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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.
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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
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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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1, ferric bauxites; 2, ferrous bauxites; durea Craiului.
3, deferrized Dbauxites; 4, limestone 1, ferric and ferroferric bauxites ; 2, fer-
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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 Crainlui Massif.
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