 noiembrie 1977. acceptatd pentru publicare la 1 noiembrie 1977,.
comunicatid in sedinta din 28 noiembrie 1977.

2 Institutul de geologie si geofizic, str. Caransebes nr. 1, Bucuresti.
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porphyric microgranites of the second phase are devoid of mineralizations. The late Laramian
dykes, acid differentiates devoid of volatiles, consist of fresh rocks and do not present contact
phenomena or associated mineralizations.

Introducere

Masivul banatitic de la Budureasa reprezintd una dintre cele ma
nordice aparitii la zi a unei importante mase de roci banatitice de. pe teri-
toriul tdrii si are o structurd complexs. Este situat in partea nord-vesticd
a Muntilor Apusenl, in zona in care igi dau intilnire patru importante uni-
tati geologice si geografice : la nord mun’gu Péddurea Craiului, la sud muntii
Blhorulul, citre est masivul Vlideasa, iar spre vest, bazinul neogen al
Beiugului.

Corpul principal reprezintd un lacolit tu forma ehpsmdal& cu axa
lungé de cca 7 km, orientatd nord-vest — sud-est si este constituit in prin-
cipal din monzogranite si, subordonat, din granodiorite si microdiorite
cuartifere. Spre est se dezvoltd un corp de compozitie tonalitici — cuart-
dlorltlca ce afloreazs neintrerupt pind in Valea ladului, Ja Stina de Vale.
Suprafata pe care apar rocile banatitice depdseste 20 km?, In vecinitatea
corpului principal se intilnesec dyke-uri i mieci apoflze de compozitie gra-
niticd sau cuart-dioriticd, mai frecvente spre est, in aria masivului VI1i-
deasa, §i spre sud citre corpul Banatitic de la Pietroasa. Ocurentele de
roci banatitice dln intreaga regiune sugereazi existenta unui 1mportant
corp eruptiv Ja micd adincime, sub cuvertura de dépoz1te sedimentare per-
mo-iezozoice ce constituie autohtonul de Bihor (Istrate, 1977). O
prlma confirmare a acestei idei’s furnizat-o forajul executat dé IPEG-Cluj
pe’ Valea Rea, care a mtercep’oat corpul monzogranitic 14 adincimea de
300 m. '

. Formatiunile sedimentare din vecindtatea corpumlor banatltlce apar-
fin in cea mai mare parte Tuasmulul si sint reprezentate prin gresii cuar-
titice si sisturi argiloase vmlacee seisiene, calcare dolomitice si dolomite
campilian- ladlnlene si calcare cu accidente silicioase neotriasice (B.1e ahu,
1963; Bordea et al.,, 1975). Cu totul subordonat apar si. contacte cu
calcare, gresii §i marno -calcare barremian- -aptiene in zona. vesticd, intre
Valea Plalulul si Valea Burzii §i in nord, pe Valea Binselului. Cele mai in-
teresante.contacte sint cele cu dolomltele triasice datoritd skarnelor mi-
neralizate ce au luat nagtere. Subliniem, de asemenea, existenta unor res-
turi ale cuverturii de depoz1te triasice conservate pe virful Biiita (1 350 m)
§i Dealul Mare (1 210 m) care demonstreazs, altitudinea maximi la care au
fost puse in loc aceste corpuri hlpoablsale, relativ slabele. transformiri
termo-metamorfice suferite de rocile sedimentare situate in acoperisul
acestora si lipsa unor mineralizatii in cupola corpului eruptiv. Dimpotrivi,
pe flancurile corpului, in specm,l la nivelul pachetului‘de roci carbonatice
triasice se intilnesc cel mai frecvent skarne calcice si magnemene adesea
insotite de mineralizatil. ) : .
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Seurté caracterizare petrologicd
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Masivul banatitic Budureasa reprezintd un lacolit alcituit din :roci
preponderent monzogranitice, prezentind insemnate variatii structurale
$1 de compozitie. Se intilnese, intim asociate si imposibil de separat carto-
grafic, monzogranite §i granodiorite cu hornblends si biotit de culoare roz
sau cenusii, care contin numeroase enclave homeogene microgranodioritice
sau microdioritice cuartifere. Acestea au frecvent dimensiuni centime-
trice — a,jungind uneori la adevidrate blocuri de 5—6 m3, cu forme colfu-
roase — §i sint foarte abundente la periferia corpului eruptlv. Faptul
acesta sugereazi consolidarea timpuri€ a unei cruste periferice microdio-
ritice, InJectata, ulterior de magma monzogmmmca, pe cale de ricire. In
aceastd regiune eroziunea nu a scos 'la zi decit partea apicald a lacolitului
monzogmmtlc, deoarece s-au intilnit resturi din cuvertura mezozoicd con-
servate intre Dealul Mare si Dealul Plaiului, §i mai spre sud, la Stina de
Ardel, unde marnocalcarele i calcarele dolomitice au fost transtormagte
in marmure, predazzite si skarne cu grosular, diopsid si wollastonit.

Corpul tonalitic-cuart dioritic din partea esticd a masivului a fost
pus in loc inaintea celui monzogranitic si prezinté la periferie un facies
porfiric si imbogatiri'in biotit. La rindul sdu, micul -corp cuarg-dioritic
din Valea Z&pozii prezint#, la contactul cu calcarele neotriasice, o bor-
durs de 1,5 m de microgranit cu texturd rubanatd i skarne mineralizate.

Evolutia magmatismului laramic in regiune s-a realizat de la fractii
mail bazice spre produse tot mai acide (diorite cuartifere — tonalite —
granodiorite — monzogranite) si se incheie cu punerea in loc a unor dyke-
uri orientate NV—SE §i a unor mici apofize de microgranite porfirice i
riolite microgranitice ce. intersecteazd atit dépozitele mezozoice, cit si
copurile dioritice cuartifere si monzogranitele din corpul principal. Aces-
tea reprezintd ultimele rez1duur1 ale’ magmei banatitice: de naturd sialics,
anatecticd si s-au pus in loc dupa ce masa mare de banatite era deja con-
solidats. :

Schematic, succesiunea de punere in lqe a rocilor banatitice de la
Budureasa poate fi incadratd n dous faze :

Faza 1§ A, Dlorlte cuartifere, tonalite ;
B. WIonzogmnlte, granodiorite §i microdiorite cuar-
tifere.

Faza a II-g "Riolite microgranitice, microgranite porflrlce. v

Remarcim ci aproape intotdeauna banatltelﬁ incadrate in prima
fazi — cu cele doud episoade, A §i B —an, generat procese pirometaso-
matice, autometamorfiece si hidrotermale, adeseori insotite de minerali-
zafii, in timp ce magmatitele din faza a 11-a, dlferen’plate tirzii, sirace in
volatile, sint intotdeauna proaspete si! nu au fost mso’mte de procese me-
talogenetice.

Compozitia chimicd a prlnelpalelor petrotlpum de banatite din ma-
sivul Budureasa (tab. 1), ca $i continucul in elemente minore, valearea
indicelui serial Rittmann (intre curbele 2 si 3), valoarea indicelui alcali-
-calcic Peacock = 56,75 9%, Si0, dovedesc apartenenta rocilor banatitice
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la, seriile calcoalcaline caracteristice zonelor orogene si sugereazd prove-
nienta magmei prin anatexia materialului smhc al c-ustel continentale
(Gingecd, 1950; Istrate, 1973 3, 1978).

TABELUL 1
Diorit . . Microdiorit | | . . Riolit
Oxizi, cuarfifer Tonalit cuartifer Monzogranit microgranitic
Yo
Valea Zapozii|Valea IaduluifValea Hijului|Valea Hijului|Piriul Zipozii

Sio, 54, 89 58,50 61,60 70,22 76,52
Tio, 1,29 0,88 0,90 0,44 0,17
Al 0, 19,00 17,50 16,00 14,19 12,90
Fe,0, 3,87 2,81 2,85 2,01 0,74
FeO 2,90 2,81 2,56 1,03 0,33
MnO 0,15 0,03 0,04 0,02 0,04
MO 1,58 2,90 2,50 0,89 0,04
CaO 6,52 4,37 4,20 2,09 0,46
Na,0 3,98 3,35 3,45 3,63 3,05
K,0 2,12 1,92 2,54 3,41 4,56
P,0; 0,50 0.19 0,33 0,19 0,02
S+ 0,15 0,08 - 0,03 0,02
CO, 0,20 0,23 ‘ 0,50 0,19 0,26
1,0 1,24 3,07 2,63 1,47 0,18
Total 99,39 99,69 | 100,10 99,83 99,19

Consideratii metalogenetice

In zona masivului banatitic Budureasa se cunosc in prezent nume-
roase iviri de minereuri care sint asociate genetic monzogranitelor sau diori-
telor cuartifere, aparitia lor fiind conditionatd in mare parte de natura
variatd a rocilor sedimentare inconjuritoare.

Elementele metalogenetice pot fi grupate in primul rind avind in
vedere asocierea geneticd cu magmatitele ; evolutiei in timp a activitdtii
magmatice ii corespunde astfel o evolutle mctalovenehca, bine definit
(tab. 2).

Din tabelul 2 reiese cé elementele metalogenetice asociate celor doud
episoade din prima fazd a magmatismului lara,mlc din regiune se diferen-
tiazé atit prin tipurile de corneene si skarne, cit siprin paragenezele de mi-
nerale metaliftere formate. Intruziunea timpurie a dioritelor cuariifere
si tonalitelor a generat procese pirometasomatice si de contact termie de
temperaturd ridicatd prin care au Inat nastere

— corneene cu biotit si spinel cu mineralizatii psendostratiforme de
magnetit, piritd §i pirotind (valea Sirca);

— corneene cu sillimanit, corinden, cordierit si spinel (Piriul Ie-
dutului);

3 Arh. L.G.G., Bucuresti.
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TABELUL 2

Tipuri petrografice

Elemente metalogenelice

Faza I

Episodul A : Diorile
cuartifere
si tonalite

Episodul B : Mouzograuile,
microdiorite
cuartifere,
micrograno-
diorite

FFaza a II-a — Riolile

microgra-
nitice

— Microgra-
nite por-
lirice

a)

h

~

~
~

Mineralizafii pseudoslratiforme, magnetit si
pirotind cantonate in cornecene cu biotit si
spinel (valea Sirca);

Minercu de magnetit si skarne granalo-piroxe-
nice la contactul cu calcare dolomitice Llriasice
(Valca Zdpozii).

Minereu Pbh--Zn+magunelilt in dolomitele tri-
asice de la Ciungitura (L.a Groape).

Ludwigit in marmure cu forslerit si spinel la
contactul sudic al masivului;

Ilvait, pirotind, magnetilt si calcopirita in cal-
care bharrcmian-apiicne (Valea Ilijului);
Brucit in predazzite (Valea Mare, Stina de
Ardel, Poiana Voivodcasa) ;

Galend si sfalerit ca Tlilonase in marmure cuj
brucit (piriul Risului) sau diseminale in skarne|
calco-magnezicne (Valca Plaiului);

Piritd si iunerale de bismut in skarne mag-
neziene serpentinizate (Valea Mare).

Sw ,.
Culmea Frasini

100 200m
—

NE

v.Sirca

¥ig. 1. — Scctiune geologicit pe valea Sirca.
1, diorit cuartiler ; 2, riolit microgranitic : 3, gresii siltice eotriasice cornificale; 4, nivele piri-
toase cu nragnetit si spinel; 5, zoni dec tranzilic; 6, calcare dolomitice : 7, [ilonas mineralizat.

Scetion géologique dans la vallée Sirca.

1, diorite quarlzilfére; 2, rhyolite microgranilique; 3, grés-siltites ¢otriasiques cornifiés ;
4. niveaux pyriteux a magnétite ct spinelle; 5, zone de Lransition ; 6, calcaires dolomiliques ;
7, filonnet minéralisé.
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— skarne gmnato piroxenice cu mineralizatii de magnetit (Valea
Zapozii).

Pe valea Sirca mineralizatiile preponderent piritoase, cu magnetit,
pirotind §i calcopiritd, au aspect stratiform si sint cantonate in gresiile
fine siltitice negre cornificate de virstd werfeniand (seisiani), In zona de
tranzitie spre calcarele dolomitice (fig. 1). Nivelele mai puternic cornifi-
cate sint alcdtuite din 40 9 bintit verde-bruniu mirunt cristalizat, cca
25 % spinel magnezian sub forma de granule rotunjite, sporadic turma
ling si in rest din granule de cuart recristalizat (pl. I, fig. 1). Spinelul pre-
zintd.uneori structurd zZonari, datoriti variatiei compoz1t1e1 ; zona externi
-este formatd din magnetit (pl. I, fig. 2). O analizi chumca completd a
anei probe din aceastfm zoné araté urmétoarele continuturi (tab. 3):

4 . TABELUL 3

Si0, — 65,75 " Ne,0), — 0,85

ALO, © 11,00 K0 | — 2,67!

-Fe,0y = 3.28 ., s — 0,35

Fe® ~— 7,500 zol — 0,10

Ti0, — 0,65 . P0, — 0,17 )
MnO -~ 2,10 Fe total = 8,119%, recalculat

Ca0 — 1,75 L

MgO — 3,25

Analist: S. Iliescu -

Aceastd concentratie slabd de fier a luat nastere prin redistribuirea
-chimic# a fierului prezent in rocile grezease siltice, sub influenta termic
a corpului cuart-dioritic din apropiere. Aportul de substantd a fost minim,
-constind in special din sulf in stare supracritici. Existd si indicii ale unei
slabe activititi hidrotermale, trédaté de filonagele microscopice de. epidot
si de filonase ce contin sfalerit si hematit in gangé de caolinit 'si montmori-
llonit ce traverseazi roca cornificati.

Skarnele granato-piroxenice cu magnetit din Valea Zdpozii formeaza
corpuri neredulate, uneori pseudoconcordante In masa calearelor tri-
asice (fig. 2 a si b). Magnetitul este fin granular si aleftuieste mage com-
pacte neregulate sau benzi discontinue. Local pot fi observate agregate
lamelare, in care habitusul cristalelor este propriu hematitului, dar sint
«de fapt alcdtuite din magnetit, tridind manifestarea fenomenului de mus-
chetovitizare ca urmare a schimbdrii regimului de Eh-pH.

De reguld, magnetitul include si cimenteazdi mineralele de skarn,
in special granatii (grosular brun- 'T&].bln si andradit brun). Grosularul
apare ca insule cu chenare de actmot in magnemt, iar andraditul, ca benzi
interstratificate cu magnetitul (fig. 3), fapt ce conduce la ideea ex1stente1
a_ doud generatil ‘de granatl .

Aldturi de magnetit se intilnese si cantl’mtl mici de oalena 51 de cal-
.copiritd, care adeseori este substituitd:de. hldrogoethlt (p] I, fig. 3), in
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Fig. 2. — Scctiunce geologic'é in versantul sting al Vaii Zapozii (a) si detaliu privind ocjgi'enga
. ] skarnelor cu magnetit (b). - il

1, gresii cuartiferc eotriasice; 2, calcare cenusii cu accidente silicioase; 3, diorite cuarfifere;
4, facies marginal microgranitic ; riolit mic,};ogranitic; 6, skarn cu magnetit.

Section géologique dans le versant gauche de la vallée Zz‘lpoz'ii (a) et détail sur l'occurrence des

skarns & magnétite (b). - '
1, grés quartziféres éotriasiques; 2, calcaires gris-blanchitres & accidents siliccux; 3, diorites
quartziféres ; 4, faciés marginal microgranitique; 5, rhyolite micrdgrani‘tique; 6, skarmm a
magnétite.

3 M
care ‘caz cuprul eliberat s-a concéntrat sub forma uncr mici cuiburi de
malachit. Continutul in elemente minore al minereului global, al magneti-
tului sipiritei este prezentat ih tabelul 4. :

* Un fapt interesant pentru masivul Budureasa il constituie identifi-
carea, pentru prima datd, a doud minerale’ relativ rare pe’ teritoriul tirii
noastre, si anume ludwigitul i ilvaitul. i '

" Ludwigitul aparé pe pantele sudice sle masivului, in marmurele do-
lomitice, sub forma unor mici cristale prismatice negre, atingind' uneori
3—4 mm, cu tendintd de a se aglomera in cuiburi sau benzi fine, la nivelul
intercalatiilor mai magneziene ale marmurelor. Aldturi de ludwigit apar
spineli, forsterit, clinohumit, bruecit i mai rar flogopit.

Romaniei
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Minereul de fier cu ilvait, magnetit, calcopiriti i piroting, avind
sl mici cantitdti de cuart, calcit, clorit, a fost identificat pe Valea Hijului
la cca 300 m aval de contactul corpului monzogranitic cu calcarele orga-
nogene barremian-aptiene, fiind cantonat la nivelul tranzitiei acestora
spre marnocaleare si gresii slab fernginoase. Ocurenta ilvaitului, sub forma.

j Yig. 3. — Structuri ale
/ skarnelor cu magnelit «in
Valea Zapozii (marime sa-
turald).
Abrevieri : mg — magne-
tit; g¢r — granaifi; ac —
actinot; Ca — ecaleit;
¢p — calcopiriti; sk —
skarn microcristalin.
Structures des skarns A&
magnétite de la  vailée
Zapozii (grandeur noin-
relle)
Abréviations : mg — mag-
nétite ; gr — grenats; ac —
actinote; Ca - calcite;
cp — chalcopyrite; sk —
skarn microcristallin.

unei lentile de cca 3 m lungime, este determinatd de existenta in apropi-
cre a corpului eruptiv si & unei importante falii post-intruziune, urmidritd
pe directic NV-SE pe mai mulfi kilometri.

Ilvaitul a fost identificat pe cale opticd si confirmat roentgenografic ;
la mieroscop apare sub forma unor agregate compacte, larg grauulare,
adesea in cristale idiomorfe de 1—2 mm, cu bireflexie i anizotropie in-
tense, cu nuante caracteristice. In sectiuni subtiri prezintd o eoleratie
brun-inchisd, cu pleocroism evident : ng — brun-negru ; np — brun des-
chis, biax negativ. Culorile de birefringenid sint mascate de culoares,
intensd a mineralului 4

* O caracterizarce mineralogicd si paragenetict maicomp letd a acestei ocurente de jlvait
se afld in pregitire.
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TABELUL 4

Confinulul in elemente minore al minerenlui de la Valea Zdpozii (ppm)

Ne, .

Nr| o Maperialul b ol Gl v Ti ] Mn | Agl Sb| BilCd [Sn | In [Ga [Me| W | T1

crt Dol analizat

1 | 126 Contact cenlry, | — [{130280{100{180{4200| 20; +| 11| +{ +| 3 8! 50{ 50 +
probi globala

2 | 127] Contact vest, + | 750 9] 3512700 1% 3| 4| +{ +{ 2| +{ 3] +{100] +
probi globald

3 { 138! Valea Sirca, — 1 12| 6] 10j230]2200{ 6] +| 15| +| +| +| 5{ +|210{ +
probi globali

4 | 133; Gal. Zaporii, — 1 21 6]160(|230({6000] 22! +! 44} 60; 4| 4! 15/400{200; +
probi globala

5 | 1331 Gal. Zgpozii, [1500{ 14] 15} —{480{ 950 3| —} 3| —i —| —| 3| —i —| 32
piritd

6 | 133! Zidpozii nord, — | 40i —|130] 90{3000{ 3} —| 3| —| —i —| 10} —} —| —
magnetit

7 i 132; Zapozii nord, — | 23 34| 55[440{3000; 3} —| 3} —!| —| —1 B —| —| —
magnetit

Analist: Viorica Mindroin

Activitatea postmagmatici asociatéi monzogranitelor se caracteri-
zeard prin aparitia de skarne calco-magneziene insotite de slabe concen-
tratii metalifere. Mineralizatiile sint in general plumbo-zincifere, de tem-
peraturii mali sciizutd, asociatd unor parageneze hidrotermale de minerale
nemetalifere reprezentate prin : epidot, clorit, calcit, cuart (uneori ame-
tist) si zeoliti. De regul#, se intilnesc impregnatii in marmure cu brucit
(pirinl Risului) sau in skarne (Valea Plaiului).

Pe Valea Mare, in zona confluentei cu Valea Cohului, se intilnesc,
in skarne magneziene complet serpentinizate, acumuldri piritoase ce con-
tin si minerale de bismut. Minereul piritos aratd urmétoarele continuturi
de elemente minore (in ppm): As 1550 ; Ni 5; Mn 310; Ag 22; Bi 2000,
iar concentratul de piritd : As 1100 ; Co 155 ; Ni 34 ; Mg 30; Ag 3; Bi 3000;
Rb 28 ; Cu 30.

De remarcat ci in cadrul rocilor monzogranitice se intilnese local
filonase mineralizate. Astfel, pe Valea Burzii gi sub Dealul Plaiului au fost
identificate filonase subtiri cu sfalerit §i hematit asociate cu actinot, epi-
dot, ametist si illit. Mentionfim, de asemenea, aparitia cu totul Intimpli-
toare in monzogranit a unor granule milimetrice de molibdenit i a unor
cruste lamelare de cupru nativ.

Mineralizatiile de galend-sfalerit-magnetit de la Ciungitura (La
Groape) reprezintd elementul metalogenetic cel mai important si mai
interesant al regiunii Budureasa. Aici seria detriticAi permo-werfeniani
suportii dolomitele anisiene in care se dezvoltd mineralizatiile. Grosimea
pachetului de dolomite pare redusé, dar este probabil ca relatiile dolomi-
tului cu seria detriticd subjacentd s nu fie de continuitate de sedimentare,
ci ele s3 fie separate de o falie, ceea ce ar spori perspectiva de dezvoltare a
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mineralizatiilor in adincime. Spre sud, citre Plaiul Fericii, se intilnesc
marnocalcare si calcare alb-cenusii, probabil carniene, in parte cornifi-
cate si skarnizate. Efectele de metamorfism termic nu sint datorate dyke-
urilor de riolite microgranitice sau riolitelor cu pasta sticloass ce- stribat
pachetul de dolomite si calcarele, ci intruziuniimonzogranitice intercep-
tate cu forajul de pe Valea Rea la adincimea de 300 m. In acoperisul corpu-
lui banatitic, seria calcaroasii cu intercalatii de marnocaleare, fin, Stlatlr
flcata, este transformati in skame cu wollastonit, diopsid si grosular,
in ale céror interstitii s-au depus, intr-o:fazd hldrotermala' subsecventd,
scolecit, natrolit, epldot albit, caleit si minerale metalifere. Ultimele sint
la I‘lIldlll lor 1ntersectate de fllonase subtiri de stilbit, elorit §i cuart.

Mineralizatia reprezintd la. prima vedere o as001at1e1, comung de mi-
nerale metmhfere, cu galend si sfalerlt vizibile macroscopic; | ce formeazi
acumuliri neregulate, vinigoare'si cuiburi in masa dolomitului fin- granu-
lar. La suprafatd roca apare intens limonitizatd, cu 1mpregna§11 de mine-
rale metalifere si vinisoare de caleit sterile. iar

Prin studiul microscopic se constatd insd cd minereul mai cont,me,
pe lingd galend si sfalerit, magnetit, mai rar calcopiritd, piritd §i marca-
sitd. Agregatele de galené sint practic intotdeauna invelite, stribitute
sau cimentate de anglezit i ceruzit (pl. I, fig. 4, pl. II, fig. 1 si 2) care.sub-
stituie galena, in timp ce sfaleritul apare ca relict, partial strabitut de ceru-
zit. Numai sporadlc se observd grapule de sfalerlt transformate. partial in
smlthsonlt De mentionat, aldturi de ceruzit si analezm aparitia hidroxizi-
lor de fier — croethlt hldrogoethlt lepldocroc1t — 51as1der1tu1u1 adesea. in
‘alternante r1tm1ce, fo1m1nd texturi colomorfe.
ikl Magnetltul constituie o madve;‘tenta paraaenetlca in. mmerahzatla
.de la Ciungitura, cireia ii confgm o anumitd particularitate. Se prezmta
‘ca granule subidiomorfe sau, cu contururi circulare dispuse, de regu &,
in spatiul interstitial, limonitic al dolomltuhu, mai rar, granule mirunte
de magnetit sint 1ncluse in dolomit sau in ceruzit.

" Remarcim faptul ci granulele interstitiale smt 1ntotdeauna subgti-
i;ulte marginal sau pe plane (111) de lepldocrocﬁ;, Pe cind cele incluse in
dolomlt nu aratd fenomene de transformare. Pe lingd magnetit au mai fost
ideéntificate ilmenit si anatas, ca granule’ 1zolate, d1spuse in aproplerga,
unor benzi fine de piritd din masa dolomitului.

Probe globale dé minereu' si monominerale de galend au fost anali-
zate prin fluorescenj;a de raze X si spectra.l Galena contine 2004 220 ppm
Ag §i 390--570 ppm Sb; continutul in elemente mlnore 1n probe globale
de mlnereu (ppm) este prezentat in tabe111l 5.

TABELUL 5
o ‘
i § 3

Nr.. 4 proba As | Co | N | ma'| Ag | b | cd| ‘Mo

' ert o 5 [ || 5% LI BT 2o T
iy 192 43,0 2 | .3 | 2800 },.350 | 1320 {,, 90, 4o
2 ‘194 + 3 + | 4000 | 82| + |370 2L B
3 ' 198 + 4 | 7000 6| "+ e iy
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‘Se poate remarca relativa siricie in elemente minore. Ag si Sb apar,
atit in minereul global cit $i in galend, in continuturi sciizute, iar Bi lip-
seste. Prezenta molibdenului este semnalatéi in.toate probele de minereu
global, fiind o caracteristici geochimicd a mineralizatiilor asociate magma-
titelor banatitice.

Trebuie subliniatd nota particulard pe care o di asocier ea, in cadrul
acestel mineralizatii, a magnetitului cu galena si sfaleritul, deoarece sint
reunite de fapt doud parageneze formate in conditii de temperaturé deose-
bite. Formarea magnetitului, ca recristalizat termie, reprezinti un element
al etapel magmatice sub influenta cuart-dioritelor, ,,specializate’ metalo-
genetic pentru mineralizatii ferifere, in.timp ce parageneza galena - sfa-
lerit + calcopiritd, pirotind ete. se incadreazd in ansamblul metalogenetic
generat de monzogranite, pentru care sint specifice si de perspectivi
mineralizatiile plumbo-zincifere.

Raienarea metalogenetlc(l a masivului Budureasa
si perspectivele economice

Din datele prezentate reiese ci aceastld regiune nu are, pind in pre-
zent, premise deosebit de favorabile pentru descoperirea de acumuliri
de substante metalifere. Observatiile de pind acum au scos totusi la iveald
o serie de elemente interesante sub raport mineralogic. Deocamdati singura
zond mai bogat mineralizatd o constituie Ciungitura (La Groape) unde a
fost conturatd si o puternici anomalie geochimicd.

Tinind seama de caracterele mineralogice, geochimice si de elemen-
tele metalogenetice prezentate mai inainte, se pot contura citeva unititi
metalooenetice relativ restrinse :

Aria concentratiilor plumbo-zincifere Ciungitura are o extindere
hmltam 81 este condltlonata de dezvoltarea pachetulul de calcare dolomi-
tice trlasme, in zona de afundare a banatitelor dintre mam’ele Budureasa
5i Pietroasa.

2. Aria, councentratiilor - plumbo-zincifere peri-lacolitice din zona
Valea Plaiului — (Valea Mare) — Valea Rea si din Valea Rosie.

3. Aria concentratiilor de magnetit din Valea Zipozii, situati in
aureola corpului cuart-dioritic si controlate de existenta calcarelor §i dolo-
mitelor triasice la contact.

4, Aria unor posibile concentratii de magnetit, virful Baita-Valea
Tadului, poate fi doar presupusd, tmlnd seama de ,,Spemahzarea” corpu-
rilor cuart-dioritice pentru astfel de mineralizatii. Este conditionatd de
existenta pachetulul de dolomite triasice sub cuvertura riolitelor de V13-
deasa, la contactul nordic al corpului banatitic.

Coneluzii

Lucrarea reprezintd o primd incercare de a sistematiza date de ordin
petrologic, mineralogic si metalogenetic in vederea prezentdrii, intr-o
imagine unitard, a conditiilor de formare a unor mineralizatii cunoscute
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51 a perspectivei identificdrii altor concentratii metalifere in masivul
Budureasa. Pe baza similitudinii elementelor metalogenetice recunoscute
in regiune cu alte zone, anumite concluzii pot fi extrapolate pentm a
.deveni premise in alte regiuni.

Astfel, se poate aprecia c¢i masivul banatitic Budureasa are o struc-
turd complex#, rezultind din punerea in loec, la scurte intervale de timp,
@ unor fractii magmatice de compozitie tot mai acidd de la diorite cuarti-
fere si tonalitate pind la monzogranite si in final la riolite microgranitice
si microgranite porfirice. I'enomenele magmatice s-au desfisurat in dous
faze. Prima fazéi a avut doud episoade — al cuart-dioritelor si al monzo-
granitelor — gi prezinté interes metalogenetic, in timp ce faza a doua —a
riolitelor microgranitice — este lipsitd de mineralizafii.

Elementele metalogenetice asociate celor douf episoade din prima
fazi a magmatismului se diferenfiazé atit prin tipul de corneene si skarne,
it si prin paragenezele de minerale metalifere asociate.

Intruziunea timpurie a cuart-dioritelor si a tonalitelor a generat
procese pirometasomatice si de contact termic de temperaturdi ridicatid
prin care au lnat nastere :

— corneene cu biotit si spinel cu mineralizatii psendostratiforme de
magnetit, piritd si pirotind ;

— corneene cu sillimanit, corindon, cordierit §i spinel ;

— skarne granato-piroxenice cu mineralizatii de magnetit.

Nivelnl mai superficial al intruziei masei monzogranitice se reflects
si in paragenezele skarnelor si de minerale postmagmatice, conditionate
in acest caz, in mai mare misurd, de natura rocilor de contact.

Au fost identificate :

— marmure cu forsterit, spinel 4+ ludwigit ;

— marmure cu brucit (predazzite) 4 mineralizatii de Pb-Zn;

— skamme cu diopsid §i vezuvian 4+ wollastonit, grosular, brucit;

— skarne calco-magneziene cu diopsid-grosular-forsterit-spinel -
- flogopit si minereu Pb-Zn; -

— concentratil metalifere de ilvait, pirotind §i magnetit.

In aceastd schemi metalogenetici o pozitie deosebitd ocupd minera-
lizatiile de galeni-blendi-magnetit de la Ciungitura in care sint reunite
de fapt doud parageneze. Formarea magnetitului a avut loc anterior, ca
recristalizat termic sub influenta cuart-dioritelor, in timp ce parageneza
galeni-sfalerit (- calcopiritd, pirotind etc.) se incadreazii ansamblului
metalogenetic generat de monzogranite.

Riolitele microgranitice i microgranitele porfirice din faza a doua
sint lipsite de mineralizatii. Intotdeauna dyke-urile laramice tirzii, dife-
rentiate acide lipsite de volatile, sint constituite din roci proaspete si nu
prezintd fenomene de contact, niei mineralizatii asociate.
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CONTRIBUTIONS A LA CONNAISSANCE DE LA
METATLLOGENESE DU MASSIF BANATITIQUE DE BUDUREASA
(MONTS APUSENI)

(Résumé)

La structure du massif banatitique de Budureasa est complexe, ayant résulté de la mise
en piace — a de brefs intervalles de temps — des corps de composition toujours plus acide, de-
puis ies diorites quartziferes et les tonalites jusqu’a des monzogranites et, finalement, des rhy-
olites microgranitiques et microgranites porphyriques. L.es phénomeénes magmatiques se sont
dérouiés en deux phases. La premiére phase a eu deux épisodes : I'épisode des quartzdiorites et
celui des monzogranites, 4 métallogénie intéressante, tandis que la deuxiéme phase (rhyolites
microgranitiques) manque absolument de minéralisations.

Les éléments métallogéniques associés aux deux épisodes de la premiére phase du magma-
tiste se distinguent autant par le type de cornéennes et des skarns, ainsi que par les paragenéses
de minéraux métalliféres associés.

L’intrusion précoce des quartzdiorites et des tonalites a eu comme suite des processus
pyrométasomatiques et de contact thermique de haute température, qui ont mené a la formation
de :

39
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— cornéennes a biotite et spinelle, avec minéralisations pseudo-stratiformes de magné-
tite, pyrite et pyrrhotine; _

— cornéennes a sillimanite, corindon, cordiérite et spinelle ;

-— skarns grenato-pyroxéniques a minéralisations de magnétite.

Le niveau, plus superficiel, de Pintrusion de la masse monzogranitique se refléte é¢gale-
ment dans les paragenéses des skarns et des minéraux post-magmatiques, gui sont conditionnées
dans ce cas-la plutét par la nature des roches de contact.

On a mis en évidencede :

- marbres a forstérite, spinelle--ludwigite ;

— concentrations métalliféres d’illvaite, pyrrhotine et magnétite;

— marbres & brucite (predazzite)+ minéralisations Pb-Zn ;

— skarns a diopside et idiocrased-wollastonite, grossulaire, brucite;

— skarns chalco-magnésiens a diopside-grossulaire-forstérite-spinelle--phlogopite et

minerai Pb-Zn. .

Dans ce schéma métallogéni(iue, les minéralisations de galéne-blende-magnétite de Ciun-
gitura, dans lesquelles sont réunies, en fait, deux paragenéses, occupent une position particu-
licre. La formation de la magnétite, antérieure, a cu lieu par recristallisation thermique, sous
I’action des quartzdiorites, tandis que la paragenése galéne-sphalérite (icl;alcopyrite, pyrrho-
tine etc.) se range dans I’ensemble métallogénique engendré par les monzogranites.

Les rhyolites microgranitiques et les microgranites porphyriques de la deuxiéme phase
sont dépourvues de minéralisations. Les dykes laramiens tardifs, différenciés acides sans vola-
tiles, sont toujours constitués de roches fraiches et ne présentent pas;de phénoménes dejcontact,
ni dejminéralisations associées.

'EXPLICATTA PLANSELOR

Plansa I

Fig. 1. — Corneeand cu spinel si biotit. Valea Sirca. Lumind transmisd, N//, x 145.
Cornéenne a spinelle et biotite. Vallée Sirca. Lumiére transmise, N/, x 145.

Fig. 2. — Granul de spinel zonat, cu coroand de magnetit in corneene. Valea -Sirca. Luming
reflectata, N/, x300. '
~Grain de spinelle zonée, a4 couronne de magnétite dans des cornéennes. Vallée Sirca.
Lumiére réfléchie, N//, - x 300.

Fig. 3. — Calcopiritd (alb) substituitd cu hidrogoethit si malachit. Valea Zépozn Lumind re_
flectatd, N//, x500. :
Chalcopyrite (blanc) remplacée par du hydrogoethlte et par de la malachite. Vallée
- Zapozii. Lumiére réfléchie, N//, x500.

Fig. 4. — Galend (alb) substituitd cu ceruzit (cenusiu) si anglezit (cenusin inchis-negricios, la
contactul galeni-ceruzit). Ciungitura. Lumind reflectatd, N//, x 300.

Galéne (blanc) remplacée par de la cérusite (gris) et de I'anglésite (gris fencé-noiratre,
au contact galéne-cérusite). Ciungitura. Lumiére réfléchie, Nj/, x 300.
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Plansa 1T

Fig. 1. — Galeni (alb) substituitd cu ceruzit (cenusiu), in dolomit (cenusiu-negricios). Granulat,

Fig.

Fig.

Fig.

2. —

cenusiu inchis, cu relief mai puternic (centru sus) este siderit secundar. Ciungitura.
Lumind reflectatd, N//, x300.

Galéne (blanc) remplacée par de la créusite (gris) dans la dolomic (gris-noiratre). Les
grains gris foncé, a relief plus élevé (centre haut) sont_de la sidérite secondaire.
Ciungitura. Lumiére réfléchie, N//, x 300.

Structurd de cimentare rezultatd prin substitutia parfiald a dolomitului (cenusiu
inchis) cu galend (alb) transformaté in ceruzit (cenusiu). Ciungitura. Lumind reflec-
tatd, N//, x300.

Structure de cimentation résultée de la substitution partielle de la dolomie (gris
foncé) par la galéne (blane) transformée en cérusite (gris). Ciungitura. Lumitre
réfléchie. N//, X300,

Plansa I1I

Sfalerit anhedral (cenusiu) inclus in galend (alb) si ceruzit (cenusiu inchis, cu clivaj
romboedric vizibil). - Ciungitura. Lumina reflectatd, imersie in ulei. Nj/, X800
Sphalérite anhédrale (gris) coincée en galéne (blanc) et cérusite(gris foncé, a clivage
rhomboédrique visible). Ciungitura. Lumiére réfléchie, immersion en huile, N//,
x 800. ’

Lamele de pirotina (alb) in sfalerit (cenusiu). Ciungitura. Luminé reflectatd, imersie
in ulei. NJ/, x1000.

Lamelles de pyrrhotine (blanc) en sphalérite (gris). Ciungitura. Lumiére réfléchie,
immiersion en huile, N//, X 1000.

Granul de magnetit transformat in lepidocrocit, intr-o masi fin granular-solzoasd de
goethit. Ciungitura. Lumind reflectatd, imersie in ulei, Nj/, x 500.

Grain de magnétite transformée en 1épidocroccite, dans une masse finement grenue-
écailleuse de goethite. Ciungitura. Lumiére réfléchie, immersion en huile, Nyj/, x 500.
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2. ZACAMINTE

THE CHEMICAL-MINERALOGICAL COMPOSITION OF THE
BAUXITES FROM THE CENTRAL BIHOR ?

BY

V. CORVIN PAPIU? VASILE IOSOF?2, SILVIA MINZATU?2, VASILIC!
NEACSU?, FLORICA POPESCU?, CONSTANTA UDRESCU2, ROMULUS
PURICEL, VALENTIN GEORGESCU 3

Bauxites. Jurassic. Ncocomian. Limestones. Karst. Chemical-mineralogical study. Petro

chemistry. Distribution of minor elements. Diaspores. Chemical precipitation zones. Centra
Bihor.

Sommaire

La constitution chimique-minéralogique des bauxites de
Bihoru centr al Les bauxites de Bihorn central (Monts Apuseni) se rangent sous rapport
géochimique (pareillement aux bauxites du massif voisin de Pddurea Craiului) en trois groupes :
bauxites ferriques avec le rapport Fe,O; :IF'eO > 20, bauxites ferroferriques, avec le rapport =
20—8 et bauxites ferreuses, avec la wvaleur du rapport < 4. C’est le diaspore qui en est le
principal minéral alumineux (variant entre 60—65 %), suivi par la kaolinite et les chlorites,
ces dernitres enregistrant des augmentations quantitatives dans les bauxites ferreuses, dont
elles en imposent — en association avec la goethite — la couleur. Les oxydes de fer sont repré-
sentés par I'hématite et, sporadiquement, par la goethite. Contrairement a la situation des '
bauxites de Padurea Craiului, ehez lesquelles les trois types de bauxites ontl des caractéres pl'i-
maires, les bauxites ferroferriques et ferreuses de Bihoru central proviennent des bauxites ferri-
ques par réduction et silicatation sous I'action des solutions juvéniles. Un groupe spécial de bau-
xites, a caractéres secondaires, c’est le groupe des bauxites déferrisées sous I'influence des agents
d’altération superficielle, dont la couleur change, allant jusqu’au jaune et méme jusqu’au blanc.

1 Delivered on 15 December 1977, accepted for publication on 12 February 1978, commu-
nication in the session on 28 April 1978. '

2 Ipstitutul de geologie si geofizicd, str. Caransebes nr. 1, Bucuresti.

$ Intreprinderea geologici de prospectiuni pentru substanie minerale solide, str. Caran-
sebes nr. 1, Bucuresti.
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The material which is going to be dealt with in this paper comes from
the central zone of the Bihor Mountains, namely from the deposits which
have been recently discovered by R. Puricel and V. Georgescu
in the Sohodoale (Girda Seac#), Virtop-Casa de Piatrd and Ocoale regions.
The deposit from the Galbina Valley, which is the best known so far,
was studied in detail by the geologists Bulai and Jacotd from
I.8.E.M., who established its extension and reserves. A concise chemical-
-mineralogical study on some samples from the Galbina Valley was made
by some of the members belonging to our group ; it was presented in a note
(P a p i uand collaborators).

The bauxites from the Central Bihor were pointed out by
Szadeczkyinl905and were later mentioned by Pauls (1913) and
Beyschla g (1918); the latter made also some remarks concerning the
tectonic processes that divided the subjacent limestone masses, a pheno-
menon which was also pointed out by the faulting of the bauxite lenses.

It was only in 1957 that Blea hu and, later, Bleahu and
Lubenescu (1959)4 resumed the discussion on the bauxite question
in a general geological study of the Bihor Massif. On the basis of the
information provided by Bleahu in connection with the Galbina
Valley we carried out the above mentioned chemical-mineralogical study.
The region investigated by Bleahu and Lubenescu lies between
the Galbina Valley and the Girdisoara Valley. In our previous paper we
had the opportunity for underlining the constitutional and structural si-
milarities existing between the Padurea Craiului bauxites and those from
the Central Bihor.

The most recent researches on the Central Bihor bauxites belong to
R.Puricel, V. Georgescu and collaborators (1972—1974)5 who
studied the region in detail from the geological point of view.

Geological Remarks

The Central Bihor bauxites are situated in the ,,Bihor Autochtho-
nous Unit”, within which crystalline schists and Mesozoic sedimentary
rocks were found. The latter belong to the following ages : Triassic, Jura-
ssic (Lower Liassic, Middle Liassic, Upper Liassic-Dogger and Malm) and
Cretaceous (Neocomian, Barremian and Aptian).

The bauxites are to be found at the Upper Jurassic-Neocomian
boundary, being covered by the limestones of the Stramberg type which,
especially towards the base, are black, changing into white-grey lime-
stones. These limestones are disposed in beds reaching 20 —30 min thickness
and make up large synclines trending NE-SW. They show a reefal charac-
ter, being massive, like the Neocomian limestoneswhich they resemble
very much ; that is why the former authors did not differentiate them,
applying to them the Jurassic-Neocomian comprehensive term.

. % Arch, 1.G.G., Bucharest.
5 Arch. 1.G.P.S.M.S., Bucharest.
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The distinction was made later on, first, taking into account the pres-
ence of the pachiodonts (B1e a hu), then, on the basis of the microfacial
studies (Patrulius, Purecel, Georgescu, Floriana
Georgescu)s.

Fom the structural point of view, the limestones show a micritic up
to sparitic character and are often fossiliferous (moluses, foraminifera
etc.). The thickness of the limestones in the bauxite bed was estimated at
200—300 m. :

The bauxites mould the karst paleorelief of the Jurassic limestones
and present the following characteristic features distinguishing them from
the Padurea Craiului synchronous bauxites :

— they are never overlain by Charophyte limestones, outcropping
or underlying Neocomian reef limestones which start with detrital
limestones — rocks that might be synchronous but heteropical up to the
Charophyte deposits ; .

— they overlie unconformably the subjacent Jurassic limestones
whose dip is of 30-—-40° according to Bl e a h u; that is why they overlie
not only the upper level of the Stramberg limestones, but they may overlie
all the Malm horizons.

As in the case of the Pddurea Craiului Mountains, the bauxite lenses
have variable dimensions which (according to Puricel et al.) 7 are of
50—100 m in length and less than 30 m in thickness. The upper limit of
these lenses is plane like in-all the karst bauxites.

In the light of the above data, the bauxites have been divided into
two groups :

. — boundary bauxites, overlain by Cretaceous reef limestones,
such as those at Girda Seacd and Sohodoale ;

- — uncovered bauxites, overlain by a thin recent clay stratum
(karst lehm) among which range the bauxites from the Galbina Valley,
Virtop, Ocoale and Lumea Pierduti.

From the genetic point of view the bauxite deposits from the Central
Bihor, like those from the Pédurea Craiului Massif, belong to two types :
primary bauxites, overlying the Jurassic limestones and secondary
bauxites or redeposited in other excavations in the karst lehm mass of the
recent (Quaternary) deposits. Real Jurassic limestone enclaves of varia-
ble size are often found in the bauxite mass to a greater extent than in
the Paduresa Crajului Massif, while strong deferrization processes occur in
the outlying zones. In the Sohodoale-Piriul Boltului sector the white
bauxite is found at the upper part of the profile, being underlain by a
yellowish-grey friable bauxite, while the main mass of the deposit consists
of compact red bauxite. Sometimes the limy mass contains real bauxite
bags or lodes indicating the circulation of the bauxite producing solutions
through the karst network — a phenomenon. which explains also the pres-
ence of the “limy bauxites’ in the upper part of the lenses.

67 Jdem 5.
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The Chemical-mineralegical Composition

The data which are to be presented are based, first of all, on the re-
sults obtained after the correlation of the data provided by the chemical
analyses to the ones obtained from theroentgenographicand thermodiffer-
ential analyses and are included in Table 1, for 19 bauxites ; as a matter
of fact, these values are the basis of the drawing up of the diagrams.
They are systematized in Table 2 according to the variation limits and
averages.

As it will be noticed, these data are meant to confirm the great con-
stitutional unity e‘{hlbltEd by the bauxites in this sector of the Apuseni
Mountains, whose characteristics are quite similar to those shown by the
bauxites in the Padurea Craiului Massif.

In the papers drawn up by our group during the last ten years we
have presented the constitution of the main bauxites known so far on the
Romanian territory, pointing out the similarities and differences recorded.
As mentioned before, two samples from the Galbina Valley region were
previously studied and presented in a note (P apiu and collaborators,
1970). The mentioned papers indicate that, from a genetic point of view,
the bauxites on the Romanian territory belong to the group of karst bau-
xites which was divided into two groups:

— autochthonous or physico-chemical precipitation bauxites in-
cluding our main aluminium ores from the Pidurea Craiului Massif, being
almost exclusively diaspore bauxites and

— allochthonous bauxites resulting from the reworking and repreci-
pitation of an allitic mnaterial, plobablv of lateritic origin, belno marked
by the exclusive presence of the boehmite, such as the Bedouhfm Albian
bauxites in the Hateg Basin and the Santonian bauxites in the Cimpeni
region — Sohodol (the Apuseni Mountains).

Showing the same stratigraphic position and occurrence as the baux-
ites from the Pddurea Craiului Massif, the bauxites from the Central
Bihor present a remarkable similarity and, sometimes, even identity.

The study of the Péddurea Craiului baumtes led us to the drawing up
of a chemical classification based on the value of the Fe,0,: FeO mtlo or,
more precisely, the oxidation degree of the iron taking part in the chemical-
mineralogical constitution of these bauxites. According to this criterion,
we dlstlnoulshed ferric bauxites, in which the ratio Value exceeds 20
ferr ofelrlc bauxites, whose ratio value is below 20 and ferrous baumtes
in which the Fe, 05 : FeOratiois below 4.

The ferric bauxites are exclusively hematitic, while the ferroferric
ones contain certain amounts of chlorites that fix the bivalent iron.
The bauxites belonging to the former group are cheiry coloured or red,
while the latter group consists of two types differing in colour and mi-
neralogical characteristics : red ferroferric bauxites, in which the hematite
prevalls and brown ferroferric bauxites, in which the goethite prevails,
being sometimes exclusively present, while the diaspore is usually accom.
panied by the boehmite. Among the ferrous bauxites, green (chlorite)
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bauxites and black bauxites, pigmented by ferrous monosuiphide, some-
times even pyrite bauxites were distinguished ; both types are also either
prevailingly or only partially boehmite. The chemical-mineralogical study,

TABLE 2
Bauxites from the Central Bihor
Avperages and variation limits for the chemical
and mineralogical components

Ferric Ferroferric Ferrous Deferrized
(5 samples) | (2 samples) | (8 samples) (4 samples)
Oxides
LV M LV M LV ’ M LV M
| Si0, 2.20) 3.83] 1.0} 1.46) 7.90} 8.51] 1.94} 3.01
6.05 1.88 10.15 5.40
ALO, 55.00 60.84 47.32 67.52
55.92 60.90 51.29 71.41
56.23 60.96 55.62 76.59
17.71 19.53 13.11 1.60
Fe,04 21.32 19.62 16.21 5.06
22.85 19.71 22.14 8.69
FeO 0.50 1432 4.18 0.14
0.74 2.24 7.46 0.43
1.00 3.16 10.44 1.18
2.15 3.00 2.50 3.50
TiO, 2.70 3.05 2.66 3.92
2.90 3.10 2872 4.65
Minerals
4 59.2 69.5 49.2 75.5
Diaspore 62.2 69.9 53.4 81.1
64.7 70.3 56.7 90.0
Kaolinite 3.7 0 1.0 3.5
7.0 0.9 5.9 6.9
11.3 1.8 14.7 11.6
] 1.4 ¥ 11.9 0
Chlorite I | 6.3 20.4 1.0
2.8 8.9 29.9 33
1271 18.9 12 1.6
Hematite 17.7 19.2 10.0 3fl
22.8 19.6 15.4 8.6
2.0 0 0 0
Goethite 3.8 4] 6.2 1.5
6.0 0 13.0 6.0
2.2 3.0 2.5 3.5
Anatase 2:7 3.0 2.6 3.9
2.9 Sy 2.8 4.6
21.6 6.30 1.50 7.40
Fe,0,/FeO 47.5 14.90 3.20 36.00

correlated to the field data, indicated the existence of two genetic ser-
ies, namely : a series ranging from the red ferric bauxites tothe green fer-
Tous bauxites, that could be remarkably followed in a continuous transi-
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tion of about 2 1/2 m in the outeropping from the Schireaua mine - Pi-
durea Craiului Massif. The second genetic series starts also from the ferric
bauxites, passing through the brown ferroferric ones to the black ferrous
type. We interpreted that these transitions reflect the way in which the
sediment and the geochemical conditions of the accumulation domain
formed : they were oxidating at the beginning, while becoming ever more
reducing in the late and final sedimentation phases. The diaspore is cha-
racteristic of the oxidating media, while the boehmite occurs in the weakly
oxidating or reducing media. We underline the above.observation as it
will help us further to interpret the secondary genesis of some bauxites
from the Central Bihor.

Apart from these rocks that, in our opinion, preserve the primary
features of sediments, bauxites showing secondary features are also found ;
they are thermally or hydrothermally metamorphosed or, especially, defer-
rized. The deferrization processes are either epigenetic, connected with
supergene solutions geperating the superficial alteration phenomenon or
connected with the young solutions. They are to be found in the peripheric
zones of the lenses or in the zones with fractures of the bauxites from the
Pidurea Craiului Massif.

The iron levigation leads to bauxites with an increased amount of
diaspores in the case of the supergene deferrization and to kaolin bauxites
up to diaspore kaolins or even pure kaolins in the latter case. The deferri-
zation is accompanied by a change in colour from red, through pink, to
white or yellowish in the case of the red bauxites and to yellow and then
white in the case of the brown bauxites.

Both primary bauxites and bauxites showing advanced deferri- .
zation and alteration characteristics were identified in the Central Bihor.
According to the value of the Fe,O;: FeO ratio, one can distinguish red
ferric bauxites, red ferroferric bauxites and brown ferrous bauxites. But
from a genetic point of view, as will be shown below, the colour and the
chemical-mineralogical features of the brown bauxites represent the effect
of the iron secondary reducing processes entailing the formation of ferrous
silicates (chlorites) and they do not reflect the primary characteristics
of the bauxites.

Unlike the bauxites from the Pddurea Craiului Massif, the bauxites
from the Central Bihor contain limestone fragments and many calcitic
fissures much more frequently, which accounts for the separation of a
“limestone bauxite” group. It is obvious that this group of rocks may
comprise bauxites belonging to the three previously mentioned groups as
@ function of the processes having affected the bauxite deposits containing
limestones after sedimentation.

Taking into account the above data, the bauxites from the Central
Bihor have been classified into five groups that are used in tables and in
the treatment of the subject: 1. ferric bauxites; 2. ferroferric bauxites ;
3. ferrous bauxites ; 4. deferrized bauxites; 5. limestone bauxites, belong-
ing in fact to one of the previous groups.
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As far as the limestone bauxites are concerned, the values of the
oxide and mineral contents were calculated both in the rock as such and
after the calcite content had been substracted, that is in the bauxites str.
s Of the 19 samples mentioned in Table 1, 5 are ferric bauxites, 2 are fer-
roferric bauxites, 8 are ferrous bauxites and 4 are deferrized bauxites. The
bauxites with limestone enclaves also range among these rocks. They are
distributed as follows : two samples of (brown) ferrous bauxites, a ferro-
ferric one and a deferrized one.

In Table 2, showing the averages and variation limits of the chemical
and mineralogical components, the limestone bauxites were assigned, as
on the diagrams, to the respective type, so that the table consists of only
four columns.

After examining the distribution of the bauxites to several sectors
(Tab. 1) one can put forward the hiypothesis according to which the Ocoale
bauxites are predominantly ferric, the Sohodoale bauxites are ferroferric
or ferrous and more calcareous, while the Virtop bauxites are somewhat
more ferrous than the others. However these remarks have a hypothetical
character, considering the reduced number of samples that could be
analysed. ‘

Geochemical Remarks

The study of the chemical composition of the bauxites from the Cen-
tral Bihor established the following points (Tabs. 1 and 2):

The main components of these rocks are the Al, Fe, Ti oxides as
well as the silica. The aluminium is, first of all, fixed in diaspore and then
in the clayey minerals — kaolinite and chlorites — where, as a matter
of fact, it is found in the whole silica content. The iron occurs both in its
oxidated form (in hematite and goethite) and in its bivalent form (in
chlorites). The titanium is fixed in anatase, subordinated in rutile (visi-
ble only under the microscope). The other elements are subunitary, except
for the calcite, which exceeds the unit in most samples; this fact distin-
guishes the bauxites from the Central Bihor from the ones from the
Padurea Craiului, in which there are only traces or very small amounts of
limestone that may even lack. The magnesium may also lack and can be
correlated with the chlorite and the calcite.

As might be expected, the greatest contents of Al and Ti oxides are
found in the deferrized bauxites due to the secondary enriching by the
iron levigation, which is not true of the other elements or of the silica.

The alkalis, the manganese and the sulphur lack or are present as
traces or in an extremely low percentage, being unimportant for the inter-
pretation of the chemical composition of these rocks.

The alumina content in the bauxites from the Central Bihor varies
between 47.3 per cent, in a ferrous bauxite from Virtop and 76.6 per cent
in a limy deferrized bauxite from Sohodoale. The highest contents are to
be found in the deferrized bauxites (about 71.4 per cent); the ferroferric
bauxites come next (about 60.9 per cent) and the ferric bauxites follow
(about 55 per cent), while the minimum percentages occur in the ferrous
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bauxites (about 51.3 per cent). This oxide stands in a certain inverse cor-
relation with the total Fe content in the case of the ferrous and, especially,
the deferrized bauxites (Fig. 1). Its variation limits are wider for the defer-
rized bauxites than for the ferric and ferrous ones, showing very close
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values (a little over 60 per cent) in the case of the ferroferric bauxites.
Figure 2 indicates a certain inverse correlation between the aluminaand the
silica for the ferric, ferroferric and ferrous bauxites, while variable alu-
mina contents correspond to analogous silica amounts in the case of the
deferrized bauxites.

The iron occurs in its both forms, ferric and ferrous, an abvious in-
verse correlation being noticed between these two forms. While the defer-
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rized bauxites show minimum iron contents (average of 5 per cent Fe,O5
and 0.43 per cent FeO), the total iron contents are considerably close in
the case of the other bauxites (average of about 22 per cent), a somewhat
higher average in the ferrous bauxites (about 24 per cent) being found.

The ferric iron (Fe,O,) reaches the highest percentages, up teo 22.8
per cent (in a bauxite from the Ocoale sector), in the ferric bauxites, with
the average of 21.3 per cent and gradually decreases to 19 per cent (average)
in the ferroferric bauxites, to 16.21 per cent (average)in the ferrous baux- -
ites, in which it may decrease to a little over 13 per cent (a bauxite from
the Virtop sector and one from the Sohodoale sector) and can reach the
minimum contents in the deferrized bauxites, up to 1.6 per cent in the-
white bauxites, the average of the deferrized ones being of 5 per cent.

The ferrous iron (FeO) is in inverse correlation with the ferric iron,
reaching the minimum average in the deferrized bauxites, where it does
not reach 1.2 per cent (average of 0.43 per cent); the ferric bauxites come
next with an average of 74 per cent and values of over 1 per cent (a bauxite
in the Sohodoale sector); the ferrous iron reaches an average of 2.24 per
cent in the ferroferric bauxites and the maximum percentage in the ferrous
ones, where it is over 10 per cent (in a limy bauxite at Sohodoale) with
an average of 7.5 per cent FeO. The averages are directly correlated with
the silica, indicating an increase of the latter, synchronous with the iron
formation and the chlorite formation.

The titanium (TiO,) shows similar values in the undeferrized baux-
ites (2—3 per cent), somewhat higher in the ferroferric bauxites (average
of 3 per cent) than in the ferric and ferrous bauxites, having very close
averages (2.70 per cent and 2.66 per cent respectively).

The titanium percentage may exceed 4 per cent in the deferrized
bauxites (a deferrized bauxite in the Sohodoale sector). It is in direct rela-
tion with the alumina.

The silica shows the highest values in the ferrous bauxites (average
of 8.5 per cent), followed by the ferric ones (average of 3.8 per cent), the
deferrized ones (average of 3 per cent) and by the ferroferric ones, where
the minimum amounts are found (average of 1.46 per cent).

It is worth mentioning the fact that, while the SiO contents vary to
a great extent in the ferric and even ferroferric bauxites (1—6 per cent),
they show rather constant values (8—10 per cent) in the ferrous bauxites.
The iron content (Fe,O, + FeO) shows rather- small variations for similar
silica amounts, except for the deferrized bauxites, the highest silica percen-
tages belonging to the ferrous bauxites in which the iron content varies
within the same limits. It is also noteworthy that there is no correlation
between the silica content and the degree of deferrization of the bauxites with
secondary characteristics, which are generally similar to the ferric and. fer-
roferric bauxites in this respect. This is one more argument supporting the
opinion according to which this peculiarity of the deferrized bauxites is
determined by the supergene solutions and not by a juvenilealteration
which would have led to the kaolinization and therefore the increase of the
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silica content, as was shown in our papers on the bauxites from the P#-
durea Crainlui Massif.

The high silica content in the ferrous bauxites. is probably due to
the fact that the latter contain two types of clayey minerals (chlorites
and kaolinites) that fix the silica which appears as a secondary contribu-
tion, being simultaneous with the {probably juvenile) iron reduction.

A0y

Sii 02 e € b

Fig, 3. — Ternary diagram : Al,0; — SiO3 — Fe,O, for the
bauxites from the Central Bihor.

1, {ferric bauxites; 2, ferroferric bauxites; 3, {ferrous
bauxites; 4, deferrized bauxites.‘ J

The calcium (CaO) is found — as mentioned before — in great
amounts, offen over 1 per cent and exceeding 2 per cent in a bauxite
from the Ocoale sector. Mention should be made of the fact that the cal-
cium is always supraunitary in the Virtop and Ocoale sectors, while it is
subunitary in the Sohodoale sector. One should underline the fact that,
apart from the majority of ferric bauxites, the other rocks contain calcite
sporadically, which does not justify the presence of this oxide; we consider
this question open as such calcium percentages cannot come from either
absorbtion retentions or chlorites. The limestone bauxites come exclusively
from the Sohodoale sector, where CaO may exceed 25 per cent. Although
the bauxites in this sector are often calcareous, the pure hauxites do not
contain calcium, which confirms the hypothesis. of a subsequent contami-
nation, supposing that the bauxites from the Ocoale sector are fissured
to a greater extent and therefore more calcitized than the latter.

The magnesium (MO) is subunitary with two exceptions: a browp
bauxite in the Virtop sector and a red limestone bauxite in the Sohodoale
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sector. In general, this oxide is not characteristic of a certain type of baux-
ite, therefore there is no correlation of this order of size, with only one
exception when it decreases to 0.06 per cent in the Sohodoale sector. The
deferrized bauxites are not poorer in magnesium than the other bauxites.

A ternary diagram comprising the main chemical components :
Al,O; — Si0, — total Fe,O, (Fig. 3) indicates that all the non-deferrized
bauxites belong to the field II — alferrillites — while the deferrized baux-
ites belong to the field I — allites — heing in fact the richest in free alu-
mina of all the analysed types. .

The Mineralogical Composition

As already mentioned, in the mineralogical composition of the baux-
ites from the Central Bihor (Tabs. 1,2 ; Figs. 4,5), the aluminium lies in
diaspore, kaolinite and chlorites, the iron lies in hematite, goethite and
c¢hlorites, while the titanium lies in anatase and rutile.

* The diaspore is the main mineral in all the types of bauxites, reaching
the highest pereentages in the deferrized bauxites.
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Iig. 4. — Chemical-mineralogical composition of the bauxites from the Central Bihor.
1, diaspore; 2,liematite; 3, goethite: 4, Fey,04/FcO; 3, Ie,03 total; 6, kaolinite; 7, chlorile;
8, anatase. x 10.



13 BAUXITES FROM THE CENTRAL BIHOR .33

 Ferric bauxites Ferroferric bauxites Ferrous bsuxites
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Fig. 5 — Variation of the mineralogical composition of the bauxites from the Central Bihor.
1, anatase ; 2, chlorite; 3, kaolinite; 4, hematite; 5, goethite; 6, diaspore.

The diaspore content is generally of over 6 per cent, varying be-
tween 59 and 71 per cent in the ferric and ferroferric bauxites ; it reaches
higher values for the ferroferric bauxites, in which its average is nearly
70 per cent, as compared to 62.2 per cent in the ferric bauxites. The fer-
rous bauxites contain the smallest amounts of diaspore, which do not
exceed 57 per cent and even decrease to below 50 per cent in a limy baux-
ite from Sohodoale, owing to the fixation in chlorites. The alumina and
the diaspore are in inverse correlation with the total iron content in the
deferrized and ferrous bauxites (Fig. 6), but they show no apparent
correlation with the chlorites in the case of the ferrous bauxites. Also, the
diaspore is in no way correlated with the kaolinite and is somehow inversely
proportional to the chlorite content. The highest diaspore contents are
present in the deferrized bauxites, reaching 91 per cent (in a limestone
bauxite from Sohodoale) and having the average of 80 per cent.The fact
that the ferroferric and the ferrous bauxites have no traces of boehmite,
like those from P&durea Craiului, also suggests their secondary derivation
fromn the primary ferric bauxites. ‘

The Laolinite is to be found in almost all the bauxites, with the ex-
ception of one ferroferric sample from Sohodoale. There is no correlation

i ~—c. 610 23
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between it and the diaspore or any other mineral. It reaches the minimum
amount in the ferroferric bauxites (average below 1 per cent), being fol-
lowed by the ferrous bauxites in which the kaolinite content varies from
1 per cent (a limy sample from Sohodol) to 14 per cent (a brown bauxite
from the same sector). The averages are close to one another (about 7 per
cent) in the ferric and deferrized bauxites, having similar variation limits.

Diaspore
904 ° B
+12
o3
804 o s o
o
70 1 +
.;(( Fig. 6. — Binary diagram — diaspore :
601 o Fe,05 total correlation.
. s 5 1, ferric bauxites; 2, ferroferric bauxi-
501 o tes; 3, ferrous bauxites; 4, deferrized
bauxites.
40.
304
20
104
]

w2 30 40 Fezly totel

The chlorites comprise both minerals of 7 A (septechlorites), which
are preponderent, and chlorites proper of 14 A3. They have been crowded
together in this paper. Together with the goethite, they pigment the fer-
rous, brown bauxites in which they reach 30 per cent (the bauxites from
the Sohodoale sector), having the average of 20 per cent and never decreas-
ing below 10 per cent. They do not reach 3 per cent (average of 2.1 per
cent) in the ferric bauxites, while increasing in the ferroferric bauxites
(average of 5.3 per cent) and decreasing in the deferrized bauxites (aver-
age of 1 per cent), in which a sample from Sohodoale has the maximum
content of 3.3 per cent. Within the ferrous (brown) bauxites there is an
obvious direct correlation between the total iron amount and the chlorite
amount (Fig. 7). '

The chlorite percentage decreases much to disappearance in the defer-
rized bauxites. There can be established a certain correlation between
the chlorites and goethites, which indicates the secondary genesis, by
reduction and hydration, of the ferrous bauxites upon the ferric ones.

8 Argument for hydrothermal metamorphism?
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The iron oxides are represented by the hematite and goethite. The
former appears in great amounts in the ferric and ferroferric bauxites,
exceeding 20 per cent (Sohodoale sector), having averages of 17.7 and 19.2
per cent respectively, while the goethite content decreases to 0 in these
rocks (it lacks in the ferroferric bauxites, having an-average of 3.8 per cent
in the ferric bauxites). In the ferrous bauxites, the hematite occurs in all
the samples, reaching maximum 15.4 per cent in a limestone bauxite from

Chlorite
404
30 3
Fig. 7. — Binary diagram — chlorite ¢ .
Fe,0, total correlation for the (brown) - e
ferrous bauxites from the Central Bihor. s
10 *
r r — fe,05 lolsl
0 2 G

the Sohodoale sector (average of 10 per cent) and decreases to 1.2 per cent:
in a sample from the same sector. We consider this fact as an argument
for its primary origin and the formation of the ferrous bauxites by the al~
teration of the ferric ones that, concomitantly with the hydration, undergo
some reduction and silification processes. Analysing the samples separate--
ly, no correlation between the hematite and goethite can be established,.
but this correlation is obvious if we take into account the averages.

The anatase is the main titanium mineral from the Central Bihor
bauxites, its percentage being equal to that of the TiO, from the chemical.
analyses. Like the latter, the anatase content shows slight variations in
all the types of bauxites — between 2 and 4 per cent — being somehow
correlated with the diaspore and existing in greater amounts in the defer-
rized bauxites. The rutile was sporadically recognized under the micro-
scope °.

P The calcite is to be found in several bauxites coming from secondary
contributions. It was shown in the previous chapter that, in very many
cases, although the chemical analysis indicates CaO contents of over 1 per
cent, the calcite is entirely subordinated or is absent, especially in the fer-
rous bauxites. Apart from the highest calcite contents, some dolomite
percentages are also present in the limestone bauxites. Small amounts of
quartz (up to 2 per cent) were identified by roentgenography and, side-
Tite, in one sample.

A ternary diagram : diaspore-kaolinite + chlorite-hematite + goethite
(Fig. 8) indicates that the non-deferrized bauxites belong to the field IT
(ferriferrous bauxites), while the deferrized bauxites lie in the field I of the
bauxites s.s. Two ferrous bauxites are situated at the boundary with the

9 Indication of hydrothermal metamorphism ?

40
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field V (a,rglllaceous bauxites). If the values for the total iron are recalcu-
lated, the iron contents from. the ferrous bauxites overlie the ferric ones.

A binary diagram : diaspore-clayey minerals (kaolinite + chlorite)
indicates (Fig. 9) : the ferric, ferroferric and deferrized bauxites show an
inverse relation existing among these components. The ferrous bauxites
are poorer in diaspore and are grouped so as.-to confirm this correlation.

Diaspore

v

Ksolinife Hemalite +
/6/75 +z‘ Goethife
Fig. 8. — Ternary diagram : diaspore-kaolinite-hematite-goethite, for the
) bauxites from the Central Bihor.
-1, ferric bauxites ; 2, ferroferric bauxites ; 3, ferrous bauxites ; 4, deferrized
bhauxites.

The deferrized bauxites have an eccentric position, much nearer to the dias-
pore domain, being also the richest bauxites in diaspore. This fact also
indicates. that some clay minerals (chlorites) are seconda,ry upon the dias-
pore.

The Petrographic Study

As in the case of the bauxites from the Padurea Craiului Massif, the
.petrographic classification of these rocks has been drawn up according to
colour, which indicates the chemical-mineralogical composition of the:
rocks and the reducing potential of their formation. Petrographic remarks
have been made in this chapter also on the limestones with bauxite con-
tents secondarily included into their mass or in whose mass bauxites or
.00ids from the upper horizon with detrital limestones have been reshuf-
fled. The latter horizon was considered by R. Puriceland V. Geor -
g e s ¢ u as a synchronous and heteropical correspondent of the Charophyte
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limestones from the hanging wall of the bauxites from: the Pidurea Craiu-
lui Masmf

Red Bauxites

The colour of the red bauxites shows sometimes pink or brown
tinges. The ooidic structure is well represented by numerous corpuscles,
quite variable in size, from 0.4 mm to 6.00 mm @ (Ocoale, Sohodoale),

Diaspore
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¥4 o
80 °
o
o
Fig. 9. — Binary diagram ., .
. o s 7 +
— diaspore : kaolinite 4 o
-+ chlorite correlation. ol 0 o
1, ferric bauxites; 2, fer- o
L]
roferric bauxites; 3, fer- s o,
rous bauxites; 4, deferri-
zed bauxites. 40
30
204
704

; , . . — Kaolinite + Chiors
R T T Chlorite

X1 +2 o3 o4

with which are sometimes associated fragments of pre-existent bauxite
(Sohodoale) or it is-weakly represented, whence the less obvious ooidic
structure.

The mesostasis is abundant or reduced to clea,rances a8 a function of
the amount of corpuscles (Sohodoale). In general the mesostasis is chloro-
morphous, intensely ferruginous, undifferentiated in most cases, opaque.
Tts diasporic nature can be noticed under the microscope in the points with
slight deferrizations and recrystallizations. _

The structure of the bauxites is massive and a common trending-of
the corpuscles is only incidentally noticed (Ocoale, Sohodoale).

The shape of the corpuscles is oenerally ooidic, sometimes round
and oval or even angular (Sohodoale), plane or deformed (Ocoale, Sohodo-
ale), fusiform or even tabular (Sohodoale), the latter shapes being the’
result of corrosion by mesostasis and not of deformation.
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The structure of the corpuscles is simple. The monomineral (diaspo-
ric or ferruginous) corpuscles are uniform. The diasporic corpuscles are
more or less reddish, depending on the hematite amount (Sohodoale).
The corpuscles consisting of compact hematite have diasporic crusts of
variable thickness, due to which they are recognized in the mesostasis
(Sohodoale, Ocoale). When this crust is absent, it is difficultto dlstmgulsh
them from the mesostasis.

"~ In several cases it was noticed that the hematitic ooids show more
or less developed tabular gibbsite crystals (Sohodoale).

The hematitic corpuscles show the greatest size, while the diasporic
are less numerous and smaller in size. The diasporic corpuscles contain
seldom gibbsite in association (Sohodoale).

Concentric structures are seldom noticed as a result of the alterna-
tion of the diasporic and hematitic or limonitic layers (Ocoale).

The fissures crossing the bauxites are generally filled with various
minerals. Some of them, Whlch crossed also the ooids, enabled the shift
of the fragments from one another. Generally they are irregular (Ocoale).
The fine fissures show an obvious parallelism, allowing the separation of
the rock in thin plates, suggesting a certain schistosity. Fine, prismatic to
acicular diaspore is deposited on these fissures, being perpendicular to
the walls. The ferruginous pigment determines the reddish colour. But the
diaspore appears also clearly on fissures (Sohodoale). A very low kaolinite
content is also present. Other fissures are filled with chlorite, which is
agssociated or not with fine granular, ferruginous material and with anatase
{Sohodoale). The chlorite is certainly subsequent to the diaspore and even
to the gibbsite from the fissures it crosses. The calcite appears only occa-
sionally (Ocoale), being deposited both on fissures and diffused in the meso-
stasis. Its grains, with typical cleavage and reduced dimensions (about
0.20 mm O) appear mixed with chlorite leaves on the diasporic background
of the mesostasis, which appears recrystallized and slightly deferrized. The
same chlorite is found moulding the ooids. The solutions which circulated,
depositing this chlorite also on the fissures, are prior to the solutions that
deposited the calcite. This relation results from the fact that the calcite
fissures cross the chlorite fissures. The fine fissures contain sometimes
lamellar hematite and fine. granular rutile (Ocoale); othertimes they are
filled with diaspore, fibrous goethite and rutile. .

Pink Bauwites

‘ The pmk bauxites represent the initial deferrization stage of the red
bauxites. They show a more obvious ooidic structure, especially due to the
decoloration of the mesostasis. The latter, which is initially chloromorphic,
begins recrystallizing by deferrization (Sohodoale). It presents an undoubt-
edly diasporic nature. Sometimes the mesostasis is unequally deferrized
{Virtop).

The ooidic corpuscles, like the red bauxites, range in size frequently
from 0.40 mm to 1 mm @, reaching sometimes 5.00 mm @. Their shape
is much more clear, especially because of the fact that they are only very
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little affected by deferrization. They are round or oval (Virtop), seldom
spastoidizated (Sohodoale).

The nature of the corpuscles is, as in the case of the red bauxites,
either diasporic or ferruginous. The structure is also simple, lacking the
zZonation.

Some diasporic corpuscles are more or less pigmented with ferrugi«
nous pigment (Virtop), have a recrystallized diaspore (Sohodoale, Virtop)
or consist exclusively of hematitic material (Sohodoale). In the latter case
the gibbsite is closely associated with the hematite. Also, the gibbsite,
together with the diaspore constitute some ooids. Other ooids consits of
recrystallized diaspore, associated with pale-greenish chlorite, red ferru-
ginous pigment and sometimes limonitizated lamellar hematite as well as
rutile grains (Virtop).

The fissures generally contain chlorite in association with rutile
grains, which are seldom accompanied by diaspore crystals (Virtop;
Sohodoale) or are filled only with diaspore. The strongly crystallized car-
bonates are found sometimes also in the central part of the fissures with
chlorite. Othertimes the carbonates make up large zones containing fissu-
res with chlorite. One can infer from this relation that this calcite is sub-
sequent to the chlorite. The calcitizations advance from the fissure to-
wards the rock in the irregular zones.

Brown Bauxites

The brown bauxites (Sohodoale) represent secondary goethitiza-
tion and chloritization stages, whence their colour. The deferrization is
marked by the removal of the ferric oxide from the mesostasis and the lat-
ter’s slight recrystallization, which points to the diasporic nature. Rutile
granules can be also noticed in the slightly deferrized mesostasis. The same
rutile, of maximum 0.30/0.15 mm in size, found in outline, very seldom
idiomorphic, occurs also on the fissures, together with the chlorite.

Locally, where the chloritization affects the mesostasis, the latter
presents a particular aspect, the hematite assuming tabular shapes, trend-
ing variously, as a function of the chlorite development and the existing
space.
. The usual ooidic struecture, as in the case of the red and pink bauxi-

tes, is quite obvious. But owing to levigation, the ooidic corpuscles are
sometimes deferrized to a greater extent than the mesostasis. That is
why their colour is lighter, but they contain spots incompletely deferrized
by the hematite, disposed in a rather concentric manner, which might
indicate the initial concentric ferruginous layers.

" In general, the composition of the ooidic corpuscles is s1mp1e, mono-
mineral, diasporie or ferrugmous, with ferruginous crusts in the former
case and diasporic or deferrized in the latter case. Sometimes complex 00ids
with several nuclei, fractured and broken, are also present. The ooidic cor-
puscles are round, oval or complex ; most of them have a ferruginous cen-
tre and & diasporic crust of variable thickness, very seldom with two crust-
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alternating with ferruginous blankets. The angular fragments of pre-exis-
tent bauxite lying in the mesostasis are intensely chloritized.

The fissures are frequent, filled with diaspore and numerous xenc-
morphic anatase (?) granules. The gibbsite occurs more rarely on the fis-
sures and frequently within the hematitic centres of the ooids.

W hite-yellow Bauaxites

The completely deferrized bauxites are white-yellow. The ooidie
structure is hardly visible (Virtop). Still, some bauxites (Sohodoale) have
preserved their ooidic structure owing to the fact that the poor limonitic
pigment slightly outlines the ooidic corpuscles or ‘because the diaspore is
more intensely crystallized than the one in the mesostasis. That i3 why
the ooidic corpuscles are clearer, without ferrugmous pigment, but with
rich granular rutile.

The mesostasis, completely depigmented, is fine recrystallized
(Virtop), allowing the recognition of the diaspore (Sohodoale) Othertimes
it preserves a chloromorphic state and the fine recrystallized diaspore:
occurs only in some spots.

- The gibbsite from the ooids is present in smaller amounts than the
diaspore, but it is widely recrystallized.

The fissures in the white-yellow bauxites are filled also with diaspozre,
while lamellar kaolinite deposited in the centre. Othertimes the kaoli-
nite is associated with the diaspore. The exclusively diasporic fissures are
sometimes crossed by fissures filled with calcite associated with limonitic
pigment. The rutile is connected both with the fissures and the ferrugi-
nous spots which represent either the relict nuclei of the ooids or fine ini-
tial hematite grains, isolated in the mesostasis.

During the process of deferrization, the iron removal was possible
due to the presence of fissures. These fissures contain also fibric goethite
here and there.

Dis_tribution of Minor Elements

Within the study of the bauxites from the Central Bihor the follow-
ing minor elements have been analysed by emission spectrogra,phy
Ga, Sn, Ni, Co, Cr, V, S¢, Nb, Zr, Be, Mn, Li, Ba, Sr, Pb and Cu.

Most of these elements are plotted on the diagram of the ionic
potentials (Fig.10){(Shroll, Sauer, 1964)in the field of the “bauxitop- -
hile”” elements showing values of the ionic potential between 3.5 and 7.5

The analytic data are presented in Table 3. The arithmetical means
(X) and the ratios between the maximum and minimum values (X M/Xm)
have been calculated both for the ferric and ferrous bauxites. The h)gh :
values for Ni and Co, determined in three bauxite samples from Ocoale and
Sohodoale, have not been taken into account..

The low values of the ratios between the extreme contents indicate
the small variation of the contents in the case of the ‘“bauxitophile’” ele-
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ments. The other elements determined, namely Mn, Ba, Sr, Pb and Cu-
show a greater content variation. That is why average values have not
been calculated for these elements.

The diagram at Figure 11 depicts comparatively the variation and
the average contents for the ferric and ferrous bauxites. One can notiece

Fig. 12. — Binary diagram
— Li: diaspore/kaolinite
+chlorite.
1, Terric bauxites; 2, fer-
rous bauxites; 3, deferri-
zed bauxites ;

. f
%2
o3}

T .
3 5 , 30
Diaspore/xaofinite + chlorite

the similarity between these two chemical-mineralogical types as regards
the contents of minor elements. The fields of variation overlap, while the
average contents are in fact equal. Only Li shows a tendency of enriching
in the ferrous bauxites. This fact is obvious on the diagram at Figure 12,
in which the Li contents are represented as a function of the diaspore/
/(kaolinite -+ chlorite)ratio. .

The tendency of lithium acecumulation in the ferrous chlorite bauxi-
tes showing low values for this ratio is noticed. This behaviour of the lit- .
hium was also pointed out in the case of the bauxites from the Pidurea
Craiului and Hateg (Papiu, Udrescu, 1973), confirming the coneclu-
sions reached by Gutkin (1969); the latter thinks that the presence of
lithium in bauxites is in direct correlation with the clay content.

Figures 13 and 14 show the diagrams of Ni-Co and V-Sc correlations.
One can notice the grouping of all the analysed bauxites in the domain
5—10 for the Ni/Co relation and 6 —12 for V/Sec.

On the Co-Be diagram (Fig. 15) the bauxites from the Central
Bihor are plotted in the field occupied by the karst bauxites, partly over-
lapping that of the bauxites from the Padurea Craiului. It is worth mention- -
ing the fact that most of the bauxites from the Central Bihor are plotted
outside the field of the bauxites from the Pidurea Craiului at lower Be
values. This fact concerns especially the ferrous bauxites, of which only
one sample is plotted in the field of the bauxites from the Pidurea Craiului.
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Table 4 shows comparatively the variation fields and the arithmeti-
cal means of the contents of minor elements of the bauxites from the
Central Bihor and Pidurea Craiului. The ferric bauxites from the two
regions are compared on the one hand and the green ferrous bauxites, on
the other hand.
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TABLE 4
Comparative table of the contenis of minor elenients in the bauxifes fromn
the Central Biltet 4énd Pddurea Craiulai
Ferric bauxites Green ferrous hauxites
= SR
g Central Bihor (n = 18)| Padurea Craiului | Central Bihor Pidurea Craiului
£ (n=13) (n=9 (n=6)
= A X A | 5% A X A | X
Ga 48 —83 61 32-61 43 52—64 59 3—-36 49
Sn 15—-31 20.4 5-—-17 11.9(15.5—-25 18.9 9—40 18
Ni 44120 81 24-308 | 138 49—-110 70 96 —215 172
165—295 (n=3) .
Co 6—13 9.3 <20—-72 4.5—-110 8 <20 —47 i
g 25—-95(n=3)
Cr 330680 431 |272—->1000 | 405 {370 —480 | 426 380 —990 610 E
A% 270 —560 394 {215—>1000 | 372 280 —550 | 392 1290 — >1000 | 530 :
Zr 570—1200 849 5401080 | 808 (550 —1070| 822 620 —960 792 1
Be 4.7—11 6.6 8.5—14 10.5/4.5—5.7 5.4 4.5—11.5 8.7§
Mn 95—720 76— >1000 o 170 —440 | 296 [420— >1000 |
Li 5—33 14.7, <5675 13--26 27.3 14 -198 !
Ba 14—145 10—-152 17—120 964 !
Sr 25-—-81 9-522 31—-96 42234
Pb 17.5—290 . 73—225 26—150 21-278
Cu 7.5—90 <15-—-167 6—31 <15—86

= variation domain; X = arithmetical mean

The table indicates in the first place the more restricted fields ol
variation for the ‘“bauxitophile” elements from the Central Bihor bauxites:
Higher Ga contents and lower Be, Niand Li contents in the Centra
Bihor than in the Pddurea Craiului can be noticed.

The ferric bauxites show also higher Sn contents in the Central
Bibhor, while the green ferrous bauxites show higher Cr and V contents in
the Pddurea Craiului.

One should mention also the very close Cr and V values for the ferric
bauxites in the two regions as well as the variation fields and the equal
average Zr contents in both chemical-mineralogical types of the two re-
gions compared.

Genetic Remarks

In the introduction concerning the geology of the bauxite-bearing
region from the Central Bihor we pointed out the striking similarity exist-
ing between the occurrence and the characteristics of the bauxites from
this region and those from the Pddurea Craiului Massif. The previous stu-

- dies on these rocks, made by our group, led us to the following conclusion
regarding the genesis of these bauxites : they formed by physical-chemical
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precipitation at the surface of the Upper Jurassic karst, from hypera-
cid waters containing Al, Fe and Ti ions, after the rising of the pH, by a
rapid mixture with the bicarbonatic waters or from colloidal solutions sta-
bilized by organic protection colloids, after their destruction in the weakly
alkaline medium of the karst waters. This interpretation was later used
(P apiuand collaborators, 1970) also for the explanation of the bauxﬂ:eq
from the Galbina Valley in the Central Bihor.

As in the case of the bauxites from the Pidurea Craiului Massif,
among the bauxites from the Central Bihor were identified red ferric and
ferroferric bauxites, making up the main allitic mass in the region. We con-
sider that the ferric bauxites maintain the primary character of the sedi-
ment, deposited iz an oxidating medium, in a siderolitic facies in associa-
tion with the kaolinite, the mineral characteristic of the lateritization
processes. The allitic precipitate moulds the relief of the cavity in which it’
is deposited, reaching sometimes the fissures and filling them like some’
lodes. But unlike the bauxites from the Pddurea Craiului Massif, the fer-
rous bauxites from the Central Bihor are rocks with obvious secondary.
characteristics, formed as a result of the hypogenous alteration processes,
that took place in the mass of the ferric rocks, manifested by the partial
goethitization of the hematite and by the formation of the chlorites
under the strong impact of some siliceous reducing solutions. The total iron
content is generally similar for all these types of bauxites, while the free
alumina and the hematite ratios decrease in the ferrous bauxites owing
to the chloritization process. Unlike the bauxites from the Piddurea Cra-:
iului, the ferrous bauxites from the Central Bihor are not boehmitic, which-
confirms the hypothesis of their secondary genesis. As a matter of fact,
the petrographic study also points out this secondary origin of the ferrous-
bauxites whose brown colour is due to the mixture of chlorites and’
goethite. The chloritization occurs especmlly in the fissured and breccmus
zones.

Thus the ferroferric bauxites would represent a first mtermedlary
stage of alteration between the ferric and ferrous bauxites.

The genesis of these reducing siliceous solutions is probably hypo-
genous, but the magmatic phase connected to it cannot be specified.

The second type of alteration is the deferrization, an exogenetic
phenomenon which occurs especially at the periphery of the lenses and in
the zones of intense fissuration of the bauxites. The white bauxites, the
final product of these processes, constitute the richest mineral in alumi-
nium. The fragmentary material, the coids and the most fine granu-
lated material may fill secondarlly some fissures from the hmestones,
suggesting secondary diaclasis.

One should mention the limestone bauxites which constitute the
only clastic element found in the bauxite mass. It is obvious that thelr.
origin is connected with the fragments and blocks fallen from the Walls
of the dolines that overthrew and were included in the mass of accumula-
ting bauxite muds ; this phenomenon was also found, perhaps in a lower,
degree, in the baumtes from the Pddurea Craiului Massif.
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- Taking into consideration the present state of knowledge, the genes-
is of the bauxites from the Central Bihor, as compared to that of the baux-
ites from the Pidurea. Craiului Massif, is considered to be different as
regards the sedimentation ; thus, at the end of the bauxitogenesis phase
-there was no reducing phase of changihg into swamp, entailing the forma-
tion of ferroferric and ferrous bauxites as a consequence of the changed
characteristics of the geochemical accumulation environment, previous to
the appearance of the lacustrine environment, in which the Carophyte
Jimestones accumulated. Therefore the essential genetic difference found
between the bauxites from the two sectors lies in the fact that the ferrous
bauxites show a primary character in the Pidurea Craiului Massif and a
secondary genesis in the' Central Bihor. '

Deferrization processes, which are manifested especially at the periph-
eric ends and in the fissuration zones of the bauxites, take placein aplain-
ly subsequent phase and under the action of the supergenous waters.
Sometimes fine bauxite material or ooids and even bauxite fragments
penetrate on the larger fissures in limestones; they cement with calcite,
thus appearing in the limestone from the bed of the lenses. Othertimes oth-
er materials appear in the limestones from the hanging wall, bearing no

relation to the fissures; they are of course reshuffled at the base of the
Neocomian limestones.

As regards the original material of the bauxite producing solutions,
we think it might have been a laterite, formed on silicated rocks, disselved
afterwards, in the siderolitic phase (Wealdian facies), at the begin-
ning of the Neocomian, in waters with low pH of swampy type from the
heterotrophic lakes. Some of the lateritic powders might have been carried
by the wind or running waters, as is supposed by several researchers
(Roch, 1974; Nicolas, 1970; Nicolas and Carquet, 1972,
1973) ; but afterwards they became soluble and maintained in solution
until the precipitation, moulding pre-existent karst reliefs. Subsequently,
after the fissuration and brecciation of the limestones, the bauxite mate-
Tial which is either fine, showing a great dispersion, or fragmentary or
ooidic, may be introduced by the circulation waters into the limy mass and
then recemented with calcite. Also, as it was shown above, such material
may be reshuffled in the base of the Neocomian limestones from the hang-
ing wall. This fact explains the presence of the bauxites in limestones Some-
times, when they fill the fissures exclusively, and may show a pseudo-
lodelike character. In the rocks of the bed, such a character is the conse-
‘quence of the primary precipitation of the bauxites in the Neocomian limy
Tocks and of their subsequent filling with bauxite powder.

General Conelusions

. The b':.mxites from the Central Bihor range, like all the bauxites on
ﬂle Romanian territory, among the karst bauxites, overlying Jurassie
Tlimestones -and underlying marine Neocomian limestones ; they form,
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between these two units, a continental siderolitic episode in the facies as-
signed to the Wealdian.

As far as their age, occurrence, chemical-mineralogical composition
and, to a great extent, the content of minor elements is concerned, they
resemble the bauxites exploited at present in the Padurea Craiului Massif.
Like the latter, the bauxites from the Central Bihor are diasporic rocks
with high iron contents. In this respect, ferric bauxites were also separat-
ed in this massif, showing the Fe,O, > 20 relation, ferroferric bauxites,
in which the relation varies between 4 and 20, and ferrous bauxites, in
which the value of this relation decreases below 4. It is noteworthy that
the deferrized bauxites contain the highest diaspore percentage. The va-
riation limits of this mineral are between 50—90 per cent, increasing in
the following order : the ferrous bauxites, the ferroferric bauxites and the
deferrized bauxites, according to Table 2. Since the ferric bauxites prevail
and occupy an intermediary position as regards the free alumina, we think
that the latter must be in a general average of 60—63 per cent (according
to the data available).

The total silica varies between 1—10 per cent, being fixed in clayey
minerals : kaolinite and chlorites, which are much more abundant in the
ferric and deferrized bauxites (average 7 per cent) than in the ferrous (ave-
rage of 6 per cent) and ferroferric (1 per cent) ones. On the contrary, the
chlorites prevail in the ferrous bauxites (average of 20 per cent), being fol-
lowed by the ferroferric bauxites (average of 6.3 per cent) and decreasing
to 2 per cent in the ferric bauxites and to 1 per cent in the deferrized
bauxites.

The iron is found especially in the form of oxides, among which the
hematite abounds in the ferric and ferroferric bauxites (averages of 16
per cent and 19 per cent), while decreasing to the average of 10 per cent in
the ferrous bauxites and to 3.7 per cent in the deferrized ones. The goet-
hite occurs especially in the ferrous bauxites, lending them, together with
the chlorites, the brown colour. The ferric and ferroferric bauxites are red,
like the great mass of bauxites from the Paddurea Craiului Massif. The pig-
ment decreases by deferrization, the bauxites getting pale hues that pass
from red to pink and from brown to yellow and finally to white bauxites,
the latter being the richest in alumina. The titanium, found in the form of
anatase, varies between 2 and 4 per cent, being correlated to the alumina
content. An inverse correlation between the alumina and the iron exists
only for the ferrous and deferrized bauxites.

Unlike the bauxites from the Padurea Craiului, the bauxites from the
Central Bihor contain very often enclaves of Jurassic limestones, which
are more or less corroded, as well as generally supraunitary percentages
of Ca0, independent from limestones; the bauxites from the Padurea
Craiului actually lack this component.

As regards the minor elements, the resemblance is also remarkable,
showing a slight difference especially in the case of the ferrous bauxites
within the Cr-Be diagram and also as far as the Zr, Or and V contents are
concerned.

1 — c. 610
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From a genetic point of view, we think that the bauxites from the
Central Bihor formed by physical-chemical precipitation from hyperacid
or colloidal solutions, as a result of the mixture with the karst bicarbonatic
waters, moulding the cavities of the paleorelief, like the ferric bauxites
from the Pidurea Craiului Massif. But the ferroferric and ferrous bauxites
are produced by the secondary alteration, reduction, silication and
hydration of the ferrie oxide (the hematite), the alumina coming from dias-
pore under the impact of some juvenile solutions. Thus, from a genetic
point of view, the reduced bauxites from the Central Bihor differ plainly
from the bauxites with similar chemism from the Padurea Craiului Massif,
which, as shown in some previous papers, have a primary origin, being
deposited in the final stages of sedimentation, that is in the stages when
the oxidating environment at the beginning of the accumulation was gra-
dually replaced by a reducing environment by a process of changing into
swamp. We admitted that the raw material of the allitic solutions would
hawve been represented by basic lateritizated pyroclastites, in the case of
the bauxites from the Pddurea Craiului Massif. This hypothesis is also
valid for the bauxites from Bihor, without however includingany addition-
al argument in ity favour.

The lode characteristics, that is the presence on the fissures of the
limestones of the bauxitic material, is due to the primary precipitation
over the Jurassic limestones from the bed and by secondary filling with
bauxite powder or even with ooids and small fragments in the Neocomian
limestones of the hanging wall in which the bauxitic material occurs
reshuffled sometimes.

The data available indicate that the ferric bauxites occur especially
in the Ocoale sector, the ferrous ones, more frequently in the Virtop sec-
tor, while the limy ones come especially from the Sohodoale sector, being
predominantly ferroferric and ferrous.
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Etude chimique-minéralogique des bauxites du gra_b.en‘ de
Somesul Cald. Les bauxites karstiques du graben de Somesul Cald (Monts Apuseni, Rou-
manie) sont plaquées sur les calcaires récifaux jurassiques supériewrs et couvertes de calcaires
crétacés inférieurs (urgoniens). Elles ontun caractére diasporique (60 % diaspore en moyenne),
avec des teneurs subordonnées de hématite (J-goethite), kaolinite, chlorite, ‘anatase. Au
point de vuedu chimisme, on a distingué trois groupes : bauxites ferriques (Fé203 : FeO > 20),
bauxites ferroferriques (Fe,03 : FeO = 20—8) et bauxites ferreuses (Fe,0, :FeO < 4). La con-
stitution chimique minéralogique qualitative des trois Lypes est bien semblable et il faut remar-
quer que les pourcentages en FeO et SiO, augmentent dans les bauxites a caractére réduit par
rapport a celles ferriques, conséquence de l'augmentation quantitative en chlorites par
suite des processus de faible métamorphisme hydrothermal (silicatation et réduction), en corré-
lation probablement avec le lnagmatisme banatitique -voisin. Dans le domaine des é¢léments
mineurs, on constate que les bauxites du graben de Somesul Cald présentent les plus grandes
tencurs en Zr et les moindres en Cr de toutes les bauxites néocomiennes des Monts Apuseni. On
admet que la genése de ces dépots soit due 4 la précipitation des solutions coloidales ou électro-
lithiques en surface du reliel karstique d’age post-jurassique.

1 Delivered on 11 May 1978, accepted for publication on 15 May 1978, communieation in
the session on 26 May 1978.

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

3 Intreprinderea geologicd de prospectiuni pentru substante minerale solide, str. Caran-
sebes nr. 1, Bucuresti. I
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I. INTRODUCTION

Continuing the series of the chemical-mineralogical studies of the
bauxites of the Socialist Republic of Romania, which was initiated over
a decade ago, we are going to present in the following pages the charac-
teristics of the bauxites from the Somesul Cald graben. The location of
" these bauxites was established by one of the authors 15 years ago
{(Mantea, see Plate).

The material which constituted the object of the present study, was
gathered from the outcrops of the Neocomian formation of the Somesul
Cald graben. A number of 19 samples were submitted to microscopic,
thermodifferential and roentgenographic studies as well as to complete
chemical analyses of silicates and spectrographic dosing of trace elements.
On the basis of these data we established the chemical-mineralogical con-
tent of the bauxites, which is presented in the annexed tables and diagrams.

If we have in view their occurrence and their chemical-mineralogical
characteristics, these bauxites resemble very much the bauxites of the
same age from the Pidurea Craiului Massif and from the Central Bihor,
there being however some specific distinctions as well.

II. BIBLIOGRAPHIC DATA

The first complete geological data regarding the outcropping region
of the bauxites from the Somesul Cald graben, belong to Krdutner
(1941) who published a note with a geological map of this zone atta-
ched to it. These are the first data about the succession of the Crystalline,
Carboniferous, Permian, Triassic, Jurassic and Cretaceous formations,
as well as about their structure of the ‘‘graben” type. We should mention
that the author does not agree on the existence of the Cretaceous limes-
tones from the hanging wall of the bauxites, and as far as the latter are
concerned he speaks only of the presence of a number of bauxite blocks
on the Onceasa Valley.

Ten years later, G iu gc & (1950) presents in his paper regarding the
banatites from the Vlddeasa massif, a map which renders the sedimentary
formations from the Somesul Cald graben following Kriutner’s
data (1941). '

Prospecting in 1965 the bauxites from the same region, Mantea
et al., (1965) ¢ draw up a geological map, mentioning for the first time the
presence in this region of the Hocretaceous limestones with pachiodonts
representing the hanging wall of the bauxite deposits. The authors also
present the chemical and mineralogical analyses of areduced number of
bauxites. .

In 1966, Mantea and Geor gescu® draw up a geological map
of the zone between the Ponor Valley and the Alunu Mare Valley, making
stratigraphic specifications at the Jurassic and Cretaceous levels and poin-
ting out the presence of new bauxite lenses.

45 Arch. M.M.P.G., Bucharest.
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In 1975, Mant ea’ studies in detail the Neojurassic and Eocreta-
ceous limestones from some parts of the Somegul Cald graben (from
Patrulius etal., 1975).

III. OCCURRENCE OF THE BAUXITE DEPOSITS

The bauxites from the Somesul Cald graben, like all the bauxites in
our country, enter the group of the karst bauxites (de W eis e, 1964)
and are situated, like the other ones from the Bihor and Pidurea Craiului
Mountains, at the limit between the Jurassic and Lower Cretaceous.

From the geographic point of view, the region is placed south of
the Vlddeasa massif and includes the area of the sources of the Somegul
Cald, which, from the geological point of view, is situated in the structural
unit of the Bihor-Pidurea Craiului Autochthon. The deposits are general-
ly represented by lenses of homogeneous, unstratified bauxite which
mould the relief of the basement, namely the paleokarst at the surface of
the Jurassic limestones. The upper surface is not absolutely plane. The baux-
itelenses are less than 4 m inthickness and 50—60cm in length, resembling
very much the deposits we mentioned above. '

The rock presents a massive structure and generally, it is compaect
and rigid. It has a brown-red to brick-red colour. As aresult of alteration
and deferrization the colour may get yellow nuances, while the structure
becomes porous and even slaggy (drossy). We should mention that we
did not find enclaves of the subjacent limestones in the bauxites from the
Somesul Cald graben.

IV. CONSIDERATIONS REGARDING THE GEOLOGICAL EVOLUTION
OF THE REGION

The component formations of the Somesul Cald graben are situated,
in most cases, within the unity of the Bihor-Pidurea Craiului Autochthon
(which comprises all the calcareous rocks in which the bauxites are hosted)
(Plate).

At a general examination, the succession of the Mesozoic deposits
from this graben resembles to a large extent the corresponding deposits
from the Pidurea Craiului. These stratonomic and stratofacial similari-
ties suggest the existence of some conditions of accumulation of the bau-
xites in the region of the Somegul Cald graben similar to those from the
Piadurea Craiului and the Central Bihor.

For a correct understanding of the processes which determined the
emplacement of the bauxites from the Somesul Cald graben, we shortly
present the main stages of the individualization of the formations from
the bed and the hanging wall of the bauxites :

— the first stage is attributed to the Upper Jurassic and corresponds
to a ecarbonate sedimentation under platform and varied hydrodyna-
mie conditions ;

6 Arcl:—M.M.P.G., Bucharest.
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— an important moment at the end of the Jurassic, corresponding
to the Nevadian phase, which determines the tipping movements of the
carbonate platform and as a consequence the macro and micro-fracturing
of limestones ;

— the deposition of the bauxites during an emersion phase which
probably took place at the beginning of the Neocomian (Wealdian) and
was preceded by the formation of a paleokarst on the surface of the Neo-
jurassic limestones ;

— reinstalling of a marine regime under platform conditions with
a low level of energy — accompanied by the development of the ‘‘back-
reef’’ facies out of the hanging wall of the bauxites during the Barremian-
Aptian period. By comparison with Piadurea Craiului, the lack of lacus-
trian deposits is significant and suggests the lowering of the basal level in
the basin situated in the close vicinity of the emerged platform ;

— the development and respectively the deformation of the forma-
tions of the Bihor-Pidurea Craiului Autochthon, due to movements belon-
olng probably to the early Austrian phase;

— the emplacement of the Codru nappes system in the Upper
TUronlan, i

— the Senonian transgression followed by the accumulation of the
deposits of Gosau facies ;

— 8 phase of tectogenesis (early Laramlan) with strong implica-
tions on a'regional scale and the cropping up of subsequent, banatltlc,
acid extrusiors ,(the Vlideasa eruptive).

The eleménts of disjunctive tectonics known in- the Somesgul Cald
graben, characteristic of the Bihor-Pidurea Craiului Autochthon, support
the idea of the existence of a ruptural tectonics generated in successive
phases. They appear as belonging to several systems of extremely comph-
cated faults, defmlng a tectonics of the ‘“‘saxon’” type, with successive
fractures disposed in steps which favoured the vertical arrangement.

“* On the other hand, mention should be made of the presence of a
number of elements Wlth plicative character, represented by several
lambeaux made up of Paleozoic and Triassic formatlons and belonging to
the Codru nappes system.

The exact delimitation of these tectonic lines is important for the
exact settlement and the estimation of the bauxite deposits from this
part of the Bihor Mountains.

V. THE FEATURES OF THE CARBONATIC ROCKS SURROUNDING
THE BAUXITES

A) The Limestones of the Terminal Jurassic

The Neojurassic calcareous deposits which represent the bauxite bed
and which are 200—220 m in thickness, are constituted of two distinct
lithofacial types : at the lower part the limestone of the Farcu type
{Oxfordian — Lower Tithonian), and at the upper part the limestone of
the Albioara type (Tithonian).
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a) Due to its massiveness and light colour the limestone of the
Farcu type may be easily confounded with the limestone of the Wetter-
stein type (Ladinian). It usually presents grey spots (they probably repre-
sent isolated colonies of branchy corals or diagenized hydrozoan skele-
tons), it is of reefal nature and slightly recrystallized. From the microfacial
point of view, it is formed of micrites, microbiosparites, pelsparites and
intrapelsparites. The biofacial composition of the limestone of the Farcu
type, dominated by the coral association, hydrozoans and remnants of
echinoderms, suggests some similitudes with the facies of the Stramberg
type.

b) The limestone of the Albioara type lies in continuity of sedimen-
tation over the reefal limestone described above, and is represented by
limestones stratified in beds of 35—40 cm in thickness of grey-blackish,
colour. From the microfacial point of view, they are formed of m1cr1tes,
pelmicrites and rarely of pelmicrosparites, With many pizoncolites, scarce.
benthonic foraminifers, ostracodes and gasteropods.

B) The Limestones of the Lower Cretaceous

The Eocretaceous carbonate formations from the hanging wall of
the bauxite deposits probably correspond to the lower limestone with:
pachiodonts to the lower part of the Ecleja beds from Pidurea Craiului.

On the basis of the macro- and microfaunistic elements we consi-
der them to be of Barremian to Bedoulian age.

At a thorough and comparative examination of the stratigraphic,
column of the Lower Cretaceous from the Somesgul Cald graben and of the
similar column from the Piddurea Craiului, we arrived at the conclusion
according to which at the end of the Jurassic the two territories had a
quite different evolution. Thus, in the region of the Somesul Cald graben,
over the bauxites we did not find the limestones with characees and.
those with small gasteropods representing the lithostratigraphic elements
which in Pidurea Craiuluirepresent the stratigraphic marks for the lacus-
trian sedimentation characteristic of the interval immediately following-
the bauxite accumulation.

The microfacial study of the Eocretaceous limestones led to separa-
ting the following entities :

a) Over the bauxites, there constantly develop light grey to white.
limestones, stratified in banks of 0.5—1 m in thickness and characterized.
by the presence of some small calcite eyes widely crystallized, known as
“birdseye structures’” (Shinn, 1968). The microfacial composition of
this limestone which we called the limestone with birdseye, consists of
micrites and pelsparites frequently dissociated in dismicrites.

b) This limestone supports a succession of limestones, stratified in
banks of 0.60—0.80 m in thickness, of grey colour, presenting a wide
range of microfacies. The micrite microfacies which is predominant, is
rich in benthonic foraminifers ith a thick test, among which the milio-
lides stand out ; for this reason we named this microfacial separation, the.
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limestone with miliolides. Sometimes the micrites with miliolides are as-
sociated with bioclastites, intrabiosparites and even oolitic sequences
with sparite cement and a rich miero and macro content of organic rem-
nants (caleareous algae, foraminifers, bryozoans, remnants of crinoids etc.).

¢) As the succession goes on, we encounter grey-whitish limestones,
stratified in banks of 0.50—0.80 m in thickness, consisting of micrites,
pelmicrites and calcarenites (biomicrites, oolitic intrabiosparites and oo-
pelsparites) which contain pachiodonts frequently accumulated under the
form of biostroms. The species Requienia minor (Do uv.) being predo-
minant, we called them the limestone with pachiodonts.

d) The limestone with pachiodonts is covered by a calcarenite
packet with coarse-grained microfacies (oomicrites, oosparites, intrabio-
sparites, sometimes oolitic, oopelsparites etc.) of dark grey colour, with a
marked stratification. These bioclastic calcarenites which we included in
the limestone with orbitolines, are characterized by their content very
rich in ealcareous algae, miliolides, trocholines and especially orbitolines.

e) The Lower Cretaceous succession ends with a packet of blackish
limestones, in banks of 0.30—0.35 m in thickness, with specific siliceous
accidents, made up of micrites, pelmicrites and sometimes pelsparites (the
limestone with siliceous accidents).

On the whole, the pile of Eocretaceous limestones from the hanging
wall of the bauxites reaches a stratigraphic thickness which does not
exceed 225 m.

The Eocretaceous carbonate deposits are sometimes transgressively
and discordantly covered by Senonian deposits ; other times, the Eocre-
taceous paleokarst is direetly covered by the Quaternary formations.

VI. THE CHEMICAL-MINERALOGICAL STUDY OF BAUXITES

The bauxites from the Somesul Cald graben present a remarkable
constitutional unit within which the great variation of the bivalent iron
content under the form of chlorite, justifies their classification in
three groups, as it is the case with the bauxites from Pidurea Craiului
Massif and from the Central Bihor. These groups were established accor-
ding to the value of the Fe,0; : FeO ratio, as follows :

Ferric bauxites with Fe,0; : FeO > 20

Ferroferric bauxites with Fe,O4 :FeO = 20 — 8

Ferrous bauxites with Fe,O; : FeO < 4.

Unlike the bauxites from Pidurea Craiului, these rocks generally
contain higher rates of bivalent iron fixed under the form of chlorite,
indicating local conditions of reduction. As can be seen from the fellowing
pages, the total contents of Al-Fe-Ti are almost equal for all the samples
we studied, there existing differences of mineralogical nature resulting
also from the variation of the silica content which in the case of the fer-
rous-bauxites is much higher. From the genetic point of view, this situa-
tion is the result of factors subsequent to a clear epigenetic metamorphosis.
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A) The Chemieal Composition
(Tables 1 and 3, Fig. 1)

1. The most important oxide from the bauxites composition is the
alumina, which represents 50 per cent — the Cirligate Valley). The mini-
mum gets to less than 50 per cent in two samples of ferrous bauxites
(from the Ponor Valley), situation possibly caused by increasing of the
silica rate. The alumina ig fixed under the form of diaspore and silicates

Ferric bauxites Ferroferric bauxites < Ferrous bouxites
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Fig. 1. — The chemical composition of the bauxites from the Somesul Cald graben.
1, Fe, 0, total ; 2, Fe,05 :FeO ; 3, ALO, total; 4, AL O, : Si0,; 5, SiO, total.

in the argillaceous minerals (chlorites and kaolinite). It is worth men-
tioning the constancy of the total alumina content for all types of bauxi-
tes, resulting primarily from the means included in Table 3 (about 52 per
cent) and pointing to a unique source of sedimentation with a uniform
structure all over its mass.

2. The silica results exclusively from the argillaceous minerals,
no sample containing free silica. The samples with the most reduced con-
tents are present in the ferric (the Alunu Mare and Piatra Coltului valleys)
and ferroferric bauxites (the Cirligate and Humpleu streams). The silica ex-
ceeds 9 per cent in the ferrous bauxites (the Ponor Valley). For the ferric
and ferroferric bauxites the silica means are practically equal (3.5 and
3.7), while for the ferrous ones the silica mean is more than double (eight
per cent). The silica rates present the greatest fluctuations in the case of
the ferric bauxites, generally these variations being greater than the Al,
Fe and Ti variations. The silica seems to be on an inverse ratio with Al
and Fe. The value of the average Al,0,:SiO, ratio gets to its maximum
(aver 20) in the case of the ferric bauxites, is very close to it in the case
of the ferroferric ones (17.8) and is very low in the case of the ferrous
ones (6.7). The greatest fluctuations are present in the first two groups
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(between 8 and 40), the greatest values being characteristic of the ferric
bauxites, while the minimum values reach 5 in the ferrous bauxites.

3. The iron is dominant under oxide form (hematite and goethite)
and is suberdinate under bivalent form in the case of chlorites only.
It is worth mentioning the fact, that the total iron content is almost equal
for all ferroferric and ferrous bauxites (a mean of about 26 per cent) and
presents a slight lowering in the case of ferrous bauxites (22.6 —25 per cent,
with a mean of 23.4 per cent). The Fe,O; : FeO ratio, which we used in all

41,0,
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our papers in order to classify the bauxites varies between 60 and 20 in

the case of the ferric bauxites, between 17 and 10 in the case of the ferro-

ferric ones and between 3.5 and 1.8 in the case of the ferrous bauxites, the
bauxites ‘from the Somesul Cald graben being richer, on the whole, in
bivalent iron than those from Pddurea Craiului massif. It is also worth

mentioning the constancy of the Al,O, — total Fe,O,4 ratio (Fig.2) which

indicates that the initial sedimentary supplies were considerably constant

for both elements, and their source common. Mention should also be made
of the fact that, unlike the bauxites from the Paddurea Crainlui, the bauxi-

tes from the Somesul Cald graben do not contain samples wholly lacking

in bivalent iron, the value of the Fe,O, : FeO ratio never being infinite.

The means of Fe,O, in oxidated bauxites are analogous (24 —25 per cent),

while in the case of ferrous bauxites they are very low (5.3 per cent);

this situation is opposed to the situation of the bivalent iron whose mean.
- is three times greater in the case of ferrous bauxites (6.3) than in the case

of the ferroferric ones (1.7 per cent).

4. The titanium is, like the alumina and the total iron, very constant
from the quantitative point of view, generally having the value of about
2.5 ; there is only one ferrous bauxite which contains more than 3 per cent
of TiO, (Onceasa) and which confirms the genetic conclusions regarding
the initial source of the material. The means are practically equal.

5. The calcium oxide is present here in a greater quantity than in
the bauxites from the Pddurea Craiului, resembling those from the Cen-
tral Bihor without being fixed in calcite (the complete absence of CO,).
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Quantitatively, it varies between 1 and 1.7 per cent. In the case of the most
ferric bauxite from the Padurea Craiuluiit reaches the value of 2.7 per cent
Ca0O (the maximum guantity). The only possible explanation of this si-
tuation has in view its depositing in the silico-argillaceous gels, due to
the fact that the calcareous enclaves of the type of those present in the
bauxites from the Bihor Massif have not been found yet.

6. Other ¢lements. The magnesium is under 1 in all cases, varying
from the guantitative point of view round the mean of 0.5 per cent MgO.

A0y

FFig. 3. — Ternary diagram — Al,0; —
— Si0, — Fe,05 — for the bauxites
from the Somesul Cald graben.

I, allites; II, alferrillites; III, ferrialli-
tes; IV, ferrillites; V, argillaceous bau-
xites; VI, siallites; VII, sillites (silicol-
lites); VIII, siferrillites; IX, ferrisilli-
tes; X, ferrisiallites; 1, ferric bauxites;
2, Terroferric bauxites; 3, Terrous bau-
xites.

[ITRN N

The other oxides (MnO, K,0, Na,0, P,05) are not important and vary
between traces and hundredths of percentage, with the exception of one
ferric bauxite with 0.25 per cent X,0. The sulphur is lacking from all the
samples except for the most ferric bauxite of the Alunu Mare Valley,
which has a content of 0.13 per cent S which cannot be correlated with
the presence of any other form.

Having in view the presence of the main chemical constituents,
AL Oy, Fe,0,, Si0,, we drew up the ternary diagram from Fig. 3, which
presents the bauxites from the Somesul Cald region as grouped in the field
II — Allferrilites, within which part of the ferrous bauxites are removed
to the left due to their content of silica. Thus, they are situatedin the
same field with the other karst bauxites from the Apuseni Mountains.

B) The Mineralogical Composition
(Tables 2 and 3, Fig. 4)

The bauxites from the Somesul Cald graben are characterized by a
simple mineralogical composition including the next six minerals : dia-



62 C. V. PAPIU et al 10

spore, hematite, goethite, anatase, kaolinite, chlorite. Except for the goe-
thite which sometimes may be absent, the other five minerals are present
in all the samples we analysed. The quantitative ratios of these minerals
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can be seen in Figure 4 and the following participation‘ order can be esta-
blished :

In the caseotfferric bauxites : diaspore — ferrie oxides — hematite -
+goethite — kaolinite — anatase and chlorite in the same proportions.
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TABLE 2

The mineralogical composilion of.lhe banxiles from the Somesul Cald graben
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TABLE 3

The chemical-mineralogical composition of the
bauxites from the Somesul Cald graben

Oxides Ferric bauxites Ferroferric i)auxites Ferrous bauxites
‘ (7 samples) (7 samples) (5 samples)

| 2 | x® | a | x| s | x
S0, 1.3-7.6 3.7 1.5—5 3.5 6—9.5 8.0
ALO, 5155 52.7 50—-55.4 53.0 48—-54 51.4
Fey,04 23—26.6 25.0 22.7—26 24.3 14—17.5 16.4
eO 0.4—-1.1 0.7 1.4--2.3 1.7 5—7.9 6.3
TiO, 2.4—-2.9 2.5 2,2—-2.8 2.5 2.3—-3.1 2.6
Fe,0, total | 24.2-27.9 25.7 25.5-26.0 26.2 | 22.7-25.1 23.4
ALO, : SI0, | 8—40 20.1 10.8-36.5 17.8 5.2-—9 6.7

Minerals

Diaspore 52.6—63.0 59.6 55—64 59.4 4958 53.9
Kaolinite | 2.7--15.1 6.8 04.-7.6 4.2 | 4.5-10.2 6.5
Chlorite 1.2-3.2 2.1 4.1-6.5 | 4.9 |14.2-22.3 17.9
IHematite + :

Gocthite 21.3-27.6 25.7 24— 26 2.1 | 14.4-18.6] 17.1
- Anatase see TiO,

Fe,0,: FeO | 22.9-59.6 10.5—17.0 1.8-3.5

A = variation limits; X = average value

In the case of the ferroferric bauxites : diaspore — ferric oxides. —
kaolinite and chlorite in the same proportions (with two exceptions very
poor in kaolinite) — anatase.

In the case of ferrous bauxites : diaspore — ferric oxides in the same
proportions as the chlorite (with a sole exception richer in chlorite) —
kaolinite — anatase.

The same diagram indicates a growth of the chlorite ratio at the
expense of the ferrlc oxides and subs1d1a1‘11y of the diaspore, at the level of
the ferrous bauxites.

1. The diaspore represents the main constltuent of the bauxites, in
proportion of 530—60 per cent for all types. The greatest quantities are
present in two ferroferric bauxites (from the Cirligate and Humpleu

5 — c. 610
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streams) in which it exceeds 63 per cent, getting to almost 64 per cent in
the latter, while the lowest quantities, under 50 per cent, are present in
two ferrous bauxites (on the Ponor Valley and Poiana Onceasa). The
means are almost equal for the ferric and ferroferric bauxites (59 per cent)
having a less value for the ferrous ones (54 per cent).

There are some cases of ferric bauxites characterized by the pre-
sence of a reverse correlation between the diaspore and the kaolinite. On

704 Digspore

804

50

404 . ! . -
Fig. 5. — Binary diagram — diaspore :

30 4 L Fe, 0, total correlation.

20 -

10 1

- . . T — fe, 03 fola/
10 20 30 40 50

the other hand, the diaspore content varies in comparison with the total
iron content found by us (Fig. 5). If we have in view the mention we made
above in connection with the constancy of the ratio between the total iron
and the total aluminium, we may say that this faet indicates the fixation
of a small part of alumina under the form of argillaceous minerals which
are syngenetic with the diaspore from the initial supplies which were cons-
tant both for iron and for alumina.

Within the ferrous bauxites one may also notice the presence of a
reverse correlation between the diaspore contents and the kaolinite -+
_ chlorite, which points to the derivation of the latter from the free
alumina and the primary ferric oxides from the bauxites (Fig. 6), by means
of ulterior metamorphosis processes. At the same time, we mention the
existence of a quantitative independence of the kaolinite from the
chlorites which leads us to the conclusion that the latter did not result
from the metamorphosm of kaolinite.

2. The iron’s owides. We have mentioned above that the total iron
content is practically the same all over the bauxite series from the Somesul
Cald graben and that the main minerals in which it is fixed, are the oxides
of the ferric and ferroferric bauxites and the chlorites of the ferrous
bauxites ; there is a clear reverse ratio between the ferric  oxide content
and the chlorites. The trivalent iron is fixed under the form of hematite
(hematogel in the bauxite mass) and goethite. The reverse ratio of these
two minerals which taken together lead to analogous quantities, appears
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very clear in the ¢ase of ferric and feiroferric bauxites as can be seen from
Figure 4. Undoubtedly, the goethite results from the hematite through
subsequent hydration processes, the fluctuations of the ratio between
these two minerals being unimportant. As a matter of fact, we cannot
say there is a correlation between the degree of oxidation and the mineral
form taken by the trivalent iron. The means are almost identical (25 per

Diaspore
80 ; .
N ~”

704

Fig. 6. — Binary diagram 50,

— diaspore : chlorite 4+ .

kaolinite correlation. 504
1, ferric bauxites; 2, fer-
roferric bauxites; 3, fer- 40 4
rous bauxites
304
+2

204 ) .3 25
10+

— ——Chlorite + Kaolins,
0 20 30 40 50 e

cent) for the oxidated bauxites and have inferior values (17 per cent) for
the ferrous ones.

3. The argillaceous minerals are represented by kaolinite and
ferrous chlorites of the chamositic type. In the case of the ferric
bauxites, the kaolinite content (2.7 — 15 per cent) exceeds the chlorite
one (1.2 — 3.2 per cent). In the case of the ferroferric ones there is no cor-
relative rule between the two minerals, each of them being prevailing in
its turn or manifesting in analogous rates. As for the ferrous bauxites, the
chlorites (14—22 per cent, with a mean of 18 per cent) dominate the kao-
linite (4.5—10.2 per cent, with a mean of 6.5 per cent).

a) The kaolinit e varies a lot from the quantitative pcint of
view, the greatest percentages being present in & number of ferric bauxi-
tes, out of which two are located under Piatra Coltului, one of the sam-
ples exceeding 15 per cent. These bauxites also present a reverse correla-
tion with the diaspore, indicating the initial presence of silica in important.
quantities, in this zone of the Somesul Cald graben. This correlation was.
not found in the ferroferric bauxites, while in the ferrous ones there seems
to exist a slight reverse correlation.

b) The chlorites are represented by ferrous chlorites
of the chamositic type. These minerals fix, as we have shown above,

39
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the whole quantity of bivalent iron from the bauxites and arrive at great
quantities in the case of ferrous bauxites, at the expense of the silica and
of the ferric oxide. Their origin is related to a number of epigenetic pro-
cesses posterior to the bauxites’ precipitation. From Figure 7 we can draw
the conclusion according to which for equal quantities of total Fe,O,,
the chlorite content is variable.

4. The anatase represents the mineral form of fixing the titanium
at a low temperature. The remarks made in connection with this element
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are wholly valid for the mineral as well, the anatase content being cons-
tant around 2.5 per cent, except for a sample from the Onceasa Valley in
whiech it has the value of 3.1 per cent.

The ternary diagram of the three main mineralogical components :
the diaspore — the argillaceous minerals (chlorite + kaolinite) — the fer-
ric oxides (hematite -i- goethite), from Figure 8, presents the ferric and

the ferroferric bauxites in field IT (ferriferous bauxites) and the ferrous
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ones in field V (argillaceous bauxites). Thus, there appears a clear distine-
tion between the bauxites with an oxidated character and the ferrous
ones.

C) Chemical-mineralogical Conclusions

As a conclusion, we mmay say that the initial (primary)material out of
which the bauxites from the Somesul Cald graben were formed, presented a
great chemical uniformity, the Al-Fe-Ti triad being present almost in equal
quantitiés in all the lenses as well as in all the chemical-mineralogical ty-
Des we caine across.

The silica content which is higher in the case of the ferrous bauxites,
seems to have been introduced on epigenetic way. The bauxites from the
Somesul Cald graben, like those from the Pidurea Craiului, are of diaspore
nature. The three groups differ from one another by the high content of
silica and bivalent iron of the ferrous bauxites, namely due to the presence
of the chlorite.

Macroscopically, all the bauxites present the sane characteristics,
as the hematitic pigment is uniform and does not allow the differentiation
of the three chemical-mineralogical types. The positive correlation bet-
ween the silica and the bivalent iron leads us to the hypothesis of a syn-
chronism b etween the iron reduction and the increase of the silica content
(silicatization) of the bauxites, process which, as it will be demonstrated
in the following pages, seems to have been of epigenetic nature and con-
nected with hydrothermal interventions.

VII. THE PETROGRAPHIC STUDY

The bauxites from the Somesul Cald graben are similar from the
macroscopic point of view, being chelry—coloured or brown-red and ha-
ving a massive texture. The microscopic study however, envisaged the
groups of rocks we mentioned when speaking about the ratio between the
ferric and ferrous oxide, that is the three groups of the ferric bauxites,
the ferroferric bauxites and the ferrous bauxites.

Ferric bauxites. Generally, the rocks are fresh, of a more or less in-
tense cherry-colour, which depends on the deferrlzatlon stage. The unde-
ferrized bauxites prebent a ferruginous, opaque, pigmented Wlth hemato-
gel and compact mesostasis ; it is red in the case of the slightly deferrized
hauxites, at which the diaspore nature can hardly be recognized, because
the ferruginous pigment is still present in great quantities. The ooid struc-
ture is leSb remarked in the case of the undefelrlzed bauxites, because of
the high content of ferric oxide present both in the IllebOBtdeS and in the
ooids. The ooids can be recognized only in the case in whieh they present
a thin, light coloured crust, probably as aresult of deferrization. There are
also —at a more reduced scale — ooid corpuscles or colourless, irregnlar
ones with a recrvstallized diaspore which still preserves the ferruginous
pigment. Their dimensions vary between 0.10 and 1.30 mm ©. :
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The scarce fragments examined sometimes contain a greater num-
ber of big, ferruginous corpuscles; others are wholly diasporic.

The ooid structure becomes visible within the deferrized bauxites.
The corpuscles devoid of structure present sometimes a colourless crust,
while other times are formed of 2 —3 alternative, ferruginous, deferrized
and diasporic layers. Rarely, broken ooids may be encountered. The cor-
puscles are in a proportion of 15 —25 per cent as compared to the mesos-
tasis.

The ferric bauxites contain on the whole, fissures with diaspore, or
sometimes fissures with diaspore and chlorite. The anatase with fine
grains and extremely rare gibbsite leaves complete the list of the compo-
nent minerals which can be recognized miecroscopically.

Ferroferric bauwites. These bauxites differ from the ferrous ones by
their aspect which presents a greater number of fissures and is more cata-
clased, the fissures being filled with diaspore and chlorite.

They are of cherry and red colour and present a dense mesostasis.
Their structure is ooidic and appears as a result of deferrization which
attains only the incipient stage. The ooids represent about 25 per cent of
the rock, the big, hematitic ones reaching a size of about 2 mm @. Besides
these ooids we may notice some fragments or grains of hematite, with irre-
gular forms and having the same size.

As a rule, the ooid partleles have a diameter of about0.10 min, some-
times bigger, and are surrounded by thin, deferrized crusts of dlasporle
nature. :

Ag we mentioned above, the cataclased aspect is a characteristic of
the rocks, which is not limited fo the fissures only but affects also the cor-
puscles or the interior zones of the rock within which the bauxite frag-
ments are cemented with bauxite material. We may also see, to a less ex-
tent, distorted, spastoidizated corpuscular bodies whose crusts present
slight shifts. Part of the diaspore corpuscles sometimes contain chlorite,
but the chlorite is also present in the fissures together with clear, diaspore
spikes. At the hematite centre of some ooids the presence of anatase may
be remarked. Very small quantities. of kaolinite are found within some
corpuscles. The anatase is present in a reduced proportion both in the par-
ticles and in the fissures.

Ferrous bauxites. Without being essentially different from the types
previously mentioned, these bauxites exhibit an irregular, ooid structure.
The frequency of fine and coarse ooids (the size being between 0.05. mm
and 1.5 mm &) within the rock reaches the value of 60 —70 per cent.

The mesostasis is slightly deferrized, fact due to which we may
draw the following conclusions : the punctiform deferrization way is rela-
tively uniform ; the big ooid particles, are slightly deformed without being
real spastoliths. Their mineralogical nature varies from ferruginous to
deferrized, while the structure is simple with a thin, diaspore crust. Some-
times the structure becomes complex due to the presence of several
ferruginous centres or of some fragments with incompletely developed
centres.
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« The diaspore represents the main component which may be associa-
ted with chlorite or not, and both are pigmented with more or less intense
limonite. The anatase appears accidentally inside them, but is abundant
on the fissures filled with chlorite and inside the ooids with hematite centre
forming an incomplete, external crust. Some corpuscles have almost geo-
metric contours, the diaspore being their main component. However, the
diaspore’s distribution is irregular on the fissures as well.

Some ooids are exclusively formed of chlorite set out in circles and
pigmented with limonite. In the case of hematite ooids, the internal spa-
ces "are filled with gibbsite.

VITI. COMPARATIVE CHEMICAL-MINERALOGICAL CONSIDERATIONS
OF THE NEOCOMIAN BAUXITES FROM THE APUSENI MOUNTAINS

The occurrence, age and chemical-mineralogical characteristics of
the Neocomian bauxites from the Somegul Cald graben, point to impor-
tant similarities between these ones and those from the Pddurea Craiului
Massif and the Central Bihor, which constituted the object of our prev1ous
studies (Papiu et al, 1970; 1976) 7.

On the basis of the Fe, 05 :Fe O ratlo, we mentioned in these previ-
ous papers that the diaspore bauxites from the Pidurea Craiului fall into
thiree primary genetic types : the ferric bauxites (over 20), the ferroferric
bauxites (between 20 and 8) and the ferrous bauxites (under 4).

All these three types reflect the sedimentary conditions — primary
features — and may be distinguished, to a large extent, according to their
colour. The red colour is characteristic of the ferric bauxites and of only
a part of the ferroferric ones (the hematite bauxites), the other part
being of brown colour. The ferrous bauxites are either green (chlorite
bauxites) or black (sulphurous bauxites), the latter being often boeh-
mitie. Unlike these ones, the ferroferric and the ferrous bauxites from the
Central Bihor represent the product of the reduction processes of the iron
from the previously mentioned bauxites under the action of some hyper-
and hypogenous solutions ; the ferrous bauxites are either green or brown
and sometimes are accompanied by deferrization processes. The bauxites
from the Somesul Cald graben are exclusively of red-brown colour. Qur
discussion has in view the primary bauxites, excluding the deferrized ones.

By comparing the chemical-mineralogical composition (the main -
constituents) of the Neocomian bauxites from the Apuseni Mountains, we
arrived at a number of similitudes which are the consequence of the sedi-
ments source and of their similar genesis, and at a number of differences
which reflect the local conditions, more or less specific.

Generally, the means of silica content are greater if the baumtes
contain a great quantity of ferrous iron, as it is the case with those from
the Piadurea Craiului, the differences belng not great (a mean of 4.1 per
cent for the ferric ones as compared to 8.3 per cent for the green ferrous -

7 Arch. L.G.G., Bucharest.
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ones and 6.9 per cent for the black ones). In the case of the Central Bikor
bauxites the minimum mean for the silica is present in the ferroferric
bauxites (1.5 per cent), it increases in the ferric ones (3.8 per cent) and
gets to more than double in the ferrous ones (8.5 per cent). In the case of
the bauxites from the Somesul Cald graben, the ferric and. the ferroferrie
bauxites present similar means (3.7 and 3.5 per cent respectively), while
the ferrous ones present a higher mean (8 per cent) resembling thus the
bauxites from the Pidurea Craiului. Therefore, the silica is directly pro-
portional to the degree of the rocks’ reduction. Its values are of the same
size order in the three regions, the main difference resulting from a greater
quantity of silica in the case of the ferrous bauxites from the Central Bihor
and the Somesul Cald graben. The alumina presents also values of the same
size order, almost equal in the three regions generally varying between
50 and 60 per cent. In the case of the Piddurea Craiului bauxites, the means
are a bit greater for the ferrous bauxites (61.3 per cent for the black ones —
one sample only — and 58.8 per cent for the green ones, as opposed to
53.6 per cent for the ferric bauxites). Between the silica and the alunina
there seems to be a slight reverse correlation. In the case of the Central
Bihor bauxites, the highest values for the alumina are characteristic of
the ferroferric bauxites (whose features are, as we mentioned above, the
result of the deferrization processes suffered by the ferric bauxites), wkich
present a mean of 60.9 per cent as opposed to 55.9 per cent for the ferrie
ones and of 51.3 per cent for the ferrous ones. Thus, the reverse ratio bret-
ween silica and alumina is obvious. In the case of the bauxites from the
Somegul Cald graben, the means’ values are very close (52.7 per cent and
53.0 per cent respectively) as opposed to 51.4 per cent for the ferrgus
bauxites.

Mineralogically, the correlation of these elements is the following :
in the case of the diaspore bauxites from the Pidurea Crajului Massif,
the ferrous bauxites, sometimes enriched in béehmite to their upper
limit, the means depass 60 per cent for the aluminium oxihydroxides,
while for the other types the ratio is inferior to this value (generally, 59
per cent); there is no direct relation between the diaspore and the toial
alumina, because of the intervention in different quantities of the silica
which fixes the latter in the argillaceous minerals.

In the case of the bauxites from the Central Bihor the correlation
between the total alumina and the diaspore is. direct, the means being of
70 per cent diaspore for the ferric bauxites and decreasing to 53.4 per cent
for the ferrous bauxites. This correlation is alsc characteristic of the bau-
xites from the Somesul Cald graben, in the case of which it presents a
decrease from 59 per cent in the ferric and ferroferric bauxites,to 54 per
cent in the ferrous ones. The means of the argillaceous minerals intradu-
cing the silica in the bauxites vary with the latter in direct proporticn.
The kaolinite presents a slight increase (from 8 per cent to 12 per cent ap-
proximately) alongside the transition from the ferrvic bauxites to the fer-
rous ones from Pidurea Craiului, while the chlorites present a massive
increase (from 0.63 to 10 per cent).
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In the case of the bauxites from the Central Bihor the highest means
of the kaolinite is characteristic of the ferric bauxites (7 per cent), being
very close to this value for the ferrous ones (6 per cent) and very low for
the ferric bauxites (1 per cent). The chlorites’ means - increases from
2 per cent in the ferric bauxites to 20 per cent in the ferrous ones.

In the case of the bauxites from the Somesul Cald graben, the kao-
linite content is, according to the silica fluctuations, a bit higher in the
ferric and ferrous bauxites (over 6 per cent) as opposed to 5 per cent in
the ferroferric ones. However, the chlorite content does not exhibit this
correlation, its means being increased in direct proportion with the hiva-
lent iron percentages, from 2.1 per cent in the ferric bauxites to 4.9 per
cent in the ferroferric ones and 17.9 per cent in the ferrous ones. We may
therefore say that, if the kaolinite content is almost equal in the bauxites
from the three regions, especially those from the Central Bihor and the
Somesul Cald graben, the chlorite content is higher, alnost double. for
the batuxites from these two last regions, in our opinion pointing to a
genesis connected with metamorphosis processes, ulterior to their sedi-
mentation.

The total iron content varies on a large scale (a mean of 9—40 per
cent) in the case of the bauxites from the Piadurea Craiului, but is very
uniform in the Central Bihor (a mean of 22—24 per cent) and in the Some-
sul Cald graben (& mean of 23.5—26 per cent). If we have in view only
the ferric bauxites which we know for sure not to have suffered the defer-
rization processes like the other bauxites from the Pidurea Craiului, we
find out that the values are similar or even higher than those from the
other regions (20—39 per cent). Even in the case of the ferroferric bauxi-
tes whose total Fe content is under 7 per cent, the mean is of 20 per cent.
In the case of the ferrous bauxites from the Pidurea Craiului Massit, the
(primary) sedimentary iron supplies are minor, fact mentioned by us in
our previous papers (Papiu et al., 1970) and because of their minor
importance from the quantitative point of view, they are of pure theore-
tical interest.The ferrous iron ratio as well as the chlorite content are
generally minor in the bauxites from the Pidurea Craiului as compared
to those from the Central Bihor and the Somesul Cald graben. Hence, the
lower values of the Fe,O, : FeO ratio for these last regions, which is never
infinite as it is the case with the ferric bauxites from the Pidurea Craiului.

Ag far as the ratio between the alumina and the ferric oxide is con-
cerned, we may say that it is extremely constant in the bauxites fron the
Somesul Cald graben and slightly reversed in the bauxites from the
Pidurea Craiului and the Central Bihor.

The titanimm iy remarkably constant in all the Lower Cretaceous
bauxites from the Apuseni Mountains and can be exactly estimated on
an average value of 2.7 per cent. The variation field is much wider in the
case of the bauxites from the Pidurea Craiului and the Central Bihor,
although the means are very close to those from the Semegul Cald graben.

-As a conclusion, we may say that the three types of bauxites pre-
sent great quantitative similarities as far as their content of the elenients.

»
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of the Al-Fe-Ti triad are concerned ; Al and Ti are almost similar, while
Fe presents a number of fluctuations as far as the form under which it is
bound is concerned. In the case of the bauxites from the Piddurea Craiului,
this one is the result of the sedimentogenesis process itself, while in the
case of the bauxites from the Central Bihor and the Somegul Cald graben,
of the metamorphosis processes. The free alumina appears under diaspore
form only in the latter, while in the Pidurea Craiului, the ferrous bauxites
contain only boehmite although the predominant mineral is the diaspore
as well. From the mineralogical point of view, it is only the ferric bauxites
from this massif that we can compare with those from the Central Bihor
and the Somesul Cald graben. The fact that the ferrous bauxites. from
these regions are not boehmitic, pleads once more for their obvious secon-
dary character.

At this point, we also mention the presence of the calcium oxide
ions in the bauxites from these two regions and their absence from the
Pidurea Craiului bauxites. In the Central Bihor we may often encounter
limestone enclaves which are dissolved to a large extent, being a probable
justification of the calcium ions’ presence. The situation is similar in the
case of the bauxites from the Somegul Cald graben, where the calcium ions
depass often 1 per cent, although these deposits do not contain carbo-
natic enclaves.

It is worth mentioning the fact that the bauxites from the Somegul
Cald graben do not present the deferrization processes of the proportlon.
of those from the Pidurea Crajului and not even of the type of those from
the Central Bihor which are accompanied by the iron reduction leading
from the ferric forms to the ferroferric ones. However we recognized some
aspects of a slight deferrization, of the type we mentioned at the micro-
scopie description, but with a local character and a less advanced degree
than in the previous cases.

IX.THE STUDY OF THE TRACE ELEMENTS DISTRIBUTIONS

A number of 19 bauxite samples have been analysed by means of
emission spectrography, and we have obtained the following trace ele-
ments : Ni, Co, Cr, V, Se, Nb, Zr, Be, Su, Ga, Cu, Pb, Ba, Sr and Li.

The analytic data are presented in Table 4, and the samples are
grouped in the three chemical-mineralogical types : ferric bauxites, feiro-
ferric bauxites and ferrous bauxites. At the end of the table are presented
the values of the ratios between the maximum and minimum contents
(XM[Xm) as well as the values of the arithmetical means.

The low values of the X M/Xm ratio for Cr, V, S¢, Nb, Zr, Be, Su,
Ga, (“bauxitic elements’ with the Z/r ionic potential between 3.5 and 3.7)
point to limited variation domains of the contents of these elements. The
other trace elements present somewhat larger variation domains.

The diagram from Figure 9 gives a comparative presentation of
the variation domalns of the trace elements contents for the ferrie,. ferro-
ferric and ferrous bauxites.
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~1
-3

These three chemical-mineralogical types contain similar variation
domains for the majority of the trace elements.

Ni and Co present a growing tendency in the case of the ferroferric
and ferrous bauxites. This aspect is also rendered by the diagram from

100 Ni(ppm)

Fig. 10. — Ni — Co corre- 1%
lation diagram.
1, ferric bauxites ; 2, ferro-

ferric bauxites; 3, {ferrous
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Figure 10. This diagram also contains the grouping of the three chemical-
mineralogical types within the domain 5—10 for the Ni/Co ratio.

In the Cr-V diagram (Fig. 11) the bauxites arebeing grouped with-
in a limited field between the values 1 and 1/2 of the Cr/V ratio.

As far as Li is concerned, we may notice a wide range of values
(4—315 ppm) for the ferric bauxites and more limited variation domains
for ferroferric (56 —88 ppm) and ferrous ones (61—126 ppm).

The diagram from Figure 12 presents the Li contents according to
the diaspore/(kaolinite -}- chlorite) ratio. The ferric bauxites, in the case
of which this ratio varies between 3 and 15, enter a straight line which
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points to a reverse correlation, the maximum values of Li being found in
the samples with the highest kaolinite content. The ferroferric bauxites
are projected in a field around this line, while the ferrous ones are projec-
ted in a separate field with low values for the diaspore/(kaolinite -+ chlo-
rite) ratio and higher Li values as compared to the ferroferric bauxites.

Lilppm)
SUU'pp X

3004
100+
x 1

+ 2
® 3

Ty . — iaspore (Kaolinite + Chiorite)
3 5 10

Fig. 12. — Li — diaspore/(kaolinite + chlorite) diagram.
1, ferric bauxites; 2, ferroferric bauxites; 3, ferrous bauxites.

The direct correlation of Li with the clay content from bauxites, which is
present in the case of the ferric bauxites from the Somesul Cald graben,
was also pointed out in the case of the bauxites from the Central Bihor,
Pidurea Craiului and Hateg (Papiu, Udrescu Constanta,
1973). This behaviour of Li within the bauxites was first reported by
Gutkin(1969). ' _

The Cr-Be diagram given by Schroll and Sauer (1964) (Fig.
13 a) presents the bauxites from the Somesul Cald graben as inciuded in
the domain of the karst bauxites, that is within & field which is partially
overlapping the field of the Pidurea Craiului bauxites and presents lower
valaes for Cr and Be. i
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The Figure 13 b gives a detailed presentation of the bauxites from

the Somesul Cald graben with the projection of the three cheniical mine-
ralogical types.

Table 5 gives a comparative presentation of the variation domains
and arithmetical means of the trace elements contents from the bauxites
from the Somesul Cald graben, the Central Bihor and Pidurea Craiului,

10000

’
C
LATERITE BAUNXITES  CARST BAUNTES o

1000

Cr{ppm}

100

! §AANITES =
>1%Ca
40

o GRANITES
*4%Ca

- U
a Belppm)
Re; B;S; x1;+2,03

Fig. 13. — a) Cr -Be diagram (after Schroll-Sauer) with the projection of the bauxite fields from
Pidurea Craiutui (PC), the Central Bihor (B) and the Somesul Cald graben (S)
1, ferric bauxites; 2, ferroferric bauxites; 3, ferrous bauxites ;
b) detail.

the ferric bauxites being on one side and the ferrous ones on the other
side.

The comparison of the three regions leads to the following conclu-
sions :

— The bauxites from the Somesul Cald graben and the Central
Bihor exhibit limited variation domains for the majority of their trace
elements, as compared to the bauxites from Pidurea Craiului.

— The bauxites from the Somegul Cald graben are characterized by
the lowest Cr contents and the hlghest Zr ones.

— The bauxites from Pidurea Craiului present lower Ga contents
and higher Be contents than the bauxites from the other regions.

— The maximum values for Ni and especially V and Cr are charac-
teristic of the green ferrous bauxites from Piddurea Craiului

The differences mentioned above regarding the trace elements con-
tents from the Neocomian bauxites from the three regions of the Apuseni
Mountains are not essential, the values belonging to the same size order.

This fact points to a remarkable constitutional unit and confirms the
analogy of the genesis of these allitic depositis.
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X. GENETIC CONSIDERATIONS

The bauxites from our country are situated in the western part of
‘the Carpathian Orogen, they are of the karstic type and belong exclusively
to the Cretaceous Wwithinm which they form three specific siderolite stages.

The first stage appears in the basis of the Neocomian, represents
‘the Wealdian facies and it is characterized by accumulations of chemical -
precipitation, authigene bauxites, which arevery pure mi_nqralogically
and lack in argillaceous-detritic material except for the kaolinite and the
syngenetic chlorite.

The data we possess point to the formation of this type of deposits
‘o & large area of the Jurassic limestones plateau during the Lower
‘Cretaceous, there existing the possibility of a continuity of the bauxites
trox. Pidurea Craiului, the Central Bihor and the Somegul Cald graben.

The second siderolite stage belongs to the end of the Aptian and the
beginning of the Albian. It is represented by the bauxites from the Hateg
basiu. which are allochthonous bauxites associated with argillaceous rocks
containing detritic material and are covered by coarse sandstones,

The bauxites belonging to the third siderolite stage of the Oreta-
ceolus present the same characteristics improved by a number of coal
detritic rocks associated with the massive(oxidated)bauxites from the basis
of tae formation. This stage is placed at the basis of the Gosau formation,
at the Santonian level, and is represented by the bauxites from the Cim-
peri — Sohodol region. The bauxites from these two last regions present
mixed detrito-chemical features which are more or less allochthonous.

: In our previous papers we arrived at the conclusion that the bauxi-
tes from the basis of the Neocomian have resulted from precipitation pro-
cesses, either from acid electrolyte solutions containing the ions of the
Al-Fe-Ti triad or from colloidal solutions containing alumina bearers and
ferric oxides stabilized by means of organic protection colloids or complex
ergano-metallic compounds. At the contact with the bicarbonatate waters
of the Jurassic paleokarst, the precipitation seems to have taken place by
the rapid modification of the pH of the waters which contained the above
mezltioned ions, or by the destruction, in the new bicarbonatate medium,
of the protection colloids which contributed to preserving the metallic
colloids.

If in the case of the bauxites from Hateg and Cimpeni — Sohodol
the problem regarding the nature of their origin material is solved — we
agreed on the Sebes crystalline, namely the Giliu crystalline with grani-
toids and pegmatites —, in the case of the Neocomian bauxites we think
of a pyroclastic material of ophiolite origin that entered the solution in a
paludal environment at the surface of the Neojurassic karst.

This material which is dessilicated to a large extent, is supposed
to have covered the whole surface of the Neojurassic karst with a more or
less continuous cover. On its surface, the swamps would have been formed
and their water would have constituted the acid medium for stabilizing
the ions of the Al-Fe-Ti triad at which a small percentage of kaolinite
frorr the altered origin deposit was added.

$ -— . 618
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But, there is no palpable sign revealing the existence of such a
material whlch could support thlS hypothe31s thus, we must admit of
the preliminary lateritization of the primary pyroclastlc deposit.

Otherwise, we must suppose that this material results from the
" laterite alteration of the crystallinerocks which form the basement of the
Apusent Mountains and that it was then spread over the surface of the
Jurassic paleokarst, by water or by wind, as it is mentioned by some
researchers (R o ¢ h, 1974).

No matter which of the two solutions we choose, the chemical-mi-
neralogical study. as well as the occurrence of the bauxites from the basis
of the Cretaceous formation lead us to the conclusion that the primary
material has previously undergone an advanced alteration process in a ty-
pical siderolite domain highly laterised and dessilicated.

The alkaline-earthy elements entered the solution in great quanti-
ties and then they were left aside, leading to the concentration of alumi-
nium, iron and titanium within the eluvial deposit. The silicatation pro-
cess was not complete and a reduced percentage of silica remained bound
under the form of kaolinite and dependent under the form of chlorite.
The precipitation process seems to have taken place in a highly oxidating
environment in which the first ooids appeared; it had a rapid evolution
and much of the precipitated material took the form of a gel with a mas-
sive texture, the ooids included. '

~ There are some fragmentary forms of ooids which point to local
reworking processes, situation indicated by the small fragments reworked
from the already existing bauxites. These ones may come from the pri-
mary laterite deposit, constituting undisolved relics.

We must agree either on the hypothesis according to which the pre-
cipitation took place directly under the diaspore form, or on the hypo-
thesis according to which the diaspore resulted from the dehydration of
gibbsite or from the metamorphosis of bdehmite, minerals initially for-
med. The initial lateritisation process seems to have been favoured by the
warm and humid climate. Thus, on the basis of the pyroclastic-basaltic
material which was transformed into boehmite, kaolinite and ferruginous
minerals as a result of alteration, Laughan (1975) draws the conclu-
sion according to which the climat-e from Gondwana would have had the
above mentioned features.

The chemical-mineralogical composition of the geloid sediment
obtained, seems to have been the same from the basis up to the top of the
‘limit, as it is the case in Pidurea Craiulni. According to this hypothesis
the 1n1t1a11y laterite deposit had a more or less contmuous and unlform
development along the whole area of the Upper Jurassic karst.

In Pddurea Craiului, by the end of the oxidating precipitating stzwe,
the environment got a reducmf* character in a few 1solated places and as
a result, the accumulation of ferrofernc and ferrous bauxites abundant in
chlomtes or in ferrous sulphide took place. In this stage of our:re-
searches, we have not remarked the same situation, neither in the Central
Bihor nor in the Somegul Cald graben. It is within the Pidurea Craiului
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formation that over the bauxites there appear in continuity of sedimenta-
tion the black limestones with carophytes and those with running water
gasteropods pointing to the presence of a highly oxigenated lacustrian
environment. However, these sediments are not present in the hanging
wall of the bauxites from the Central Bihor and the Somesul Cald graben,
where such a hanging wall seems to have been absent or was represented
by the Urgonian reefal limestones pointing to the restoring of the marine
sedimentation conditions.

The origin of the ferroferric and ferrous character of the bauxites
from the Central Bihor and the Somesul Cald graben is quite different.
As we mentioned above the former owe their character to the deferriza-
tion process accompanied by reduction phenomena, posterior to the sedi-
mentation —during an epigenetic stage — characteristic to hypergenous or
quite improbable hypooenous solutions, situation resulting both from the
petrographic and the chemical-mineralogical study.

The bauxites from the Somesul Cald graben, point, by their almost
similar quantities of aluminium, iron and titanium, to a great uniformity
of the primary material. The chemical-mineralogical differences are due
to supplementary quantities of silica as well as to the more or less propor-
tional growth of the bivalent iron at the expense of the trivalent iron from
the ferrous bauxites, situation which from the mineralogical point of view
is equivalent to an increased quantity of ferrous chlorites. This fact
leads us to the conclusion that the ferroferric and the ferrcus bauxites
resulted from the ferric ones by some metamorphism processes accompa-
nied by an extra-quantity of silica, process probably connected with the
banatite body from the Vlideasa massif. From the macroscopic point of
view, the bauxites are similar and present hematogel pigments, which are
not transformed into magnetite as it is the case with the metamorphosed
bauxites from Pidurea Craiului, but into leptechlorite, there existing a
clear-cut distinction between the metamorphosed bauxites from the two
massifs.

On the other hand, we noted a spatial location of the bauxites from
the Somesul Cald graben, namely the ferric ones come from the Piatra
Coltului — Humpleu region and the Alunu Mare Valley, while the ferrous
ones are preponderent in the Ponor Valley — Onceasa region. All these
lead us to think of a banatite mass close to the latter region which seems
to have had metamorphic effects on the bauxites next to them.

The samples we studied present some processes of hypergenetic de-
ferrization in the incipient stage. We do not possess any proof which could
make us consider that the bauxites from the Somesul Cald graben have not
suffered from the meteoric alteration which led to an increased -diaspore
percentage. On the other hand, we did not come across the deferrization
accompanied by kaolinization assigned to the activity of the hydrother-
mal solutions met by us at the bauxites from the Pddurea Craiului. This
tact could constitute another argument in favour of the hypothesis accor-
ding to which the slight metamorphism present in the case of the ferrous
bauxites is not of hydrothermal nature. The presence of the recrystallized
diaspore, of the chlorite and of the anatase from the fissures is due
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to the circulation of some epigenetic, partially reducing solutions. of pro-
bable hydrothermal nature.

A number of supergene processes lead to the local hydration of the
diaspore and the sporadic coming out of gibbsite as well as the filling in
of some fissures with caleite.

XI. GENERAL CONCLUSIONS

The karst bauxites in the basis of the Cretaceous from the Somesul
Cald graben (the Apuseni Mouutains — Romania) are diaspore rocks of
red or brown-red colour and form more or less lenticular bodies present on
some tens of metres and presenting thicknesses of less than 3—4 m. They
mould the paleokarst relief of the reefal Upper Jurassic limestones and are
covered by marine limestones assigned to the Lower Cretaceous. From the
chemical-mineralogical point of view, they are characterized by a remar-
kable constitutional uniformity, being mainly formed of the elements of
the Al-Fe-Ti triad in equal quantities, at which variable quantities of silica
are added. These ions are fixed in the following minerals :

Aluminium = diaspore and argillaceous minerals represented by
kaolinite and ferrous chlorites of the chammositic type;

Iron = oxides (hematite under hematogel diffuse form), oxihydro-
xides (goethite resulted from the hydration of hematite), ferrous silicates
(chlontes)

Titanium = anatase ;

Silicium = argillaceous minerals (kaolinite and chlorite).

On the basis of the Fe,O; : FeO ratio that points out the oxidation
degree of the samples, three types of bauxites have been recognized (as
in the case of the Padurea Craiului bauxites) : ferric bauxites (Fey0y:
FeO > 20), ferroferric bauxites (Fe,0;: FeO = 20—8) and ferrous bau-
xites (Fe,0; : FeO < 4).

The ions of the Al-Fe-Ti triad are present in almost equal quantities
in all the three types mentioned above (Al,O; tot. 51.4—53 per cent;
Fe,0; tot. 23.4—25.7 per cent ; TiO, 2.5—2.6 per cent, means), the means
having lower values in the case of the ferrous bauxites. The medium fer-
rous iron contents increase from the ferric to the ferrous bauxites (from
0.7 to 6.3 per cent) being on a reverse ratio with the means of the ferric
oxides (which decrease from 25 per cent in the ferric bauxites to 16.4 per
cent in the ferrous ones).

The silica, which presents similar means f01 the ferric (3.7 per cent)
and ferroferric bauxites (3.5 per cent) reaches great values (8 per cent) in
the ferrous bauxites and represents the single component with considera-
ble fluctuations. v

As far as the minerals are concerned, the diaspore which appears in
similar quantities in the ferric and ferroferric bauxites (means of 59.6 per
cent and 59.4 per cent) decreases in the ferrous ones (a mean of 53.9 per
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cent). This is due to the massive increase of the aluminous silicates content
(17.9 per cent chlorites and 6.5 per cent kaolinites) from the ferrous
bauxites as opposed.to 2.1 per cent chlorite and 6.1 per cent -kaolinite from
the. ferrie bauxites and 4.9 per cent chlorite and 4.2 per Gent kaohmte
from the ferroferric ones.

~The hematite and goethite are the minerals which fix the trivalent
iron, appearing in quite equal quantities in the ferric and terrbferric bau-
xites (means of 25.7 per cent and 25.1 per cent 1espect1velv) and 111 Tess
quantities in the ferrous ones (17.9 per cent).

“In conclusion we may say that the sedimentogenous ions %upphes
were almost equal for all the types of bauxites, e\cept for the silica which
appears in high quantities in the ferrous bauxites. This situation Iy simul-
taneous with the decrease of the frivalent iron content and the increase
of the bivalent iron content, leading to the conclusion that, these two
processes — the enrichment in s1hca and the reduction of iron — had
been synchronous and epigenetic, related to a secondary metammphosrs of
the allitie sediments.

The trace elements content is analogous to the content from the other
Nebcomian bauxites from the Apuseni \Iountams, the zircone 1at10% being
higher than the chromium ones.

. From the genetic point of view, the karst bauxites from tho Somesgul
Cald graben were formed, like those from the Pidurea Craiului and the
Central Bihor, from a Iaterite material which lay initially on 2 newly emer-
ged surface of the Upper Jurassic limestones plateau. The initial material
could be either a primary crystalline one or an allochthonous one, which
according to our former opinion regarding the other regions of the Apuseni
Mountains, could be an ophiolitic pyroclastite. Being -highly dessilicated,
this-material had been solved (electrolite or colloidal qolutions)' in waters
with a low pH (2—3) of probably paludal nature and then it was carried
to the depressions of the relief. Here it came into contact with the bidar-
bonated waters characteristic of the karst regions, which medified the
character of their pH or destroyed the protection 001101(15, thus ddenm-
ning the precipitation of the ferallitic gel from which the- bauxites were
formed. Unlike the synchronous and of the same origin bauxites from the
Pidurea Crainlui Massif, the bauxites from the Somesul Cald graben were
deposited in an exclusively oxidating environment, the initial sediments
being exclusively ferric. The ulterior influences with a local character,
probably the juvenile character related to the banatitic magmatism, led
to the partial reduction of iron, synchronous with the silica supplies, and
to the formation of the chlorites characteristic of the ferrous bauxites. The
samples we analysed present only weak traces of deferrization, unlike the
bauxites from the Piadurea Craiului Mountains and the Central Bihor in
which these secondary processes are very frequent.
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SCHEMATIC GEOLOGICAL MAP OF THE SPRING
REGION OF THE SOMESU CALD RIVER
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ASUPRA FILIATIEI PROCESELOR METALOGENETICE
DIN MUNTIT LEAOTA ST IEZER-PAPUSA !

DE
ION L. POPOVICI ?

Hydrothermal-mesothermal mineralizations. Polymetallic sulphides. Arsenides. Hydro-
¢hermal metamorphism. Ca, Ni, Ag, native Bi. Hercynian orogenesis. Iezer Mis. Brasov Mis.

Abstraet

On the Filiation of the Metallogenetic Processes from the
Leaota and Iezer-Pidpusa Mountains. Within the Iezer-Pipusa and Leaota
Mountains, which constitute the south-eastern extremity of the South Carpathians, hydrother-
mal mineralization of polymetallic sulphides showing a cobalt-nickel, sometimes, gold or complex
character are known. These metalliferous concentrations belong to the metallogenetic province
that affiliates to the late evolution of the Hercynic synorogen magmatismus, representing the
latter’s only manifestations at the surface.

Primele egantioane de minereu din muntii Leaota au fost aduse pro-
fesorului Gr. Steffinescu, in anul 1880, de ciitre un miner de la Bidenii-
Ungureni (in prezent satul Slobozm) Aceste egantioane se pistreazd
Ain colectia Institutului Geologic al Romaniei, pe parcursul anilor adiugin-
du-li-se §i altele, colectate fie de Gr. Stefdnescu, fie de alti cercetétori.

Studiind materialul existent la acea datd, Poni (1884) identificd
sideroza, smaltina, eritrina, annabergitul, malachitul, pitticitul §i badenitul,
pe care il considerd drept o noud specie minerald de compozitie complexi,
dindu-i numele localitd{ii de origine (B&deni).

In anul 1934, Petrulian studiazi esantioanele etichetate ca ,,smal-
tin% de la Bddeni”, existente in colectia Institutului Geologic al Roméniei,

1 Lucrare prezentatd la sesiunea de comunicéri a Intreprinderii geologice de prospectiuni
pentru substanfe minerale solide din 26 V 1978, predatd la 28 11979, acceptatd pentru publi-
care la 17 III 1979.

2 LF.L.G.S., str, Mures nr. 2—4, Bucuresti.
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precum §i noi egantioane colectate din aluviunile i aflorimentele de pe
Valea lui Negulet din muntii Leaota. A fost astfel descris, pentru prima
oard, modul de ocurentd al mineralizatiilor de cobalt si nichel din regiune,
iar studiul microscopic a permis identificarea unor minerale metalice cum
ar fi : smaltina, safflorit, bismut nativ, piritd, calcopiritd gi tetraedrit. Ca.
minerale de gangi au fost mentionate : sideritul, caleitul §i cuarful. Ma-
terialul descris de P o n i sub numele de ,,badenit’ ar reprezenta o asociatie
intimi de safflorit, smaltind §i bismut nativ. Autorul studiului considera,
de asemenea, ¢4 mineralizatiile sint de origine hidrotermal-mezotermali,
fiind asociate genetic cu un ,,masiv granitic care; in regiunea considerati,
s se giseascd mai in adineime”. Prezenta sa ar fi indicatd de apofizele gra-
nitice (granitele de Albegti) situate in zone adiacente.

Datele ardtate mai sus au constituit premise pentru cercetarea sec~
torului sud-vestic al Leaotei, identificindu-se noi aflorimente de minera-
lizatii cu cobalt §i nichel, in Valea lui Negulet, Valea Jocilor, Badeanca si
Valea lui Danis.

In zona sudicé a masivului Leaota, de-a lungul fracturilor ce canto-
neazd filoane cobalto-nichelifere, se cunoaste prezenta unor compusi de
tip bituminos, uranifer. Acest fapt a fost considerat ca un argument in
favoarea ipotezei cd, In zona marginald sudicd, cristalinul Leaotei deeco-

leazd peste depozitele Cretacicului inferior, din care solutiile hidrotermale
ce le-au traversat au extras §i depus in formatiunile cristalinului supra-
jacent bitumine uranifere ®. Am putea astfel s3 dim credit ideii existentei
unor pulsatii hidrotermale posterioare Cretacicului inferior care s-au ma-
nifestat numai in zona marginald sudicéd a masivului Leaota. Aceste pulsa-
$ii nu afecteazd nici depozitele vraconian-cenomaniene, ce acoperd trans-
gresiv rama sudicd a cristalinului, si nici partea centrald §i nordicid a aces-
tuia. Ele ar putea constitui manifestiri ale unui ciclu de pulsatii minerali-
zatoare afiliate magmatismului profund, generat in cadrul orogenezei al-
pine. Produsele acestui ciclu se suprapun, asociindu-se spatial de-a lungul
aceloragi fracturi, mineralizatiilor de sulfuri polimetalice §i cobalto-niche-
lifere numai in partea sudicd a masivului Leaota. -
~ Cu ocazia cercetdrilor pe care le-am intreprins in masivul Tezer-
Pidpusa siin nordul Leaotei a fost posibild demonstrarea genezei hidro-
termal-metasomatice a rocilor ankeritice asociate mineralizatiilor §i
cailor de acces ce au servit punerii in loc a acestora (Popovici, 1978).
A fost, de asemenea, semnalati asocierea spatiald, de-a lungul acelorasi
aliniamente tectonice, a mineralizatiilor de sulfuri §i a faciesurilor de meta~
morfism hidrotermal insofitor cu mici intruziuni granitice (granitele de
Albesti).

In acord cu ultimele preciziri privind stratigrafia si structura meta-
morfitelor ce alcdtuiesc masivele Leaota §i Tezer-Pipusa (Popovici,
1978) a fost din nou coufirmatéd identitatea petrografici si continuitatea.
acestor formatiuni, la vest §i la est de valea Dimbovitei, conferindu-se
astfel grupului morfologic Tezer-Pipusa-Leaota si atributul unititii evolu-.

3 G. Ailen ei, comunicare verbali.
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tiv-structurale. In partea sa nordic#, cristalinul Tezer-Pipusa se afld in
relatii de discordantd stratigraficd si structurald cu soelul dalslandian ce
constituie extremitatea esticd a masivului Fagiras (Popovici, 1978).

Considerate a fi avut o evolutie geologicd unitard, metamorfitele
grupului Tezer-Pipuga-Leaota prezintd elemente structurale majore, orien-
tate vest-sud vest — est-nord est, si anume : la nord, sinclinalul Cilusu,
in zona centrald anticlinalul Pravat-Prislop, iar in zoua sudied, sinclinalul
Stoenesti-valea Bideanca. Fracturile ce afecteazd aceste structuri au ca-
racter regional si se orienteaz$ paralel cu fractura majord de-a lungul cireia
cr1stahnu1 seriei de Cumpdna, din masivul Figiras, sariazsi pe,ste depozi-
tele mezozoice de la Codlea-Holbav, in extremitatea esticd a Carpatilor
Meridionali. Intre aceste accidente disjunctive, fractura Pravit-Prislop
controleazi limita sud-esticd a depozitelor mezozoice din culoarul Dim-
bovicioara-Bran.

Metamorfitele din muntii Yezer-Pidpusa gi Leaota au fost incadrate
la doud etaje structurale (Gherasiet al, 1966; Popovici, 1978).

Un prim etaj structural este constituit de formatiunile cristalofilienc
ale seriei de Leaota. Acestea au fost metamorfozate la nivelul faciesului
de gisturi verzi, cu treceri citre faciesul amfibolitelor si afloreazi in zona
centrald a muntilor Leaota (anticlinalul Pravit-Prislop), precum si in
sudul masivului Tezer-Pipusa (anticlinalul Voinesti).

Sisturile cristaline ce formeazd umplutura sinclinalelor Cilugu si
Stoenesti-valea Bideanca apartin unui alt etaj structural in care intensi-
tatea metamorfismului regional nu a depdsit domeniul de stabilitate al
cloritului, iar aceasta a permis péistrarea unor resturi de flord de virsté
silurian-devonian inferioard (Popoviei, 1978). »

In mod ideal, cele doud etaje structurale sint deschise in profilul
geologic al v&il Dimbovitei, incepind din partea nord-esticd a masivului
Tezer-Pipusa, pind in zona sud-vesticd a Leaotel, la- Stoenesti.

In bazinul superior al viii Dimbovitel, pe teritoriul muntilor Tezer-’
Pipusa si Leaota, se poate astfel vorbi de o situafie in care eroziunea a
denudat formatiuni filoniene hidrotermale depuse la nivele din ce in ce
mai apropiate, in raport cu sursele plutonice generatoare ale solutiilor
mineralizante. Asemenea surse ar fi plasate in adincime, de-a lungul unuia
sau altuia din aliniamentele tectonice disjunctive ce traverseazi bazinul
de la sud-vest cdtre nord-est, in zonele Stoenegti-valea Bideanca, Pravit-
Dragoslavele-Valea Caselor sau, mai la nord, in zona axialé a sinclinalului:
Cilusu. '

Situatia expusd permite a se observa o distributie a zonalitdtii de
depunere, in functie de nivelul deschis prin eroziune, in formatlum filo-
niene diferite, controlfbte de linii tectonice diferite. Astfel, filoanele des-

chise in zonele superioare ale reliefului, respectiv in zona central esticd a
masivului Tezer-Pépusa, sint constituite din cuart alb-eenusiu cu plaje sau
cuiburi de piritd $i marcasitd. La contaetul acestor filoane se produc im-
portante procese de carbonatare a rocilor- gazdd, In special atunci cind
ele contin minerale feromagneziene. Asemenea filoane, deschise de valea
Dimbovitei in zona axiald a sinclinalului Célusu, contin parageneze mezo-
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termale in care pirita si mispichelul se asociazd cu calcopirita, blenda feri-
ferd (marmatit), tetraedritul, galena, precum §i cu aurul si bismutul na-
tiv 4. Filoane de acelasi tip apar si in partea central-vesticd a masivului
Leaota unde caracterul aurifer se evidentiazé la nivele superioare cotei de
1000 m. Frecvent, aceste filoane contin geode si druze cu cristale centi-
metrice de cuart translucid, deseori cu structuri ,,in pieptene’.

Cu un termen generic, formatiunile descrise pot fi incadrate tipului
de filoane cu sulfuri polimetalice aurifere. .

In regiunea Ruc#rului, C 3 dere (1925) anunta prezenta mercu-
rului nativ, dar aceastd informatie rdmine neverificati,cu toate c¢d mai la
sud, in valea Pravitului, am sesizat prezenta acestui element in cantitati
mai ridicate, prin analizi spectrograficd de absorbfiie.

Toate mineralizatiile descrise mai sus sint cantonate in formatiuni
cristalofiliene ce apartin seriei de Cidlusu.

Urmirind cédtre sud profilul Dimbovitei, se ajunge la, Dragoslavele,
in zona confluentei cu valea Pravafului. Aici, valea Dimbovitei este tra-
versatd de la sud-vest citre nord-est de un aliniament disjunctiv major
(fractura Pravi{-Prislop) in legdturd cu care apar filoane de cuart cu spec-
tru mineralogic relativ larg. Aceste filoane ce afloreazd in viile afluente
Dimbovitei con}in minerale cu piritd, calcopiritd si galend, cdrora li se aso-
ciazd continuturi mai ridicate, geochimic anomale, de Co, Ni, Zn, uneori
Hg, precum si de As, Sb, Bi. A fost identificatd, de asemenea, prezenta
aurului.

La nivelul cotei 700 m, asociafiile mineralogice contin minerale ca-
racteristice formatiunii hidrotermale cobalto-nichelifere. Prezenta acestor
minerale creste procentual cu cit se ajunge in puncte mai sudice ale pro-
filului Dimbovitei i atinge un maxim in zona sud-vesticd a masivului
Leaota, in valea Biddeanca, la nivelul eotei 500 m.

Intre Rucir, la nord, si Lunca Girtii, la sud, mineralizatiile hidroter-
male stribat formatiunile eristalofiliene ale seriei de Leaota care, conform
cu virstele izotopice K/Ar determinate, s-au format in cadrul eiclului tee-
tono-magmatic assyntic (Popovici, 1978).

La sud de paralela Lunca Girtii — Mateias, mineralizatiile hidroter-
male sint controlate de fracturi apartinind aliniamentului viii Bideanca
81 capdtd o noud specificitate datoritd prezentei mineralelor din seriile ar-
seniurilor si sulfoarseniurilor de cobalt si nichel (Pon i, 1884; Petru -
lian, 1956 ; P opescu, 1968). Filoanele din aceastd zoni prezinti tex-
turi brecioase sau de cataclazd in cadrul cdrora ganga de cuart este frec-
vent strabitutd de vinisoare de corbonati (caleit, siderit, ankerit), inso-
tind minerale de cobalt si nichel. Aceste minerale apar in filoane de dife-
rite tipuri paragenetice, intre care deosebim :

— filoane de cuar{ ce cantoneazd parageneze tipice formatiunii
pentametalice, confinind in special cobalt si cupru ;

— filoane de cuarf si carbonati cu impregnatii de calcopirits ;

— filoane de cuart cu bornit §i calcopirits ;

4 R. Bordea, comunicare verbali.
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— filoane de cuart alb-cenugiu cu piritd, calcopiritid §i marcasits,
uneoriaurifere ; :

— filoane cu smalting §i safflorit cu asociatii cuprifere sau polime-
talice de tip Valea lui Negulet;

— filoane cobalto-nichelifere intretdiate de filoane cu galend si
calcopirita ;

— filoane plumbo-zincifere cu gangi de cuart §i carbonati, asociate
cu mineralizatii cobalto-nichelifere. i

Elementele chimice ce caracterizeazid mineralizatiile hidrotermale
din sud-vestul masgivului Leaota au fost evidentiate incd de la sfirgitul
secolului trecut prin analizele chimice publicate de P o n i (1884) care sem-
naleazd prezenta Co, Ni, Bi, As, Sb, Cu, Zn, Fe. Aceste elemente se regi-
sesc in compozifia mineralelor determinate cu acea ocazie, respectiv in :
smaltind, eritrind, annabergit, malachit §i pitticit. Ulterior au fost identifi-
cate : saffloritul, bismutul nativ, pirita, calcopirita, tetraedritu' si limo-
nitul (Petruliamn, 1936). Dintre mineralele de gangs se identificasers:
sideritul, calcitul si cuartul. In filoanele din valea Bideanca a fost desco-
peritd prezenta maucheritului si milleritului (Popescu, 1968).

Prin cercetérile pe care le-am efectuat in partea nord-estici a ma-
sivalui Leaota, precum §i in masivul Tezer-Piapusa au fost identificate
noi minerale, intre care amintim : mispichelul, blenda neagri, aurul nativ
{Tdndsescu et al, 1981) si lollingitul.

In filoanele din Valea Runcului a fost observati prezenta galenei
argentifere, in timp ce molibdenitul, in mici filoane de cuart, apare in
zona satului Slobozia.

Dintre mineralele de origine hipergend amintim prezenta unor fru-
moase eflorescente de azurit, asociate cu malachitul si eritrina la Lunca
Girtii §i Piriul lui Mindroi.

Concluzii

Din punct de vedere mineralogic si chimic, mineralizatiile in discu-
tie, in special cele din sectorul sud-vestic al Leaotel, contin parageneze
tipice formatiunii pentametalice in care Co, Ni, Bi, uneori Ag, apar ca ele-
mente conducitoare. Arsenul i stibiul insotesc aceste concentratii in con-
ditiile in care arseniurile, sulfoarseniurile si sulfosdrurile constituie, de
asemenea, parageneze caracteristice formatiunii pentametalice.

Cimpul cobalto-nichelifer din sud-vestul masivului Leaota este con-
trolat de aliniamentul disjunctiv major al viii Bideanca, de-a lungul cé-
ruia formatiunile seriei de Leaota, din flancul sud-estic al anticlinalului
Pravit-Prislop, decoleazi peste formatiunile seriei de Calusu.

Pe aliniamentele mai nordice, mineralizatiile devin predominant
euprifere, ultima aparitie a asociatiei Co-Ni-Sb-As-Bi fiind aceea din valea
Pravitului (Dragoslavele), mineralizatiile fiind cantonate aici in formati-
unile seriei de Leaota.
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In cadrul seriei de Cilusu, in zona Ruecdrului mineralizatiile contin
calcopiritd, piritd, marcasitd, mispichel si 161lingit ce se asociazi in fiioane
de cuart si caleit,

Ultimul si cel mai nordic aliniament. de nnnemhzm e cste acel& ce.8e
trméreste in flancul sudic al zonei axiale ‘3 sinclinalului Célusy.

Caracterizate atit pmn minerale cu funcMe de termometru geologic
(bismut nativ, blendé neagrd, pirotind), cit si prin parageneze tipice, cum
ar fi asociatia sulfoarseniurilor si arseniurilor cu sulturilé comune, minera-
lizatiile din muntii Tezer-Papusa si Leaota pot fi incadrate in tipul mezo-
termal, cu unele treceri spre tipul hipotermnal.

Relatii genetice ale mineralizatiilor cu roci eruptive nu au putut fi
Incd stabilite, dar fmp’rul e ele se plaseazd de-a lungul acelorasl alinia-
mente disjunctive, in legdturd cu care apar §i micl intruziuni oramtlce
(granite de Albesti), aruncd o noud lunind asupra genezei. Hste cunoseut
faptul ci granitele de Albesti sint magmatice sinorogemne -ce atloreazi
numai in domeniul cristalinulni Tezer- mepuw — Leaota (Gherasi et
al., 1966 ; Pop o viei, 1978), ardtindu-se, de asemenea, cd ¢le sint rea-
nimate in complexul bazal al serieide Cédlusu (Popovici, 1978). Aceas-
t4 situatic exclude posibilitatea oricdrei filiatii intre granitele de Albesti
$i mineralizatiile hidrotermale din muntii Tezer-Pdpusa — Leaota, acestea
din urm3 fiind cantonate atit in seria de Leaota, cit si in seria de Cilusu.
Cu toatd atentia acordatd problemei, pinZL in prezent nu au putut fi puse
in evident# relatii intre mineralizatiile in discutie si calcarele ]u asic-su-
perioare ce alcatulesc masivele Piatra Craiului 51 \htem.\ :

Datd fiind situatia expusd, sintem Inclinati a crede ¢ alinierea, sis-
temelor filoniene de-a lungul unor aliniamente disjunctive ce au favor uat
si intruziunea, granitelor de Albesti, in ciclul assyntic, sugeres azi faptul cd
in ciclul hercinic fracturile profunde au fost reactivate, lar in acest cadru
a fost generat un magmatisin ce s-ar putea considera drept sursi a proce-
selor de depunere hldrotermala din regiune. Acest magmatism a fost ge-
nerat in cadrul zonei mobile in care au evoluat metcunolfltclc seriel de
Cilusu, corespunzind astfel ariei de dezvoltare a formatiunilor cristalofi-
liene ce caracterizeazd masivele Tezer-Pipusa si Leaota.

In aceste conditii, caracterele mineralogice i geochinice ale minera-
lizatiilor prezentate pledeazd pentru un proces uvolut,lv unitar. Aceasta
s-ar datora unor surse plutonice cantonate de-a lungul-a mai multe frac-
turi majore, relativ paralele, ce strabat intregul edificiu cristalofilian for-
mat de seriile de Leaota si Cilusu.

Pe baza datelor expuse, considerdin ci mineralizatiile hldro’rormalc
de sulfuri pohmetahcc din masivele Leaota si Tezer- Papusa ar putea fi
incadrate provineiei concentratiilor produse de evolutia tardivi a magimna-
tismuluisinorogen lhercinic. '

Atilierea propusd ar putea fi corelatd cu situatia existentd de-a lun-
gul intregii centuri orogene hercinice din Europa centrald 51 vesticd, unde
mineralizatii similare i in special acelea apartinind tipului ,,pentametalic”
(Erzoeblroe, Swrdmla, Masivul Central Francez).sint oenemte de plutonl
granitici de vistd hercinicd (Bastin, 1939). : :
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Tormatiunile provinciei metalogenetice ® hercinice din muntil
Leaota gi Tezer-Papusa sint caracterizate de un raport unitar sau aproape
unitas al participirii cobaltului si nichelului in filoane, de asocierea bis-
mutilui nativ, arseniurilor si sulfoarseniurilor de cobalt si de procesele de
carbonatare si introducere metasomaticd a borului (Popovici, 1978)
in aureolele de metamorfism hidrotermal. Aceste caractere afiliazd con-
centratiile metalifere evolutiei tardive a unor vetre plutonice ascunse in
care o fost generate magme de chimism granodiorit-granitic.
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SUR LA FILIATION DES PROCESSUS METALLOGENIQUES
. DES MONTS LEAOTA ET IEZER-PAPUSA

(Résumsé)

Les minéralisations hydrothermales situées au sud-ouest du massif Leaota (Carpathes
Méridionales), connues dés le dernier siécle (Stefdnescu, 1883 ; P on i, 1884), ont un ¢arac-
tére cobalto-nickélifére. L’étude effectuée par P etrulian (1936) sur des échantillons de mine-
rai de cette région lui a permis 'identification de plusieurs espéces minérales, dont la smaltine,
la safflorite, le bismuth natif, la pyrite, la chalcopyrite et la tétraédrite. Les minéraux métal-
liques sont accompagnés surtout par des carbonates de la série de 'ankérite et par du quartz.

Les recherches géologiques des derniéres années (Popovici, Urcan, 1977) ont pré-
cisé la genése hydrothermal-métasomatique des roches ankéritiques qui accompagnent les miné-
ralisations et les fractures ayant contrdlé la circulation des fluides hydrothermaux, le faciés
ankéritique étant le faciés le plus caractéristique du métamorphisme hydrothermal de la région
étudiée.

Du sud-est vers le nord-ouest les minéralisations des massifs Leaota et Iezer-Papusa se
rangent d’aprés plusieurs alignements disjonctifs majeurs. Dans cet ordre, le caractére des miné-
ralisations change, passant du cobalto-nick¢lifére (I’alignement de la vallée Bideanca) a polymé-
tallique et aurifére sur les alignements qui marquent axialement les structures des plis majeurs
Pravit-Prislop et Cilusu. A Iexception de la structure Cilusu, qui loge des formations cristallo-
phylliennes d’age dévonien inférieur, le long des autres alignements les minéralisations s’associs
ent dans l'espace a de petites intrusions granitiques, connues comme des granites d’Albesti
(Gherasietal., 1966). Les granites, d’age assyntique, traversent seculement I’étage structural
inférieur des monts Leaota et Iezer-Pépusa, ils sont remaniés dans les dépdts psammo-pséphiti-
ques faiblement métamorphisés, situés a la base de la série de Cilusu, d’age dévonien.

Dans la partie sud-ouest de Leaota, dans le-hbassin de la vallée Bideanca, on distingue
un champ cobalto-nickélifére renfermant des paragenéses minéralogiques typiques pour la for-
mation Co-Ni-Ag (voir Bastin, 1939). Localement, quelques associations minéralogiques
rappellent la formation pentamétallique, telle qu'elle a été décrite par Schneiderhéhn
(1962). Dans ‘ce cadre, le cobalt, le nickel, le hismuth, parfois I'argent apparaissent comme é1é-
ments principaux, tandis que ’arséne et le stibium accompagnent les concentrations dans les
conditions dans lesquelles les arséniures, les sulfosels et les sulfoars¢niures du type de la tétra-
édrite constituent également des présences majeures.

Sur les alignements médians, susceptibles de représenter la diagonale géométrique du
groupe Iezer-Pipusa-Leaota, du sud-ouest vers le nord-est, les minéralisations gagnent une domi-
nance polymétallique, contenant de la chalcopyrite, de la pyrite, marcassite, mispickel, 16llin-
gite, parfois galéne et or natif. Ces minéraux s’associent en filons de quariz et calcite.

L’alignement de minéralisation le plus septentrional poursuit la zone axiale du synclinal
Cilusu, qui constitue 'axe de symétrie structurale des métamorphites du massif fezer-Pﬁpusa.
Ici apparaissent des filons de quartz 4 pyrite, chalcopyrite, or natif, mispickel, pyrrhotine;
blende bismutho-ferrifére (mmarmatite) et tétraédrite.

Caractérisées autant par des minéraux a fonction de thermomeétre géologique (bismuth
natif, blende noire, pyrrhotine), ainsi que par des paragenéses typiques, telle que 'association
des sulfoarséniures et des arséniures avec les sulfures communes, on peut ranger les minéralisa-
tions hydrothermalés des monts Iezer-Pipusa ct Leaota dans le type mésothermal a transitions
vers le hypothermal. ) S 0o
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Les caractéres minéralogique et géochimiques des minéralisations des monts Leaota et
Iezer-Pipusa indiquent un processus évolutif unitaire, du a des sources plutoniques canton-
nées le long des fractures majeures, relativement paralléles, qui traversent 1’édifice cristallophy-
llien constitué de séries de Leaota (assyntique) et Cilusu (déyonienne). Les minéralisation en
question se rangent de la sorte dans la province des concentrations engendrées par I’évolution
tardive du magmatisme synorogéne hercynien. Cette observation est corrélable & la situation
existante le long de l'entiére ceinture orogénique hercynienne de I'Europe centrale et occiden~
tale, ol des minéralisations semblables et particuliérement celles appartenant au type pentamé-
tallique sont engendrées par des plutons granitiques hercyniens (B astin, 1939).

Les formations de la province métallogénique hercynienne des monts Leaota et Iezer-
Pidpusa sont caractérisées par un rapport unitaire ou presque de la participation du cobalt et
du nickel dans les filons, par I’association du bismuth natif, des arséniures et des sulfoarséniures
de cobalt et par les processus de carbonatation et d’introduction métasomatique du bore (P o-
p o vici, 1978) dans les auréoles de métamorphisme hydrothermal. Ces caractéres nous portent
4 affilier les concentrations métalliféres a V’évolution tardive de certains foyers plutoniques
cachés, dans lesquels se sont probablement formés des magmas acides.
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STUDIU PRELIMINAR AL MINERALIZATIILOR HIDROTERMALE
DIN ZONA CENTRAL-ESTICA A MASIVULUI IEZER- PAPUBA!

DE .
LUCIA TANASESCU?, FLORIN GHEORGHIU?, ION L. POPOVICIS

Abstraet

Hydrothermal veins. Polymetallic sulfides. Minerals — paragenesis. Mathemalical statiss

tics — geochemisiry. Au, As, pyrite, mispickel. Pyrrhotine. Metallogenetic phases. Iezer
Mis. '

‘Preliminary Study of the Hydrothermal Mineralizations
from the Central- Eastern Zone of the Iezer-Pdpusa Massif. Quartz
lodes in calcite, pyrite, chalcopyrite, galena, blende, mispickel, native gold, tetrahedrite and
pyrrhotine general paragenesis are known in the central-eastern zone of the Iezer-Pipusa Massif.
The gold occurs free in quartz and chalcopyrite, but it also appears as ,,submicroscopic gold”
in the network of pyrite, pyrrhotine a_nd mispickel. Such occurrences were also confirmed by
the statistic-inathematical analysis of the values of chemical analyses. The graphic test of tlie
statistic homogeneity in the gold/arsenic ratio and the calculation of the empiric coefficient of
correlation revealed a limited dependence of the gold upon the arsenic. The bimodal character
of the distribution curves of the gold in lode and in the adjacent zones as well as the resem-
blance between the tendency curves express the genetic dependence of the pyrite stratiform mi-
neralizations from the surrounding schists upon the phenomena of deposition in the metalli-
ferous substances in lode. These mineralizations show an epigenetic character and are the re-
sult of tlie circulation of hydrothermal fluids along a vast fissural network. Thus a pyritization
(pyrrhotinization) and carbonatation facies of the crystalline schists was obtained ; later it con-
stituted the frame within which the metalliferous lodes deposited.

Cercetédrile geologice efectuate in ultimii ani au condus la descope-
rirea de noi mineralizafii hidrotermale in zona centrali si estici a masivu-

I Lucrare prezentatd la sesiunea de comuniciri a Intreprinderii geologice de prospectiuni
pentru substanie minerale solide din 26 V 1978, predati la 28 I 1979, acceptatd pentru publi-
care la 17 IIT 1979,

2 . G.P.S.M.S., str. Caransebes nr. 1, Bucuresti.

3 LF.L.G.S., str. Mures nr. 2—4, Bucuresti,
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lui Tezer-Pipuga. Aceste mineralizatii sint reprezentate prin filoane de
cuart, ce strabat sisturile cristaline apartinind seriilor de Leaota i Cilusu.

Mineralizatii hidrotermale sint cunoscute, incd din secolul trecut,
in partea sud-vestici a masivalui Leaota (Stefdnescu, 1833;
Petrulian,1936). :

Faciesurile metamorfismului hidrotermal ce insotesc aceste minera-
lizatii au fost descrise atit in masivul Leaotei, cit §i in masivul Tezer-
Pipusa unde ele se asociazi cu aliniamente disjunctive majore de-a lun-
gul cirora formatiunile seriei de Leaota cantoneazi intruziuni granitice
minore (Popovici, 1975). In acest sens, circulatia solutiilor hidroter-
male a produs importante procese de ankeritizare, silicifiere secundars si
piritizare, ce au fost favorizate mai ales in zonele in care fracturile de acces
intersecteazd nivele de sisturi eristaline ce contin in proportie sporitd mi-
nerale feromagneziene (Popovici, 1978).

In zona centrali a masivului Iezer-Pipusa, de-a lungul zonei axiale a
sinelinalului Cilusu, au fost evidentiate mai multe zone in care metamor-
fitele seriei de Calusu contin o fazi carbonat-sulfuricd reprezentati prin
caleit, ankerit, pirotini, piritd §i sporadic, blendé si calecopiritd. Macrosco-
pic, aceastd mineralizatie are aspect stratiform, dar studiile microscopice
au pus in evidentd numeroase structuri de inlocuire, corodare sau depu-
nere hidrotermald, carbonatii si sulfurile apidrind ca neoformatiuni addu-
gate compozitiei mineralogice initiale a gisturilor cristaline.

"Ping in prezent, in masival Iezer-Pidpusa-Leaota au fost descrise
mineralizatii hidrotermale ce confin parageneze mineralogice apartinind
formatiunii Co-Ni-Ag-Bi (P etrulian, 1936). Diversele combinatii para-
genetice evidentiate caracterizeazi filoane diferite, iar, pe baza acestui
criteriu, mineralizatiile cunoscute au o distributie zonald. In zona sudics
si ‘sud-vesticd a masivului Leaota, in bazinul viii Bideanca si in valea
Dimbovitei, filoanele au caracter cobalto-nichelifer. Urmérind cétre nord
valea Dimbovitei, se intilnesc mineralizatii in care mineralele de ‘cupru
predomind. - . :

In zona Ruedr si la nord de aceastd localitate parageneza filoanelor
capitd o alté specificitate, fiind reprezentatd in special prin pirité, calco-

pirité, mispichel, 161lingit, marcasitd ete.

Mineralizatiile sint controlate de fracturi orientate dupéd directia
nord-est — sud-vest, fiind cantonate in filoane de cuart si caleit sub formé
de cuiburi sau diseminiri. In majoritatea cazurilor, ankeritizirile, silici-
fierile si piritizérile constituie cele mai caracteristice faciesuri ale meta-
morfismului hidrotermal asociat filoanelor (Popovici, 1978).

In ultimul timp, in zona centrald a masivului Tezer-Pipusa, in valea
Dimbovitei, au fost identificate mai multe filoane de cuary conpinind sul-
furi polimetalice. Aceste filoane au incliniiri apropiate de verticald si sint
discordante in raport cu foliatia sisturilor clorite-sericitoase in care sint
cantonate. )

Unul dintre filoanele mentionate face obiectul studiului de fati.
Acest filon afloreazd in versantul sting al Dimbovitei, in aval de piriul
Piltinet, precum si in talwegul acestui pirfu.
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. In afloriment, in masa de cuart alb-cenusiu a filonului apar cuiburi,
plaje sau disemindri de sulfuri metalice reprezentate prin piriti, calcopi-
rita, galend, blendd neagrd si mispichel. Acest din urma mineral apare, in
general, pe contfxctul f110nu]u1 cu rocile gazdd care prezinti faciesuri, ‘de
'sﬂlclflere secundard, consecutivi proceselor de earbonatare hldrotelmah,
precum si impregniri piritoase.

- Filonul Pdltinet a fost deschis si cercetat du‘ectmnal in subteran,
cu o galerie de coasti. Mineralizatia de sulfuri metalice este cantonata
intr-uxn filon dizcordant, aproape vertical, constituit din cuart, alb-cenusiu,
fisurat, uneori eataclazat

Nhneralele metalice, in special p11'1ta si nnsplchelul, sint. depuse de-a
lunO'ul contactelor ,,culcus” si ,,acoperis’ sau pe fisuri paralele cu planul

chna;ru, in masa filonului. qucopu‘rta 81 blenda apar ca plaje sau culbur
fnldntuite. Asociatia calcopiriti-blendd neagri a fost intilnitd atit in aflo-
rimentul din pir ful Piltinet, cit si in subteran. O intensy mineralizare ew
mispichel apare pe anumite por’gmm in subteran unde mispichelulgipirita
formeazi bhenzi paralele cu planul contactului ,,culeus”. Aceste minerale
sint impregnate si In masa rocilor-gazda care sint afectate de procese. de
silicifiere.

Trebuie relevat, de asemenea, cd sisturile clorito- Serleltoase albltloe
ce cantoneazid f.lonul contin o m 1ner'1hza’gle de pirotini. cu aspect strati-
form, paralel cu foliatia metamorficd. Aceastd mineralizatie este reprezen-
tatd prin plaje i granule alungite de pirotina ce se dispun pe planul de fo-
liatie atit in imediata Vgcmajt'tte a filonului, cit si in zone in care filonnl
nu se afld in spatiul galeriei. Pe unele portiuni, in legitari cu existenta unor
sisteme de diaclaze si fisuri, paralele sau perpendlculare pe direetia filo-
nului, mineralizatia stratiforma de piroting este sporitd calitativ, umplu-
tura d1aolazelor fiind constituitd din cuart, caleit, piritd, pir otma

Rezultatele analizelor chimice efectuate pe probe sistematice indicd
concentratii aurifere comparabile atit pentru mineralizatia din filon, cit gi
pentru cea stratiformd. Acest fapt ar putea reprezenta un indiciu conform
ciruia . se poate presupune caracterul eplgenetlc al mineralizatiei strati-
forme. Presupunerea este argumentatd si de studiul mieroscopic, al minera-
lizatiei. Astfel, in subteran, la cea 0,5 m de filon, in acoperisul acestuia a.
fost colectat, In vederea 5ect10na1 if, un eaantmn de sisturi clorito-serici-
toase mmerahzat cu pu'otma Sub m1cr0<cop, roca prezintd facies de car-
bonatare, earbonatii formind o masa orientata ce se dezvoltd pseudomort
pe seama lamelelor de clorit. Sericitul, redus cantitativ, rdmine neafectat
in cadrul masei de carbonati. De asemenea, In cadrul ne0f01 matiunii car-
bonatice orientate ,,plutesc’ mici porfiroblaste de albit intens. flsurate si
corodate de cal’bonatl care invadeaz toate fisurile din cristale, iar in unele
cazuri si planele de clivaj (pl. I, fig. 1,2). Pirotina se dezvoltd ca . giruri de
‘graniile paralele ce respectd foliatia metamorfics, practic alungirea foitelor
de ‘clorit pseudomorfozate de carbonam, sugerind astfel o :conecregtere
de tip epitaxial a cristalelor de pirotini care aders stluctm al la reteaua
plana;ca a cloritului inlocuit de carbonati. :
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Aspectele prezentate sugereazi faptul cd, intr-o anumitd fazi de
piulsatie hidrotermald, fractura de acces a permis circulatia unor fluide
acide, carbonatate si calcice, care au atacat structurile cristaline ale clori-
tudui. In acest fel, prin distrugerea subretelei coordonate octaedric, fierul,
magneziul si aluminiul au fost dislocate, ceea ce a permis cresterea pseudo-
morti a caleitului si silicifierea secundari a rocii. In imediata vecinitate,
datoritsi concentratiei ip sulf a solutiilor, a fost posibild precipitarea si
cristalizarea epitaxici a pirotinei.

Procesele expuse au dat nastere faciesului de metamorfism hidroter-
mal ce afecteazd gisturile cristaline din vecinitatea filonului. Acest facies
earacterizat, aga cum s-a ardtat, prin prezenta neoformatiunii carbonatice
in asociatie cu sulfuri metalice generate metasomatic gi silicifierea secun-
dard a rocilor afectate a fost deseris pentru majoritatea mineralizatiiler
filoniene din muntii Leaota si Tezer-Papusa (Pop ovici, 1975). Minera-
lizatia stratiformi de pirotind asociati acestui facies se extinde pe o largd
arie In zona axiali a sinclinalului Cilugsu din partea centrald a masivului
Tezer-Pipusa i reprezintd un tip facial conditionat de caracterul §i com-
pozitia solutiilor hidrotermale migrate pe planele de minimé rezistentd din
aceastd zona. )

" Studiul microscopic al unor esantioane colectate din filonul Piltinet

a pus in evidentd o paragenezi destul de variatd in cadrul céreia s-au deo-
sebit ‘minerale metalice §i de gangi.
, Mineralele metalice identificate macro i microscopic in egantioanele
studiate sint reprezentate prin: piritd, pirotindi, mispichel, calcopiritd,
blendi, galend, aur nativ gi tetraedrit. Mineralele de gangi identificate sint
cuartul sicaleitul.

in unele portiuni ale filonului textura mineralizatiei este masivi,
dar predoming in gencral texturile imperfect paralele sau in special acelea
de impregnatie. In porfiunile cu texturs masivii mineralele principale, re-
prezentate prin piritd si caleopiriti, se prezinti ca mase compacte cu aspect
granular. Acestea contin la rindul lor cuiburi si vinigoare de dimensiuni
variabile de alte minerale. Textura paraleld este intotdeauna imperfecti.
In cadrul acesteia, benzile fine de diferite minerale nu pot fi delimitate net,
ele reprezentind zone mai bogate intr-un mineral, alternind cu zone mai
bogate in alt mineral sau cu ganga.

Textura de impregnatie, majoritard, caracterizeazi masa de cuart
a filonului, intens fisuratd si mineralizatid difuz cu piritd si mai rar cu aur
nativ. ]

Pirita este mineralul cel mai rdspindit in filon. Se prezintd sub forma
unor cristale izolate, prinse in cuart sau in alte minerale, dar mai ales
sub form# de agregate granulare, uneori constituind benzi compacte. S-au
remarcat douli generatii de piriti net individualizate.

Pirita I reprezinti cea mai veche sulfuri ; apare sub formi de plaje
sau cristale hipidimorf-allotriomorfe, asociate freevent cu cuart, mispi-
chel gi caleopirita. .

~ Pirita IT este mai putin abundentd si este caracterizatd prin porozi-
tate mareatd ce indicd procese de transformare in relatia piritd-marcasits.
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In general se dispune pe fisuri sau bordeazi minerale depuse anterior, cum
ar f1 pirita I, calcopirita, blenda.

-Pirotina, 1'ecunowuta macroscopic ca mici plaje sau cuiburi in aso- -
ciatie cu cuartul, prezintd sub microscop unele aspecte specifice. Astfel,
poate apirea inglobatd de calcopiritd, fiind depusi anterior acesteia. A
mai fost observatd sub formid de mici granule alungite cu. dimensiuni
cuprinse intre 0,01 mn §i 0,2 mm, prinse in calcit. Ele se dispun in siruri
fine, mai mult %au mai putm pm'alele

Marcasite a fost recunosceutd sub microscop si se pare ci. a luat nas-
‘tere prin marcasitizarea piritel. S-au remarcat si cantltdi,n reduse de mar-
casitd primard sub forma unor mici cristale lamelare incluse:de calcopi-
ritd. ;

' Mispichelul este unul din mineralele metalice larg réspindite in filon,
apartinind la doud generatii greu de deosebit macroscopie, din cauza strin-
sel asociatil cu pirita. Sub microscop prezintd o usoard schimbare de cu-
loare, materializatd printr-o nuantd gilbuie ¢e-l apropie de piriti.

Mispichelul de priméa generatie se prezintd in plaje concrescute une-
ori cu pirita de prima generatie. Cristalele si plajele de mispichel din acea-
stii generatie sint destul de bine dezvoltate, avind dimensiuni cuprinse
mtre 0,1— O 4 mm.

\h&pwhelul IT apare ca granule sau concentrarl granulare de dimen-
siuni mieci. Cristalele sint perfect idiomorfe (pl. IT, fw. 1 §i 2) sl se dispun
deseori in giruri cvasiparalele in ganga de cuart (pl. IX, fig.3). In unele
cazuri au fost observate filoane de dimensiuni milimetrice ce stribat cuar-
tul sau roca-gazda.

Calcopmta este string asociaté cu pirita si constituie C'lllb'lll 1in cuarg
sau chiar in roca-gazdid. Sub microscop au fost observate granule cu di-
mensiuni cuprinse intre 0,001 si 0,8 mm. Local, mineralul se poate concen-
tra ca granule ce pot atmge dlmensmm de 2 3 mm.

in majoritatea cazurilor calcopirita patrunde in mterbtltnle cris-
talelor de cuart sau in piritd pe care deseori o inglobeazi. Aceasti obser-
vatie stabileste momentul depunerii, dupi cuart si piritd, in sucecesiunea
cristalizirii (pl I, fig. 3). Adesea calcopirita se situeazi la marginea gra-
nulelor de piritd pe care uneori le corodeazi. In masa calcopn'ltel & fost
observat sitetraedritul.

Blenda apare omogen 1":Lspindit<i in eyantioanele studiate ca miei
granule (0,08 —0,1 mm) incluse in c&lcopu'lm Accidental formeazd benzi
milimetrice. In unele zone din filon blenda apare sub formi de cuiburi
in cuart sau ca ingiruiri de granule. Conform analizelor chimice s-a stabilit
¢t este vorba de o blends ferifers cu continut de blsmut (varietate marma-
tit), avind culoare neagri. |

Galena apare total subordonats in raport cu celelalte minerale. Se
prezinté ca granule izolate, avind dimensiani cuprinse inire 0,08 $1 1,0 mm.
Sporadie a fost observats ca stelute in calcopiriti.

Awurul nativ a fost identiticat exclusiv sub microscop, fiind pusi in
evidentd o serie de granule cu {oime rotunjite san alungite. ori cu contururi
ner ulate, neomogen distribuite. Sint astfel portiuni unde pe citiva mlh-
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moetri pétrati se grupeazii 3—4 granule de aur, in timp ce in alte zone gra-
nulele sint izolate sau metalul pretios hpseste cu desdvirgire.

_Aurul a fost intilnit atit in ganga de cuart, cit si in calcopiritd, la
limita cu granulele de tetraedrit (pl. II, fig. 3 ; pl. IIT, fig. 1 si 2).

Tetraedritul a fost observat numai prin studiu microscopic, fiind
cantonat exclusiv de granulele sau plajele de calcopiritd. Formeazi uneori
mici filonage ce stribat mineralul-gazdi. Deoarece nu s-au observat cazuri
incare tetraedritul si patrundi in blendid saw in galend, se poate conchide
<4 locul séu in succesiunea de cristalizare se plaseazd dupid calcopirita.

Ganga filonului, aga cum s-a aridtat, este preponderent cuartoasi.
Algturi de cuart, in cantititi reduse, apare si caleitul. Cnartul se prezinti
ca mase compacte microgriuntoase, uneori concrescute cu mineralele
metalice. Carbonatul, reprezentat prin calcit, este subordonat cantitativ
cuartului. Apare sub formd de cuiburi compacte, asociate cu cuartul si
mllfurlle, indeosebi cu pirotina, fapt care argumenteazi incd o datd carac-
terul epigenetic al asociatiei carbonat-pirotini intilnits in slstumle ce can-
toneazé filonul Piltinet (pl. 1, fig. 1,2).

Din studiul relatiilor. existente intre mineralele depuse in fllon re-
zultd succesiunea lor de cristalizare. In acest fel, intr-o primi fazd are loc o
importantd depunere a cuarfului in asociatie cu ceva carbonat. Aceastd
depunere va continua treptat pe parcursul procesului de mineralizare $i
umplere a fracturii, decarece cuartul formeazd marea majoritate a umplu-
turii filonului.

Dintre mineralele metalice, pirita se pare ci a fost prima cares-a
depus, urmatd, in ordine, de pirotind, marcasitd si mispichel de primi
generatie.

Ulterior, prin antrenarea altor ioni, in afara celor de sulf si fier, se
depune blenda, urmati de calcopiriti.

Rolul conducitor al caprului in solutii a putut fi pentru scurt timp

preluat de cidtre plumb, faptul fiind aroumentat de prezenia cu1bur110r
izolate de galeni.

In faza terminali a procesului de depunere au avut loc pulsatii ale
unor fluide care s-au insinuat pe fracturile si fisurile materialului depus
initial §1 au precipitat pirita, calcopmta de a doua generatie, precum sio
noud 0fenerahe de mispichel in cristale idiomorfe.

in ceea ce priveste aurul, considerim ci metalul pretios a existat in
solutiile mineralizatoare, in concentratii relativ constante pe. intregul
parcurs al procesului de depunere, precipitarea fiind cauzati de conditiile
locale de concentratie si de pH-ul solutiilor. Dealtfel, la nivelul cercetat nu
s-au intilnit situatii care si justifice concluzia unei depuneri preferentiale
a aurului in raport cu rocile-gazdi sau cu elementele din filon. El se aso-
clazd cu sulfurile, dar a fost 1nt11n1t 51 izolat in cuart. Presupunem astfel
¢d in timpul depuneru mineralelor metalice concentratm in aur a solutiilor
a putut atinge ritmic valori care si favorizeze pre(npltalea, astfel incit
aspectul actual al concentririi in filon este relativ omogen. Cu toate aces-
tea, microscopul a pus in evidentd o oarecare preferin{d a aurului pentru
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calcopiritd. Ca un caz particular, el a fost intinit deseori la limita tetraedrit-
calcopiritd. : -

Date geochimice. Caracterizarea geochimicsd a mineralizatiei din filo-
nul Piltinet a fost efectuatidi pe baza datelor analizelor chimice pe care
le-am avut la dispozitie. Aceste analize au fost efectuate asupra unor probe
colectate sistematic din filon §i din rocile inconjuridtoare. Au fost astfel
analizate probe colectate prin metoda brazdelor transversale pe filon, din

fi

Bi>e
PB2>3

Fig. 1. — Curbe de repartijic ale arse-
nului (I) si ale aurului (IT). Con{inuturile
sint grupate in clase egale. C, unitidti de
continut ; Bl, coeficient de asimetric;
'132, coeficient de boltire; fl, frecvente
relative.

Courbes de répartition de V'arsenic (I) i i
et de 'or (II). Les teneurs sont rangées
en classes ¢gales. C, unités de tencur;
By, coefficient d’assymétric; By, coeffi-
cient de voussure; fl, fréquenees ré-

latives.

1 Cau

culcusul si acoperisul acestuia, precum §i din peretii galeriei, transversal
pe sisturile cristaline, mineralizate difuz §i stratiform cu piroting. Toate
datele analitice au fost prelucrate prin metode statistico-matematice.

Am urmirit astfel, pe de o parte, stabilirea gradului de corelatie prin
raportul aur/arsen in cadrul filonului, iar pe de altd parte, modul digtribu-
fiei aurului, directional si transversal pe filon. Pentru realizarea obiective-
lor ce ni le-am propus, au fost construite curbele de repartitie ale aurului i
arsenului in filonul Piltinet, precum si curbele de tendint# pentru redarea
variatiei participarii aurului i arsenului in lungul filonului.

Calculul parametrilor statistici pentru selectiile continuturilor in
aur, respectiv in arsen, s-a ficut prin gruparea in clase de continuturi, folo-
sindu-se intervale de clasé egale si intervale de clasid logaritmice, lungimea
intervalelor alegindu-se in conformitate cu formula Sturges (citatd de
Tiron, 1976). Gruparea in clase logaritmice apare necesarsi datoriti,
pe de o parte, abaterii de la distributia normald a celor doud selectii (in
figura 1 se observi o accentuatd asimetrie a curbelor de repartitie care
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poate fi estimatd si cantitativ prin coeficientul de asimetrie §; >0 si
coeficientul de boltire B, > 3), si, pe de altd parte, faptului ci testul »2
ne-a indicat modul unei distributii lognormale a elementelor in filon.
Analiza curbelor de repartitie obtinute prin folosirea unor intervale
de clasd logaritmice (fig. 2) relevd caracterul bimodal al acestora atit
pentru aur, cit §i pentru arsen. Acest aspect persistd chiar dac se variazs
lungimile intervalelor de clasé considerate sau daci se incearcd o ajustare

0

L Ig‘ CAs.

! ol

Fig. 2. — Curbe de repartifie ale aurului (I) si ale arsenului (II)in
filonul Paltinet (continuturile grupate in clase logaritmice). C,
uniti{i de continut.

Courbes de répartition de Vor (I) et de Varsenic (II) dans le filon
Piltinet (les teneurs groupées en classes logarithmiques). C, unités
de teneur.

a frecventelor obtinute prin metoda mediilor mobile (recomandatd de
Zorilescu,1972).

Concordanta repartitiei bimodale obtinute cu realitatea a fost veri-
ficatd calitativ i prin testarea omogenitatii distributiei aurului §i arse-
nului in filon cu ajutorul norului de corelatie. Acesta a fost realizat prin
reprezentarea graficd a perechilor de valori ,,continut in Au” si ,,continut
in As” ale fiecdrei probe analizate, intr-o diagrami avind drept coordo-
nate aceste variabile (fig. 3). In aceasts diagrami se observi concentrarea,
punctelor reprezentative in dou# cimpuri ce pot fi circumscrise de citre:
o elipsd. In aceast# situatie, dreapta de regresie calculaty (fig. 3) realizeazi.
o mediere artificiald a punctelor norului de corelatie, corelatia Au/As neur-
mind aceastd lege. Acest fapt este reflectat si de valoarea scizutd a coefi-
cientului empiric de corelatie intre cele doué variabile aleatoare, r = 0,44.

Observatiile prezentate mai sus verificd datele studiilor mineralogice:
efectuate asupra filonului Paltinet, in sensul c¢i neomogenitatea distri-
butiei elementelor metalice a fost sesizatd inci din faza cercetirilor macro
$imicroscopice.
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Se pare astfel ci neomogenitatea continuturilor in arsen din filon
ar putea fi generatd de ex1stenta a doud oeneratn de mispichel. In acest
sens, mlsplchelul de generatia 1 fiind predommzmt cantitativ asupra mis-
pichelului de generatia a II-a, am putea aprecia ci el urmeazi o lege de
repartifie apropiatd de cea a curbei b (fig. 2. II), situatd in zona continu-
turilor mari. Pe aceastd curbd se constatd frecvente de aparitie mult mat

Cas

Fig. 3. — Dreapta de regresie si norul de
corelatie in relatia aur-arsen.

G, unitati de continut; a si b, cocficientii

dreptei de regresie.
Droite de regression et nuée de corréla-
tion dans la relation or-arscnic.

C, unités de tencur; a et b, coefficients

de la droite de regressiomn.

Cau

ridicate decit in cazul curbei a, care s-ar corela cu distributia mispichelului
de a doua generatie.

Neomogenitatea statisticd a distributiei confinuturilor in aur ar
putea fi generati de mai mulfi factori, §i anume :

— existenta aurului liber, dispersat in cuart, cu frecvente de aparitie
mairidicate ;

— prezenta aurului liber in paragenezd cu calcopirita si tetraedri-
tul ;

— existenta aurului submicroscopic, inglobat in retelele piritei §i
mispichelului.

in aceastd ordine de 1de1, estimam c& aurul existent in reteaua
piritei si mispichelului, impreund cu o parte dig aurul Hber diseminat in
ganga de cuart ar urma o repartltle asimilabild curbei a (fig. 2. I), situatid
in zona contlnuturllor mlcl, in timp ce aurul prezent in paragenez% cu cal-
copirita si tetraedritul gi o parte a aurului liber existent in cuart si respect
o lege de repmrtltle apr oplata de curba b (f1or 2. I), situatd in zona contmu—
turllor mai ridicate. Pe de altd parte, asemanarea calitativi dintre ramura
b a curbei de repartitie a arsenului §i ramura ¢ a curbei de repartitie a au-
rutui (fig. 2) semnifici, credem, cd cel putln o parte din aurul prezent in
zona confinuturilor mici este inglobat in refeaua mispichelului.

Pentru studiul variatiel contlnuturllor de aur de-a lungul filonului,
dar i transversal pe aces‘oa, in culcu%, acoperis §i in §1stur11e cristaline ce
gazdulesc filonul s-a folosit analiza tendinfelor de timp (Harbaugh §i
Meriam,1972), care indepdrteazd variatiile intimplétoare ale variabilei
comlderate atuneci cind aceasta ia valori intr-o succesiune ordonatd (fig. 4).
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Folosindu-se medii mobile de ordinul doi au fost construite astfel
curbele de tendinti pentru valorile ce le ia continutul in aur in filon, in
zonele culeus si acoperis, precum si in sisturile inconjuritoare.

Analiza curbelor construite (fig. 5) aratd.in mod semnificativ ¢
or1i de cite ori curba de tendinti a continutului de aur in filon inregistreazi
maxime si minime, acestea se regisesc in zonele laterale considerate (cul-
cus, acoperis, sisturile inconjuridtoare), maximele reducindu-se treptat in

ACOPERIS

19-Cau

FILOM

Fig. 4. — Curbe de repartitie ale aurului
in filonul Piltinet.
C, unitati de con{inut.
Courbes de répartition de l'or dans le
filon Paltinet.
19.Caq C, unités de tencur; toit; filon; lit.

cuLeus

19.Cay

ntensitate cu cit ne situdm pe un aliniament mai depirtat de filon. In
aceeasl figurd, pentru filon a fost construité si curba de tendintd a conti-
nutului in arsen. Comparatia acestei curbe cu cea construitd pentru aur
indicd un ,,trend” general aseminitor pentru cele doud curbe, dar nu in
toate cazurile maximele si minimele curbelor sint asemenea, remarcin-
du-se chiar si situatii de discordanta. Acest fapt indicé, dupd pérerea noas-
tr&, modul destul de variat de ocurentd a aurului in filon. Avem astfel
in vedere atit prezenta aurului liber asociat cu cuartul sau sulfurile, ¢it si
prezenta aurului liber asociat cu cuartul sau sulfurile, cit si prezenta auru-
lui inglobat in reteaua piritei sau mispichelului. Este posibil, de asemenea,
«ca situatia de perfectd concordantd a curbei arsenului cu cea a aurului sd
fie creat# toemai in locul unde solutiile au depus atit mispichel, piritd etc.,
dar si aur liber.
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sului, acoperigului si filonului, dar de o intensitate mult mai micd. Acest.
fapt 1nd1ca, de asemenea, o relatie geneticd intre procesele ce au generat.
punerea in loc a mineralizatiei din fllon si acelea ce au generat mineraliza-
tiile de plI’Otlncb cu aspect stratiform. Aceasti oonstmtare derivd din stu-
diul maecro si microscopic al mineralizatiei.

Concluzii

In zona central-estici a masivului Xezer-Pipusa, in valea Dimbo-
vitei, apar filoane de cuart cu sulfuri polimetalice, aurifere, pamﬂeneza»
mineralogicé fiind formaté din : cuart, caleit, piritd, calcopiritd, galend,.
blendid, mispichel, aur nativ, tetraedrit si pirotind.

Sisturile clorito-sericitoase-albitice ce cantoneazii mineraiizatiile
filoniene apartin seriei de Cdlusu, de virstd silurian-devoniand inferioard.
(Popovici, 1978). Filoanele se dezvoltd de-a lungul zonei axiale & sin-
clinalului Cdlusu, in flancul sud-estic al acestuia. in aceastd zond sisturile
cristaline prezinti mineralizatii stratiforme de sulfuri metalice, in special
pirotind si piritd. Aceste mineralizatii au caracter epigenetic §i s-au format.
ca urmare a circulatiei fluidelor hidrotermale de-a lungul unei vaste retele-
fisurale, in legiaturd cu principalele fracturi de acces. Se obtin in acest fel
zone de piritizare, pirotinizare si carbonatare a sisturilor cristaline in ve-
cindtatea céilor de acces, care In fazele ulterioare au putut gizdui punerea
in loc a unor mineralizatii filoniene de tipul filonului Paltinet.

Parageneza mineralogicad a filoanelor confine minerale ce precizeazd.
temperatura de depunere. Astfel, prezenta pirotinei, mispichelului, blendei
ferifere §i tetraedritului indicd procese hidrotermale de tip mezotermal
cu trecere catre hipotermal.

Prezenta aurului a fost idensificatd atit prin studiul miecroseopic,
dar si in analizele chimice. Acest mineral apare liber in cuart si in calco-
piritd, dar se dovedeste cd el participd si in reteaua unor minerale ca pirita,
pirotina si mispichelul. Aceste concluzii se desprind si din analiza statis-
tico-matematicd a valorilor analizelor chimice efectuate.

Relatia aur/arsen analizatd statistic a fost exprimatd prin curbe de
repartifie care au un pronuntat caracter bimodal. Acest caracter completat
prin testarea graficd a omogenititii si calcularea coeficientului empiric de-
corelatie (r = 0,44) relevd o dependentd limitatd a aurului de arsen, in
fapt prezenta aurului liber in filon, dar si participarea acestuia in reteaua.
mispichelului sau piritei arsenifere.

‘Intensitatea de mineralizare a filonului este reflectatd direct propor-
tional i de continuturile zonelor din culcug §i acoperis, dar si la o distantd
mai mare, $i anume in sisturile inconjuritoare. Acest fapt este bine redat.
de asemdnarea curbelor de tendintad construite pe baza continuturilor in
aur ale fl]OIluhl], zonelor culcus, acoperis si ale sisturilor inconjuritoare.

Cu toate ci mmerahza;i,ule all o certd filiatie magmafticd, corpurile
generatoare nu afloreazd. Aceste corpuri magmatlce, presupunemn de chi-
mism acid, sint situate in adincime, in legiturit cu aliniamente tectonice

~majore orientate dupd directia catenei muntoase (NNE-SSV). Credem
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¢d aceste mineralizatii aparfin aceleagi faze metalogenetice impreuns cu
mineralizatiile hidrotermale cunoscute in zona sudicid a masivului Leaota.
Aceasti fazd poate fi afiliath ciclului hercinic, deoarece calcarele jurasice
ale Pietrei Craiului, ce afloreazd la est de valea Dimbovitei, nu sint afec-
tate de fenomenele metamorfismului hidrotermal.
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ETUDE PRELIMINAIRE DES MINERALISATIONS
HYDROTHERMALES DE LA ZONE CENTRAL-ORIENTALE DU
MASSIF IEZER-PAPUSA

(Bésumé)

Dans la zone central-orientale du massif Iezer-Pdpusa, dans la vallée de la Dimbovita,
apparaissent des filons de quartz a sulfures polymétalliques, auriféres, la paragenése minéralo-
gique étant constituée de: quartz, calcite, pyrite, clalcopyrite, galéne, blende, mispickel, or
natif, tétraédrite et pyrrhotine. :

Les schistes chlorito-séricitcux-albitiques qui renferment les minéralisations filoniennes
appartiennent a la séric de Cilusu, d’age silurien-dévonicn inféricur (Pop ovici, 1978). Les
filous se dévcloppent le long de la zone axiale du synclinal Cilusu, dans son flanc sud-cest. Dans
cette zone, les schistes cristallins présentent des minéralisations stratiformes de sulfures métal-
liques, surtout de la pyrrhotine et de la pyrite. Ces minéralisations trahissent un caractére épi-
génétique et se sont formées par suite de la circulation des fluides hydrothermaux le long d’un
vaste réscau fissural, en liaison avec les principales fractures d’accés. On obtient ainsi des zones
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de pyritisation, pyrrhotinisation ct de carbonatation des schistes cristallins adjacents aux
voies d’aceés qui, dans les phases ultéricures, ont pu loger la mise en place des minéralisations
filoniennes du type du filon Paltinet.

La paragenése minéralogique des filons comprend des minéraux qui offrent la solutlon du
probléme de la température de dépdt. Ainsi, la présence de la pyrrhotine, du mlspch\('l de la.
blende ferrifére ct de la tétraédrite indique des processus hydrothermaux de type mésothermal
a transitions vers hypothermal. ,

La présence de I'or a été mise en évidence tant par I'étude microscopique, ainsi que par les.
analyses chimiques, Ce minéral apparait librement dans le quartz ct la chalcopyrite, mais il a
€té prouvé qu’on le trouve également dans le réscau de certains minéraux, par exemple la py-
rite, la pyrrhotine ct le mispickel. Les mémes conclusions sont a tirer de I'analyse statistique-
mathématique des valeurs des analyses chimiques effectuées.

La relation or;arséne analysée au point de vue statistique a été exprimée par des courbes
de répartition, qui ont un caractére bimodal accusé. Ce caractére, complété par des testes gra-
phiques de I'homogénéité et par le calcul du coefficient empirique de corrélation (r =0,44) révéle
une dépendance limitée de I'or de I’arséne, en fait la présence de I’or libre dans le filon, mais aussi
sa participation au réscau du mispickel ou de la pyrite arsénifére. e

I ’intensité de minéralisation du filon cst réflétée de manicre directement propértionnelle
par les teneurs des zones ,,de toit’” et ,,de 1it”” aussi, mais égalcm'ent a une distance plus grande
dans les schistes avoisinés. Ce fait est bien souligné par la ressemblance des courbes de tendance
dressées & partir des teneurs en or du filon, des zones ,,de lit”, ,,de toit’” et des schistes avoi-
sinants.

Bien que les minéralisations aient une certe filiation magmatique, de chimisnmie acide on
le suppose, Ies plutons générateurs n’affleurent guére, du fait de leur localisation en profondeur,
en liaison avec les alignements tectoniques majeiirs orientés d’aprés la direction de la caténe
montane (NNE— SSQ).

A notre avis, ces minéralisations appartiennent a la méme phase meétallogénique, ensem-
ble avec les minéralisations hydrothermales connues dans la zone méridionale du massif Leaota.
On peut affilier cette phase au cycle hereynien, du fait que les calcaires jurassiques de Piatra
Craiului, affleurant a I'est de la vallée de la Dimbovifa, ne sont guére affectés par les phénomeénes
du métamorphisme hydrotliermal.

EXPLICATIA PLANSELOR
Plansa I

Fig.1. — Sist carbonatat cu pirotina.
1, pirotina ; 2, carbonati. N +, 70 x
Schiste carbonaté a pyrrhotine.
1, pyrrhotine ; 2, carbonates. N +,70 x.
Fig. 2. — Sist carbonatat cu pirotini — detaliu.
1, pirotind ; 2, carbonati. N +, 100 x.
Schiste carbonaté a pyrrhotine — détail.
1, pyrrhotine ; 2, carbonates. N +,100 x
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Fig.

Fig.

Fig.

Fig.

Fig.

3. — Piritd invadata de calcopirita.
1, piritd; 2, calcopiritd. N //,100 x.
Pyrite envahie par de la chalcopyrite.
1, pyrite; 2, chalcopyrite. N //, 100 x.

Plansa II

1. — Mispichel idiomorf traversat de carbonati.
1, mispichel; 2, {ilonas de carbonati. N 4+, 70 x.
Mispickel idiomorphe traversé par des carbonates.
1, mispickel; 2, filonnet de carbonates. N -, 70 x.
2. — Mispichel idiomorf concrescut cu carbonat.
1, mispichel; 2, carbonat. N //, 70 x.
Mispickel idiomorphe enchevétré avec du carbonate.
1, mispickel; 2, carbonate. N //, 70 X.
3. — Mispichel in ganga de cuari.
1, mispichel ; 2, cuar{. N //, 100 x.
Mispickel en gangue de quartz.
1, mispickel ; 2, quartz. N j/, 100 x.

Plansa TII

1. — Aurnativ in tetraedrit.
1, aur; 2, tetraedrit. N //, 100 x.
Or natif en tétraédrite.
1, or; 2, tétraédrite. N //, 100 x.
2. — Graunti de aur localizati in calcopiriti.
1, aur; 2, calcopiriti; 3, tetraedrit. N j/, 100 Xx.
Grains d’or coincés en chalcopyrite.
1, or; 2, chalcopyrite; 3, tétraédrite. N //, 100 x.
3. — Idem fig. 2, detaliu.
1, aur;2, calcopiritd; 3, tetraedrit. N J/, 250 Xx.
Idem {ig. 2, détail.
1, or; 2, chalcopyrite; 3, tétraédrite. N //, 250 x.

11
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2. ZACAMINTE

CONTROLUL LITOLOGIC AL MINERALIZATIILOR STRATIFOR-
ME DE TIP BLAZNA-GUSET DIN MUNTII RODNEI, .
CARPATII ORIENTALI!
DE
GHEORGHE UDUBASA*®

“Stratiform mincralizations. Lithology control. Absolute age. Rebra Series. Carbonatic rocks.
Pb, Zn, pyrite. Ore-prognosis. Petrochemisiry. Spectral analyses — ore. Rodna Mls.

Abstract

Lecontréle lithologi‘que des minléralisa'ii.dh's stratiforme{
‘detypeBlazna-Gusetdansles Montsde Rodna,CarpathesOrienta-
les. La formation carbonatique de la série de Rebra renferme plusieurs niveaux de minéralisa-
tions plumbo-zinciferes pyriteuses (Age Pb/Pb: 610 M.A., Supe rceanu, 1967; 800 M. A.,
Berciaetal., 1976). La composition du minerai est simple : pyrite, sphalérite (2,8 — 4,8% Fe),
galéne ct sporadiquement chalcopyrite, pyrrhotine, magnétite, rutile, ilménite, mispickel, tétra--
edrite, barytine et cymrite (BaAl,Si,Og.H,0). Les roches encaissantes sont représentées par des
calcaires et dolomies 4 minces intercalations de roches quartzitiques, micacé-amphiboliques et
graphiteuses, mnétamorphisées au niveau du faciés des amphibolites 4 almandin, I'isograde ,,sta-

. urolite in”’. Les données géochimiques mettent en évidence le caractére zinco-plombifére (a excés

de pyrite) du minerai (Zn :Pb 80 :20) et la relative pauvreté en éléments mineurs. Les valeurs
3343 pour pyrite (+3,5) et sphalérite (2,4 et 10,1) sont pareilles aux valeurs des autres minerais
stratiformes ct difféerent de ceux du minerai hydrothermal du type Valea Vinului (pyrite + 6,9;
sphalérite + 6,3), qui se superpose localement. 4 la minéralisation stratiforme. I’application des
.diagrammes prévisionnels (Nicolini, 1970) a permis’ d’établir des ,,séquences positives’’,
favorables a apparition du minerai: roches carbonatiques calcitiques, 4 minces niveaux de
roches quartzitiques, schisteux-micacées et graphiteuses, et ,,séquences négatives’’, a minérali-
:sations faibles ou absentes : roches carbonatiques magnésiennes ou roches micacées et amphi-
boliques, a fins niveaux de roches carbonatiques.-De mé&me que la présence constante du Ba
(teneur moyenne en minerai 102 ppm; n = 50) et Ti (teneur moyenne 311 ppm; n = 50) en
roches et minerai, la séquence positive s’avére &tre un indicateur métallogénique important pour
le type de minéralisations Blazna-Guset, en définissant un métallotecte lithologique-géochi-
mique a large applicabilité dans le Massif de Rodna.

! Lucrarc predati la 13 V 1978, acceptatd pentru publicare la 13 V 1978, comunicati in
sedinta din 2 VI 1978. o
2 Institutul de geologie si geofizicd, str. Caransebes nr. 1, Bucuresti.
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Introducere

In formatiunea carbonatici a seriei de Rebra din Muntii Rodnei
se cunosc mai multe nivele de mineralizatii plumbo-zincifere-piritoase,
a ciror dezvoltare coincide cu extinderea rocilor carbonatice. Mineraliza-
tiile se dispun in complexul median al seriei de Rebra (Rb,, cf. Krédu t-
ner, 1976, Bercia et al., 1976); virsta izotopici Pb/Pb pentru galena

-din minereul din Valea Blaznei indici valori de 610 (Superceanmu,
1967) si 800 m.a. (Bercia et al.,, 1976). Nivelele de sulfuri an grosimi
foarte variabile, iar mineralele metalifere sint in general fin granulare.
Compozitia mineralogici este relativ simplé, pirita, sfaleritul §i galena fiind
componentii principali. Microscopic au mai fost identificate calcopirité,
pirotini, magnetit si cu totul sporadic, arsenopirité si tetraedrit. In canti-
tati mici apar minerale de titan (frecvent rutil, sporadic ilmenit) si de bariu
(in mod obisnuit baritingd, cu totul local cymrit, BaAl,Si,04-H,0, U d u-
b a §a, 1972). Foarte rar se intilnesc mici geode tapisate cu agregate glo-
bulare de marcasité, dispuse in planul sistozitéitii calcarelor, sau zone lenti-
culare cu calcit recristalizat, masiv, cu granulatie mare (pind la 3 cm).
Aldturi de vinigoare fine (uneori cu geode milimetrice) cu baritind in masa
calcarelor si de brecii calcitice cu fragmente de minereu, localizate numai
pe citeva lamine din pachetul purtator de sulfuri, aceste aspecte sint sin-
gurele dovezi ale unor procese epigenetice (mobiliziri sin- sau postmeta-
morfice) care au afectat mineralizatiile, denumite singenetice-stratiforme
(Udubasa, 1972, 1974 3) si argumentate ca fiind premetamorfe.

Rocile-gazda

Nivelele de sulfuri sint dispuse de reguld in masa rocilor carbonatice
albe, cu intercalatii variabile ca grosime (de la 1 mm pind la 1 — 1,5 m)
de micagisturi (uneori cu granati), cuartite, cuartite carbonatice cu sau
fard muscovit, calcare dolomitice cenusii fin granulare, sisturi grafitoase,
micagisturi amfibolice cu biotit §i sisturi amfibolice. Toate aceste roci au o
dezvoltare inconstantd pe orizontald, observindu-se fie ingrogiri lenticu-
lare cu grosimi metrice, fie efildri pind la disparitie completa.

Observatiile stratonomice, precum §i testérile chimice (diagrame cu
componenti majori si minori) nu au dus la rezultate concludente privind
natura premetamorfd a rocilor amfibolice, observindu-se totusi tendinta
de grupare a lor in cimpurile caracteristice pararocilor, cu aport vulcano-
gen redus (Udubasa et al., 1975 4).

Rocile carbonatice sint foarte variate ca aspect, cele mai frecvente
fiind calcarele albe marmoreene, cu granulatie mare. Varietitile fin gra-
nulare sint fie cenusii §i contin local tremolit, fie alb-cenusii deschise, cind
se dovedesc a fi silicioase ; in ultimul caz pot fi surprinse tranzitii spre cuar-
tite albe, de asemenea fin granulare. Observatiile microscopice si datele

3 Arh. I.G. G., Bucuresti.
4 Arh. L.G.G., Bucuresti.



3 CONTROLUL LITOLOGIC AL MINERALIZATIILOR STRATIFORME 115

chimice confirmi dealtfel variatia aproape continui a SiO, de la calcare
(+ dolomitice) la roci cuartltlce (tab. 1).

In toate tlpurlle petrooraflce din secventele cu sulfuri apare pmta.
fin granulard, insd benzile de sulfuri prefera calcarele albe, care au pe sisto-
zitate muscovit, cuart sau grafit. Dealtfel, in masa calcarelor albe se intil-
nesc uneori strétulete centimetrice de 0falenzi asociatd cu grafit (subordoi
nat piritd §i sfalerit), ce pot fi urmamte pe distante de ordinul 10 — 20 m
(pl. I, fig. 1). In calcarele pure sau in cuartltele masive, care formeazi
uneori terminatiile laterale ale stratelor lenticulare de minereu, apare
numai pirita, sub forma unor stritulete centimetrice sau ca giraguri de
granule fine. Cu totul local in asemenea roci apar benzi milimetrice de sfa-
lerit cleiofanic, a ciror extindere este insd limitata.

TABELUL 1

Analize chimice parliale pe roci carbonatice i cuarfitice din zona
zdedmintelor Valea Blaznei si Rodna-Valea Vinului

ﬁij prf,\ll)réi Si0, | Al,0, | Fe,0, | TiO, | CaO | MgO | Na,0 | K,0 | P.C.
1 829 | 0,50 |0,37 | 0,60 | nd | 31,36 20,16 | nd nd | 46,50 -
2 1098 0,90 | urme 0,20 nd 54,70 1,10 nd nd 43,30
3 1657 | 1,16 | 1,20 | 0,77 | nd | 30,12 | 19,80 | nd nd | 46,50
4 904 | 2,73 |1,64 | 0,50 | nd |32,27|17,50 | nd nd | 44,84
5 2088 | 5,80 |1,00 | 0,55 | nd | 51,00 | 2,20 | nd nd | 39,50
6 2730 | 7,85 3,00 | 3,10 | urme | 25,65 | 18,75 | 0,30 | 0,35 | 41,15
v, 2298 | 43,30 | 3,95 | 2,00 | urme | 17,00 | 12,50 | 0,30 | 0,18 | 20,40
8 2269 | 49,00 | 1,65 | 4,35 | urme | 22,00 | 1,95 | 0,30 | 0,23 | 21,00
9 2743 | 67,00 | 2,55 | 2,85 | 0,20 | 8,55 | 5,60 | 0,20 | 0,30 | 10,00

10 2728 | 80,00 | 7,85 | 3,00 | 0,65 | 1,55 1,65 | 0,60 | 2,55 | 1,65

11 2724 | 87,10 1 1,95 | 5,00 | urme | 0,95| 2,00 | 0,20 | 0,07 | 2,05

Analisti: 1,2,5— P. Bucsan, 3,4— C. Agrig, 6—11— G. Apostolescu, IGP
SMS. Denumirea rocilor si localizarea probelor: 1, calcar dolomitic alb, V. Vinului, oriz. 1;
2, calear alb, V. Vinului, oriz. VI; 3, dolomit cenusiu fin granular, V. Vinului, oriz. V;
4, calcar dolomitic alb, V. Vinului, oriz. V; 5, calcar alb, V. Vinului, oriz. VI; 6, calcar
cenusiu cu muscovit, oriz, 900 Blazna-Féget; 7. calcar cenusiu silicios, gal. 5 Blazna; 8§,
calcar alb microgranular silicios, gal. 5 Blazna; 9, cuartit alb calcaros cu muscovit, gal. 1100
Blazna; 10, cuartit micaceu, oriz. 900 Blazna-Figet; 11, cuar{it cenusiu-negricios rubanat,
oriz. 1000 Blazna-Figet.

Rocile micacee si cuartitice contin uneori staurolit. Intregul com-
plex median al seriei de Rebra, local retromorf (Valea Blaznei — Figet)
este metamorfozat la nivelul faciesului amfibolitelor cu almandin (subfa-

ciesul staurolit-almandin, B2—1, Winkler, 1967) si poate fi asimilat
izogradului ,,staurolite in” (Krdu tner,1976).

Obhservatii mineralogice si texturale

Concresterile dintre sulfuri si silicati/carbonatfi aratd in general
relatii de echilibru, cu mobiliziri metamorfice locale, ilustrate mai ales de
aparitia unor filonage scurte de galend pe fisuri perpendiculare pe sistozi-
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tate, in masa cuartitelor sau a lentilelor de cuart formate prin diferentiere
metamorficd (fig. 1).

Pirita protejazid uneori c¢regterea lamelelor de muscovit perpendicu-
lar pe sistozitate ori concentrarea altor minerale mai ,,moi’’ in ,;umbrele
de presiune’. Granulele mari de piritd constituie insé obstacole in calea
cregterii metamorfe a unor silicati (pl. I, fig. 2). Asociatd cu pirotind, pe
seama cdreia pare si se fi format via ,,ZWlschenprodukt” (Ramdohr,

i e ey e 1 Ty e Ve )
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Fig. 1. — Galend migrati pe fisuri transversale pe sistozitate, in cuartite.
1, cuartite ; 2, cuartite calcaroase ; 3, minereu polimetalic (sfalerit, piritd, galend);
4, galendl; 5, cuart.
Galena migrated onto transversal fissures in quartzites.
1, quartzites ; 2, limty quartzites; 3, sphalerite-, pyrite- and galena-bearing ore;
4, galena; 5, quartz.

1975), pirita muleazi clivajele silicatilor (pl. II, fig.1) sau 1 inglobeazét
(pl. 1L, fig. 2).

Sfaleritul este de reorula fin granular, de culoare deschisd (galben
‘brun sau galben pai) sau cu ‘nuante roscate (in apropierea nivelelor de sis-
turi amflbohce) Continutul in fier este relativ redus, este insd de remarcat
valoarea destul de ridicatd a condentratiei cuprulul (tab. 2). Absenta sau
siirficia in corpusculi de calcopiritd si faptul ci analizele au fost efectuate
punctual (cu microsonda electronlca) impun admiterea ipotezei cd structura
sfaleritului permite prezenta cuprului, si anume in spatiile sale octaedrice
Manning, 1966). Continuturile relativ ridicate de cupru in sfalerit i
din alte minereuri stratiforme (Udubasa, 1972; Udubasa et al.,
1974) arati o anumiti repetabilitate, putmd devenl o caracteristicd geo-
chimici a lor. Aceastd constatare poate da o explicatie satisfdcitoare apa-
ritiei unor incluziuni de calcopiritd cu aspect de dezamestec in sfalerite
nehldrotermale prin recristalizare si expulzarea Fe si Cu din retea si for-
marea calcoplrltel fie la limita granulelor de sfalerit, fie in lungul planelor
de maclare mecanici. Asemenea fenomene de ,,dezamestec prin recrista-
lizare” (Ud ub as a; 1972) au fost observate si in sfaleritul din minereul
de.la Valea Blaznei. :
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In sfalerit se intilnesc deseori granule mici de rutil (pl. ITI, fig. 2);
cristale de rutil maclate in genunchi de 1—2 em au fost identificate si in
lentile de cuart din micasisturi cu granati, unde acest mineral este asociat
cu pirotind si galend (Ud ub a sa, 1974 5). Asocierea rutilului cu minere-
uri stratiforme de sulfuri a mai fost dealtfel semnalatd (la Rammelsberg
Ramdohr, 1953; la Ramsbeck, Uduba sa, 1972; in minereurile éin
zona grauwackelor in Alpii Tirolezi, Schulz, 1971; in minereurile cu-
prifere din zona Musosha, Zair, Cailteux, Dimanche, 1973). In
alte zdcidminte stratiforme se constatd insé o descrestere bruscd a TiO,
la limita rocé-gazdéi/minereu (Stan tomn, 1972 b).

TABELUL 2
Analize chimice pe sfalerit din minereul straliform de lip Bluzna*
Nr. - . . .
crt Nr. probei Localizare Fe Mn Cda Cu
1 Gal. 5 Blazna | 3,78 | 0,01 ¢ 0,06 | 0,16
2 2352%% Oriz. VI, V. Vinului | 2,91 | 0,16 | 0,26 | 0,38
3 1308° Oriz. VI, V. Vinului| 4,84 | 0,28 0,33 | 0,17
4 wow Ramsbeck, R.F.G. | 5.17 | — | 0,23 ] 0,32

* Determindri cu inicrosonda eclectronicd, (%)
*# Din: Udubasa el al. (1974)

Strate de minereu masiv, foarte fin granular, alcatuit in cea mai mare
parte din sfalerit ¢ se intilnesc relativ frecvent in zdcamintul Valea Blaz-
nei. Macroscopic minereul are aspect petrogen, cu ochiuri de cuart pini
la 1 em si granule de piritéd de 0,5 —1 mm, fapt care ii conferd o texturi.
microporfiroblasticd. Dimensiunile granulelor de sfalerit nu depisesc
citeva sute de microni ; microscopic se constatd, aldturi de sfalerit, galend,
piritd si cuart, si prezenta silicatilor de dimensiuni de asemenea reduse.
Aseminarea cu aga-numitul ,,Dichterz’’ de la Ramsbeck (S ¢cherp, 1958)
este izbitoare, desi in acest din urmé caz mineralul dominant este galena.
Formarea ,,minereului dens’ (Dichterz) de la Ramsbeck a fost interpre-
tatd ca rezultind prin mobilizarea diferentiali a galenei din minereul
stratiform pe plane de inciilecare aproape orizontale, in zone in care aces-
tea traverseazd roci argiloase cu minereu mai bogat in galend (Ud u b a'§ a,
1972; Amstutz, Udubasa, 1980). La Valea Blaznel este mai dificit
de explicat aparitia acestul tip de minereu prin fenomene de mobilizare
(31 recristalizare cu micgorarea dimensiunilor); prezenta sa preponderent
in partea axiald a unor cute metrice culcate (fig. 2), cu vergenta sud-ves-
ticd, pentru care am admis posibilitatea de a reprezenta cute de alune:
care intraformationald (Udubasa, 1974 7), ar putea da o explicatie
plauzibild particularitdtilor acestui tip de minereu. ,,Milul cu minereu’

5 Op. cit. 3
Denumitil ,,blenda pastd” de V. Comnstantiniuc (1973), I.LP.E.G., Cluj.
Op. cit. 3.
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m curs de consolidare a fost supus, in zona centrald a unor astfel de cute,
unei compresiuni avansate, iar amestecul intim cu minerale argiloase a
‘impiedicat cregterea metamorfa a granulatiei sfaleritului. Natura tectonici
a unei astfel de cute de curgere intraformationald poate fi de asemenea
luatd in consideratie, ar fi insd mai greu de explicat localizarea minereului
§i discordanta de migcare in raport cu stilul tectonic regional, caracterizat
prm vergente nord-estice (Krdutner, 1968).

Tig. 2. — Cuté culcatd, intraformationald, conturatd cu foraje si lucrari miniere.
(dupd V. Serdean, IPEG Cluj, simplificatd).
1, micasisturi; 2, calcare; 3, cuartite; 4, minereu fin granular bogat in sfalerit.
Nearly horizontal intraformational fold, asidentified by drillings and
mining works (according to V. Serdean, IPEG Cluj, simplified).
% 1, micaschists ; 2, limestones ; 3, quartzites ; 4, fine grained ore rich in sphalerite.

Calcopiritd apare rar, in special ca produs de ,dezamestec prin
recristalizare” in sfalerit ; galena, de reguli fin granulard si greu de obser-
vat macroscopic, formeazé concentratii vizibile mai ales in structurile de
mobilizare metamorfici (fig. 1). Desi sporadic, magnetitul este de mentio-
nat datoritd modului particular de prezentare, sub form# de chenare la

‘periferia granulelor sau agregatelor de sfalerit (pl. III, fig. 1).-

In afari de participarea frecventd ca mineral accesoriu in roci, in
special in gisturile amfibolice, ilmenitul a mai fost observat sub formi de
lamele curbate intr-un cuib de clorit masiv la limita sist amfibolic/calcar.

*Ca §i rutilul larg dezvoltat in cuartul metamorf, mentionat mai sus, ilme-
nitul a luat nastere prin concentrarea locald a titanului printr-un meca-
nism similar celui de formare a filoanelor de tip alpin.

Baritina se intilnegte relativ frecvent, dar in cantitate redusd, de

reguli sub forma unor granule izolate (pl. IV fig. 1), mai rar pe fisuri fine
in masa rocilor cuarfitice-calcaroase (fig. 3). Cara,cterlstlcé, pentru minereul
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din Valea Blaznei este prezenta cymritului, BaAl,S8i,0,-H,0, un silicat
de bariu rar, care face obiectul unei lucriri separate.

Texturile rubanate si sistoase sint predominante in minereul de tip
Blazna-Guget. Benzile de minereu alterneazs cu benzi de roci cu compo-
zitle variatd, cele mai frecvente fiind calcarele albe si cuartitele micacee
(pl. IV, fig. 2). La scard mesoscopicé, aceste benzi isi pistreazd grosimea
si comporzitia pe distante de ordinul metrilor, iar la scara zdcimintului

Fig. 3. — Filonase si geode cu

baritind, in calcare cu benzi de

minereu dispuse in trepte din
cauza unor fisuri oblice.

1, calcare; 2, minereu masiv; 3,
filonage si geode cu baritina; 4,
fisuri inchise.

Veinlets and small caves  with
barite, in limestones with ore
beds disposed in steps due to
some oblique fissures.

1, limestones ; 2, massive ore; 3,
veinlets and small caves with
barite ; 4, joints.

se constatd dezvoltarea lentilelor aplatizate de minereu pe sute de metri,
cu tranzitii gradate spre roci slab mineralizate in special cu piritd, repre-
zentate de reguli prin cuarfite negre grafitoase sau calcare dolomitice
eenugii. Cutele sau microcutele afecteazd in egald misurs rocile §i minereul
interstratificat (pl. V, fig. 1 §i 2). Faliile, care coboard in trepte, spre sud,
succesiunea purtitoare de sulfuri®, sint complet sterile, ca sifisurile-falii
vizibile la scara peretelui de galerie (pl. V, fig. 3).

Date geochimice

Proiectia unor date analitice din arhiva I.P.E.G. Cluj in diagrama
ternari Cu-Pb-Zn (fig. 4) confirmé caracterul zinco-plumbifer al minereu-
lui (pirita fiind consideratd ,,in exces’’). O anumitid legdturd intre litologia
rocilor-gazdd si chimismul minereului poate fi intrevdzutd prin compara-
rea diagramei Cu-Pb-Zn cu diagrama ternard Al,O,-falk—8i0,-CaO 4
+MgO (acesti componenti au fost astfel selectionati incit sd reprezinte
in linii mari chimismul unor roci sistoase, inifial argiloase, cuarfitice, res-
pectiv carbonatice). La nivelul mineralizatiilor stratiforme se poate re-
marca in general ci minereurile localizate in roci carbonatice au de reguli.
caracter zinco-plumbifer, in cele argiloase gistoase (micacee) constatindu-se

8 A.Cobarzan et al. (1970—1974). Arh. LP.E.G. Chuj.
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o evidents, 1mb0ga1;1re in cupru, pirita fund »in exces’ in majoritatea cazu-
rilor.

Minereul de tip Blazna- Guset este relafmv sidrac in elemente minore
(tab. 3), mai ales dacd se comparsd cu spectrul geochimic al sulfurilor din
minereul hidrometasomatic de la Valea Vmulul (Udubasa, Lazdr,
1968; Giuscéd, Volansehi, 1971). De remarcat valoarea subunitard
a raportului Co : Ni, abundenta Ba‘ (si Ti), relativa’abundenté a Cd si As si

~Ca 0+ /'/:yov

Fig. 4. — A. Diagrama ternard Al;O3+-alk/Si0,/Ca0O 4 MgO pentru rocile calcaroase si cuarfitice
(proiectia datelor analitice din tabelul 1 si a celor prezentate de V.Constantiniu c, 1973)
B. Diagrama ternari Cu-Pb-Zn (% atomice) pentru minereul din Valea Blaznei.
1, minereuti din 114 zdcfminte stratiforme localizate in calcare (Sangster, 1968, cf.
Gelds etzer,1971).
A. Ternary diagram Al,0;4-alk/Si0,/Ca0+MgO for the limy and quartzitic rocks
(plot of the analytical data in Table 1 and of those presented by V.Constantiniuc, 1973).
B. Ternary diagram Cu-Pb-Zn (atomic percent) for the Blazna Valley ore.
1, ores from 114 stratiform deposits located in carbonatic rocks (according to Sangster,
1968, from Geldsetzer, 1971). '

valorile.foarte mici pentru Cu, Ag, Ga, Sb si Bi. Continuturi ridicate de
cadmiu 'sint dealtfel caracteristice zicimintelor polimetalice stratiforme
din Alpi, localizate in roci carbonatice triasice (Maucher,Schnei-
der,1967).

Citeva determiniri ale izotopilor sulfului (tab. 4) aratd raporturi
izotopice 328/%4S comparabile cu cele ob{inute pentru minereuri din zici-
minte stratiforme de tip similar (Buschendorf et al., 1963;
Stanton, Rafter, 1966) si diferenfiazi minereul smvenetlc—stra.tl-
form de tip Blazna-Guset de cel hidrometasomatic de la Va,lea Vinului.
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TABELUL 3 o SBEF DE

Analize speclrale pe probe de minereu de (ip Blazna-Guget (ppm) .

a‘-j [ Mincreu piritos -
3] ‘S T .
o |e®l cu|l Agl cd!| Ga] Ge| As | Sb|Ti*|Mn| Co | Ni { Ba| Sr | Bi |
VAR A
1 | 2243 5 5 100 5 10 100| sla} 10 | 10 20 50 0 2000] sld |
2 | 2262 u | sld sld | sld | sld 700| sid| sld | 50 10 10 P 1500] sld
3 | 2726 5 3 50 5 3 300{ sldj 10 | sld] 20 20 | 7000 600} sld{
4 | 2671] 700 5 50 5 u | sld | sld} 10 | 300 40 80| 700 200; sld |
Minecreu Dbogat in sfalerit .
5 | 2705 7 60 700 5 10 700} sld| sld| 30} sld 2001 p 2000} sld |
6 2211 5 6 | 3000 5 | sld 100| sld | sld 10| sld sid 1000 180 20 ¥
7 2703 5 2 70| sld 5 300{ sld | sld| 100[ 50 10 | 3000 550] sld |
8 | 2702 8 5 50 5 80 500| sld| sld| 10| 30 | 300 | p 3000] sldy
9 | 2776 50 5 400 7 70 1 5000| sld| sld | 20] sld 601 p 1000| sld |
10 | 2655 7 1 | 5000; sld u 5000| sld{ sld | 100] sld | sld 800 30| 50
11 | 2615 5 50 | 2000 u 5 100| 60 | 10 50f sld | sld P 400| 30 |
Minereu bogat in galeni .
12 | 2278 51 100 | 1000 5 15 600} 50 | sld| sld]| sld | sld p 3000; sld
13 | 2258] 10 | 300 500 5 10 500( 50 | sld| sld| skd 30 p 3000} sld |
14 | 2672 5| 300 { 1000 5 10 100|500 | sld | 100j sld 10 700{ 500 10f
15 | 2617 5 50 400 5| sld | sld | 50 | sld{ 800| sld 10 | 7000 400| sld |

Analist: O. Scripat, I.G.P.S.M.S., Bueuresti.

* Analize spectrale exccutate cu etaloane adecvate (analist: Alla Zamircd, I.G.G.,
Bucuresti) dovedesc prezenfa constantd a titanului in minereu, cu valori medii de 347 ppm in
zona Blazna si de 237 ppm in zona Guset.

u — urme, sld — sub limita de detectie, p — prezent in cantitate peste 1%. Hg, Zr, In, TI
Sn, V si Mo — sub limita de detecfie in toate probele. .
Localizarea probelor: 1, gal. 3 Blazna; 2, gal. 5 Blazua; 3, oriz. 800 Blazna-Figet; 4, oriz.
VI Valea Vinului; 5. oriz. 1274 Blazna; 6, gal. 5 Blazna; 7, pl. incl. 1286 Blazna ; 8, pl. incl.
1286 Blazna; 9, oriz. 1302 Blazna; 10, oriz. VII Valea Vinului; 11, gal. 2 Rebra-Guset;
12, gal. 5 Blazna; 13, gal. 5 Blazna; 14, oriz. VI Valea Vinului; 15, gal. 2 Rebra-Guset.

TABELUL 4

Raporturile izolopilor sulfului (§%S) in minerale din minereul de tip
Blazna-Gugel si in cel de la Valea Vinului

Nr. . Mineralul u AT . : .

ort. Nr. probei dominant 8¥S | AMinerale asociate I.ocalizare
1 2277 piritd 3,5 | cuarf gal. 5 Blazna
2 2163 sfalerit 2,4 | galend, pirita gal. 5 Blazna
3 2352a sfalerit 10,1 | galend, piritd oriz. VI Valea Vinului
4 503 piritd 6,9 | monominerald oriz. V Valea Viului
5 2352 sfalerit 6,3 | galend, piritd oriz. VI Valea Vinului
6 2159 sfalerit 6,5 | piritd, calcopiritd oriz. I Valea Vinului

Analist: Dr. H. Nielsen, Iustitutul de geochimie al Universititii Gottingen, R.F.G.
1, 2, 3, minereu singenetic-stratiform ; 4,5, 6, ninereu liidrotermal,
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Remarcabilii este constanta raportului izotopic in cazul minereului
hidrometasomatic, precum si diferenta apreciabila intre 3348 din sfale-
ritul hidrotermal (proba 2352, marmatit cu 11,36 %, Fe) si cel singenetic-
stratiform (proba 23522, cleiofan cu 2,86 %, Fe); probele sint colectate
dintr-o zonj de evidentd suprapunere spatiald a minereului hidrometaso-
matic peste cel singenetic-stratiform, diferentierea geochimicid argumen-
tind in mod convingitor geneza deosebitd a celor doud tipuri de minereu.
Interesantd este de asemenea, diferenta mare intre cele doud probe de
sfalerit din minereul de tip Blazna-Guget (2163 si 2352?), in care conti-
nuturile de fier sint apropiate (3,70, respectiv 2,869,), dar provin de la
nivele stratigrafice deosebite. Variatia raportului 22S/%S in coloana stra-
tigrafici a unor minereuri stratiforme (Stanton, 1972 a) este probabil
rispunzitoare pentru variatiile semnalate in sfaleritul de la Valea Blaznei.

Legitura dintre litologie si localizarea minereului ; diagramele de previziune
(Nicolini, 1970)

Examinarea aminuntiti a secventelor de roci purtitoare de minereu
din zona Valea Blaznei-Figet §i partial din celelalte zone de dezvoltare
a formatiunii carbonatice a permis stabilirea unei strinse legéturi intre un
anumit model al distributiei pe verticald a tipurilor litologice/petrografice
$1 prezenta minereului. Mineralizatiile preferd asociatia calcare albe cu roci
cuarfitice, micacee sau grafitoase. O asemenea asociatie este necesari,

~dar nu §i suficientd pentru aparitia minereului bogat. Dacd secventei pre-
‘ponderent carbonatice i se asociazi nivele subtiri de cuartite, micasisturi
sau sisturi grafitoase (denumit# aici ,,secventd pozitivi’?), iar rocile carbo-
natice sint calcitice, prezenta minereului este neindoielnicéd (fig. 5a) ; dacs
insd rocile carbonatice au caracter magnezian, minereul este de reguld
sdrac sau numai piritos (fig. 5b). ,,Secventele negative’’ se caracterizeazi
prin dominarea rocilor micacee masive sau cu intercalatii subtiri de roci
carbonatice, in care practic nu se intilnesc mineralizafii (fig. 5¢). Aseme-
nea diagrame complexe (diagrame de previziune, Nicolin i, 1970) con-
stituie astfel un indicator metalogenetic de prospectiune, care se verificd
in tot cuprinsul ariei de dezvoltare a formatiunii carbonatiee a seriei de
Rebra din muntii Rodnei. Asociind unei astfel de relatii litologie/minera-
lizatie unele date geochimice care privesc prezenta constantd a Ba si Ti in
roci sau minereu, se contureazd existenta unui metalotect litologic-geochi-
mic cu valoare practicd si stiintific# incontestabild. Importanta practici
rezidd in posibilitatea aplicirii sale rapide in lucririle de prospectiune si
explorare; evidentierea unor astfel de interdependente poate contribui
la reconstituirea conditiilor initiale de acumulare a sulfurilor in medii car-
bonatice.

Prezenta ,,impuritdtilor” in masa calcarelor purtitoare de minereu
pare dealtfel si fie comund mineralizatiilor stratiforme din roci carbo-
natice Maucher, Schneider, 1967; Strucl, 1974).
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Fig. 5. — Diagrame de previziune compuse din coloane litologice (I), curbe de previziune (II) si
localizarea minereului (III) pentru trei sonde de suprafatd din zona Valea Blaznei: a, zona cen-
trald a zicimintului ; b si ¢, zone marginale.
Coloana I: 1, sisturi amfibolice ; 2, micasisturi amfibolice ; 3, micasisturi 4 granaii; 4, micasis-
turi cuartitice ; 5, cuartite; 6, calcare dolomitice 4 tremolit ; 7, calcare albe; 8, sisturi grafi-
- = toase.

Coloana II: Numerele de deasupra au aceeasi semnificatie ca la coloana I.
Coloana III: 1, ,,impregnatii‘‘ slabe; 2, benzi rdzlete de minereu; 3, minereu masiv.

. Prevision diagrams made up of lithologic columns (I), prevision curves (II) and the ore
location (III) for three surface drillings jn the Blazna Valley area: a, the central zone of the

deposit; b and ¢, marginal zones.
Column I : 1, amphybolitic schists ; 2, amphybole-bearing micaschists ; 3, micaschists 4 garnets;
4, quartzitic micaschists ; 5, quartzites ; 6, dolomitic limestones + tremolite ; 7, white limestones
8, graphite schists.

Column II: The numbers have the same significance as at the column I.
Column III: 1, isolated grains of ore minerals; 2, isolated ore beds; 3, massive ore,
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Caracterizarea acestor mineralizatii drept ,,signenetice-stratiforme’”
(Udubasa, 1974 9), in contextul absentei unor elemente clare care si
defineascd nivelele de sisturi amfibolice ca metavulcanite indubitabile,
este probabil mai adecvatid -decit termenul de ,,vulcanogen-sedimentar”,
care defineste de fapt doar un subtip al grupului mare de ziciiminte strati-
forme.

Termenul ,,singenetic-stratiform” subliniazd momentul comun de
formare a mineralizatiilor i rocilor-gazdi, dezvoltarea lor la anumite ni-
vele stratigrafice si rolul subordonat, ,,indepartat’ al factorilor vuleano-
geni in realizarea edificiului mineralizat. Ambiguitatea aportului de me-

[ —
: B e e = o L :
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Fig. 6. — Schema de principiu a localizérii mineralizaliilor stratiforme de tip Blazna-Guset-
1, micasisturi §i sisturi amfibolice ; 2, calcare albe; 3, calcare dolomitice cenusii ; 4, cuartite; 5»
minereu alcituit din piritd, sfalerit si galend; 6, minereu piritos.

Generalized section through the Blazna-Guset type of stratiform mineralizations showing the
disposition of the ore in relation to the host rocks.

1, micaschists and amphybolitic schists ; 2, white limestones; 3, gray dolomitic limestones ; 4,,

quartzites ; 5, ore consisting of pyrite, sphalerite and galena; 6, pyritic ore.

tale face ca aplicarea clasificdrii sin-endo sau sin-exo (Am s tutz, 1959,
1968) la zicdmintele singenetice metamorfozate si fie mai greu de aplicat.

Relatiile de ,,antipatie” iIntre rocile carbonatice magneziene si
mineralizatii nu trebuie privite ca relatii de excludere, ci mai degrabi de
distributie oarecum interdependenti, exprimind o zonalitate initiald de
depunere in bazinul de sedimentare. Intrucit se consideri c# dolomitele
sedimentare sint rezultatul unei evaporatii intense (C. W. Moo re, 1971,
citat de Cassed ann e, 1973), favorabile concentririi compusilor meta-
lici in zone adiacente (avind in vedere chiar un mecanism de concentrare
de tip ,,sabkha’, R en fro, 1974), rocile dolomitice pot fi considerate ca
un indicator metalogenetic indirect, ,lateral”, utilizabil in -cartdrilela
scard regionald. In acest sens trebuie inteleasi schema de principiu din
figura 6, care condenseazd elementele esentiale ale localizirii mineraliza-
tiilor zinco-plumbifere piritoase de tip Blazna-Guset din formatiunea eae-
bonaticéd a seriei de Rebra.

? Op.cit. 3.
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LITHOLOGY CONTROLS OF ORE LOCALIZATION:
BLAZNA VALLEY STRATABOUND ORE DEPOSIT,
EASTERN CARPATHIANS

(Summary)

Tha carbonatic formation of the Rebra metamorphic Series contains several Pb-Zn-pyritic
ore horizons. The mineralizations belong to the middle complex of the Rebra Series (Rb,, acc.
to Krdutner, 1976); the Pb/Pb age of the associated galena indicates 610 m.y. (Super-
ceanu, 1967) and 800 m.y. (Ber cia et al., 1976), The Rb, complex exhibits the almandine
amphibolitic facies and may be related to the “staurolite in’’ isograde (Krau tner, 1976).

The ore bed thickness is rather variable and the ore mineral grain size is as a rule small.
Pyrite, sphalerite and galena are the main ofe components. Microscopically some chalcopyrite,
pyrrhotite, magnetite were observed as well as minor amounts of arsenopyrite and tetrahedrite.
Quite typical seems to be the presence of the titanium-bearing (rutile, ilmenite) and the barium-
-bearing minerals (barite and the rare mineral cymrite, BaAl,Si,0q+H,0, Udubas a, 1972).

The ore beds show to be preferentially enriched within the nearly pure, white limestones
containing thin layers of miecaschists, quartzites, lime-bearing quartzites with white mica, grey,
fine grained dolomitic limestones, graphite-bearing schists as well as biotite-bearing amphibole
micaschists and amphibolitic rocks. The mieroscopical and chemical data indicate a nearly
complete transition from the carbonatic to the quartzitic rocks (Tab. I) ; the amphibole-bearing
rocks cannot be accounted for true metavolcanics because of their inconstant strike develop-
ment; in addition, they were also chemically checked (major and minor elements) indicating
their belonging to sedimentary rocks with scarce or no volcanogenic contribution (Udub as a,
1974, unpublished data).
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The sulfide/nonmetallic minerals intergrowths generally show equilibrium relationships ;
locally developed remobilization features were observed only with typical galena participation:
(Fig. 1). g

The pyrite grains are cuhedral (PL I, Fig. 2) but — if fassociated with pyrrhotite, at the:
expense of which some pyrite seems to be formed — beautiful matrix textures appear (Pl. II,.
Figs. 1 and 2). i

The sphalerite is iron-poor (2.8—5.8 wt. %, microprobe analyses), it becomes reddish and:
iron-rich if the ore beds are associated with amphibole-bearing rocks. Exsolution-like chalcopy-
rite blebs are scarcely developed and appear to be controlled by twinning planes, cleavages and:
grain boundaries. Microprobe analyses indicate rather high copper contents (0.16—0.38 wt. %),.
which may be a typical feature of the syngenetic-stratiform sphalerites. Postgenetic textural’
ordering of such Cu-rich sphalerite may lead to the so-called “recrystallization exsolutions’ of’
chalcopyrite (U dub asa, 1972). Fine grained sphalerite beds occur sometimes in the axiak
part of some nearly horizontal folds (Fig. 2). The sphalerite matrix contains here rounded qu--
artz aggregates as well as pyrite microporphyroblasts. This feature is very similar to the so-cal-
led ,,Dichterz’’ from Ramsbeck, Western Germany (S ch e r p, 1958), a galena-rich ore strongly-
mobilized onto nearly horizontal overthrust planes (Udubasa, 1972, Amstutz, Udu-
b as a,in press).

1t is worth mentioning the less common textl{ra] feature of the magnetite, which forms.
fine rims around the sphalerite aggregates.

Secondary geopetal features are to be observed around the barite grains (Pl. IV, Fig. 1) ;:
fine barite veinlets in quartzites were found too (Fig. 3). Very typical for the Blazna ore deposit:
is the appearance of the rare Ba-miueral, cymrite.

The Cu-Pb-Zn diagram (Fig. 4) characterizes the Blazna ore as Zn-Pb-bearing (Zn :Pb =
= 80 :20) with excceding pyrite. Generally speaking the stratiform ores in carbonatic environ-
ment are Pb-Zn-bearing, whereas the ores in shales (or mica bearing rocks) become copper rich.

The Blazna ore exhibits §%4S-values similar to those of other stratiform ore deposits but.
somewhat different when compared with the hydrothermal ores from Rodna — Valea Vinuluit
(Tab. 4); the latter consist of pyrite, pyrrhotite, iron-rich sphalerite (6 — 15 wt. % Fe), ga-
lena, chalcopyrite, arsenopyrite, bournonite, chalcopyrrhotite, mackinawite etc.

Further on, an attempt was made to apply the “diagrammes prévisionelles” of Nico-
lini (1970) to the Blazna ores. One can distinguish ‘‘positive sequences’ of rock lithologies.
which always bear orerich beds, i. e. calcitic limestones with thin layers of quartzites, mica--
schists, amphibole- and graphite-bearing rocks; in turn, the “negative sequences” — in which.
no ore or very poor orc beds (mostly pyritic) have been recognized — are ¢haracterized by Mg-
-rich limestones, mica- or amphibole-bearing rocks with thin beds of calcitic limestones (Fig. 5).
The “positive sequences’ contain, in addition, Ba (average Ba, 10° ppm) and Ti (average Ti,.
319 ppm) minerals. As a whole, these features represent a valuable lithologic-geochemical metal-
lotect for the carbonatic formation in the Rodna Mountains.

The condensed diagram of Figure 6 suggcsts the main controlling factors of ore localiza—~
tion within the carbonatic formation of Blazna type. The development of the magnesia-rich li-
mestones as lateral, synchronous rock equivalents of the ore-bearing strata — suggesting a
strong evaporation rate ——[indicates that a sabkha metal concentration process in the apparition
of the Blazna orc type cannot be excluded. It woul<_], however, be very difficult to demonstrate:-

that such a process was really operative in the Precambrian time.
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INTREBARI

I.Berbeleac:1. Inlucrare se aduce la cunostint ci secvén;a mineralizata cuprinde
"BaO > 1—2 %. In ce raporturi se afld baritina fati de mineralizatie i rocile purtitoare de mi-
-neralizatie ? .

2. In structurile stratificate ale mineralizatiei s-au remarcat microritmuri cu repetéri de
.minerale aseminitoare sau deosebite?

Réspuns: 1. Continuturile de bariu in probele analizate depisesc deseori 1 % si reflecta
prezenta constantd a baritinei si sporadicéd a cymritului. Ambele minerale apar atit strins asociate
.mineralelor metalifere (cymritul preferind striatuletele de sfalerit), cit si in nivelele de roci cuarti-
“tice intercalate benzilor de minereu.

2. Am aridtat ci texturile predominante in minereul de tip Blazna-Guset sint cele sistoase-
—-rubanate. Datornitd recristaliziirii postgenetice microritmurile care au existat probabil in masa
aninereului nu se mai pot recunoaste ca atare, observindu-se doar numeroase benzi de minereu
.a cdror compozitie se poate repeta de citeva ori.

IoanaGheorghiti: Prezenta corpusculilor de calcopiritd in sfalerit poate fi expli-
-catd numai printr-o rearanjare a retelei sfaleritului cu confinut ini{ial de cupru sau se poate
presupunc si existenta unor solutii solide care au condus in final la sfalerite cu structuri de deza-
smestec, asemdnitoare cu cele din zdcdmintele hidrotermale?

Raspuns: Prezenta calcopiritei sub form& de ,,dezamestecuri prin recristalizare’’ in sfa-
lerit presupune desigur existenta unei solufii solide care a luat nastere in primele momente ale
.metamorfismului progresiv prin efectul de omogenizare chimicé a mineralelor, in acest caz prin
incorporarea cuprului (prezent in minercul singenetic) in reteaua cristalind a ZnS. Dealtfel, sfa-
lerit relaliv bogait in eupru este cunoscut si in alte minereuri stratiforme (Ramsbeck, R.F.G.;
Brocken [ill, Australia). Structurile de dezamestec sint insd limitate in astfel de cazuri, carac-
terizind procese de ,,dezamestec fortat”, in care aparifia calcopiritei este controlatd, in cea mai
‘mare parte, de clementele de discontinuitate mecanici din granulele de sfalerit. In plus, sfaleri-
‘tul din zdciimintele stratiforme este deseori subsaturat in fier si cupru, spre deosebire de cel
hidrotermal in care structurile de dezamestec apar aproape exclusiv in sfalerit saturat (sau su=
sprasaturat) in fier si cupru. ;

EXPLICATIA PLANSELOR

PLANSA I

Fig. 1. — Benzi de minereu, bogat in galend, asociate nivelelor grafitoase din calcare.
Gal. 1100 Blazna.
Galena-rich ore bed intimately associated with graphitic material in white limestoue.
1100 Gal., Blazna.

"Fig. 2. — Prismi (probabil de staurolit) despicati in timpul cresterii de un granul de pirité (alb).
Lumini reflectaté, N //, x 300. )
Euhedral silicate (? staurolite) split during growth by a pyrite grain (white).
Reflected light, one nicol, x 300.
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.

Plansa II

Fig. 1. — Pirit4 (alb), formata pe seama pirotinei (alb cenusiu), aratd o falsd mobilitate, migrind
pe clivajele silicatilor. Lumind reflectatd, N //, x 125,
A false pattern of pyrite mobility. The pyrite (white) migrated onto the cleavages of
the silicates but it is shown to be formed at the expense of the pyrrliotite (greyish
white). Reflected light, one nicol, x 125.

Fig. 2. — Piritd (alb), asociatd cu pirotind (cenusiu deschis), muleazd si cimcnteazd minerale
nemetalifere, cuarf (in centru) si silicati (prismatici). Lumind reflectatd,
N/, x 123
Iron sulphides (pyrite, white and pyrrhotite, light gray) as matrix of non-metallic
mincrals (ql}artz, in the central part of the photograph and prismatic silicates). Re-

fleeted light, onec nieol, x 123.

«

Plansa III

Fig. 1. — Magnetit (cenusiu deschis) bordind agregatele de sfalerit (cenusiu inchis). Negru :
minerale nemeclalifere. Luminé reflectatd, imersic in ulei, N //, x 400,
Magnetite (light gray) bordering the sphalerite aggregates (dark gray). Black : non-
metallic minecrals. Reflected light, oil immersion, one nicol, x 400.
Fig. 2. — Granule de rutil (alb) incluse in sfalerit (cenusiu deschis). Lumind reflectatd
' N ff, x 225,
Rutile grains (white) included in sphalerite (light gray). Reflected light, onc

nicol, X 225.
Plansa IV

Fig. 1. — Graiul de baritini (in centru), schifind in masa carbonaticd o texturd geopetald se
cundars ; granulele sau benzile albe sint alcdtuite din pirité.
Barite grains (in the centre), outlining a secondary geopetal texture ; the white grains

_or beds contain pyrite.

Fig. 2. — Benzi paralele de piritd (ncgru) in calcare albe slab silicioase. Grosimea zonei cu benzi
de piritd : 1 m. Oriz. 1000 Blazna-Faget. '
Parallel pyrite beds (black) within slightly siliccous white limestones. The thickness
of the zone with pyrite beds is 1 m. Horizon 1000 Blazna-Figet.

Plangsa 'V

Fig. 1. — Microcutc in calcare cu benzi de minercu. Filonasele din axa wmicrocutelor contin

preponderent galend. Oriz. VIValea Vinului.

9 — c. 616
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Microfolds in limestones with ore be_t_is. The small veins from the microfolds’ axis
contain prevailingly galena. Horizon VI Valea Vinului.
Fig. 2. — Microcute in calcare cu benzi concordante de minereu. QOriz. VI Valea Vinului.
Microfolds in limestones with concordant ore beds. Horizon VI Valea Vinului.
Fig. 3. — Fisuri-falii inchise (sterile) care afecteazy benzile stratiforme de sulfuri din calcare.
Gal. 1100 Blazna.
Sulfide beds in limestones cut by microfaults (nonmineralized). Gal. 1100 Blazna.
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2. ZACAMINTE

SINTEZA REZULTATELOR ANALYZEI STATISTICE A MINERALI-
ZATIILOR STRATIFORME METAMORFOZATE DIN NIVELELE GU .
SULFURI BURLOAIA-GURA BAII SI DEALUL BUCATII,
MUNTIT MARAMURESULUI?

DE
DAN ZINCENCQ?, PETRE ANDAR2, ANCA ANDARS?

Stratiform, volcanogen-sedimentary, melamorphosed ‘mineralizations. Pyrite. Polymetallic
sulfides. Absolute age. Cambrian. Mathematical statistics. Trend surface analysis. Norma-
tive composition. Geochemical distribution. Petrochemistry. Metallogenesis (stages). Mara~
mures M (s. ‘

Abstract

The Synthesisofthe Resultsofthe StatisticAnalysisonth-
RegionallyMetamorphosedStratiformMineralizationsfromth
Burloaja-GuraB#iiandDealul Bucétii'SulphideLevcls, the Mara
mures Mountains. The study attempts a complex statistic analysis on some regionally
metamorphosed stratiform ores of pyrite type with variable amounts of sphalerite, galena and'
chalcopyrite. The ore deposits are situated at two lithostratigraphic levels within the upper
part of the “Tulghes Series’” from the Maramures Mountains. The lower level, named “Dealul
Bucitii’” (isotopic age 550 m.y.) consists of syn-epigenetic disseminated ores, considered as ex~
halative-sedimentary. The upper one, named “Burloaia-Gura Baii’® (Pb-Ph isotopic age 495
m.y.) consists of an association of massive and disseminated ores of syngenetic hydrothermal:
type. Systematic dosings of S, Zn, Pb, Cu, Sn, Ag were used as samples for the statistic analysis..
The geostatistic study was carried out by two models : a ‘“‘sequential like”” analysis and an ana-
lysis of the global tendencies of concentration on surface of the chemical elements. The two ty-
pes of analysis indicated that the ores.of the Burloaia-Gura Bdii level are different from those of
the Dealul Bucitii one as regards both the global chemism and the concentration trend of. the:
chemical elements upon stratigraphic sequences and field (surface) development. The main dif-
ference consists in the disjunctive concentration of the copper as compared to S, Zn, Pb and Ag:

1 Predati la 28 X1 1977, acceptatd pentru publicare la 15 X 1978, comunicatd in $edint:£
din 28 X1 1977.

2 I,P.E.G. ,,Maramures’, str. Victoriei nr. 156, Baia Mare.

3 Institutul de geologie si geofizicd, str. Caransebes nr. 1, Bucuresti.
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botl in petrographic types of ores and on surface, found only at the mincralizations of the Bur-
{oaia-Grura Biii level., Such a concentration of the chemical elements is ascribed to the differcn-
tiation of the hydrothermal solutions in surface around a cenlral source during their lateral

migration.

I. CARACTLERL GEOLOGICE GLENERALL

Mineralizatii stratiforme metamorfozate de sulfuri, in Mnufii Mara-
muresului, se cunosc doar in complexul superior al seriei de Tulghes din
pinza bucovinicd (Zincenco et al, 1975) 4. In cadrul acestui complex
acumulirile cele mai importante se situeazd in douid nivele suprapuselito-
stratigrafic, si anume : nivelul Dealul Bueitii (inferior) $i nivelul Burloaia-
Gura Biii (superior). Concentratii sporadice de sulfuri au mai fost recu-
noscute i in alte pozitil litostratigrafice, dupd cum se poate vedea din
figura 1.

Cele doud nivele principale cu sulfuri au extinderi regionale. Ele sint
interstratificate cu metavulcanite acide — de compozitie preponderent
riodaciticd — §i cu roci metasedimentare slab diferentfiate litofacial (ima-
ture). Acestea din urmi sint reprezentate prin sisturi cuart-muscovitice
- clorit, filite, sisturi cuartitice (roci metapelitice-metapsamitice). Rocile
carbonatice si cuartitele sint cu totul sporadice, avind grosimi submetrice
§i dezvoltdri foarte reduse in suprafatd. In ansamblu, se poate accepta
pentru complexul superior al seriei de Tulghes din pinza bucovinicii un
caracter ,eugeosinclinal” (Savu st Vasilescu, 1962).

Mineralizatiile si rocile in care sint intercalate sint metameorfozate
regional, in faciesul sisturilor verzi (Savu si Vasilescu, 1962), de
tip barrovian(Zin ¢ en ¢ o, 1971).

Structura plicativit a metamorfitelor este caracterizatdi de cute
lavgi — ridicarea axiald de eca 200—300 m, la o distantd de 1000 —
1500 m intre doud cute de acelasitip —, prezentind un caracter compus,
datorat existentei pe flancurile ~utelor majore a unor cute de ordin infe-
rior (cute de antrenare), cu dimensinni metrice, rar zeci de metri. Orien-
tarca axialil a structurilor plicative este aproximativ est-vest. Structura
disjunctivd este dominatd de douit sisteme de falii. Raportat la directia
structurilor plicative, aceste sisteme prezintd : unul o pozitie axiald si al
doilea o pozitie transversald (tip ,,ac’). Ambele sisteme de falii produc
discontinuititi relativ reduse — metri la mwaximun 300—400 m — dez-
voltate numai in plan vertical (fird decrosdri orizontale).

La scard regionald, datoritd acestui stil structural nivelele cu sulfuri
imbracd o forma curbiplanard a cirei suprafatd de infisurare este aproxi-
mativ orizontald, marcatd de discontinuitdtile pe verticali produse de
faliile a celor douil sisteme amintite mai sus.

1 Arh. I.G.G., Bucuresli.
5 Arh. LP.E.G., ,Maramurcs’’, Baia Mare.
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Virsta de formare a mineralizatiilor, apreciatd pe baza determiniri-
lor irotopice prin mcwoda Pb/Pb, efectuate de citre Popescu (1975) °
gorespunde la : Cambrian inferior - cca 550 m.a. — pentru nivelul Dealul,
Bucitii si respectiv Cambrian superior-Ordovician inferior — cca 495 113.3.
— pentru nivelul Burloaia-Gura Béaii (fig. 1). :

Parametrii geochimici ai izotopilor plumbului din aceste minerali-
zatii sint tipici pentru plumbnl ,,primitiv’’, cu evolutie monostadiald,

VIRSTA COLOANA  SUBDIVIZIUNI  LITOSTRATIGRAFICE
Virsta izotapica Virsta biostratigra- LITO- . . . .
pp-py | fic@ echivalenta STRATIGRAFICA  Nivele cu sulfuri Formatiunea Cemplexul
ey
o IVASCOAIA ~
lviscoaia v
ORDOVICIAN 1w, | = =+ .
490%40 4 ----7-- - AT 7R BoCoT  Burloaia
m.a CAMBRIAN SUP. . + + Gura Ban BURLOAIA
L , GURA BAIl
o T
+ + - SUPERICR
CAMBRIAN MEDIU IS - (TGS)
550440 4----- cmmo oo LAy I P e Uealu! Bucalii| peaLuL TES)
m.a CAMBRIAN INF, S ? BUCATII
Cornul Nedeii ,
CISLISOARA
. Chindris
CEARCANUL | INFERIOR
(TG

E:] 1 D 2 f..: 3 T Is — g
Fig. 1. — Pozitia nivelelor cu sulfuri in succesiunea litostratigrafici a complexului superior al

. serici de Tulghes -- Muntii Maranmuresului (schiematizat).
1, metavuleanite acide ; 2, sisturi (metapsarhitc si metapelite) ; 3, cuartite grafitoase ; 4, asociatie
variata d¢e minereuri piritoase polimetalice ; 5, minereuri de diseminare : piritifere (py), piritoase
cu concentratii locale de Pb, Zn [py(Zn,Pb)], pirito-zinco-plumbifere (py, Zn,Pb) ; 6, discontinui-

tate tectonica.
Position des niveaux a sulfures dans la succession lithostratigraphique du complexe supé-
ricur de la série de Tulghes — Monts de Maramures (schématisé).
1, métavoleanites acides ; 2, schistes (métapsammites et métapélites) ; 3, quartzites graphiteuses ;
4, associalion variée de minerais pyriteux polymeétalliques ; 5, minerais de dissémination : pyri-
tiféres (py), pyriteux a concentrations locales de Pb, Zn [py(Zn, Pb)}, pyrito-zinco-plombiféres,
(py, 4Zn, Pb); 6, discontinuité tectonique.

plumnb considerat specific zicdmintelor de origine vulcanogen-sedimentara,
de citre Russell si Farquhar (1960), York st Fargquhar
(1973), Armstrong (1968), Armstrong si Hein (1973).

5 Arh. I.P.E.G. ,,Maramures”’, Baia Mare
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Sub aspect genetic, mineralizatiile discutate au fost atribuite de
citre Socolescu (1952) activitdtii metalogenetice a magmatismului
neogen; Savu i Vasilescu (1962), Krautner (1965), Zin-
cenco (1971), Zincen c o et al. (1973) considerd minereurile nivelului
Burloaia-Gura Béii drept acumuliri singenetice vulcanogen-sedimentare.
Minereurile nivelului de Dealul Bucatii au fost descrise prima datd de
citre SavugiVasilescu (1962) ca avind o formi filoniani si o origine
hidrotermald premetamorfd. Caracterul stratiform si dezvoltarea regionald
ca nivel litostratigrafic bine definit au fost obgervate si demonstrate de
Zincenco (1971), care sustine pentru acestea o origine vulcanogen-
sedimentard.

II. ELEMENTELE DE SUBSTRAT GEOLQGIC PENTRU ANALTZA STATISTICA
A MINERALIZATIILOR

Prima incercare moderni de tratare statisticd a geochimiei minera-
lizatiilor stratiforme de sulfuri din seria de Tulghes a fost realizatéd de cétre
Kridutner et al. (1970) pentru zicimintul Fundu Moldovei. Ulterior,
inregistrindu-se o serie de adaptéri, extinderi si imbunitatiri, aceastd
metodologie a fost aplicatd mineralizatiilor din zdcimintele : Bilan (K r 4-
utner et al., 1970) & Burloaia si Gura Béii (Zincenco et al., 1973;
1971—1977) 7, Lesul Ursului (Balintoniet al, 1976; Krdutner
et al., 1976 8).

Rezultatele obtinute prin studiile amintite sint doar partial corela-
bile intre ele, desi s-au folosit metodologii statistice similare. Aceastd situ-
atie se datoreazd numai in parte conditiilor geologice diferite din zécdmin-
tele analizate. Principala dificultate de corelare este ridicatd de semnifi-
catia geologicd diferitd a colectivititilor statistice introduse in calcule. -

Pentru a face cit mai explicite structura studiului de fatd i legi-
turile dintre rezultatele statistice si implicatiile lor geologice, vom prezenta
in cele ce urmeazi elementele de substrat geologic al acestui studiu.

A. Elemente litostratigrafice

Dupd cum a rezultat din expunerea de mai sus si din exemplificarea
prezentatd in figura 1, mineralizatiile care formeazd obiectul studiului
apartin la doufi momente de formare perfect distincte in timp, ele situ-
indu-se in ambiante si pozitii litostratigrafice diferite.

Pe baza acestor argumente s-a considerat c& mineralizatiile celor
dou# nivele formeazi, din punct de vedere statistic, ,,populatu” ‘aparte
pentru care analiza statisticd trebuie si se desfdgoare numai in interiorul
lor, separat pentru fiecare populatie, urmind ca prin compararea para-
metrilor statistici obtinuti s se stabileascd dac# cele doud populatii sint
identice, similare sau diferite.

Un alt aspect il constituie tentativele anterioare de a separa in cadrul
unei populatii statistice — unitare din punct de vedere temporal — sub-

6,7.8, Arh. 1.G.G., Bucuresti.
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geparatii litostratigrafice de mare detaliu, care si fie analizate statistic
independent. Cum ar fi, spre exemplu, minereurile de diseminare inter-
calate Intre minereuri compacte (Zincencoetal., 1973; Krdutner
et al.,, 1976 ®) sau lentile de diseminare cu pozitii litostratigrafice usor
diferite in pachetul purtitor (zicimintul Bélan, Krdéutner et al,
1970 1°). Rezultatele obtinute pentru asemenea cazuri sint ineficiente, iar
interpretarea lor genereazé confuzii. Situatia se datoreazéd imposibilitdtii
asigurdrii, la un nivel constant corespunzitor, a unitdtii semnificatiei date-
lor introduse in asemenea separatii litostratigrafice de mare detaliu.

_ Un singur exemplu credem ci este edificator. Pe o secventd de de-
taliu existd trei intercalatii de minereuri de diseminare intre minereurile
compacte ; pe altd secventd din acelagi z@cdmint (populatie statisticd)
existd numai o singurd intercalatie ; intre cele dous puncte de probare doué
benzi de minereu compact s-au efilat, astfel ¢4 minereurile de diseminare
care in primul caz erau intercalate, in al doilea caz se situeazd in culcusul
minereului compact; astfel ele au trecut dintr-o categorie statisticd in
alta. Pe de altd parte, sint foarte frecvente cazurile in care secventa mine-
ralizatd este dublatd tectonie, fapt care face imposibild separarea minere-
urilor intercalate de cele situate in culcusul minereului compact, mai ales
cind se utilizeazd date provenite din foraje.

Pentru aceste considerente, in lucrarea de fatd s-a renuntat la ase-
menea separabii.

B. Elemente mineralogice, petrografice si petrolegice

Din necesitati de calcul petrochimic, asociatia mineralogicd globald
2 minereurilor analizate se poate impérti in doud fractiuni comprehensive,
in functie de natura compozitiei lor chimice, §i anume : mineralele fracti-
unii de sulfuri (sulfuri si sulfosdruri) si mineralele fractiunii nesulfurice
(silicati, oxizi, carbonati, fosfati). Cu altd ocazie (Zincen c o et al,1973)
am aratat c¢d ambele fractiuni se compun dintr-un numér relativ ridicat
de specii mineralogice, dar numai un numir restrins dintre ele ating con-
centratii semnificative din punctul de vedere al calculelor petrochimice.

Prezentdm in ordine compozitia mineralogicd si caracterele celor
doud fractiuni, cit si implicatiile lor in clasificarea petrochimicd a minere-
urilor.

Fractiunea de sulfuri este compusd in proportie de peste 989, din
patru sulfuri : piritd, blenda, galend si calcopiritd. Restul sulfurilor si sul-
fosdrurilor determinate in asociafia fractiunii de sulfuri nu depédgesc in
nici un caz 2 9, ; prezenta lor influenteazi numai concentratia si/sau distri-
butia elementelor-urmé. Astfel, elementele S, Zn, Pb, Cu sint continute
aproape integral in cele patru sulfuri principale amintite mai sus.

Aceastd compozitie mineralogicd particulard permite efectuarea
urmatoarelor estimiri prin calcul normativ, pornind de la analize chimice

9 Op. cit. 8.
10 Op. cit. 6.
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partiale pentru care s-au determinat concentratiile in procente ale S, Zn,
Pb,Cu : 5
— calculul concentratiei procentuale a celor patru sulfuri (py %,
sph %, gn%, cp%) in minereuri;

— caleulul concentratiei procentuale a fractiunii de sulfuri in mine-
reuri, pe care o vom unota cu Xs9%, conform 1’el’b§1u

PY% -+ sph% + gn% + cp% = Zs %;

— caleulul prin diferentd al concentratiei fractiunii nesulfurice din
minereuri, exprimatd in procente, dupd relatia :

100% — 25% = G %

in care G 9%, este concentratia fractiunii nesulfurice din minereuri;

— caleulul concentratlm relative a sulfurilor in cadrul fractivnii de
sulfuri, deci : py + sph + gn + cp = 100 %,.

Acest sistemn de caleul conduce la rezultate foarte bune in ceea ce
priveste determinarea concentratiei fractiunii de sulfuri in minereuri
(X8 %) si a caracterului asociatlei principale a sulfurilor (concenirarea
relativd a celor patru sulfuri, in fracf{iunea de sulfuri).

Pe baza concentratiei fractiunii de sulfuri (Zs %) au fost separate
trei tipuri petrografice de minereu : minereuri de diseminare (4), & s <
< 309%,; minereuri precompacte (AB), X s cuprinsd intre 30 si 609, sx
minereuri compacte (B), £ s > 609%,.

Caracterul asociatiei principale a sulfurilor poate fi definit satisfi-
cator folosind relatia :

pY% + = (sph% + gn% + ep%) = 100%

Pe bhaza relatiei de mai sus, care stabileste concentrarea relativid a
piritei in cadrul fractiunii de sulfuri, se pot defini sase ,,sorturi de mine-
ren’’, dintre care numai trei intereseazd lucrarea de fa{d. Acestea sint :
minereu piritifer, py > 959, ; minereu piritos, 95% >py >309% si
mineren pirito-polimetalic, 809, > py > 509%,. "

In figura 2 este prezentat triunghiul de clasﬁlcare normativi a mi-
nereurilor in functie de cei doi parametrl discutati anterior. Toate cazurile
individuale intilnite in minereurile studiate pot fi separate i definite, firs
sd existe cazuri de nedeterminare.

Limitele de separare dintre sorturile de minereu (1, 2 i 3, fig. 2) sint
de naturd statisticd gi au importantd mai mult economic, de01t qtum,mca :
Limitele dintre tipurile de minereuri (A, AB si B, fig. 2) au fost stabilite
pe baze petrologice prin studierea complexi a mineleurilor (analizd mine-
ralogicd, structural- -texturald, chimicd completd), urmirind relatiile dintre
fractiunea de sulfuri si cea nesulfurici pe un lot reprezentatw de cezuri
(Zincencoetal, 1971 19735 1976) 1

L Op. cit. 7.
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In cele ce urmeazd vom face citeva detalieri in acest sens, in misura
care intereseazd acest studiu.

Analiza petrologicii a fractiunii nesulfurice (G in fig. 2) din minere-
urile de diseminare i cele precompacte ne-a condus la separarea acestora.

¢ ,l 1’/ ¢ v
ofer] A Gl

N Y
PY 100,955 _ eov20 /
1 '/ 2 i 3 soi/so

s — Py% I

i

FFig. 2. — Diagrama ternari G-Py-Zpoli folositd pentru clasificarea normativa a
minereurilor din seria de Tulghes — Muntii Maramuresului.
G, concentratia fractiunii nesulfurice (,,ganga’’) in minereuri; Py, concentralia
piritel inminereuri ; £(sph, gn, c¢p), concentratia in minereuri a blendei, galenei,
calcopiritel (X poli) ;X 59, concentraiia fractiunii de sulfuriin minereuri. Tipurile
petrografice de minereuri : A, domeniul minereurilor de diseminare : AB, domeniul
minereurilor precompacie ; B, domeniul minereurilor compacte. Sorturile de mine-
reuri functie a concentratiei relalive a piritei in {racliunea de sulfuri: 1, minereuri
piritifere ; 2, minereuri piritoase ; 3, minereuri pirito-polimetalice.
Diagramme ternaire G—Py-Zpoly employé a la classilication normative
des minerais de la séric de Tulghes-Monts de Maramures.
G, concentration de la fraction non-sulfurique (,,stérile’”) en minerais ; Py, concen-
tration de la pyrite en minerais ; 2(sph, gn, cp), concentration en minerais de la
blende, de la galéne, de la chalcopyrite (£ poly) ; Zs %, concentration de la fraction
de sulfures enn minerais. Les types pétrographiques de minerais : A, domaine des
minerais de dissémination ; AB, domaine des minerais pré-massils ; 13, domnaine
des minerais massifs. Les sortes de minerais en fonction de la concentration rela-
tive de la pyrile dans la fraction de sulfures : 1, minerais pyritiferes ; 2, minerais
pyriteux; 3, minerais pyrito-polymétalliqucs.

in doud categorii genetice generale : minereuri epigenetice (de impregnatie
in roei preexistente) si minereuri singenetice (de precipitatie din solutii
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hidrotermale, fird interventie de material sedimentogen), intre acesti
termeni extremi existind §i cazuri de tranzitie.

Minereurile epigenetice — de impregnatie — au fracfiunea nesul-
furicd similard mineralogic gi chimic cu gisturile metasedimentare sterile,
comune in complexul superior al seriei de Tulgheg. Aceste tipuri de mine-
reuri sint reprezentate prin minereuri de diseminare si/sau precompacte
in sisturi cuart-muscovitice 4 clorit. Ele sint cunoscute in nomenclatura
curentd a lucridrilor de explorare sub denumirea de impregnatii in gisturi
sericitoase sau sericito-cloritoase.

Minereurile singenetice au fractiunea nesulfurici net diferitd, atit
mineralogic, cit si chimic, de rocile metamorfice sterile ciinoscute in seria de
Tulghes. Ele nu au un corespondent cu compozitie chimicd similarid intre
rocile comune de origine sedimsntari sau magmatici.

Mineralogie, fractiunea nesulfurici de acest tip este alcituitd numai
din clorit sau din clorit la care se adaugi cantititi reduse de cuart, albit
#1 muscovit ; in al doilea caz, concentratia cloritului nu scade sub 85 %, din
volumul fractiunii nesulfurice. Din punct de vedere chimic se remarcs
concentrafia mare & fierului §i magneziului (insumat in jur de 45—509%,) si
continutal foarte redus sau chiar absenta calciului, potasiului §i sodiuluij;
silicea are de asemenea o concentratie redusid (sub 25 9%).

Minereurile singenetice de diseminare §i precompacte sint echiva-
lente petrografic cu ce am descris anterior (Zincenco, 1971) drept
,,cloritite cu sulfuri”.

Cazurile intermediare intre minereurile singenetice sicele epigenetice
se intilnese numai in domeniul minereurilor de diseminare (A in fig. 2) si
sint reprezentate prin gisturi clorito-muscovitice cu disemindri de sulfuri.

Fractiunea nesulfuricd a minereurilor compacte este formatd pre-
ponderent din cuart (peste 709%) la care se adaugsd subordonat carbonati,
albit gi apatit, foarte rar muscovit.

In cele ce urmeazi vom analiza suportul petrologic 2l clasificirii
normative a minereurilor (fig. 2) adoptatd, precum §i semnificatiile geo-
.chimice pe care le sugereazi o asemenea clasificare.

Intre minereurile singenetice si minereurile compacte asociate se
-constatd in teren treceri gradate (Zin cenc o, 1971). In sens stratigrafic,
de jos in sus, minereurile de diseminare trec in minereuri precompacte,
care la rindul lor trec in minereuri compacte. In sens lateral, in plan, mine-
Teurile compacte trec in minereuri precompacte §i acestea in minereuri de
diseminare. ‘

Aceste tranzifii sint reflectate pe planul compozifiel mineralogice
prin schimbarea invers proportionali a raportului dintre concentratia
<cloritului §i piritei, in favoarea piritei, la trecerea minereurilor de disemi-
nare in minereuri precompacte. Aceastd modificare este continui. Trece-
Tea dintre minereurile precompacte $i cele compacte este marcati de dis-
parifia bruscd a cloritului in minereurile compacte §i schimbarea carac-
terului asociatiei mineralogice a fractiunii nesulfurice din aceste minereuri,
care, aga cum S-a ardtat mai sus, este alcdtuitd preponderent din cuart.
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Deci trecerea minereurilor de diseminare in minereuri precompacte
este datorati numai unei modificidri cantitative (schimbarea raportului
de concentrare clorit/piritd), pe cind trecerea minereurilor precompacte
in minereuri compacte este datoratd atit unei modificiri cantitative (schim-
barea raportului de concentrare intre fractiunea de sulfuri sicea nesul-
furicd), cit si calitativd, marcatd de schimbarea compozitiei mineralogice
2 fractiunii nesulfurice. ‘

Folosind citeva profile de analize chimice complete, efectuate pe
probe reprezentative pentru succesiunile de trecere descrise mai sus, s-a
ajuns la o serie de constatiri de interes.

Fig. 3. — Concentratia sulfului si a fierului total in
functie de raportul dintre fierul din sulfuri si fierul P
total din minereurile singenctice ale nivelului Burloaia-
Gura Baii.
Fe,, fierul total din minereuri; Feg, ficrul din fractiu-
nea de sulfuri a minereurilor ; A, minereuri de disemi-
nare ; AB, minereuri precompacte ; B, minereuri com-
pacte. 1, punctele figurative pentru Fe,; 2, valorile 9
pentru S ; 3, aria de distributie a fierului total. 1
Concentration du soufre et du fer total en fonc- 04 02 04 08 0310
tion du rapport entre le fer des sulfures et le fer total des _____|g (_F_es_
minerais syngénétiques du niveau Burloaia-Gura Biii. Fey .
Fe,, le fer total des minerais ; Feg, le fer de la fraction o1 2 3
de sulfures des minerais ; A, minerais de dissémination ;
AB, minerais pré-massifs ; B, minerais massifs. 1, points figuratifs pour le Fe,; 2, les valeurs
p'our le S; 3, l’aire de distribution du fer total.
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O primi observatie o constituie concentrafia aproape constantd a
fierului fotal in cele trei tipuri de minereu, intelegind prin fier total suma
fierului legat in sulfuri cu a celui legat in fractiunea nesulfuricd (practic
numai in clorit). Variabild intre cele trei tipuri de minereuri este in primul
rind concentratia sulfului. Relatia de concentrare intre fier i sulf este pre-
zentatd in figura 3. Din aceastd figurd se constaté in plus cé, concomitent
cu cresterea concentratiei sulfului §i direct proportional cu aceasta, se
schimb raportul de concentrare al fierului din silicati (clorit) in favoarea
celui din sulfuri. In minereurile compacte intreaga cantitate de fier este
legatd in sulfuri. '

In diagrama din figura 4 se observi cd in minereurile de diseminare
§i cele precompacte punctele figurative ale raportului fier in fractiunea
nesulfurics (clorit)/ fier in sulfuri / sulf evolueaz# pe linia clorit — pirita,
in sensul dinspre clorit spre piritd, direct proportional cu cresterea concen-
tratiei sulfului. Minereurile compacte se proiecteazd pe linia fier in sulfuri

- — sulf, deasupra punctului figurativ al piritei, indicind un exces de sulf
fatd de raportul Fe:S in piritd. Acest exces se datoreazi prezentel mal
abundente a blendei si galenei in aceste minereuri. -

. Datele din diagrama din figura 4 sint in acord cu observatiile de teren
si cele microscopice, privind caracterul cantitativ al diferentei dintre mine-
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reurile de diseminare $i cele precompacte, datorat schimbdrii raportului
dintre clorit si piritd. Este explicatd, de asemenea, si dubla modificare —
cantitativy si calitativii — care marcheazi trecerea dintre minerenrile
precompacte §i cele compacte. Modificarea calitativii — disparitia «iori-
tului si schimbarea asociatiel mineralogice a fractiunii nesulfurice — oste
datoratd trecerii integrale a fierului in fractinnea de sulfuri pe fondulcreg-

S

N

o
<

Fog £ -
(clorit) {py+cp

o1 02 A3

Fig. 4. — Diagrama ternard S-Feg-Feg pentru minercurile singene-
tice ale nivelului Burloaia-Gura Bdii (echivalenii atomici).
S, sull; Fey, fierul din fractiunea nesulfuricd (numai in clorit);
Feg, fierul din fractiunea de sulluri a minereurilor (cuprins in special
in piritd si calcopiritdl); 1, punctele figurative ale minereurilor de
diseminare (A); 2, punctele corespunzitoare minercurilor precom-
pacte (AB); 3, punctele corespondente minereurilor compacte (B).
Diagramme ternaire S-Feg-Feg pour les minerais syngéné-
tiques du niveau Burloaia-Gura Biii (équivalents atomiques).
S, soufre; Feg;, le fer de la fraction non-sulfurique (seulement en
chlorite) ; Feg le fer de la fraction de sulfures des minerais (détenu
spécialemment par la pyrite et la chalcopyrite); 1, points figuratifs
des minerais de dissémination (A); 2, points correspondant aux mi-
nerais pré-massifs (AB); 3, points correspondant aux minerais
massifs (B).

teril cantitative a concentragiei sulfului, comparativ cu concentrafiaiotala.
constantd a fierului din minereuri.

Diagrama din figura 3 urmireste mai in detalin aceste modificari
ale raporturilor de concentrare ale fieruluni din sulfuri fati de fieru din
fractiunea nesulfuricsi, in functie de cresterea concentratiei sulfului. In
acest sens, pe ordonatd sint fixate valorile in echivalenti atomici al rapor-
turilor dintre concentratiile : fier in sulfurifsulf; fier in fractiunew xesul-
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Fig. L. — Diagrama S la
Ig (¥e :S) pentru mine-
reurile singenetice din ni-
velel Burloaia-Gura Baii
(echivalenli atomici).

Fe,, fierul total din mine-
reuri ; ey, fierul din fracti-
unes de sulfuri; I'ey, fie-
rul din fractiunea nesullu-
ricd din -minereuri ; ch,
valorile corespunziitoare
pentru Iey, TFeg si I'eg,
Tuate in parte, caz cu
caz. A, AB, B, tipurile pe-
trografice de minercuri. 1,
valorile penlru Fe, : 2, valo-
rile pentru Feg; 3, valo-
rile pentru Feg. Pentru ra-
porivi Te, :S wvaloarea 1
aratd egalitatea intre Te si
S, iar cea de 0,5 reprezintit
rapertul dintre cele doud
elemrente in piritd (py) si
calcopirita (cp), cxprimate
fn echivalenii atomici.
35 9%, concentratia fracti-
unif de sulfuri fn minere-
auri col‘cspunzétoafc limnite-
lor dintre minercurile de
diseminarc (A) $i precom-
pacte (AB), respectiv intre
cele precompaete si com-

pacte (B).
Diagramme S 2 1g (Fe:S)
_pour lcs minerais syngéné-
tiques du niveau Burloaia-
Gurz  Bail  (équivalents
atomiques).

Fe,, ie fer total des mine-
rais ; T'eg, le fer de la frac-
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tion de sulfures; chi, le fer de la fraction non-sulfurique des minerais ; Fe‘, les  valeurs

correspondantes pour I'e, Feg et Feg, considérécs

pour

chaque eas a

part. A, AB, B,

les types pétrographiques des minerais. 1, les valeurs pour le Fe;; 2, les valeurs pour le

Feg :

3, les valeurs pour le Feg. Pour le rapport Fe, :Sla valeur 1 montre 1’égalité entre

le Fe et le S, et celle de 0,5 représente le rapport entre les deux éléments en pyrite (py)

et chalcopyrite (cp), exprimées en équivalents atomiques. Xs%, concentration de la fracti-

on de suifures en minerais correspondant aux limites entre les minerais de dissémination
(A) el pré-massifs (AB), notamment entre ceux pré-massifs et massifs (B).
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furicd/sulf si fier total/sulf, pentru fiecare probi in parte; pe abscisd sint
figurate valorile corespunzitoare fiecirei probe in parte pentru sulf. Dia-
grama prezintd trei cimpuri distincte, separate de doué limite cu semnifi-
catie petrologicd precisd §i invariabild la nivelul mineralizatiilor analizate.
Prima limitd corespunde minereurilor pentru care concentratia fierului
total este egald cu cea a sulfului, iar concentratia fierului din fractiunea de
sulfuri este egald cu cea 4 fierului din fractiunea nesulfurici. Pentru aceas-
td4 limitd concentratia corespunzitoare a sulfului este de cca 159%, iar a
sumei de sulfuri (£ s 9%) de 304-29%,. Cea de-a doua limiti corespunde mi-
nereurilor pentru care concentratia fiernlui din fractiunea de sulfuri este
egald sau aproape egald cu cea a fierului total. Aceastd limitd se situeazd
la o concentratie a sulfului de cca 309, §1 o concentratie a sumei de sulfuri
de 60+4 9%

Cele trei cimpuri separate de aceste doué limite definesc domeniile
de existentd ale tipurilor petrografice de minereu adoptate in acest studiu,
si anume (fig. 2 si 5): A — minereuri de diseminare; AB — minereurl
precompacte ; B — minereuri compacte.

Trisdturile petrologice ale acestor cimpuri sint urmitoarele (fig. 5) :

— minereurile de diseminare sint subsaturate in sulf fatd de fierul
total, iar fierul din fractiunea nesulfuricd este in exces fatd de cel din frac-
tiunea de sulfuri;

— minereurile precompacte au sulful in exces fatd de fierul total,
fierul total este in exces fatd de cel din fractiunea de sulfuri §i acesta din
urms predoming fatd de fierul din fractiunea nesulfuric# ;

— minereurile compacte sint suprasaturate in sulf fatd de fierul
total, acesta din urmj fiind legat in intregime in fractiunea de sulfuri.

Argumentele prezentate mai sus constituie ‘suportul petrologic al
clasificirii normative & minereurilor studiate. Se cere ficuti premza,rea, ch
el este in intregime valabil numai pentru minereurile singenetice din nive-
lul cu sulfuri Burloaia-Gura Biii, din care au fost recoltate probele pentru
analiza petrologica.

In ce priveste minereurile epigenetice, cum sint cele din nivelul
Dealul Bucitii, argumentele de mai sus sint valabile numai partial. Totusi
limitele de separare ale tipurilor petrografice de minereu, pe baza concen-
tratiei sumei de sulfuri (Z£s9%,), au fost retinute §i pentru acest caz, in
ideea asiguririi comparabilitdtii rezultatelor -studiului statistic.

Deoarece cele trei tipuri petrografice de minereu discutate constituie
entitatile statistice de bazd cu care am operat in acest studiu, sint de re-
finut, in concluzie la acest punct, urmitoarele :

— cele trei tipuri petrografice de minereu §i compozitia mineralo-
gicd a fractiunii de sulfuri se pot determina precis prin calcul normativ,
utilizind analize chimice parfiale pentru care au fost dozate elementele
S, Zn, Pb si Cu;

— limitele de separatie a celor trel tipuri de minereuri se stabilesc
pe baza concentratiei fractiunii de sulfuri (ZsY%,), méisuratd in procente
gravimetrice, §i anume: Xs — 30%, 1imita, dintre minereurile de dise-
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minare §i cele precompacte, = s — 609, limita dintre minereurile precom-
pacte §i cele compacte (fig. 2);

.— pentru minereurile singenetice ale nivelului cu sulfuri Burloaia-
Gura Baii tipurile petrografice de minereu §i limitele de separare dintre
ele au semnmificatie petrologicd precisd, trecerile gradate observate intre
aceste minereuri, atit in sens stratigrafie, cit siin plan (variatie laterald),
fiind datorate schimbiirii concentratiei sulfului pe fondul riminerii con-
stante a concentratiei fierului total;

— datoritd constantei criteriilor de separare, cele trei tipuri petro-
grafice de minereu formeazi entititile statistice de bazd care permit efec-
tuarea de comparatii pertinente gi cu semnificatie unitard intre categoriile
statistice superioare (colectivitdti faciale, subpopulatii sau populatii).

C. Elemente privind forma de zicamint si variatiile faciale
ale mineralizatiilor

Studiile de teren intreprinse de unul dintre autori (D.Z.) au ardtat
¢4 minereurile din cele dou# nivele cu sulfuri discutate se deosebesc net
in ceea ce priveste forma lor de zdcamint §i variatiile faciale in suprafati.
Pentru aceste considerente prezentarea se va face separat pentru fiecare
nivel in parte.

1. Nivelul Burloaia-Gura Bdii

Este congtituit in principal din minereuri singenetice — de disemi-
nare, precompacte §i compacte — i subordonat, din minereuri epigenetice.

Minereurile epigenetice se situeazd in culcugul §i acoperigul secventei
singenetice §i foarte rar intercalat in interiorul acesteia. Ele sint reprezen-
tate exclusiv prin minereuri de diseminare. In ‘toate cazurile minereurile
epigenetice din culcug trec gradat — in sens stratigrafic — la minereurile
de diseminare singenetice. Corespondentele lor din acoperiy sint separate
de minereurile singenetice printr-o limitd netd (fird exceptie).

Dup# modul de asociere in suprafatd a minereurilor de diseminare,
precompacte §i compacte, se pot distinge in cadrul secventei singenetice
trei faciesuri cu dispozitie concentricd (Zinceneco,1971;Zincenco
et al.,1973) :

Faciesul central 12 este format preponderent din minereuri compacte,
care aledtuiesc una sau mai multe lentile strat cu grosimi de ordinul zeci-
lor de metri (fig. 6). Minereurile de diseminare. sint subordonate, iar cele
precompacte apar numai in baza minereurilor compacte, avind grosimi
centimetrice.

Faciesul intermediar se dispune la exteriorul celui central §i se carac-
terizeaz# prin participarea aproape egald a minereurilor de diseminare §i

12 Nomenelatura faciesurilor utilizatd in aceastd lucrare se echivaleazi cu cea enuntati
de Zincenco (1971), dupd cum urmeazi : facics Burloaia central — facies central; facies
Burloaia est — facies intermediar ; facies de Mdgura si facies de Iviscoaia — facies marginal.
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-compacte la alcatuirea secventei singenetice. Minereurile compacte scad
simpitor ca grosime, inregistrindu-se cazuri de trecere lateralii a acestora
Jin minereuri de diseminare, prin intermediul minereurilor precompacte
(fig. 6). Grosimesa generald a secvengel singenetice se diminueazi gradat
«inspre faciesul central spre exterior, concomitent cu trecerea laterald a

FACIES  CENTRAL FACIES INTERMEDIAR FACIES MARGINAL
4 I S i ) 1)
Tip Burloaia Tip Gura Biii Tip Magura .~ Tip vascoaia
Macirldu '

B OO0 (b B B B3

“TFig. 6. — Lilostratigrafia de detaliu si modul de asociere a minereurilor in cadrul variatiei faciale
a mineralizatiilor din nivelul Burloaia-Gura BAiii.
1, metavuleanite acide ; 2, sisturi cuari-muscovitice £ clorit (roci metasedimentare) ; 3, minereuri
-de diseminare epigenetice (de impregnatic in roci metasedimentare) ;4, minereuri de diseminare
‘sin-epigenetice (sisturi clorito-muscovitice cu disemindri de sulfuri) ; 5, minereuri de diseminare
-singenctice (cloritite eu sulfuri) ; 6, minereuri precompacte ; 7, minercuri compacte. I, II siIlI,
simbolurile faciesurilor utilizate in analiza statistici.
La lithostratigraphie de détail et le mode d’association des minerais dans le cadre de la
variation faciale des minéralisations du nivean Burloaia-Gura Baii.

1, métavolcanites acides; 2, schistes quartz-muscovitiques 4-chlorite (roclhies métasédimentai-
res) ; 3, minerais de dissémination épigénétiques (d’imprégnation en roches métasédimentaires) ;
4, minerais de dissémination syn-épigénétiques (schistes chlorito-muscovitiques a disséminations
+de sulfures) ; 5, minerais de dissémination syngénétiques (chloritites 4 sulfures) ; 6, minerais pré-
massifs ; 7, minerais massifs. I, IT et III, indices des faciés employés dans I’analyse statistique.

minereurilor compacte in minereuri de diseminare. Caracterele de detaliu
din acest facies sint prezentate in figura 6. :

Faciesul marginal se situeazs la exteriorul celui intermediar. In acest
facies minereurile de diseminare predomini net asupra celor compacte,
-acestea din urméd apirind ca mici lentile sau putind chiar sit §i lipseasci.
Minereurile precompacte pot apave ea mici lentile independente, fapt
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neintilnit in celelalte faciesuri. Grosimea secventei singenetice se micgo-
reazi la cifiva metri.

In esenti, iranzitia de la faciesul central la cel marginal se realizeazi
prin frecerca minereurilor compacte in minereuri de dlsemlnare $i prin
subtierea grosimil secvenfei singenebice.

Faciesul de efilare completd a acesteia nu este incid cunoscut cu pre-
cizie in Muntii Maramuresului, deoarece minereurile nivelului Burloaia-
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Fig. 7. — Schifa dezvoltarii la suprafatd a faciesurilor nivelului Burloaia-Gura
Biii (Muntii Maramuresuluj).
1, facies central ; 2, facies intermediar; 3, facies marginal ; 4, vulcanite neogene
(corpul Toroiaga); 5, lucrdri miniere.
Esquisse du développement en surface des facies du niveau Burloaja- Gura
Baii (Monts de Maramures).
1, facies central ; 2, Iaciés intermédiaire ; 3, faciés marginal ; 4, volcanites néogénes
(corps Toroiaga); 5, travaux miniers.

Gurs Biii ori sint erodate, ori intrerupte tectonic in aria in care se poate
presupune ci s-au efilat

Doud asemenea succesiuni de faciesuri au fost recunoscute in Munfii
Mammurewlul (Zincenco, 1971), una in zdcimintul Burloaia §i alta
in zécamintul Gura Biii. Recent, o a treia succesiune a fost deschisd in
zong Colbu — Liuciceasa (fig. 7).

16 — ¢, 510
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2. Nivelul Dealul Bucdtii

Minereurile nivelului Dealul Bueétii sint in marea lor majoritate de
tip epigenetic, intre care predomind net minereurile de diseminare. Dato-
ritd acestui fapt, cit si dimensiunilor foarte mici ale sulfurilor, forma de zé-
cidmint a concentratiilor din acest nivel este dificil de precizat.

Mineralizatiile par si formeze ,,corpuri de diseminare’” de formd len-
ticulard, dispuse concordant in pachetul purtitor, acesta din urmi alci-
tuit din gisturi cuart-muscoviticed-clorit (metapelite-metapsamite). in
interiorul acestor corpuri de diseminare, minereurile precompacte §i com-
pacte apar ca slire sau mici lentile — cu grosimi centimetrice la decime-
trice — dispuse concordant cu foliatia de stratificatie a gisturilor. In ca-
drul pachetului purtdtor, corpurile de diseminare nu se dispun la acelasi
nivel stratigrafic de detaliu. Ele ocupa pozitii suprapuse, partial sau total,
sau pot ldsa intre ele zone sterile. Grosimea corpurilor de diseminare este
de ordinul metrilor, rar zeci de metri, avind in suprafati o dezvoltare de
cca 1,5—3 ori mai mare.

D. Elemente genetice
1. Nivelul Burloaia-Gura Béii

Minereurile acestui nivel au fost considerate intr-olucrare anterioars
(Zincencoetal, 1973) ca fiind produse prin metamorfozarea unor
depozite ferosulfuroase §i/sau feromagnezian-silicioase, acumulate prin preci-
pitare din solutii hidrotermale, in conditii submerse la suprafata activide
sedimentare. Solutiile hidrotermale se considerd ¢i au fost emise pe un
canal central de tipul unui izvor. In aceastd acceptiune, minereurile facie-
sului central reprezintd depozitele din imediata vecinitate a sursei. Pe
baza datelor de teren si a observatiilor petrologice deja prezentate (fig. 5
51 6) se poate face presupunerea ci depunerile din faciesul central s-au efec-
tuat in condifii de suprasaturare in sulf a solutiilor pe tot timpul activi-
* tatii sursei, pentru cazul Burloaia, sau cu scurte pericade de emisie a unor
solutii subsaturate in sulf, cum este cazul Gura Biii. Presupunerea este
argumentatd de prezenta in centralul Burloaia numai a minereurilor com-
pacte, spre deosebire de cel din Gura Biii unde se constatd o alternanti de
minereuri compacte cu minereuri de diseminare (fig. 6). Dar in generalse
poate accepta cd pentru faciesul central raporturile de concentrare intre
fier i sulf sint similare celor din domeniul minereurilor compacte (fig. 5)
Faciesurile intermediar §i marginal au luat nastere prin diferentierea solu-
tiilor hidrotermale in procesul de depunere §i migrare lateralid. Rolul prin-
cipal al diferentierii il atribuim sciderii gradate a concentratiei sulfuluidin
. solutii, concomitent cu depirtarea solutiilor de faciesul central (sursid),
produsd pe de o parte prin precipitarea sulfurilor §i pe de altd parte prin
degajarea sa din solutii. Relatiile de concentrare intre sulful gi fieruldin
solutii au fost in faciesul intermediar de tipul celor observate in minereu-
rile precompacte, iar in faciesul marginal, similare celor din minereurile
de diseminare (fig. 5). '
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2. Nivelul Dealul Bucdtit

Datele de care dispunem ne-au condus la concluzia ci minereurile
nivelului Dealul Bucitil sint de origine ,,sin-epigenetics’, formate prin
impregnarea cu sulfuri a rocilor sedimentare, de asemenea in conditii sub-
merse, in imediata apropiere a suprafetei active de sedimentare. Mediile de
transport ale elementelor metalice §i ale sulfului au fost cel mai probabil
exhalatii §i cu totul subordonat solutii hidrotermale, presupunere susti-
nutd de absenta unor depozite ferosilicioase de tipul celor din nivelul de
Burloaia-Gura Biii. Acestea an fost emise de surse locale cu debit redus,
dar o remarcabili rdspindire in suprafam cca 60 km? recunoscuti pind in
prezent).

III. STUDIUL STATISTIC AL MINERALIZATIILOR
A. Materialul primar utilizat

. La realizarea acestui studiu s-au folosit analize chimice partiale pen-
tru S, Zn, Pb, Cu, exprimate in procente din minereurile analizate, precum
§i pentru Sn, Ag, Au, exprimate in parti pe milion.

Toate analizele folosite provin din documentatiile geologice ale zi-
cimintelor Burloaia §i Gura Biii pentru nivelul .de Burloaia-Gura-Biii,
respectiv din zdedmintul Dealul Buedfii pentru nivelul de Dealul
Bucdtil.

"Au fost selectate numai analizele a ciiror poz1’gle topograficid §i sem-
nificatie petrograficd au fost precizate. De asemenea, au fost retinute
doar analizele pentru care au fost dozate toate cele patru elemente chimice
prineipale.

Marea majoritate a probelor privin de pe profile de probare care au
traversat intreaga san aproape intreaga secventd mineralizatd. Aceste pro-
file de probare au fost realizate prin lucriri de foraj si/sau luerdri miniere
verticale. Dispunerea lucririlor din care s-au recoltat probele a fost
efectuatd intr-o retea sistematizatd geometric.

B. Struectura studiului statistie

Studiul de fatd a fost conceput si structurat pentru doud tipuri dis-
tincte de analizd statisticd :

— 1In primul rind, pentru o analizi statistici ,,defalcatd” — de tip
secvential — operind cu, si in interiorul unor categorii de esantioane sta-
tistice cu semnificatil geologice si grade de generalitate diferite, menite s&

surprind% principalele variatii ale compozitiei chimice a mineralizatiilor
" studiate, precum si si scoatd in evidentd pe purtdtorii concreti ai acestor
variatil.

— 1In al doilea rind, pentru o analizi statisticd globald sau de ,,ten-
dintd” a concentririi elementelor S, Zn, Pb si Cu in suprafatd, exprimaté
sub form# de hirti cu linii de echiconcentratie.

In continuare vom prezenta modul coneret in care au fost pregatlte
datele pentru cele doud tipuri de analizd statisticd.



148 D. ZINCENCO et al. 18

1. Structura studiului statistic defalcat $1 categoriile esantioanelor
statistice folosite

In organigrama din figura 8 este precizatd ierarhia categoriilor sta-
tistice folosite in studiul defalcat. Din aceastd organigrami se poate con-
stata céilogica. sa structurald se sprl]ma pe elementele de substrat geologic
al studinlui statistic, prezentate in capitolul IT al acestei lucrari.

Astfel, categoria statisticd de bazd o formeazd ,,selectiile petrogra-
fice’?, 1eprezentate prin cele trei tipuri petrografice de minereu. Modul de

Cotepors:
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e

=
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Fig. 8. -~ Organigrama studiului statistic defalcat.

Simbolurile utilizate in lucrare pentru diversele nivele ale esantioanelor statistice : A, minereuri
de diseminare intercalate si/sau inferioare minereurilor compacte ; AB, minereuri precompacte ;
B, minerecuri compacte ; I, facies central; II, facies intermediar ; III, facies marginal.
Organigramme de 4tude statistique défalquée.

Indices employés dans 1’étude pour les divers niveaux des échantillons statistiques : A, minerais
de dissémination intercalés etfou inférieurs aux minerais massifs ; AB, minerais pré-massifs ; B,
minerais massifs ; I, faciés central ; 11, faciés intermédiaire ; 111, faciés marginal.

'\E' /

Setrtre . ~ >
et //rr, li] EZ! E 24 [£]

definire a selectiilor petrografice rdmine neschimbat pe parcursulintregu-
lui studiu, indiferent de nivelul stratigrafic (populatia statistica) sau faci-
esul (colectivitate faciald) din care fac parte minereurile analizate. Toate
categoriile statistice cu generalitate mai largd sint definite prin cercetarea
variatiilor statistice in interiorul celor trei tipuri petrografice de minereu ;
in acelasi timp se asigurd comparabilitatea rezultatelor intre categoriile
statistice ierarhic superioare.

Semnificatia geologicd a trisdturilor de comportament a elemente-
lor chimice studiate statistic in interiorul selectiilor petrografice este le-
gatd direct de concentrarea globald a sulfurilor din cele trei tipuri de mi-
nereuri {Xs9%,), care este gi criteriul de separare a acestor minereuri, precu
si de concentrarea relativd a celor patru sulfuri principale in cadrul frac-
tiunii de sulfuri a fieclirui tip de minereu in parte.

Categoria statisticd imediat superioard este ,,colectivitatea faciald”
Aceasti categorie s-a folosit numai pentru minereurile nivelului (popula-
tiei) Burloaia-Gura Biii. Ea insumeazd datele referitoare la selectiile pe-
trografice situate in acelagi facies, reprezentind in acelasi timp si unitatea
de loc — cu semnificatii genetice — pentru analiza defalcatéi a variatiilor
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inregistrate in interiorul selectiilor petrografice, in indepértarea acestora
ta1a de reperul ales, faciesul central.

Semniticatiile primordiale ale trasdturilor statistice medii pe colec-
tivitdtile faciale sint generate in principal de schimbarea raportului. de
pfu'tlclpame dintre mmereurlle descrise la subpunctul C.1. din capitolul II $i
prezentate in figura 6.

Categoria statisticd ierarhic supericard o constituie ,,kubpopulaua”
In cazul nivelului (populatiei) Burloaia-Gura Biii ea se constituie ca suma
datelor si caracterelor dintr-o succesiune completd de faciesuri. Analiza
la, acest nivel defineste cele mai generale trisaturi statistice furnizate de
(azuii concrete, permitind in acelam timp compararea celor mai generale

rasituri si legitdti observate la cele doudl succesiuni de faciesuri.

Catworn statisticd cea mai generald cu care am operat o reprezintd
,,popula’gn” Pentru nivelul Burloaia- Gura Béii trasdturile medii pe popu-
latic au caracter de largi generalitate, constituind modelul ideal ai evolu-
tlel si comportamentulm elementelor analizate.

In ceea ce priveste nivelul Dealul Bueitii trisiturile obtinute pentru
cubpopuhma zacamintului Dealul Bucdtii s-au extrapolat inty egulul mvel,,
neavind in momentul de fatd un termen de comparatie.

Modul concret de distribuire 2 analizelor chimice conform organi-
gramei din figura 8 s-a efectuat in felul urmiétor.

Pentru populatia nivelului Burloaia- Guia Bdii s-au trasat in pnmul
rind limitele concrete ale celor trei faciesuri in cadrul celor doué zécdminte
Burloaia si Gura Badii. Aceastd operafie a fost efectuatd de cétre unul din
autori (D. Z. ), prin cartarea integrald a celor doud zdciminte.

Avind astfel suprafefele de dezvoltare a faciesurilor si demar(&‘gn]e
dintre ele, analizele chimice aferente fiecirui facies in parte aw fost sortate
manual pe baza indicatiilor privind locul de recoltare si introduse ix colec-
tivitatea faciald respectivil. Aceastd operatie s-a efectuat separat pentru
subpopulatia Burloaia si respectiv Gura BAiii.

Separarea pe selectii petrografice s-a efectuat pe calculator, utili-
zind programul ASUN (Andé&r, 1975 13) de calcul normativ al compazi
tiel mineralogice a fractiunii de sulfuri, conform principiului expus la
punctul B dln capltolul II.

Sortarea analizelor chimice pe selectil petrografice (tlpurl petrogra-
fice de minereu) s-a efectuat beparat penmu fiecare facies in parte din cele
doud subpopulatii, obtinindu-se in final structura prezentatsd in orgam—
grama din figura 8. :

Toate dutermmaulc statistice din studiul defalcat s-au efectuat in
interiorul celulei aleiituite din selectiile petrografice din cadrul accluiasi
facies, analizindu-se separat fiecare selectle petrograficii in parte si rrlobal‘
pe facies.

Ca o ultim& precizare privind nivelul Burloaia- Gura Béii, in Qe]ec’gla
petrografici A (minereuri de diseminare) s-au introdus analizele chimige
corespunzitoare acestor minereuri din secventa singeneticd (tip cloritite

i3 Arh. I.G.G. Bucuresti.
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cu sulfuri) $i minereurile sin-epigenetice situate imediat in culcusul aces-
teia (tip gisturi clorito-muscovitice cu disemindri de sulfuri).

Pentru subpopulatia Dealul Bucitii au fost extrase toate analizele
chimice aferente z&cimintului. Acestea au fost distribuite numai in selec-
tii petrografice (fig. 8), operatie executatd pe calculator, folosind progra-
mul ASUN.

Analiza statisticii-a fost operatd separat in interiorul fiecdrei selectii
petrografice §i global pe subpopulatie.

2. Principtile analizei statistice globale a tendingelor de concentrare in
suprafatd a elementelor chimice

Pentru acest model de analizd statistica s-a utilizat analiza suprafe-
telor de tendint{d cu programul de calcul CONT (G avrild, 1975).

in principiu, acest program permite estimarea, in sapte trepte de
aproximatie, a concentrajiei unui element chimic dat, cind se cunosc con-
centratiile punctiforme ale elementului §i coordonatele topografice ale punc-
telor de probare in suprafata de analizat. Rezultanta o reprezintd un set
de hirti de aproximatie, diferite prin nivelul de detaliu al aproximirii, ex-
primate in linii de echiconcentratie, calculate si trasate direct de calcu-
- lator. Se obtfin in paralel pentru fiecare treapti de aproximatie $i hirti
reziduale, pe care sint marcate pentru fiecare punct de probare diferenta
dintre valoarea concentratiei elementului mésurati i cea adoptatsi prin
calcul pe harta de tendinte.

Fatd de principiul de lucru al acestei metode, apare evident ¢i sem-
nificatia hirtilor de tendinte este strict dependentd de semnificatia si
reprezentativitatea punctelor individuale introduse in calcule.

Deci prima problemd care se pune este asigurarea constantei de
semnificatie a tuturor punctelor individuale introduse in calcul, pe in-
treaga suprafatd de analizat. '

.Un alt aspect important il constituie scopul urmérit prin analiza de
tendinte.

In acest sens, in lucrarea-de fatd s-a considerat ca fiind de prim in-
teres urmirirea variatiilor concentratiei medii, pe intreaga secvents mi-
neralizatd, a elementelor chimice studiate, deoarece aceastd Va;riaﬂgie nu
poate fi urmiritd in mod concret decit in modelul statistic oferit de ana-
liza tendintelor.

. Pentru realizarea acestui scop s-au selectat in suprafetele celor trei
ziciminte (Gura Biii, Burloaia §i Dealul Buc#tii) toate lucririle de foraj
sau suitori care au traversat integral secventa mineralizati si pentru care
existau profile de probare completé. Analizele chimice de pe aceste profile
de¢ probare au fost mediate, obtinindu:se pentru fiecare element chimic in.
parte concentratia 3a medie pe secventd in punctul respectiv. Distributia
punctelor de probare este perfect uniformi in cazul zicimintului Gura
Biii, satisfdcatoare pentru zdcadmintul Dealul Bucitii si imperfectd in zi-
cimintul Burloaia. In acest din urmi caz, probarea lucririlor vechi (ori-
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zontul 0 §i —22) fiind ma; putjn sistematizatd §i lipsind profilele de pro-
bare ale intregii coloane mineralizate, am fost obligati s& introducem gi
probe din galerii reprezentative numai in varte pentru secventa mine-
ralizatd la locul de probare.

i cele ce urmeazs prezentim rezultatele celor dous modele de ana-
lizd statisticd, care vor fi comentate separat pentru fiecare populatie.

C. Analiza statistici complexi a populatiei nivelului
Burloaia — Gura Baiii

1. Analiza statisticd defalcatd

a. Analiza compoziier mineralogice normative a fractiunii de sulfuri
din minereuri. Datele privitoare la aceastd analizd au fost furnizate de
programul de calcul ASUN ; ele sint centralizate sub form# de valori
medii in tabelul 1. i

Prezentdm mai intii comportamentul concentratiei medii a fracti-
unii de sulfuri din minereuri, pe care o denumim sumé de sulfuri (Xs9).

Suma de sulfuri creste progresiv si continuu din minereurile de dise-
minare (A) pind in minereurile compacte (B), aga cum se poate constata
din figura 9. In functie de frecventa cazurilor corespunzitoare fiecirui
interval valoric al sumei de sulfuri, aceasta are distributie normali in
minereurile de diseminare i compacte din toate faciesurile §i in ambele
subpopulatii (fig. 9). Media X $9%, in interiorul tipurilor petrografice su-
ferd variatii foarte mici la trecerea minereurilor dintr-un facies in altul
(tab. 1 si fig. 10, 11 a §i ¢). Media X 89, pe facies descreste puternic din
faciesul central pin# in faciesul marginal, cu o ratd aproape identicd in
ambele subpopulatii (fig. 10 §i 11). Media X s % pentru faciesul interme-
diar (II) este aproape identic# in ambele subpopulatii cu media X s9,
din minereurile precompacte ale acestui facies. In Gura Biii mediile s,
pe intreaga subvopulatie, pentru minereurile de diseminare, precompacte
si compacte sint practic egale cu corespondentele lor din faciesul inter-
mediar. Pentru aceleagi cazuri, in Burloaia mediile Xs %, sint putin diferite
(mai mari cele din faciesul intermediar), situatie exemplificatd in figura
11 (a i ¢). Mediile pe subpopulatie ale 2 89, sint aproape egale cu cea din
faciesul intermediar in ambele subpopulatii i sint de asemenea egale intre
Gura Biii §i Burloaia (fig. 10 si tab. 1).

in concluzie, caracterele faciesului intermediar din ambele subpo-
pulatii sint reprezentative pentru caracterele medii ale subpopulatiilor
respective. Desi apar unele mici diferenfe in comportamentul de detaliu,
in ansamblu cele doud subpopulatii sint perfect similare in ceea ce privegte
tendintele concentririi s 9, in categoriile analizate (fig. 9, 10, 11) yi iden-
tice prin concentratia medie pe subpopulatie a Zs9%,.

Frecventa tipurilor de minereuri este detaliatd in figurile 9 s§i 11
bsiad). o
g ])?entru ambele subpopulatii frecven{a minereurilor compacte este
maximé in faciesul central §i minim# in cel lateral, minereurile de disemi-
nare au un comportament exact invers, iar cele precompacte aun o frec-



TABELUL 1

nivelului Burloaia-Gura Bdii

a — Subpopulalia valorilor din Gura Bdii

Compozitia mineralogicd normativd a fracjiunii de sulfuri din minereurile

b — Subpopulalia valorilor din DBurloaia

GURA BAII BURLOAITA
I’IIiIIIiMz I | 1 | 1o Mz

A |1717vig22 [300  [1293 A |96 147|312 855

N AB[100 |261 |55 416 v LAB _*504”129‘ 107 286 |
B |363 926 | 70 11359 B [348 270 |52 670

2 1634 |2009 |[425  [3068 X 494 516 471 1511

A | 26,97 40,92| 70,59) 12,14 A | 19,49) 26,92 66,24 36,73

no, | AB| 15,77 12,99) 12,94] 13,56 nop | AB|10:12] 23,63 22,72/ 18,93
B | 57.26| 40,09| 16,47| 44,30 B | 70,45 49,15 11,04 44,34

. |100,00[100,00(100,00[100,00 % [100,001100,00100,00/100,00

A | 13,87 10'99:’30_1}.’&1 A | 7,35 9,22 12,16 10,55

ixso, |AB| 45,91 45,25@4_4,_9_7 sxso, | ABL 49,91 47,16] 43,45 46.26
B | 73,15| 74,37] 76,00| 74,12 B | 76,05 72,99| 69,92 74,35

M | 52,87 44,65| 25,03] 43,75 | _____ | M [ 60,06| 49,72| 25,70, 45,60

A | 69,21 81,60 91,(‘{5ﬂ) A | 87,90} 91,16| 82,09, 86,05

oy |_AB| 74,11] 79,80/ 92,90) 50,18 by | \B|_83.98) 85,08 85,68 83,11
B | 77,66 83,22 92,67| 82,24 B | 82,30] 83,22 85,76] 82,9
M| 74,81) 82,11) 91,99 81,89 | M | 83,50| 86,04 84,82/ 84,80
A | 11,42 7,35 2,00 6,64 A | 6,370 3,01 2,12] 3,35

big |_AB| 12,52 9,48 1,87 9,20 biq |_AB|_9.33) 9,07 1,64 6,34
- 12,83 9,78|_2,26| 10,200 | _ B | 12,20| 10,42 5,74/ 10,97
R M | 12,39 8,74] 2,03 8,60 |, | | M | 10,82 8,35 3,04 7,52
% A | 5,11 2,62] 1,08 2,59 % A | 1,80 1,46/ 0,98 1,25
gin | AB[ 911 3,22 061 3,32 gn | AB| 3,61 3,21 0,60 2,32
B | 4,96 3,20/ 0,71 3,60 B | .11l 3,62 1,03 3,67

M | 5,02 3,01 0,95 3,15 A | 3,62 2,06 0,86 2,53

14,26] 8,43 5,27 8,46 T A | 3,93 517 13,91 9,35

cpy | AB 8,26 7,50 4,62 7,30 cpy |AB | 3,05 2.61] 12,08/ 6,23
B | 4,55 3,71 4,36 3,96 B | 1,39 2,71 7.47] 2,41

M 7,78 6,14 5,03 6,36 M | 2,06 2,65 11,28 5,15

A, minercuri de diseminare; AB, mincreuri precompacte; B, minercuri compacte; M, valori
pe facies; I, facies central; II, facies intermediar; III, {facies marginal; Mz, valori pe zici-~
mint; N, numiérul de cazuri; n%, frecventa relativd a tipurilor de minercu; £Xs9,, concen-
tratia fractiunii de sulfuri in minercuri; %/Xs9, concentratia relativi a sulfurilor in cadrul
fractiunii de sulfuri a minereurilor; py, piritd; bld, blendid; gln, galend; cpy, calcopiriti.
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vent# aproape constantd si redusé in toate cele trei faciesuri (fig. 11 b i d).
In ambele subpopulatii dinspre faciesul central spre cel lateral, direct
proportional cu descresterea Xs9%, concentratia minereurilor compacte

GURA BAIl BURLOAIA

£

n &
v‘/):[ P?ﬂ oo/ 7/

0 /09 v & e
py 700/0 50/20 60/40"°“py 100/0 %0/30 §0/40 z[ggﬂ/n
~ W% — —~—— p¥%

— (Qn)sphl CP%}A ’——'2(9">5thcP)% ==
7)a-0;b-¢;C=e;d-m 2)m 3}V

é;#* Fig. 10. — Diagrama ternard G-Py-Xpoli pentru minereurile nivelului Burloaia-
Gura BA4ii.

1, valori medii pe facies pentru fiecare tip petrografic de minereu : a, facies cen-
tral (I); b, facies intermediar (II); c, facies marginal (III); d, sensul de evolutie
din faciesul central spre cel marginal (tendinta medie); 2, valori medii pe facies ;
1, II, III, simbolurile faciesurilor; 3, valori medii pe subpopulatie, pentru Gura

Baii, respectiv Burloaia.

Diagramme ternaire G-Py-Zpoly pour les minerais du niveau Burloaia-

) Gura Baii.
1, valeurs moyennes par faciés pour chaque type pétrographique de minerai : a,
faciés central (I); b, faciés intermédiaire (II); c, faciés marginal (III); d, sens
d’évolution du faciés central vers celui marginal (tendance moyenne); 2, valeurs
moyennes par facies ; I, I1, III, indices des faciés; 3, valeurs moyennes par sub-po-

pulation, pour Gura Biii, notamment Burloaia. ‘

scade liniar ; concomitent, concentratia minereurilor de diseminare cregte
(fig. 11 b si d). .

Se demonstreazé astfel cea mai generald modificare pe care o sufers
mineralizatiile nivelului Burloaia-Gura Béii dinspre faciesul central spre
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Fig.--11. Relatiile de
concentrare medie a fracti-
unii de sulfuri in cadrul
tipurilor de minereu, faci-
esurilor si subpopulatiilor
si relatiile dintre concen-
trarea medie pe facies a
fractiunii de sulfuri si frec-
venta tipurilor de minere-
uri.
A, AB, B, tipurile petrogra-
fice de minerev; I, IIL,
111, faciesurile; MEZs %,
media pe facies a sumei de
sulfuri; M Xs9%, media pe
subpopulatie a sumei de
sulfuri. 1, valori medii pe
tipuri petrografice in ca-
drul fiecdrui facies in par-
te : a, minereuri compacte ;
b, minereuri precompacte ;
<, minereuri de diseminare.
2, valori medii pe subpopu-
latie : a, minereu compact ;
b, minereu precompact; c,
minereu de diseminare, 3,
valori medii pe facies; 4,
valori ‘medii pe subpopu-
latie.

Les relations de concen-
tration moyenne de la
fraction de sulfures dans
le cadre des types de mi-
nerai, des faciés et des sub-
populations et les relations
entre la concentration mo-
yenne par faciés de la frac-
tion'desulfures etla fréquen-
ce des types de minerais.

A,AB,B, les types pétro-
graphiques de minerai; I,
II, III, les faciés; M,

5%, la moyenne par faciés

de la somme des sulfures ;
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cel marginal, si anume trecerea minereurilor compacte in minereuri de dise-
minare. Se cere subliniat c¢d aceastd modificare afecteazd doar secventa
in ansamblu ; tipurile petrografice de mineren nu suferd moditficiri egen-
tiale, deoarece concentratia medie a Xs9%, din fiecare tip de minersu in
parte rdmine constantd, asa cum deja s-a aritat.

Concentratia constantd si redusd a ninereurilor precompacte in
toate faciesurile aratd cd variatia valorii concentratiei medii pe faciesuri
a 2Zs9% este generatd de schimbarea raporturilor de concentrare dintre
minereurile compacte si de disemninare, in sensul precizat mai sus.

Astfel, in faciesurile intermediare, desi-concentratia medic a s %
este egald cu cea din minereurile precompacte, ea este expresia participarii
egale in cadrul secventei mineralizate a minereurilor de diseminare si
compacte $i nu a predominantei minereurilor precompacte. Aceastd obser-
vatie cste valabild si pentru concentratia medie pe subpopulatie a Zs%,.
In acest mod trebuie interpretate valorile medii ale Zs%, pe faciesuri si
respectiv pe subpopulatii, care sint proiectate in diagrama din figura 9.
In aceastd figuri se constatii cii faciesul central din Burloaia este carac-
terizat de o concentratie medie a sulfurilor corespunzétoare minereurilor
compacte, spre deosebire de centralul din Gura B&ii a cidrei compozitie
medie se situeazd in domeniul minereurilor precompacte. Aceastd situatie
este generatd de abundenta mai mare a minereurilor de diseminare in
centralul din Gura Biii, fapt constatat si prin observatiile de teren, sinte-
tizate in figura 6. In continuare evolutia minereurilor este similard in fa-
ciesurile intermediare si marginale ale celor doud subpopulatii.

Concentratia mineralelor principale — piritd, blendd, galend si cal-
copiritd — in minereuri §i eoncentrarea lor relativd in fractiunea de sul-
furi este precizatd in detaliu sub formd de valori medii in tabelul 1.

Din analiza valorilor din acest tabel se constatd ¢d coneentratia rela-
tivd a piritei in fractiunea de sulfuri este cuprinsd, in toate tipurile de mi-
nereuri siin toate faciesurile, intre 60 si 90 %,. Astfel, minereurile celor doud
_ subpopulatii apartin prin trasiturile lor medii sorturilor piritos polimetalic
cu tendinte pirito-polimetalice (fig. 10), in faciesul central (I) si piritifere,
in cel marginal (ITI).

Concentrafia relativil a piritei creste in fractiunea de sulfuri in toate
tipurile de minereuri dinspre faciesul central spre cel marginal, indicind
scdderea celorlalte sulfuri, deoarece asa cum s-a vizut concentratia medie
a XsY% rimine neschimbati.

In Gura Badii concentratia piritei in fractiunea de sulfuri creste pro-
gresiv din minereurile de diseminare spre cele compacte, in toate facie-
surile ; in Burloaia situatia este exact inversd.

Concentrafia relativii a blendei si galenei rimine aproape coustanti
intre minereurile de diseminare si compacte, situate in acelasi facies din
Gura Biii; in Burloaia, in aceleasi situatii, concentratiile relative ale celor
doud sulfuri cresc progresiv dinspre minereurile de diseminare spre cele
compacte. :

~ Concentratia relativé a blendei yi galenei, consideratd pe tipuri de
minereu si global pe facies, scade mult din faciesurile centrale in cele max-
ginale ale ambelor subpopulatii.
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Concentratia relativd a calcopiritei are valoarea minim# in minereu-
rile compacte, in toate faciesurile din ambele subpopulatii. Concentratia
reiativi maxims este : in Gura Béii, in minereurile precompacte, iar in
Burisaia, In minereurile de diseminare.

('alcopirita inregistreazd o cregtere a concentratiei relative pe facies
din central in marginal, pentru Burloaia, si o usoard descrestere in acelasi
sens, in Gura Baii.

Atit in Burloaia, cit & in Gura Bidii, considerind valorile medii pe
facies, concentratia insumatsd a blendei si galenei este mai mare ca cea a
calcopiritel in faciesurile centrale si intermediare ; in faciesurile marginale
concentratia calcopiritel depidseste concentratia insumaté a blendei i
galenel.

Sintetizind caracterele de detaliu prezentate, se pot extrage citeva
tendinte generale observate la cele dou# succesiuni de faciesuri. Vom
alege ca sens de raportare trecerea din faciesul central in cel marginal.
In aceastd directie se constatd urmétoarele : valoarea concentratiei blen-
dei 1 galenei scade puternic (de cca 5 la 6 ori); concentratia calcopiritei
ori »rade foarte slab (tendintd de tip Gura B4iii), ori creste relativ (tendintéd
de tip Burloaia); concentratia piriteicreste; insumate, aceste tendinte
conduc Ja schimbavea caracterului asociatiei sulfurilor, de la pirito-poli-
metzlic (Gura- Biii) sau pirvitos polimetalic (Burloaia) se trece la un carac-
ter piritos cuprifer sau chiar piritifer.

In continuare se¢ cere subliniat cil, degi existd unele particularitédti
in concentrarea de detaliu observate in principal la caleopiritéd, intre Gura
Bail 51 Burloaia concentratia medie pe subpopulatie pentru cele doud suc-
cesiuni de faciesuri 2 celor patru sulfuri — piritd, blendd, galena, calcopl-
ritd — este pra vetic egaldl intre Burloaia 51 Gura Biii. Acest f&pt ne face s
conriderdam cd atit comportamentul oencral al concentririi sulfurilor, cit
81 media concentratiei lor pentru cele doud subpopulatii sint reprezenta-
tive pentru populatie in ansamblul ei.

0. Analiza chimismului partial al fractiunii de sulfuri din minerewrt.
In caitrul acestei analize au iost urmirite leglle de distributie, concentra-
tille medil §i corelatiile binare ale clementelor chimice studiate.

Liegilede distrlbuple ale elemente lor chimice
inminercuri. Verificares coincidentel parametrilor de distributfie ai
elementelor ehimice cu ecei teoretici a fost testatd cu ajutorul programului
REPA(Dimitriu,1971 1),

Au fost intilnite urmitoarele legi de distributpie : normald, lognor-
mat’ 5i Poisson. O parte din cazuri nu se verificd prin nici o lege de dlstl‘l-
dar prezinti tendingi de distributie dupd legea normali sau lognor-
de care diferd prin valorile mai mari pentru Tasimetrie sau exces, ori
ambele.

{n tabelul 2 a si b sint prezentate, pe tipuri petrografice de minereuri
¢ faciesuri, legile de disivibutie obtinute pentru elementele chimice
udinte.

%oArh., I, G. G, Brcuresti.
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In general se constatd ci predomini legea lognormald, observatie
care pare sd fie o trésdturd generald a minereurilor de acest tip din seria de
Tulghes, asa cum rezultd din datele prezentate de Krédutner et al.
(1970), Balintoni et al. (1976). :

In ceea ce priveste cazurile pe care le discutim in lucrarea de fats,
nu am observat o influentd clard a pozifiei faciale in care se afld minereurile
asupra tendinfelor de distributie ale elementelor.

Singura observatie mal concludentd pare si fie dependenta distri-
butiei de concentrarea elementului. Astfel, in minereurile in care un ele-
ment are concentratia maximi acesta tinde si se distribuie dupi legea
normald. Exemplele cele mai clare sint sulful §i fierul din sulfuri care pre-
zintd distributii normale in minereurile compacte §i distributii lognormale
in minereurile de diseminare.

In favoarea observatiei de mai sus este si constatarea ci legea nor-
mald apare cel mai des in minereurile compacte, iar cea lognormald, in
minereurile de diseminare.

O altd trésiturd de ordin general este distributia cuprului numai
dupé legea lognormald, indiferent de fipul de mineren gi de faciesul in
care se afld. -

Caracterul practic al cercetdrii legilor de distributie rezid4 in prin-
cipal din necesitatea de a adopta media concentratiei unui element chimic.
corespunzitor tipului de distributie a valorilor discrete folosite.

Concentratia medie a elementelor chimice in
fractfiunea de sulfuria minereurilor. Datele privitoare
la acest parametru geochimic sint prezentate in tabelul 3 a si b.

Variatiile concentratiilor medili pe tipuri de minereu in cadrul facie-
surilor, cit i a concentratiilor medii pe faciesuri pentru cele doud subpo-
pulatii sint figurate in detaliu in diagramele din figura 12.

Se poate constata astfel cd Pb si Zn in toate faciesurile au concen-
trafia maximé in minereurile compacte gi minims in cele de diseminare.
De asemenes, cele doug elemente, in toate tipurile de minereu §i ca medie
pe facies, descresc gradat din faciesul central spre cel marginal unde in-
registreazd concentrafiile minime.

Acest tip de comportament il prezinta gi elementele Au si Ag (tab.
3agib). =

Cuprul manifestd in general concentratia maximi in minereurile
precompacte sau compacte; concentratia minimi se inregistreazd in
minereurile de diseminare.

In evolutia concentratiei cuprului in cadrul faciesurilor se constatd.
diferente sensibile intre subpopulatiile Gura Baii §i Burloaia. In Burloaia,
in toate tipurile de minereu, precum s§i ca medie pe facies, concentratia
cuprului creste progresiv din faciesul central spre cel marginal, unde se
inregistreazdi concentratiile maxime. In Gura Biii cuprul marcheazd o
descrestere a concentratiei in minerurile de diseminare i precompacte,
precum si ca medie pe facies, dinspre central spre marginal, dar concen-
tratia sa cregte in sensul amintit mai sus, in minereurile compacte. Aceasta.
din urmi comportare este similard celei observate in Burloaia.
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Cu% 1

10 I 20T I 30
—— S % (media pe facies) —>

-~ Fig. 12. — Relatii de concentrare medie a elementelor chimice pe tipuri petrograficela nivelul
faciesurilor din cele doud subpopulatii si la nivelul intregii populatii si concentratia medie pe
‘facles la nivelul celor doui subpopulatii, comparativ cu intreaga populatie, raportate la cresterea
concentratiei medii pe faciesia sulfului.>
A, AB, B, tipurile petrografice de minereu ; I, IT, III, faciesunle M, media pe intreaga colectivi-
tate faciala.

Les relations de concentration moyenne des éléments chimiques par types pétrographi-
ques au niveau des faci¢s des deux sub-populations et au niveau de I’entiére population et la con-
centration moyenne par faci¢s au niveau des deux sub-populatlons par rapport a l’entiére
population, rapportées 2 Paugmentation de la concentration” moyenne par facies du soufre.
A, AB, B, les types pétrographiques de minerai ; I, II, ITI, les faciés ; M, la moyenne pour P’enti-
ére collectivité faciale.
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Sulful are concentratia minimd-in minereurile de diseminare §i
maximé in cele compacte, la fel ca Zn, Pb, Au, -Ag, iar ca medie pe facies.
descregte puternic din faciesul central spre cel marginal, de asemenea similar
cu aceste patru elemente. Concentratia medie a sulfului in cadrul tipurilor
de minereu nu suferd variapii semnificative dinspre faciesul central spre
cel marginal, aceastd trasiturd apropiindu-1 mai mult de comportamentuk
cuprului.

Urmirind variatia simultand, ca valori medii pe facles, se constati
¢d suma Zn -+ Pb - Cu scade gradat i liniar, direct proportional ew

I Gura Baii
P .
Burloaia

XS% I,I,m
c®1 ¥2 +3

Fig. 13. — Varialia faciald a concentratiei medii pe facies a 2(Zn,Pb,
Cu) in functie de variatia corespunzitoare a concentratiei medii pe
facies pentru S.

1, concentratia medie pe facies : gol, Gura Baii, plin, Burloaia ; 2,
valoarea medie pe subpopulatia Gura Baii; 3, valearea medie pe
subpopulatia Burloaia ; 1, 11, 111, simbolurile colectivititilor faciale.

La variaticn faciale de la concentration mayenne par faciés
de X(Zn, Pb, Cu) en fonction de la variation correspondante de la
concentration moyenne par faciés pour le S.

1, concentration moyenne par faciés : vide, Gura Bdiii, plein, Bur-

loaia ; 2, valeur moyenne pour la sub-population Gura Baii ; 3, valeur

moyenne pour la sub-population Burloaia; I, II, III, indices des
collectivités faciales.

scaderea concentrafiei medii pe facies a sulfului, din faciesul central spre
cel marginal (fig. 13). Astfel, in faciesul central se inregistreazi concentra-
{ia insumatd cea mai ridicatd pentru toate elementele chimice, iar in cel
marginal cea mai redusd, pentru ambele subpopulatii. Ceea ce difers intre
cele doud subpopulatii este rata descresterii concentratiei insumate s Zn,
Pb, Cu, care este mai lentd in Burloaia, comparativ cu Gura Baii (fig. 13).

Dupd cum s-a constatat din datele prezentate, précum si din cele
expuse in tabelul 3, intre succesiunea de faciesuri din Gura Béii §i cea echi-
valentd din Burloaia, desi existd o evidentd similitudine, apar si unele
diferente de comportament, in special in ce privegte tendinta de concen-
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trare a cuprulul, cit i intre coneentratiile de detaliu ale elementelor Chl-
‘mice pe tipuri de minereu $ifsau pe faciesuri.

in idéea de a realiza o comparatie mai uoncludenm a chimismuluai
fractiunii de-sulfari din cele doud succesiuni, s-au caleulat valorile medii
pentru elenientele chimice principale — Zn. Pb, Cu i S — la nivel de sub-
populatii, ¢it §i valorile medii pe faciesuri si tipuri putr ografice de mineren
la nivelul mtretru populatii.

Aceste valori sint figurate in tabelele 4 ,%1 5; ele au fost obfinute
utilizind - toaté ‘datele (tmfnlwo individnale) corc»punz;'bto;u'e nivelului de
generalitate exprimat.

TABELUL 4
Concentrafia medie a elemenlelor S, Zn, Pb, Cu pe lipuri pelrografice de minereuri
la nivel de subpopulafie si populafic si valorile globale la nivelul subpopulaliilor
st a inlregii populalii — nivelul Burloaia-Gura Bdii

Iilemente chimice ? {
Calegoria statislicd o Ph Cu ' S ‘ Nr. cazuri
A GB 0,62 ; 0,51 | 0,41 I 7,03 | 1565
A Br 0,36 0,18 0,44 6,28 502
A P 0,54 0,29 0,44 6,81 © 2067
AB  GB 3,69 1,71 1,29 25,48 258
AB  Br- 1,78 0,86 1,44 24,03 242
AB D 2,75 1,32 1,31 24,67 500
GB 5,07 2,28 1,01 36,49 1359
Br 5,38 1 2,30 0,62 36,55 710
B P 5,17 2,29 0,88 36,51 2069
M GB 2,81 1,29 0,79 21,73 3182
M Br 2,81 1,26 0,70 923,08 1454
M P 2,83 1,29 0,72 21,99 | 4636

A, minereufi -de diseminare; AB, minercuri precompacte ; B, minercuri compacte; GB, sub-
populatia Gura Bdii; Br, subpopulalia Burloaia ;- P, populatia ,,nivelul Burloaia-Gura Biii’’ ;
M, valori medii pe subpopulalic, respectiv pe populalic.

Cea mai importantd i generald constatare obginutii este egalitatea
'(l:DlOdlpG de 1dentlmte a conu,ut afiilor medii pe subpopulatie. pentru
Gura Biii si Burloala, cit i intre acestea si valorile medii corespunzitoare
pe intreaga populatie, pentru concentrafiile elementelor principale Zn, Pb,



35 ANALIZA STATISTICA — MINEREURI METAMORFQOZATE 165

TABELUIL 5

Con(‘cnlzalza medie « elemenlelor S, Zn, Pb, (,u pe tipuri pelrografice de minereuri - .-
En cadral faciesurilor si global pe facies la nivelul infregii populafii Burlgaie-Gura Bdaii

‘ 1 ! 2 : -
, ’ | ’ ! :
I ) 11 ) 11 I oo 111
i , ——
A 1,14 1 0,61 0,12 329 1098 630
Zn o AB 3,94 3,31 0,64 97 275 . 128
B 6,11 4,93 | 1,85 751 1193 125
M 4,34 2,91 0,44 1177 2566 - .;° 883
A 0,68 0,30 0,07 329 1098 . 629
) AB 2,23 1,49 0,21 97 275 129
Ph 9

B 2,80 2,14 | 0,60 751 1193 | 125
M 2,16 1,28 0,17 1177 2566 882
A 0,54 0,40 0,45 329 1098 |. 640
AB 1,22 0,97 1,71 97 275 130

Cu 9 - :
B 0,75 0,89 1,50 751 1193 | 125
M 0,73 0,69 0,78 1177 2566 895
A 7,39 6,74 6,64 0829 | 1098 | 640
S o AB 26,02 25,46 22,01 97 275 130

o

B 36,22 38,59 37,50 751 1193 125
M 27,32 22,62 13,18 | 1177 12566 | 895

A, AB, B, tipurile petrografice de minereu; M, valori medu pe facxes, I, lI 111, facie-
surile nivelului Burloaia-Gura Bii.

Cu, 8. Acest f.bpt' este deosebit de semuificativ, interpretind astfel cele
douit succesiuni, de faciesuri ca fiind formate din solutii hidrotermale cu
compozitie chimici aproape identici, iar particularititile observate la
aceste succesiuni ca fHind: generate de cauze locale care au controlat dife-
rentierca elementelor (hmucc in cele trei faciesuri; se exclude astfel posi-
bilitatea atribuirii particularititilor semnalate unor cauze parentale.:

CAceastd identitate de Lompozitie chimicd globalii ne face 8d consi:
derim & variatiile reliefate la nivelul intregii populd,tu. desireprezinti un
model idealizat, sint cele mai .semmflca,m\'e pentru modul de variatie a:
conceptratiei elementelor Zn, Pb, Cu, S, in cadrul celor trei faciesuri.

in nom a 13 este pr ezentatid de’rah at - tendinta de concentrare a cle-
mentelor prmup&le pe tipuri de minereu din fiecare facies in parte, la mi-!
velul intregii populatii, expusi comparativ cu cbcelea.m sltuatu dm e ,drul
,subpopula,t,nlor Gura Biii §i Durloaia. - e g
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Se poate remarca ci, in timp ‘de'Zn, Pb gi S gi-au pistrat comporta-
mentul observat la nivelul subpopulatiilor, variatia cuprului s-a atenuat.
Astfel, concentrafia medie pe facies a cuprulul este aproape constanti
in cele trei faciesuri. Concentratia medie pe tipuri de minereu evolueazi
in cadrul faciesurilor in maniera observata la subpopulatia Burloaia, cu
concentratia minimé in faciesul central gi maximi in cel marginal, consi-
deratsd pentru fiecare tip de minereu in parte.

Credem cd acest comportament al concentratiei cuprului este re-
prezentativ pentiru intreaga populatie, cit si pentru leglle genetice care au
controlat segregarea latel*ala a acestui, element _

S¢ intrevede posibilitatea. ca modul de variatie al concentrad;lel
cuprului observat pe intreaga populatle si se verifice §i in faciesul margmal
din Gura Biii, deoarece dlezvoltarea in extindere a acestui facies, in zona
Micirldu (fig. 7), prezintd un caracter.cuprifer. similar marginalului din
Burloaia. Datele din zona Micirliu nu au fost preluate in mcest studiu,
deoarece la timpul inifierii cercetéirilor noastre éle eran insuficiente gi neu-
niform-distribuite. ul u

- Continuind analiza la nivelul intregii populatii, in figura 14 este ur-
mirith relafia dintre cea mai semmflcatlva modificare pebrograflca produsd
de variatia faciili, §i anume trecerea minereurilor compéacte in minereu
de diseminare din faciesul central in cel marginal, §i cea mai semnificativd
modificare a chimismului global al fmct.lunn de sulfuri, $i anume variafia
%oncentra)mm medii pe fames (Varla,tla- iaclala) & elementelor S, Zn, Pb gi

u. ¥ JHAY

In acest sens se constam ¢d S, Zn_si Pb scad gradat 51 liniar, direct
proport;lonal cu-trecerea mmereunlor compacte in mmereurl de diseminare,
din. faciesul central in cel marginal. Vi

0 e . " 1 !
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Flg 14. — Relatiile dintre variatia faciali.a frecvehfel iminéreurilor compacte T raport cu cele
de dlsemmare si concentratiile/ medu pe facies alé: Zn, Pb, Cu, S Ia nivelul intregii populatii.
B:A, ;raportul dintre minereurile compacte si cdlE de diseniinare asocnte, pentru fiecare facies in
parte. I, II, 111, simbolurile faciesurilor; pr,(medla pe facies la nivelul intregii populatu A

Les relations entre la variation fadiale de la fréquence des minerais m'xSsnfs par rappo‘rt a
ceux de dissémination;et les concentrations. mo&elmes par faciés du Zn; Pb, Cu, S—au niveau de
T'entiere population. 25 - . 1. - b iy G GELRTIL A SR (L RE S
B :A, le rapport entre les minerais massifs et ceux. de dissémination ds50ciés)’| pour chaque faciés
A part. I, I, III, indices des faciés ; Mtpv Ia moyenne'par facids au niveiu dé Veritidre- population.
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Cuprul, in acelea§1 conditii, isi pastreaza concentrad;m aproape con-
stantd. - = I

Acest comportament disjunctiv intre modul de concentrare §i de
variatie cu faciesul a S, Zn §i Pb, comparativ cu cuprul, este cea mai
particulari caracteristici a minereurilor de tip Burloaia-Gura Biii, ea
nemaifiind reliefatd la nici un caz de ziciminte de origine vulcanogen-
sedimentari.

In_ intentia de a descifra cauzalitatea acestei particularitifi s-au
intocmit dlagramele din figura 15. Logica constructivii a acestor dlagrame
constd in urmirirea simultani a Varlafplel concentratiei unui element in
tiecare tip petrografic de minereu in parte, pe parcursul variatiei faciale a
ponderii minereului respectlv. Datele folosite se situeazd la nivelul intregii
populatii. Se urmiregte in acest fel surprinderea celei mai generale legitati
prin care schimbarea concentririi minereurilor controlea,za evolu’pla medii-
lor pe faclesa*elementelor chimice, aga cum a fost constatat in figura 14.

O primi observable comung celor trei exemple o constituie pon-
derea-foarte redusi §i constantd a minereurilor precompacte, care, indife-~
rent de variatiile concenbrat,ulor elementelor chimice in cadrul lor, nu pot
influenta media pe. facm% 51 deci tendintele generale de concentrare a
elementelor. :

Urmirind comporta,mentul elementelor chimice studiate, in minere-
urile de diseminare §i compacte se evidentiazi trei cazuri distincte.

Cazul 1. Zincul si plumbul is1 diminueazd concentratia atit in mine-
reurile compacte, c1‘rx—s1 in cele de diseminare, progresiv i liniar, direct
proporfional cu schimbarea ponderii dintre minereurile compacte in fa-
voarea celor de diseminare, cu trecerea acestor minereuri din faciesul
central in cel marginal. Astfel, Zn §i Pb au concentrafia maximi in tipul
de minereu care are ponderea, cea mai mare, in faciesul central ;in faciesul
margmal “Zn §i Pb au concentratia minimi in minereurile de dlsemmare,
care in acest facies au concentratia cea mai mare. Datorits acestei con-
juncturi-media pe facies pentru cele dous elemente chimice scade puternic
din central spre marginal. Deci, aceastd scidere este generatd atit de
diminuarea ponderii mlnereurllor compacte, prin trecerea, lor laterald in
minereuri de dlsemlnare, cit §i de sciderea generald a concentratiei celor
dou# elemente in cadrul variatiei faciale.

Cazul 2. Este observat la comportamentul sulfului, pentru care con-
centra,’pla rimine constantd in cele doud tipuri de mineren, firg si sufere
variatii faciale, cu toate ci ponderea minereurilor de diseminare gi a celor
compacte se modifici puternic, aga cum deja s-a semnalat. In conse-
cintd, sciderea concentratiei sulfului ca medie pe facies (fig. 14) este im-
pusd de schimbarea raportului dintre minereurile compacte si cele de dise-
minare, in trecerea acestora din faciesul central in cel marginal.

Cazul 3. Este exemplificat de comportamentul cuprului. Concentra-
tia acestui element creste la minereurile compacte invers proportional cu
ponderea, lor in cadrul faciesurilor, iar in minereurile de dlsemma,re
rimine aproximativ constanti.
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In faciesul central concentratia cuprului in minereurile de disemi-
nare este apropiati de cea corespunzitoare minereurilor compacte. Astfel,.
in acest facies concentrafia medie a cuprului nu este nici mult diminuata.
de prezenta minereurilor de diseminare, dar nici mult crescutd de predo-
minarea minerenrilor compacte. fn faciesul marginal concentratia cupru-
lui se mentine constantd in iinereurile de d1.xemlna.1'e, care au §i ponderea.
principali pe facies, i este simtitor crescutd in minereurile compa,cte,
compensind in acest fel sciderea concemmmel minereurilor compacte in
acest facies.

In concluzie, concentrarea lateralid a cuprului are un caracter .,rezi-
dual”, datoritii sciiderii accentuate a concentratiei celorlalte elbmcnte;
chimice pe fondul mentinerii constante a concentratiei cuprului. Cauzali-
tatea acestul comportament vom incerca si o prezentim la stirgitul acestui.
studiu.

Ca o subliniere finald, la acest paragraf sint de refinut in primul
rind variatiile faciale ale concentratiilor elementelor chimice §i factorii
purtitori al acestor semnificatii — in special variatia raportului de con-
centrare intre minercuri — pentru fiecare element 'in parte, de asemenea.
identitatea chimicd dintre cele doud succesiuni considerate la nivelul com-
pozitici chimice globale, cit si tendintele manifestate la nivelul intregii
populafii. ’

Corelatia binard a elementelor chimiee din
fractinnea de sulfuria minereunrilor. Caleulul corclatiet
binarce dintre elementele chimice a fost efectuat cu programul CORE
(Andiar, 1975 18); rezultatele obtinute sint prezentate in detalin in
tabelul 6.

Din analiza corelagiilor rezulti ¢ pentru ambele subpopulatii si in
toate faciesurile corelatiile dintre elementele chimice sint pozitive yi sem-
nificative (mai mari ca 0,3) in minereurile de diseminare, cit si pe 11111'0&0%
colectivitate faciald.

In toate faciesurile din ambele subpopulatii s-a constatat e, ew
trecerea de la minercurile de diseminare la minereurile compacte, corelatia,
se diversificd, schimbindu-gi intensitatea sau semnul, ori ambele, astfel
¢ in minereurile compacte se inregistreazii cele mai multe cazuri de eore-
lare negativii. .

Se poate deei afirma cid tendinfa corelatiilor dintre elementele
chiimice este dependentd in principal de tipul de minereu — adieid de con-
centratia fractiunii de sulfuri (Xs9%,) — si de concentratia elementelor res~
pective. Ultima observatie se deduce din faptul c¢i aproape fird exceptie
elementele chimice studiate au concentratia relativii cea mai ridicati
in minereurile compacte, asa cum deja s-a demonstrat.

Variatiile faciale nu influenteazi corelatiile in interiorul selectiilor
petrogr afice, ele par si influenteze eorelatia globald pe facics, dar numai
in detalii eu semniticatic mai Tedusi.

15 Arh. LG.G., Bucuresti.
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Cea mal puternicd corelafie constant pozitivi este inregistratd
intre. 8 §i Fe-sulfuri. : !

Zincul gi plumbul au de asemenea o corelatie constant pozitivi gi
foarte intensd in toate tipurile de minereuri. Ambele elemente in parte
manifestd o corelatie bund cu argintul.

Cuprul are cea mai diversificatd corelatie, in special fatd de Zn si
Pb, cu care se coreleazd pozitiv in minereurile de diseminare, trecind la o
corelatie slab negativi in minereurile precompacte si compacte din ambele
subpopulatil.

In general, corelatia dintre S si Fe-sulfuri, pe de o parte, i Zn, Pb,
Cu, pe de altd parte, este pozitivd in minereurile de diseminare si devine
negativd, cu diverse grade de intensitate, in minereurile precompacte §i
compacte.

Corelatiile ardtate de staniu sint extrem de neregulate i foarte
diversificate; in general indicd tendintd de corelare pozitivi c¢u cuprul.

Trasiaturi similare ale corelatiilor dintre elementele chimice ale frac-
tiunii de sulfuri au obtinut Krdutner et-al. (1970) si Balintont
et al. (1976), primii pentru zicdmintul Fundu Moldovel i ultimii pentru
Legul Ursului.

“ 0, Analiza statisticd globald a tendinjelor de concentrare in suprafaid
' a elementelor S, Zn, Pb si Cu :

. Principiul modelului de analizd i modul cum a fost abordat studiul
au fost expuse ia subpunctul B.2. din acest capitol. Vom preciza aicl cd
din cele sapte grade de aproximatie ale concentrafiel in suprafatad a ele-
mentelor chimice, pentru prezentarea ce urmeazd au fosc selectate numai
cele corespunzitoare aproximatiilor de gradul III §i V.

. Pentru usurarca expunerii vom analiza separat rezultatele obginute
pentru Gura Biii de cele din Burloaia. . -

" a. Subpopulatin Gure Bdii. Planul de situatie geologicd si hartile
aproximatiilor de gradul IIT §i V sint expuse in plangele I, 1T i III.

Din aceste plange se constatd ci elementele S, Zn si Pb arati tendinge
similare de concentrare pentru ambele grade de aproximare. Ele formeazs
un maxim conjugat, clar pus in evidentd de ciitre aproximatiile de gradul
IIT (plangele IL 1, 2 gi 3). ' :

Acest maxim se situeazd In interiorul conturului adoptat pentru
faciesul central, in cadrul analizei defalcate. Limitele de demarcatie carto-
grafici a faciesurilor sint precizate in planga I. '

Acest maxim conjugat il interpretim ca reprezentind pozifia centru-
fui de aport, pe baza coincidentei concentrafiilor celor mai ridicate pentru
elementele indicatoare ale faciesului central, aga cum:au fost puse in evi-
dents de analiza statistici defaleatd. De la acest maxim,concentratiile
pentru S, Zn 5i Pb scad gradat, liniile de echicontinut prezentind o forms
ciréulari pentru aproximatiile de gradul I11, similare cu modul in care am
reprezentat forma faciesurilor intr-o lucrarc anterioard (Zincenco
etal., 1973). '
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Rata descresterii conginuturilor pentru cele trei clemente chimice
confirmi de asemenea rezvltatele analizel statistice defalcate, indich.ud
in mod coneret sciiderea concentratiilor acestora dinspre faciesul central
spre cel marginal. ’

Cuprul are o comportare clar diferitd, marcati in primul rind prin
concentrarea sa disjunctivi fatd de cea a elenentelor indicatoare ale facie-
sulul eentral, si anume S, /n, Pb.

Forma inflexiunilor curbelor deechiconcentratic si rata lentd a vori-
atiillor de concentratie diferenfiazit comportamentul cuprului fatd de sl
celorlalte elemente.

Concentrarea laterald » cuprului in faciesul marginal, in care 8, Zn
s1 Pb au concentratiile cele mai sciizute, este de asemenea ev ldem tata.

Toate aceste caracteristici se mentin si pe hirgile aproximatiilor de
gradul V, care in plus sugereazi 1)0511)1]11(1‘[0:1 ca la est de centrul Gura
Biii s mai existe un centru similar, situat in zona Colbu-Luciceasa. Dacd
situatia este asa, atunci succesmnlle de faciesuri ale celor douit centre cu
interferat la nivelul caracterelor faciesului intermediar.

Este important de subliniat ¢ tranzitia din faciesul central la facie-
sul marginal se realizeazd in Gura Bdii pe o distantd de aproximativ 800 m.

b. Subpopulatia Burloaia. Planul de situatie geologicii cu demayea~
tiile faciesurilor, asa cum au fost folosite in analiza statistici defaleatd,
este prezentat in plansa 1V. Hirtile aproximatiilor de ordinul 11T, in plon-
sele V, iar cele pentru aproximatiile de ordinul V, in plansgele VI.

Imaginile obtinute pentru aceastd subpopulatie sint cu ceva nai
confuze. In primul rind, pentru ci faciesul marginal nu a putut fi prekuat
integral in calcule, fiind despértit tectonic de restul succesiunii. Tn al doilea;
1ind, datoritd individualizéirii mai multor centre de aport, dispuse satelit
fatil de centrul principal, recunoscute si cartografic dupi asociatia mineren-
rilor din secventa singeneticit.

Dar, ca sl in cazul subpopulatiei Gura Biii, se evidentiazi comporta-
mentul disjunctiv al concentratiilor cuprului fatd de cele ale elementelor
chimice indicatoare ale faciesului central S, Zn si Pb.

Hartile de tendinte obtinute sugereazii existenta unui centru princi-
pal de aport, acompaniat de trei centre satelit, dintre acestea din wrmi
unul situindu-se in suprafata de proiectie.

Caracterele minereurilor situate intre aceste centre sint cele indicate
de faciesul intermediaxr.

In concluzie, comparind rezultatele obtinute prin modelul analizei
globale a concentratiilor in suprafat# a elementelor 8,Zn, Pb si Cu, peniru
cele dond subpopulatii, se constatd ci ele au conflrnnt teoria zonalitafii
faciale cu nnphcatule ei privind concentrainle clementelor chimice siu-
diate, aducind in plus dovezi concrete si suplimentare modelului genetie
adoptat la explicarea genezei faciesurilor.
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D. Analiza statistied' complexa a populatiei Dealul Buecatii
I ] 1. Analiza slatisticd defalcatd il s

a. Analiza ' compozitiei nmwmlogwe 7107'matfwe 7 f?'acmmu de
sitlfurt din minereuri. Datele ' utilizate in acest paaaoraf au fost
furnizate de programul de caleul ASUN. Ele sint sintetizate §i prezentate
%ub formd de valori medii in tabell T

1

TBELoL 7

Compozifia mineralogicd normalivd a fracliunii de sulfuri din
minereurile nivelului Dealul Bucdfii

! x\ :\B OB
!
|
! N 6384 167 50
i n% 96,71 2,35 | 0,76
i Vs % . 5,53 42,44 70,09
i
[ ‘ py 76,67 58,93 " 69,81
l L9 sph 13,75 27,85 20,55
Mg ] an 7,05 10,70 7,50
cp 2,59 2,52 2,14

Ay AB, B, selectii pctronifaflcc N, numitul de cazuri pentru
fiecare esantion statistic; n9%} frecvenia relativi a tipurilof pétro-
grafice de minereu; xXs%, concentratia medie a fractiunii de sul-
furi in minereuri; </Xs%, concentrafia.relativd in fractiunca de
sulfuri pentru: py, piritd; sph, blendd; gn, galend; cp, calco-
pirita. ’

In figura 16 este pre7entata; hlstogramfb de frecventd a tlpurllor
petrografice de minercuri. Din aceastd réprezentmre apare evident ci.
minereurile de diseminare formeazi’ aproape singurul termen petrografic
al nivelului, minereurile precompacte si compacte avmd o participare
numai de interes stiintific (insumat 39%).

Aceste caractere confirmi observatiile noastre de teren prezentate
in capitolul . 11, subpunctul C.2. , 51 deosebese net aceste minereuri de cele
ale nivelului Burloaia-Gira B(mn Reamintim ¢4 in nivelul Dealul Buedtii
sint prezente aproape in exclusivitate minereuri de tip epigenetic (de im-
prerrnatgle in roci preexlstente) i

Concentratia medie a Is % 1 in minereurile de diserinare este- foarte
redusi, apro.\unatlv jumitate din -cea,intilnitd in ‘minereurile nivelului
Burloaia-Gura Biii, dar cencentratia su‘mei de sulfuri in minereurile pre-
compacte si compacte este. similard

Dlstrlbutla sumei de sulfuri pe clase de freeven’r(» in mmereumlé de
diseminare §i in ansamblu pe subpopulatie este de tlp hiperbolie. 1

: Din punctul de vedere 'al concentrzm;lel relative a piritei, blendei,
galenei i calcopiritei in fraciunea de sulfuri, toate cele trei tipuri de mi-
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nereuri se ineadreazd in sortul, pirito-zineo-plumbifer, avind .concentratia
piritei cuprinsa intre 80 si 50 A,.

Concentrayla piritei scade din minereurile de diseminare spre cele
compacte, in a,celasl sens concentrai;,nle blendei si galenei eresc, iar cea a
.calcopiritel rdmine consta.nta i 'la va,lon de concentrare foarte scizutd
(ta,]o 7).

4 Nici unul dintre minereurile mvelulm de Deahﬂ Bucatn nu are co-
respondent intre cele ale nivelului Burloaia-Gura Baii, in ceea ce prlveste
trisiturile concentratiei relative a sulfurilor in fractiunea de sulfuri.

60 A : AB B
40 £9E71% | £ 335% i f OT6%
i -t 06604
. i : [
20 48 X5.53% :
: X 42.5% % 70,03 %
L - 1

y Y ¥

o 40 20 30 40 50 60 70 8 80 106
- o » 4
Ys% —

Fig. 16. — Histograma de frecventd a tipurilor de minereuri in fune-
tie de cresterea concentratiei fractiunii de sulfuri in minereuri pentruw
, ¢ nivelul Dealul Bucatii. : Bt
f%, frecventa relativy ; s%, concentratia fractiunii de sulfuri dm.
minereuri ; fis frecventia cumulati a minereurilor de dxsemmare,
precompacte si compacte ; Z, concentralia medie a s % pentru fxe-
care tip petrograflc de mmereu e 2 num?xrul total de cazun
L Hxstogramme de fréquence des types ,de mmerals en fonct}on) . 4
i de laugmentatlon de h concentratlon de la fraction de sulfures enrl ‘
mmerals pou‘r }e mveau Dealul Bucatii. A : y i
%, fréquence relative ; s%, concentratlon de la fraction de sulﬁ.llres Y dsshili
des minerais ; f‘, fréquence cumulée des minerais de dlssémmatlon
: pré-massifs et ma551fs z, concentratxon moyenne du ;..s% pour
' chaque type pétrographlque de mgﬁeral n, nombre total de cas

L] N
P
o}

In 0renera,l, prin caracterele sale nivelul de Dealul Bucatu ‘nu are
corespondent intre minereurile stratiforme metamorfozate cunoscute in
Carpatii Orientali. KRty - :

" b. Analiza statisticd 'a' compozitiei chimice partiale a fmctwnu de
sulfuri. In‘cadrul acestei analize, similar ca si ‘pentru populatia’ Burloais-
Gura Biii, s-au urmdrit parametrii’ dlstrlbut,lel statistice a elementelor
chimice, concentratia medie a elementelor si corelatiile binare dintre
elementele chimice. B RTIY] i

Legilededistributieale, elementelor;c]umlce.
Venflgzarea commdent;el distributiilor nad:ura;le cu cele teoretice a fost rea-
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lizatd cu programul REPA. Datele obtinute sint sintetizate in dealiu
in tabelul 8.

Regula observatd la minereurile nivelului Burloaia-Gura Biii este
valabild i in acest caz, si anume odatd cu cresterea concentratiei elemen-
telor chimice ele tind si se distribuie dupi legea normali.

Astfel, in minereurile compacte din subpopulatia Dealul Bucitii
s-a Inregistrat cea mai bund coincidentd a distributiilor naturale cu cele.
teoretice.

Elementele S, Fe-sulfuri, Au, Ag, Cd se verifici atit normal, cit si
lognormal ; Cu si Sn au distributie lognormala, iar Zn si Pb tendinta de a
se distribui normal.

In minereurile precompacte tipurile de distributie se diversifici.
Sulful se distribuie normal §i lognormal ; Zn si Fe-sulfuri se verificd nor-
mal; Cu, Sn, Ag si Au au distributii lognormale. In aceste minereuri doar
plumbul se verificd partial dupi legea normali.

n minereurile de diseminare nici un element nu se verifici dupi
legile testate. Aceastd situatie este generatd de frecventa foarte mare a
valorilor cu concentratia scazutd, comparativ cu domeniul de impristiere
a valorilor individuale.

La nivel de subpopulatie situatia este similard celei din selectia.
minereuri de diseminare ; in consecintd, cauza neverificirii legilor de dis-.
tributie este aceeasi.

Concentratia medie a elementelor chimice
cercetate. Valorile concentratiilor medii ale elementelor si tipul de
medii adoptate sint prezentate in tabelul 8.

Prima constatare o reprezintd faptul c& pentru toate elementele
chimice concentratia creste progresiv, de la minereurile de diseminare,
in care aceasta este minimé, spre minereurile compacte, in care este
maximi.

Dar mediile pe subpopulatie ale tuturor elementelor chimice sint
foarte apropiate de cele inregistrate in minereurile de diseminare, dato-
ritd predomindrii nete a acestor minereuri.

Dacé comparim compozitia:chimici a minereurilor din subpopulatia
Dealul Buedtii cu cea observatd pentru minereurile corespondente petro-
grafic din subpopulatiile Burloaia 1 Gura Biii (tab. 4), precum si mediile
pe subpopulatil (tab. 4 si 8) apare evident ¢d minereurile nivelului Dealul
Bucdtii nu au nici un echivalent ehimic intre cele din nivelul Burloaia-
Gura Biii, iar compozitia chimicé globald pe subpopulatii este de ase-
menea net diferita.

in tabelul 9 sint precizate raporturile Zn: Pb, Zn: Cu, Pb :Cu si
S :(Zn+Pb+Cu) la nivel de valori medii pe subpopulatii pentru Gura
Biii, Burloaia si Dealul Bucitii.

Din datele inscrise In tabel apare clar identitatea dintre sub-
populatiile nivelului de Burloaia-Gura B4ii si diferenta netd dintre acestea
§1 subpopulatia Dealul Bucatii.

in concluzie, minereurile din cele doud nivele cu sulfuri — Burloaia-
Gura Biil si Dealul Bucitii — sint complet deosebite si din punctul de
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TABE

Paramelrii distribujiei stalistice « elementelor

B. MINEREU COMPACT ADB. MINEREU PRECOMPACT

!
i
s [ V%A | 1
l

: 7 . z s VY% | A I

N | Ty | Tmax| = o o N | Tt | Cmax! = o . .
min nia Tygn Sign ‘/JE“ A{g“ Eygn min | Tmax Xlgn | Sign l Yan A% lgn Lygn

" o)

S o | 50[21,60[51,52! 32,12 5,39| 17 | 3,01] 3,00{167 8,9931,70; 18.24] 5,04] 28 | 1.80 |—0,88
32,12| 5,16] 16 | 1,45 2,37 I 18.27] 5.31) 29| —0,64]—2,18
{Gu9, (50 0,013, 44| 0,48 ©0,61[ 126 | 7,93] 12,38166] 0,01} 4,05 ~ 0,32 0,43| 132 | 27,81 98,53
0.520 0,85 164 |—0,78 —0,58 0.37] 0,67 182 | —1,67,—0,89

Ph o) 50| 0,01(17.68| 4,36/ 3.04| 80 | 3.42 1,65/167, 0.01|13,601 3.92 2,71/ 69 4,47 1.15
., 6,82 15,46 227|—4,38) 4,80 5,99) 13,17] 220 | —8,81) 8,48
Zn 9, 50 0,00(35,80|" 9,66 7.25| 75 | 3,62 2,00/167| 0,02,21,80; 7,93 4,90/ 62 2,49 --0,91

13,43 26.65| 198 |-3,74) 1,66 ‘ 12,78{ 29,48 231 |—11,25| 11,46

(R [— - A —

\Fes%| 50( 6,7841,17 23,24 7,15 31| 1,22 1,74|167, 0,3327,28) 11.97  5,54] 46 | 0,89—0.77

23,28) 8,20| 35 |-—-1,93] 1.42 l 12,55 8.64} 69 | —7.77] 9,51

Bu | 47/0,10[72,80] 0,87, 0,61| 71 | 2.64] 0,63]155; 0,10; 8,00  0,68| 0,83 21 |  30,33:166.65
! ppm 0.91) 0,87| 95 |-—-0,70,—1.56; | 0,68, 0,71 104 1,43'—0,73
{Ag  |[47|76,60{284,4|115, 44{ 73,81} 6% | 1,83]—0.60|155 2,40,572,0,119,31{107,47, 90 | 10,59 11,71
ppm 134.04]167,80] 125 [--2,74] 0,12 139,13211,70| 52 | —4,27| 2,41

Sn | 34/ 0,02[ 0,80 0,27 0,19{ 69 | 3,24{ 2,00{ 66 0,01 1,00, 0,19 0,19 105 7,91 10,21
ppm 0,290 0.26] 90 |—0,831—0,420 .21 0,34) 162 | —0,41]—1,22

Cd 29{70,01| 2,00 0,74 0,531 7t | 1,43/—0,89) 71, 0,03| 2,00{ 0,48 0,34 79 7,00/ 10,61
ppm _ _ 0,970 1,61| 166 |- 2,28 0,57 0,46, 0.49) 106 | —1,87| 0,41

A, AB, B, scleelii petrogiralice de minercuri; M, valori la nivelul intregii subpopulalii ; N, numirul de cazuri
corespunzitor esantionului statistic; ayg,, valoarea minimi: wxp,.. valoarca maximi; &, valoarea mediei
aritinetice ; ¥y, valoarea medici logaritmice ; s, abaterea medic pitratici pentru distributia normald; spgy,
abaterea medic pétraticid pentru distributia lognormald ; V9, coelicientul de wvariatie pentru distributia

vedere al chimismului global, dar si al concentratiilor de detaliu ale ele-
mentelor in cadrul tipurilor de minereuri.

Corelatia binard dintre elementele chimice.
Stabilirea corelatiilor binare dintre elemente a fost realizati cu programul
CORE ; rezultatele de detalin sint centralizate in tabelul 10.

' La fel ca si In cazul minereurilor nivelului Burloaia-Gura BA4ii, ca-
racterul corelatiilor cste dependent de concentratia elementelor in mine-
reuri. :

Tn acest fel in minereurile de diseminare corelatia este pozitivi, cu
diverse grade de intensitate; in minereurile precompacte se diversificd,
avind tendina de a deveni general negativii, aga cum se intimpld in mine-
reurile compacte, unde pe lingd schimbarea de semn a corelatiei se inregis-
treazdt si o crestere a intensitiitii ei.

Acest comportament este cel mai bine e\emphhcat de variatia, in
sensul precizat mai sus, a corelatiei cu sulful pentrn toate celelalte elemente

chimice, cu exceptia Fe-sulfuri.

Cele mai intense corelwtn binare constant pozitive sint ariitate de
S gi Fe-sulfuri, precum si de Zn, Pb si Ag.
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LUL 8

chimice in minereurile nivelului Dealul Buecdfii

A. MINEREU DE DISEMINARE . | M. POPULATIE
' g s |ve|a B [ g |s (vula |E

= Tmin | Tmax o
ZTign| Sign |V %

N | Zyin! Tmax = -,
o ¥ Zign | Stgn | Vigy | Ajgn Egn

. -
7lgn Algn' 1gn

6384]:0,01/15.75| 2,54 2,31 91 | 61,44| 66,16 | 6601] 0,01[51,50 | 3,16| 4,30| 136 {143,04| 393,30

2,62 2,91 111 |—9,02] 11,02 3,09 3,95] 128 | 2,35 15,40
6766| 0,01] 3,12]70,06 0,14} 229 |326,47,2487,76 | 6982| 0,01 4,05 | 0,07| 0,17, 239-|317,01|2261, 95
0,03 0.08] 150 | .37.84] 3.97| | 0.06) 0,10} 163 | 38,30 3,29

6799/-0,01,10.83{ 0,34 0,74| 216 |170,69| 604,77 | 7016 0,01|17,68 | 0,46 1,10] 241 {180,37| 635,39
0.34) 1,12] 324 | 12,76|—-13,51 _ 0,44| 1,67} 379 | 15,91/ —11,97

6815|-0,01121,80( 0,59 1,42| 240 180,04 239,83'| 7013| 0,01,35,80 | 0,83| 2,16| 261 {179,86; 626,06
0,51 1,69 331 | 19,82 —5,41:] v 0,68| 2,75| 402 | 23,37 —5,45
322} 0,01111,10| 1,95 1,79 92 | 69,29/ 93,50 | 6539, 0,01|44,17 | 2,36| 3,18| 135 |152, 55 487,13
i 1,99 2,13] 107 |—-7,51 9,24 [ 2,30 2,81 122 | 3,44} 12,59
4225| 0,01/17,20| 0,22, 0,48| 219 | 639,0/ 9361,7| 4426/ 0,10/17,20 | 0,22 0,60 210 |547,71{7277,47
0,191 0,13| 70 | 53,44] 63,30 | " | 0,20 0,200 78| 51,09 49,37

4217] 0,10,999,9/19,69:50, 42 256 |242,5 | 1534,0 | 4418 0,10(999,9 |24,20/57,50, 238 {190,53| 951,45
15,2020,57| 135 | 27,74 30,78 e ‘118, 50(29,30] 157 | 28,68 20,90

1548/-0,01 9,0] 0,07 0.29| 411 |367,34] 48429 | 1647 0,01| 9,00 | 0,08 0,28 362 |357,20{4699, 87
0,05 0,07 146 | 22,1 | 10,21, | - | 0,06 0,10] 161 | 20.72] 5,49
1201!°0,01.10.28| 0,09 0,31} 359 |462,3 |7190,3 | 1300| 0,01|10,28 | 0,12| 0,34| 284 |334,33{4561,59

‘ 0,09, 0,17 197 | 5,99 —10,443 0,12 0,18 237 7,00{ —9,41
I :

normald ; h,,n,,., cocficientul dc vallat,le pentru dlstrxbutla lognormald ; A’, asimetria pentru dlstrlbutla
normald ; A/jgy, asimetria pentru distributia lognormald ; E, exeesul pentru distributia normald; Eygy,

excesul pcntru distributia lognormald. Valorile culese cursiv reprezintd concentratiile medii acceptate
in funclie de.jegea de distributic statisticd cu parametri optimi.

CABELUL 9 _
Raporlurile de concentrare inire elemenlele Zn, Ph, Gu in mirereurile nivelelor
Lurloaia-Gura "Béii si Dealul Bucdfii, apreciate pe ‘baza valorilor medii pe

3  subpopulafie
1 . . . .
i Raporlul Gura Biil Burloaia + Dealul Buecdtii
+
; Zn:Ph . 2,18 ’ 2,09 - 1,55
| Zn:Cu 3,56 4,06 11,33
i Pb Cu 1,63 1,94 7,33
[ S:(Zn4-Ph-rCu) - 4,44 1,71 2,62
; |
i

Cuprul nu pre ezintd, corelatie ¢cu Pb i Zn in minereurile de disemi-
nare 1 precompacte, dar se coreleazd : nevatlv cu. ’bceste’b in minereurile
compacte

Pentru intreaga subpopulatle Dealul Bucitii corelatia dintre toate
elementele chimice este pozitivid si mai intensi fafm de cea din mmereumle
de diseminare cu care se aseamini.

12 — c. 810 RN
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- Considerat in liniile sale generale, tabloul corelatiilor elementelor
ch1m1ce din fractiunea de sulfuri a minereurilor populatlel Dealul Buedtii
este similar cu cel obtinut pentru minereurile nivelului Burloaia-Gura
Baii.

2. Analiza statisticd globald a tendintelor de concentrare a elementelor
8, Zn, Pb, Cu in suprafaid
" In cazul nivelului Dealul Bucdtii an fost selectate pentru prezentare
hirtile aproximatiilor de gradul III si VII, care impreuni cu planul de
probare-gi o schitd mterpretatlvf«i, a rezultatelor sint anexate in plangele
VII ping la X.

Pe plansa X este prezentatd corelarea datelor furnizate de suprafetele
de tendintd de gradul VII (plansele IX 1, 2, 3, 4) ; se constatd ¢id maximele
si minimele de concentrare se dezvoltd suprapus pentru toate elementele
testate. De asemenea, axele de aliniere a valorilor minimale §i maximale
coincid intre cele patru elemente. Acest tip de dispozitie conduce la con-
cluzia ci la detalierea oferitd de aproximatia de gradul VII nu se mani-
festd tendinte de concentrare discriminatorie intre S, Zn, Pb si Cu, aga cum
fusese cazul in cele doud subpopulatii ale mvelulm Burloala Gura Biéii gi
nici nu pot fi evidentiate variatii faciale comparabile acelora.

Se cere totusi subliniati comporta,rea, aproape identicd a elemente-
lor Zn gi Pb, comportare care isi giseste justificarea in corelatia foarte
intens poz1t1va dintre cele douid elemente surprinse de analiza corelatiilor
binare.

Suprafetele tendintelor de concentrare obtinute cu a,proxuna,t,la de
gradul IIT gint intr-o oarecare misuri diferite, ele fiind prezentate in plan-
sele VIII 1,2,3 i 4. Diferenta cea mai notabili o constituie comportarea
disjunctivi a concentratiilor cuprului fatd de cele ale Zn si Pb. Acest fapt
amintegte comportamentul din nivelul Burloaia-Gura Biii. Cu toate aces-
tea nici la acest grad de generalitate nu apar variatii compamblle cu vari-
atiile faciale manifestate de concentratiile elementelor testate in minere-
urile nivelului amintit.

' Modul de concentrare in suprafati a elementelor S, Zn, Pb si Cu
-credem ci este imprimat de predominarea netd a mmereurllor de disemi-
nare in cadrul nivelului Dealul Buc#fii. In aceste minereuri cele patru
elemente chimice prezintd intre ele corelafii binare pozitive §i semnifica-
tive, fapt care, cel mai probabil, inhibd tendinta de comportament diseri-
minatoriu a concentrafiilor cuprului.

Corelatia binarad pozitivd Cu/Zn si Cu/Pb este specificd gi minereurilor
de diseminare din nivelul Burloaia-Gura Biii, astfel cid este de agteptat ca
atunci cind sint prezente numai minereuri de diseminare cele trei elemente
84 manifeste un comportament similar in ceea ce priveste concentrarea.

Datoritéd neconcordantei intre imaginile oferite de cele dous grade de
aproximatie (III si VII), care indicid absenta unor caractere dominante,
devine dificild gi cu un grad scézut de incredere interpretarea geneticd a
hirtilor de tendintd a concentratiilor elementelor chimice, testate pentru
nivelul de Dealul Buecitii.
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. Apare insd evidentd diferenta dintre acestea siicele oferite-de analiza
subpopulatiilor din nivelul Burloaia- Gura Biii, ceea ce 1mphca formula,re&
.de ipoteze si modele genetice diferite. - Lo .

IV. DISCUTII $I CONCLUZII

Studiul de fatd, prin gama largi a metodologiei statistice utilizate,

a completat cunostintele asupra minereurilor stratlforme metamorfozate

-de sulfurj din seria de Tulghes din Muntii Maramuresului, relevind in plus

0: serie de aspecte cu implicatii metalogenetlce, peé care le vom d1scuta in
continuare separat pentru fiecare nivel in parte. PR :

< .

A. Mmerahzatule mvelulul eu sulfuri’ Burloala~Gura Ban :

< Se eere. facutd o sublmlere pe care o eons1deram esentlala i1 ingele-
gerea modului in care se pot mterpreta rezultatele acestui- St’udlu .
Materialul primar cu care am-operat a fost constltult dm ‘doziri
gravimetrice ale elementelor chimice. Concentratia acestor elemente ‘este
“gxpresia concentrarll, sulfurilor principale — plrltav blendi, galens §1 cal-
‘¢opiritd '— in fractiunea de sulfuri a minereurilor a;nmhza;te Poti "~ para-
metrii statistici’ obtlnutl reprezintd in esentd expresia matematicd a unora
dintre relatiile de concentrare existente intre sulfurile amintite; ini- cadrul
tlpurllor petrograflcc de minereuri analizate. Astfel, spre e*{emplu, corela-
tia binard Cu/Pb dezviluie corelatia dintre concentrarea simultani ‘'sau
d1sp1nct1va, caz cu caz, in minereuri a calcopiritei si galenei. In eelasi
fél trebuie intelesi toti parametrii statistici- obtmutl ; ‘
o Une aspect derivat din precizarea de mai sus il constltme fa,ptul ch
Telatiile actuale dintre sulfuri, pe care noi le definim statistic, sint in pr1—
mul rind expresia factorilor care: au controlat preclpltarea sulfurilor i in
al doilea rmd un indicator @l compazitiei chimice a. solutiilor hldrotermale
am care s-4 produs prempltarea, datorlta mterventlel fenomenelor de
segregare. )
In acceptiunea interpretativd. definitd ‘mai sus cons1deram ca
V&I‘l‘lbllﬂ; fundamentals care determini particularititile. de cemportament
geochimic ale elementelor majore ~— S, Zn, Ph, Cu — o constituie varia-
1',1& concentratiei fractiunii de sulfuri (s %) in cadrul secventel singenetice
§i, pe fondul acestela, variatia concentratlel relative a celor. patru sulfuri
principale — pirit#, blends, galens si calcoplrlt% —,produsi de, schimbarea
,.Ij@pprtulul_ global de concentrare a sulfurilor in cadrul faciesurilor:-
w00 Sintetizind, -analiza statisticd a’ compozitiei mineralogice normdtive
a fractnmn de sulfuri. a- evidentiat doud sensuri de’ modlflcare arconcentra—
fiei sulfumlor in cadrul Secventel smgenetlce, gl-ahume: ¢ vWioElLd
e L gudcesiunes de diferentiere in suprafaid, concreétizatd 'in forma sa
cea maj .generald, prin schlmbarea concentratiei’ sulfurilor in ‘ordmea;
vmmereurl compacte _(B)—)mmereurl precompacte (AB)—>mmereu11 de
diserninare (A) ; il e [ Y .
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- sucecesiunea de diferentiere stratigraficd (i.e. de jos'in'sus) defi
nitd de schimbarea concentratiilor sulfurilor in ordinea : minereuri. de dige:
minare: (A)—>minereuri precompacte (AB)——>minereuri -compacte (B).

: Totl parametrii statistici ai elementelor S, Zn, Pb si-COu sint deters,
minati. de, 51 reflectd: modificirile suferite de concentratnle sulfurilor
pmta, blenda, galend, calcopiritd, impuse de una sau, s1multan, de ambele
succesiuni prezentate.

Succesiunea de diferentiere in suprafat,a (variatie latel’ald) produce :;
sciderea, concentratiilor Ulobale ale elementelor S, Zn, Pb, Ag, Au, segre-

garea laterald (reZIdualm) a cuprului si schlmbarea raporturllor de concen-
trave dintre Zn : Pb: Cu. '

Succesiunea de trecere stratigraficd imprimé felul corelat;ulor §i
variabilitatea elementelor (ambele influentate intr-o oarecare masurd si de

variatia faciald, in special in faciesul mardlnal) atrage dup# sine concen-
trarea maximé a elementelor S, Zn, Pb, Cu in minereurile compacte i,
cu citeva exceptil, in cele precompacte, iar in faciesul central gi interme-’
diar participd fenomenologicla cauzalitatea segregirii latcrale a cuprului,

Considerim cd ipoteza geneticd avansatd pentru minereurile din
ziicdmintul Burloaia in studiile noastre anterioare (Zinecenco et al.,
1973) poate fi mentinuta. Ea e\phcd satisfdcitor cauzalitatea succesmm-
lor mentionate mai sus, gisindu-gi in lucrarea de fad argumente nei.

in’ esentd, modelul genetic adoptat presupune urm&toalele :

Minereurile studiate 1eprez1nm o asociatie de depozite (metamorfo-"
zate) de compozitie preponderent ferosulfuroasd sau feromagnezian-sili-
cioasfi, cu un continut diferentiat de Zn, Pb, Cu, formate prin precipitaré
pe suprafata liberd de sedimentare, in conditii submerse, din solutii hidro-
termale emise de o sursd centrald sau un grup de surse de tipul unor
1Zvoare. co

Minereurile faciesului central sint echivalentele mctamorfozate alé
depoz1tclox acumulate in imediata apropiere a sursei de emisie, precipi-
tate in conditii de suprasaturare in sulf faté de fierul total din solutii.

Alternanta de minereuri de diseminare-minereuri precompacte--
minereuri compacte in succesiunea stratigraficd a faciesului central din-
Gura Biii (fig. 6) indici pentru acest caz un caracter pulsatoriu al surset,
acompaniat ori de o modificare temporara a compozitiei chimice & solutiiler
emise, ori de o segregare in situ a acestora in doud ,,fractii”’, una subsatu--
ratd in sulf, situatd in bazi, 51 una suprasaturatii in sulf, situata la partea‘
superioari. ;

In cele ce urmeazi, vom enumera o serie de tréisdturi relevate de ana+
liza statisticd din acest studiu, care permit detalierea modelului genetl(,
adoptat. Acestea sint urmatoarele :

— Separarea prioritard a Pb si Zn in minereurile faclesurﬂor central
si intermediar, in contrast cu segregarea laterald (conecentrare reziduala)
a cuprului, in faciesul marginal;

— distributia statisticd dupd legea normald a S si Fe-sulturi gi par-
$ial Zn ¢i Pb in minereurile compacte ale faciesurilor central $i intermediar,
comparatlv cu distributia acelorasi elemente in minereurile de diseminare -
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dupi legea lognormali, precum gi distributia generald a cuprului numai
dupé legea lognormals ;

— schimbarea corelatiei intre elementele Zn, Pb, fatd de Cu, de la
pozitivd gi semnificativd in minereurile de diseminare, la lipsd de core-
Iagie sau corelatie negativd §i semnificativd in minereurile compacte, in
special in faciesurile central §i-intermediar;

— schimbarea corelatiilor elementelor Zn, Pb, Cu, fatd de S gi
Fe-sulfuri, de la pozitivd §i semnificativii in minereurile de diseminare,
1a lipsd de corelatie sau corelatie negativi si semnificativd in minereurile
~compacte. '

Toate aceste trisdturi credem ci pot fi explicate unitar, dacd se
estimeazi modul in care s-a produs precipitarea sulfurilor piritd, blendd,
galend, calcopiritd, in medii caracterizate de concentratii diferite ale sul-
fului in raport cu fierul total (din solufii), caracterele chimice ale mediului
fiind de tipul celor definite in analiza petrologicd si sintetizate in figura 5.

Trebuie subliniat ¢d la stadiul actual al conoasterii nu vom face apre-
cieri asupra conditiilor termodinamice in care s-au format depozitele de
sulfuri ; la nivelul aproximatiei propuse considerim aceste condifii date si
favorabile precipitdrii sulfurilor.

Blenda §i galena sint sulfuri a cdror formare este dependentd, din
punct de vedere chimic, de concentrafia Zn:S, respectiv Pb:S. Calcopirita
este dependentd simultan de raportul de concentrare S:Fe:Cu. In mediile
suprasaturate in sulf fatd de fierul total din solutii de tipul celor observate
Ia minereurile compacte, blenda §i galena nu au restrictii chimice de for-
mare dacd plumb si zinc existd in solutii. In schimb calcopirita, pentru
care raportul atomic intre fier §i sulf este acelasi ca in pirité, va fi puternic
inhibatd in formare de citre piritd a cdrei energie liberd de formare este
mult maimare.

Astfel, grosimile apreciabile ale minereurilor compacte din faciesu-
rile centrale, care indicd predominarea indelungatia a conditiilor de supra-
gaturare in sulf, constituie un argument pentru a considera ci ritmul sepa-
Tirii piritei — sulfura net predominanti din minereuri — & condifionat
formarea §i asocierea celorlalte sulfuri.

O serie de argumente in acest sens este furnizatd de texturile ruba-
mnate ale minereurilor compacte. Rubanarea se datoreste alternantei de
benzi (lamine) cu compozifie mineralogics diferitd, dupsd cum urmeazs :
benzi aproape exclusiv piritifere, in care pirita este xenomorfs §icu dimen-
siuni foarte mici; benzi piritoase cu concentratii variabile de blends gi
galend, in aceste cazuri pirita tinzind spre forme idiomorfe in special cind
-este in contact cu blenda sau galena ; calcopirita apare sporadic ginumai
«ca incluziuni in blend% ; benzi piritoase cu calcopiritd, in aceastd asociafie
pirita apirind frecvent porfiricé i idiomorid, prinsé in plaje de calcopirita,
calcopirita situindu-se interstifial intre cristalele subidiomorfe de pirit#,

Aceste texturi sugereazi depunerea sulfurilor printr-un proces de
Segregare ritmicd, prin precipitare fractionatd, dominats si reglatd de rit.
mul precipitérii piritei. .,
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In acest sens, presupunem ci dintr-o solutie suprasaturatd in sulf,
dacé nu se inregistreazi un aport continuu de sulf care s%-1 modifice com-
pozitia initiald, atunci prin separarea abundents, exclusiv a piritei (ben-
zile piritifere), se produce o subsaturare locald in fier care incetinegte rit-
mul de formare a piritei, permitind formarea simultand §i a blendei §i a
galenei (benzile piritoase cu blendi §i galend). Depunerea simultans a celor
trei sulfuri conduce la o subsaturare locald in sulf care, datoritd separirii
in continuare a piritel, inkib4 formarea blendei gi galenei, facilitatd pro-
babil §i de consumarea Zn §i Pb la nivelul microritmului respectiv. Echili-
brarea raportului dintre S gi Fe, produsi de formarea microritmului de
mai sus, permite separarea aldturi de piritd §i a calcopiritei; separarea
mai rapidd a piritei inhib% formarea calcopiritei, ciclul reluindu-se de la
inceput.

Depunerea alternativi a celor patru sulfuri, intr-o ordine §i asociatie
similars, a fost demonstrats experimental de citre Lambert gi Bu-
b ela (1970).

Acumulirile defazate ale blendel gi galenei, fatd de cele ale calcopi-
ritei, observate in minereurile compacte, sint in mod sigur cauza corelatiei
negative dintre Zn, Pb fatd de Cu, iar separarea simultani a blendei §i
galenei, cauza corelatiei general pozitive dintre Zn §i Pb, indiferent de
cauzele invocate in explicarea segregirii mineralogice a minereurilor com-
pacte.

_ In schimb, corelatiile negative sau lipsa de corelatie a Zn, Pb, Cu
fatd de S §i Fe-sulfuri inregistrate in minereurile compacte sint argumente
semnificative in favoarea modelului de segregare prin precipitare fractio-
nat#, pe care l-am discutat mai sus, deoarece in mod principial cele trei ele-
mente ar trebui s§ prezinte corelatii pozitive cu sulful. Nerealizarea acestei
agteptiri este cel mai probabil datoritd inhib#rii cristalizérii blendei,
galenei §i calcopiritei de cétre formarea piritei, finind cont cd peste 809,
din sulf este concentrat in pirité.

Aceasta credem cd este semnificatia schimb#rii corelafiei dintre
elementele studiate, de la pozitivi gi semnificativd in minereurile de dise-
minare, la negativi in minereurile compacte.

In favoarea acestei explicafii este faptul c# minereurile de disemi-
nare sint expresia separdrii sulfurilor in conditii de exces al fierului total
din solutii fatd de sulf (fig. 5). In acest mediu cele patru sulfuri nu se mai
incomodeazi reciproc, iar formarea lor este strict dependentsd de prezenta
§i variatiile de concentrare ale sulfului, tradusi prin aparifia corelatiilor
pozitive dintre 8, Zn, Pb, Cu.

Distributiile statistice preponderent lognormale ale elementelor
chimice in minereurile de diseminare credem c# sint generate de separarea
discontinus a celor patru sulfuri (separare in salturi), datoritd repartitiei
neuniforme a sulfului in aceste medii. )

Distributia statisticd dupé legea normald a S, Zn §i Pb in minereurile
compacte reflectd cel mal probabil stabilitatea conditiilor de formare a.
acestor minereuri, precum gi afinitatea de separare a piritei, blendei gi
galenei in mediile suprasaturate in sulf.
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~ Distribugia generald dupé legea lognormald a cuprului o atribuim
antipatiei de formare reciprocd a piritel §i calcopiritei, care impune sepa-
rarea discontinu# a calcopiritei.

Caracterele statistice ale comportamentului elementelor chimice in
minereurile precompacte sint cind tranzifionale intre minereurile de dise-
minare §i cele compacte, cind particulare. In aceste minereuri se inregis-
treazé cele mai multe abateri de la regulile generale, fapt constatat si la
Lesul Ursului de citre Balintoniet al. (1976).

Apreciem ci acest mod de comportare se datoregte condifiilor spe-
ciale in care se formeazd aceste minereuri, si anume in zong de trecere din-
tre conditiile de formare a minereurilor de diseminare la cele compacte.

Dupi cum rezultd din dezvoltarea. constantd i redusd a acestor
minereuri, iIn ambele succesiuni de faciesuri menginerea unor asemeneca
conditil a fost realizatd pentru perioade foarte scurte, conditiile depla-
sindu-se sau spre cele ale minereurilor compacte, sau spre cele ale minere-
urilor de diseminare. Nu este lipsit de importantd s& amintim cd compozitia
globald a ambelor subpopulatii este de tipul compozitiei minercurilor pre-
compacte.

Acest fapt pledeazi in favoarea interpretarii, atit a succesiunilor de
faciesuri, cit §i a existentei celor trei tipuri de minereu, ca produs al
segregirii solutiilor hidrotermale.

In aceastd acceptiune, considerdim comportamentul observat la
concentragia cupruluil in cadrul faciesurilor ca fiind generat tot de relatia
de separare antipaticd dintre piritd si calcopiritd, in mediile suprasatu-
rate in sulf fafs de fierul total din solutii. Astfel, in faciesul central, dato-
ritd precipitdrii de tip fractionat a sulfurilor, numai o micd parte din
cupru rdamine in minereurile compacte — comparativ cu S, Zn, Pb —,
restul migreazd cu solutiile in faciesurile intermediar $i marginal. Ase-
menea solutil sint relativ imbogatite in. cupru §i insdrdcite in 8, Zn si Ph.
Atita timp cit minereurile compacte sint incd bine reprezentate (faciesul
intermediar, fig. 6), segregarea solutiilor se accentueazd prin depunerea
concomitentd a Pb, Zn §i S preponderent in minereurile compacte si
deplasarea laterald a cuprului. In faciesul marginal, in care conditiile sint de
subsaturare in sulf (de tip minereuri de diseminare), calcopirita are conditii
optime de precipitare. Cresterca concentratiei cuprului i in minereurile
compacte din acest facles o atribuim caracterului de asemenea rezidual al
solutiilor din care acestea s-au format.

Acest model de explicare a segregirii laterale a cuprului poate
explica satisficdtor si diferentele de comportament ale acestui element in
succesiunea de faciesuri din Gura B#ii, comparativ c¢u cea din Burloaia.

Astfel, In faciesul central din Burloaia minercurile de diseminare
sint cu totul subordonate (fig. 6), aparind numail in culcusul minereului:
compact. Datoritd acestui fapt cuprul a fost retinut numai intr-o misurs
foarte micd in faciesul central din Burloaia, el migrind progresiv spre fa-
ciesul marginal in care inregistreazi concentratfiile maxime. .

In Gura Biii, in faciesul central minereurile de diseminare sint pre-.
zente Intr-o cantitate mal mare, astfel cii compozitia medie . pe facies a,
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fractiunii de sulfuri este echivalentii cu cea a minereurilor precompacte
(fig. 9 si 10, tab. 1). Datoriti acestui fapt o cantitate mai mare de cupru
a fost refinuti in faciesul central, cuprul inregistrind o concentrare rezi-
duald mai ridicatd numai in minereurile compacte ale faciesului marginal
care au pistrat comportamentul din Burloaia, dar ca medie pe tajues se
inregistreazi o scidere comparativ cu faciesul central. :

In ceea ce priveste cauzalitatea migririi laterale a solutiilor, presu-
punem ci acestea s-au deplasat 01’&V1w‘(10na1 datoritd formarii unei
,,dlferent,e de reliet” intre depozitele foarte groase diu jurul centrului de
aport si- zonele adiacente acestuia.

Aceastd supozifie este generats de sciiderea importantd de grosime.
din faciesul central in cel marginal, precum si de forma liniilor de echicon-
centratie ale elementelor S, Zn, Pb surprinse prin analiza de tendinta,
linii care an o dispozitie circularii in jurul pozitiei presupuse a centrului.
deaport.

In final se cere subliniat ci, desi intre cele doud succesiuni de facie-
surl studiate s-au constatat unele particularitifi, evolufia ca fenomen.
general a proceselor a fost similara.

Aceastid concluzie este bine argumentatd de similitudinea trisituri-
lor statistice cele mai generale ale celor doufl succesiuni gi de compozitia
chimicdy aproape identici la nivel de subpopulafie intre Gura Biii sit
Burloaia. Credem cii pe baza acestor valori ale concentratiei S, Zn, Pb, Cu
(tab. 1) se poate estima compozitia solutiilor hidrotermale care au generat,
prin procesele de segregare discutate, cele doud suecesiuni de faciesuri ale
nivelului Burloaia- Gura B&ii.

B. Mineralizatiile nivelului cu sulfuri Dealul Buedtii

Pentru minereurile acestui nivel avem rezerve asupra modelului
genetic pe care il avansim. Cel mai probabil, concentratiile din acest nivel
s-au format prin impregnarea cu sulfuri a depozitelor sedimentare, in ime-
diata apropiere a suprafetei active de sedimentare, de asemenea in conditii
submerse. Sulfurile au fost generate de exhalafil eu debit mie, sidrace in
fier i cupru. Marea variabilitate a continuturilor individuale in Zn si Pb
aratéd absenta unor conditii dominante, concentratiile fiind controlate de-
cauze locale.

In aceastd acceptiune, minereurite nivelului de Dealul Bueiitii sint
de origine sin-epigenetici exhalativ-sedimentari

Pentru incadrarea lor in categoria comprehensivi a mineralizatiilor:
vuleanogen-sedimentare pledeazii urmitoarele argumente : forma strati-
formi de zicimint, controlul litostratigrafic la scard regionald, absenta.
concentratiilor de sulfuri in formatiunile imediat adiacente litostratigrafic,
asocierea cu metavuleanite acide, precum si prezenta unor trasaturi statis-
tice similare cu nivelul Burloaia-Gura Biii, care au fost reliefate in acest
studiu.

Caracterele geochimice globale, ¢it §i cele petrografice ale minereu--
rilor din nivelul de Dealul Bucitil sint net diferite de cele ale nivelului,
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Burloaia-Gura Béii; pind in prezent, ele sint singulare pentru intreaga
serie de Tulgheg in facies cu sulfuri din pinza bucovinicé.

Ca o concluzie finald, se poate afirma ci metalogeneza asociatd for-
matiunilor seriei de Tulgheg din pinza bucovinicd, in Muntii Maramure-
sului, este reprezentatd prin acumuliri stratiforme de sulfuri, de tip vul-
canogen-sedimentare, metamorfozate, formate in doui etape metalogene-
tice distincte :

— o etapd timpurie, desfisuratid la sfirgitul Cambrianului inferior,
in urma céreia s-au format depozitele presupuse ca exhalativ-sedimentare,
de piritd i concentrafii plumbo-zincifere de tip Dealul Bucéfii;

— o etapd tirzie, desfiguratd la sfirgitul Cambrianului superior,
posibil gi in Ordovicianul inferior (2). In timpul acestei etape, a fost pus
in loc un important volum de mineralizatii de origine hidrotermal-sedi-
mentard, de piritd i concentratii polimetalice, de tip Burloaia-Gura Béii.
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LA SYNTHESE DES RESULTATS DE L’ANALYSE STATISTIQUE
EFFECTUEE SUR LES MINERALISATIONS STRATIFORMES
METAMORPHISKEES SITUEES DANS LES NIVEAUX A SULFURES
DE BURLOAIA-GURA BAII ET DE DEALUL BUCATII
, (MONTS DE MARAMURES)

(Résumé)

Cet ouvrage est une étude complexe sur quelques accumulations stratiformes de sulfures
{py + sph + gn -+ cp) de type volcano-sédimentaire, localisées dans les Monts de Maramures
{(Carpathes Orientales). .

Les dépots de sulfures sont métamophisés régionalement sous le faciés des schistes verts.
Iis se placent 4 deux niveaux lithostratigraphiques d’age (modéle Pb-Pb) différent : le niveau
,,Dealul Bucitii”’, environ 500 M.A. ; le niveau ,,Burloaia-Gﬁra Biii”, environ 495 M.A. (fig. 1).
Les deux niveaux a sulfures sont intercalés dans une succession de roches métasédimentaires,
associées 4 des métavolcanites acides, nommée la ,,série de Tulghes”.

La premiére partie de I'ouvrage présente les éléments géologiques de structuration et
’interprétation de ’étude statistique ; la deuxiéme c’est ’étude statistique proprement-dite,

Les principales données de la premiére partie sont les suivantes :

" 1. L’association minéralogique des sulfures des minérais — nommée la ,,fraction de sul-
fures” et notée par Xs —est constituée en proportion de plus de 98 % de py + sph 4 gn + cp,
Ainsi, les éléments chimiques S, Zn, Pb et Cu sont présents presque exclusivement dans les gquatre
sulfures.

2. La détermination par calcul normatif de la concentration en pour-cent de la fraction
de sulfures (Xs %), par l'utilisation des analyses chimiques partielles (S %, Zn %, Pb %, Cu%)
permet la classification des minerais en trois types pétrographiques principaux. Ceux-ci sont :
(A) minerais de dissémination, Xs < 30%; (AB) minerais pré-massifs, 30 < Xs < 60%; (B)
minerais massifs, Xis > 60 % (fig. 2). Entre parenthéses sont mis les indices employés pour les
»Sélections pétrographiques™ utilisées comme échantillons statistiques dans 1’étude statistique
(fig. 8).

3. A partir des études de détail (lithostratigraphiques, structurales, pétrologiques) on a
considéré tous les minerais massifs comme syngénétiques. Les minerais de dissémination et pré-
massifs sont de deux types : syngénétiques et syn-épigénétiques.

Les minerais syngénétiques — de dissémination et pré-massifs — ont la fraction non sul-
furique (G, fig. 2) formée au point de vue minéralogique de : ch - (ab - gz 4+ ms). La chlorite
constitue plus de 80 % de la fraction non sulfurique, ayant une composition ripidolitique. Les
minerais massifs ont la fraction non sulfurique (G) formée de: qz - ab .+ ms -+ carbonate,
dont le minéral principal est le quartz. *

Les minerais syn-'épigénétique ont la fraction non sulfurique formée de : gz + ms + ab +
-+ ch. Autant la composition minéralogique, ainsi que celle chimique de la fraction non sulfu-
rique de ces minerais sont pareilles 4 celles des schistes métasédimentaires.
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4. Dans les figures 3— 5 on présente quelques éléments pétrologiques cencernant les mine-
rais syngénétiques. On a constatlé dans ces cas que la concentration en fer total (Fey + Teg) est
presque constante (fig. 3) pour les trois types pétrographiques de minerais. Variables sont : le
rapport entre le fer de la fraction de sulfures (Feg) et celui de la fraction non-sulfurique (Feg) et
la concentration en soulre. L’augmenlation de la concentration en soufre provoque le passzge du
fer de la [raction non sulfurique dans la fraction de sullures, de sorte que dans les minerais massifs.
toute la quantité de fer est detenue par la fraction de sulfures (Feg = Fe,; figures 3 et.5). Au
point de vue minéralogique cette modification est marquée par le changement du rapport chlq—
rite/pyrite (fig. 4), les principaux milieux minéralogiques du fer. Les_modificatioxis men Lionnée$'
peuvent avoir lieu dans les deux sens. ) ’ '

Les limites entre les trois types pétrographiques de minerai (fig. 2) ont les suivanies sig-
nifications pétrochimiques (fig. 5) : la limite entre les minerais de dissémination et ceux pré-mas-
sifs correspond & la zone ol Fe, = Teg; celle entre les minerais pré-massifs et ceux massifs — &
la zone ol Feg = Fe,. Ces limites séparent trois domaines : le domaine des minerais de dissémi-
nation qui este sub-saturé en soufre ; le domaine des minerais massifs, supra-saturé en soufre, ct
le domaine des minerais pré-massifs, dans lequel se produil la transition entre les deux extrémes.

5. Les minerais du niveau Burleaia-Gura Biii (fig. 1) sont en majorité de type syngéné-
tique. Les données et les observations présentées au point 4 sont obtenues sur ces ininerai.

La distribution lithostratigraphique de détail et le développement en surface des minerais
de ce niveau (figures 6 et 7) peuvent étre définis d'une maniére satisfaisante sous forme de trois
{aciés : I) le faciés central, constitué surtout de minerais massifs ; 11) le faciés intermédiaii‘e, dis-
posé concentriquement autour du facies central; il est formé en proportion presque égale de
mninerais massifs et de minerais de dissémination ; III) le faciés marginal, situé a I’extérieur de
celui intermédiaire, formé a dominance ou sculement de minerais de dissémination. Entre paren-
théses sont mis les indices des ,,collectivités faciales” assumées comame échantilions slatistiqueé
(fig. 8). Une telle succession de faciés présente, dans le plan, une forme circulaire ou faiblernent
eliptique (fig. 7). Le passage des minerais massifs du laciés central a des minerais de dissémina-
tion du faciés marginal a lieu progressivement, par 'intermédiaire des minerais pré-massifs. Dans
la présente étude on a analysé au point de vue statistique deux pai‘eilles successions de faciés
(fig. 7), 'une correspondant 2 la zone de Burloaia (la ,,sub-population statistique de Burloaia"’)'
et autre 4 la zone de Gura Biii (la ,,sub-population statistique de Gura Baii”, figure 8).

6. Le niveau Dealul Bucatii (fig. 1) est formé presque umquement de minerais de dlssé-
mination de type syn-épigénétique, associées auxquels apparaissent de petites lentilles de mine-
rais massifs et/ou pré-massifs. Les minerais de ce niveau forment des corps de dissémination de
Torme lenticulaire, disposés en concordance dans des schistes quarlz-muscovitiques (des roches
métasédimentaires).

L’étude statistique des minerais des deux niveaux lithoslratigraphiques, qui constituent
la deuxiéme partie de l'ouvrage, emploit comme matériel primaire des analyses partielles pour
S, Zn, Pb, Cu, Ag, Su. On a introduit dans les calculs environ 3 000 analyses pour le niveau
Burloaia-Gura B‘m et environ 6 000 pour le niveua Dealul Buealii.

L’étude statistique a été eflectuée par deux modéles différents. Un modéle d’analyse sta-
tistique ,,défalquée’” sur plusieurs échantillons statistiques, et un modéle d’analyse ,,globale™.
des tendances de concentration, en superficie lithostratigraphique, des éléments chimiques étu-
digs. Dans la {igure 8 on a présenté les échantillons statistiques employés et leur signification
géologique.

Dans P'analyse statislique défalquée on a opéré avec et a 'intérieur de plusieurs échanmtil-
lons statistiques & signification géologique différente et complémentaire. Pour chague échartillon
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statistique on:a déterminé : la composition minéralogique normative de la fraction de sulfures ;
tes leis de-distribution des concentrations en éléments chimiques et les paramétres de distribu-

“tion (&, 5, 'V %, 4, IY) ; la corrélation binaire entre les concentrations des é]éments chimiques étu-
diés. Dans la figure 8 on a présenté les échantillons statistiques employés et leur signification
géolagique. :

- L'étude statistique défalquée pour la ,,population Burloaia-Gura Baiii”’ (fig. 8) a montlé
quautant les résultats concretes, ainsi.que le style des variations mises en évidence sont similai-
resjusqu’d 'identité pour-les successions de facies de Burloaia et de Gura Biii. C’est pourquoi
en va présenter; dans ce qui suit, les traits les plus importants acquis au niveau de Yenticre
popriation, qui sont Jes suivants :

LE I.’analyse minéralogique nermative de la flacllon de suifures a monlle que le passage des
tnincrais massifs (B) du faciés central (1) a des minerais.de dissémination (A) du faciés marginal
(I11) est accompagné également par la modification du rapport des snlfures. Ainsi, la concentra-
tion e pyrite augmente dans tous les:types de minerai, du faciés central vers celui marginal. La
eenceniration en sphalérite et en: galéne cécroit du facies central vers celui marginal, tout d’ab-
ord a cause de Ieflileinent, dans cc sens-1a, des minerais massifs dans lesquels elles ont Ia concen-
slraticn: maximale. La-chalcopyrite n’enregisire pas de variations concentrationnelles, ni entre
les . fucits, ni--cntre. les {ypes- de minerai.

i.cs lois de distribution des éléments clnmlqucs élu(hes dépendent de la concentration de

+1a fraction:de sulfures (2is), autrement dit du type pétrographique de minerai. Dans les mincrais
-massifs prédomine-la lei normale ; dans les minerais de dissémination est prédominante jusqu’a
Fexclusivité:la loi lognormale; et .dans les minerais pré-massifs apparaissent les deux lois et en
-plus. les plus fréquentes anomalics de distribution. Une mention spéciale pour le cuivre, qui est
sistribué- seulement: dlapres- la loi.lognormale.
Vi - 1.a coneentration: en-éléments echimiques est determinée  également par la Loncentratxon
+de Ja:fraction de sulfures.(le type pétrographique de minerai) el par la valntmnfauologlquc des
minerais.:On. a enregislré trois eas de comportement :

a. Les ¢léments Zn, Pb et Ag ont une concentration mammalc dans les minerais massds
et notamment dans le faciés central ; Ia concentration minimale est enregistrée daus.les minerais
«te: dnwmmauon ct -4 savoir dans.le; faciés marginal. ) . .

. Le cuivre présente de petites variations de concentration et une faible tcndance de cou-

wentration; dans le dacits -marginal.

¢ L¢ soufre manileste:nne tendance d’augmentaiion. de la- concentration dans tous les
‘types de mifierais, du faciés eentral Vvers celui' marginal ; mals, comme moyenne sur: faciés, il
décroit sensiblement (Izms lc méme sens (I vers Ill) Le comportément’ disjonetil du ciifvre p‘hr
rappcti nu\ autres élcmcnts entiaine sa conccntra jon relative dans lc faciés marginal. C'est
ce Lompm tement qui ost lc trait ie plus ])'IILICHllCI des minerais du niveau Bmlmxa Gura Bail
et qul apparait  tout i faxL evldcnt dans la succession dc I‘aucs de ]a zone de Burloaig, (sub-
population Burloaja).. | ) . ) o

I.a concentration moyenne totalc des elemenls éludiés (S + Zn + Pb + Cu 4 Ag) est
maximale dans le faciés cenlral el minimale dans celul marginal. En ensemble, les minerais du
s facies central (1) sont pyriteux-pelymétalliques. et ceux du faciés marginal (111) — pyriteux ou
pyriteqx-cupriféres. -
Tous les trails. el lcs paran.ulles d(s minerais du fa(:os intermdédiaire (11) sont.médians

ipar rapporl aux faciés extrémes et similaires jusqu’d U'identilé. a ceux moyens.obtenus pour toute

la pepwlaticn Eutlcaia-Cura &L E . .. o,
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La corrélation binaire entre les concentrations en éléments chimiques dépend de la con-
centration de la fraction de sulfures (le type pétrographique de minerai). Dans les minerais de dis-
sémination (A) la corrélation est tout a fait positive et significative. Dans les minerais massifs:
(B) la corrélation est diversifiée (1), (—) et significative. La corrélation dans les minerais pré-
massifs est similaire & celle des minerais massifs, mais moins intense. Il faut signaler les corré-
lations négatives enregistrées pour le Zn, le Pb, le Cu avec S dans les minerais massifs; dans ces:
mineraisle Zn et le Pb ont aussi corrélation négative avec le cuivre.

Dans ’étude statistique défalquée pour les minerais du niveau Dealul Buc#lii, notam-
ment la ,,population Dealul Bucdlii’’ (fig. 8) on a employé comme ¢chantillons statistiques seule-
ment les sélections pétrographiques correspondant aux trofs types de minerai (A, AB, B). On a
constaté que les lois de distribution et les corrélations binaires entre les concentrations en élé--
ments chimiques étudiées sont pareilles & celles observées pour les minerais du niveau Burloaija-
Gura Biii.

Les concentrations en éléments chimiques, autant sur des lypes pétrographiques de mi-
neraiainsi qu’en énsemble, sur toute la population, sont sensiblement différentes de celles obser—
vées au niveau Burloaia-Gura Biii.

La derni¢re partie de I’étude statistique présente les résultats acquis par I'analyse globale
des tendances de concentration en surface des éléments chimiques pour les deux niveaux a sul-
fures. )

Les données individuelles introduites dans les calculs représentent des valeurs moyennes.
"de la concentration en 1’é]ément étudié sur toute I’épaisseur de la séquence minéralisée, dans un
point donné, avec des coordonnées tdpographiqucs connues. Ainsi, les surfaces de tendances ob-
tenues sont une simulation de 'évolution des concentrations moyennes en éléments chimiques.
dans 'aire de développement des minéralisations, exprimées par des courbes d’équiconcentration.

Tout le volume de calculs, I'interprétation et I’affichage des surfaces de tendances ont été
effectués par calculateur. On a effectué sept degrés d’approximation, dont on a sélectionné
pour présentation les approximations du I1l-e et V-e degrés pour le niveau Burloaia-Gura Baii ;.
notamment III-e et VII-e degrés pour le niveau Dealul Buci}ii. Ces planches sont attachées aux
annexes de "ouvrage.

Pour le niveau Burloaia-Gura Baii, les suivants éléments mis en évidence par ce modéle
d’analyse sont de premier intérét :

Le S, le Zn et le Pb présentent des valeurs des concentrations maximales superposées l'une
a lautre, en coincidence avec 'aire attribuée par lever géologique aux faciés centraux.

Le cuivre manifeste un comportement disjonctif envers le S, le Zn et le Pb, pareils a celu
offert par Yanalyse statistique défalquée.

La zone de Gura Biii présente un modéle avec un seul maximum et la zone de Burloaia —
un modéle avec plusieurs maxima conjugués (.,satellites” autour d’un maximum principal).

Pour le niveau de Dealul Bucitii on n’a pas saisi de variations pareilles a celles du niveau
supérieur. La non concordance entre les images de I’approximation du IIl-e et du VII-e degrés
suggeére Pabsence des traits dominants et ne permet pas d’interprétations génétiques satisfai-
santes, auxquelles on pourraient faire confiance.

En conclusion, les minerais du nivean Burloaja-Gura Béii sont les produits métamorphi-
sés des dépdts syngénétiques de nature hydrothermale. Us se sent formés en milien marin par
précipitation, sur la surface active de sédimentation, des solutions hydrothermales. Les solutions
ont été émises sur un canal central du type d'une source (modéle Gura Baii) ou d’un groupe ce
sources conjuguées (modéle Burloaia). Le faciés central est ’équivalent des dépéts formés au
proche voisinage de la source. Les faci¢és intermédiaire et marginal sont les équivalents des dé-
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péts formés des solutions ayant migrés et qui se sont différenciées latéralement. Le principa
facteur de ségrégation c’est la précipitation différencielle des sulfures en milieux &4 eoneentration
progressivement décroissante en soufre.

Les minerais du niveau Dealul Bucitii sont considérés syn-épigénétiques, formés par
P’imprégnation des dépdts sédimentaires pré-existants au proche voisinage de la surface active
de sédimentation. Les éléments minéralisateurs ont été transportés par des exhalations et, moins
probablement, par des solutions hydrothermales.

INTREBARI

D. Giuscd: Ce nivel de incredere au determinarile de visrtd absoluti prin metoda
Pb-Pb?

Rdspuns : Determindrile de virste izotopice prin metoda Pb-Pb au un nivel ridicat de in-«
credere, confirmat de raporturile izotopilor 206 Pb/204 Pb, 207 Pb/204 Pb, 208 Pbj206 Pb
ale plumburilor din galenele minereurilor studiate, raporturi care sint similare celor observate
la plumbul ,,primitiv’ cu evolujie monostadiald (necontaminat) caracteristic acumulirilor
vulcanogen-sedimentare, asa cum au fost definite de citre Russell si Farqghuar (1960);
Yorksi Farquhar (1973); Armstrong si Hein (1973). Pe baza virstelor izotopiee
Pb-Pb, minereurile formatiunii Dealu] Buci{ii se coreleazi cu cele din ,,zona a II-a” FLesul
Ursului, jar cele din formafiunea Burloaia-Gura Biii, cu cele din ,,zonele I sia II-a” de la
Lesul‘Ursului. Aceastd corelare are un grad ridicat de incredere, chiar daci virstele izotepice
in detaliu vor mai suferi modificiri in viitor.

EXPLICATIONS DES PLANCHES
Planche I

Gura Baii
Position du niveau a sulfures Burloaia-Gura Biii

1, Minerai massif (B). Au niveau de I'horizon : a 1410 ; b 1460 ; 2, minerais pré-massifs (AB) et/ow
de dissémination (A) en chloritites ; 3, minerais de dissémination en schistes chlorito-muscovi-
tiques quartzitiques etfou quartz-muscovitiques+chlorite ; 4, points de superposition des dia-
grammes de tendances pour : S, Cu, Pb et Zn; 5, limite entre faciés: I, faciés central; II,.
faciés intermédiaire ; III, faciés marginal.

Planche IV

Burloaia
Position du niveau a sulfures Burloaia-Gura Baii

A, le niveau a sulfures 2 I'horizon minier; B, signes pétrographiques : 1, minerajs de dissémi~
nation en schistes quartz-muscovitiques (métapsammites) supérieurs ; 2, minerais massifs; 3
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-minerais pré-massifs et.minerais de dissémination en chloritites ; 4, minerais de: dissémination
wen- schistes chlorito-muscovitiques et schistes quartz-chlorito-muscovitiques inférieurs; C, autres
‘signes :-5, failles-ét indices de corrélation entre horizons ; 6, cadre de corrélation avec les dia-
gea mmes de .tendances de la distribution S, Pb, Zn, Cu dans le gisement.

Planche VII

Minéralisations de sulfures — Dealul Bucétii
R Plan des points d’échantillonnage

Planche VIII

) Minéralisations des sulfures — Dealul Bucitii
Y-lan des concentrations significatives pour S, Cu, Pb, Zn
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l Lerndinte ale distributiei S, P, Zn, Cy
m 2écsmint '

o

£ ) — :
7 = swen /[ /mils dintre fociesuri : I-facies central ,
L-Facies intermediar , T ~facies morginal.
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