MM P. G
INSTITUTUL
DE GECLOGIE

al, o

i / COMPTES RENDUS
, DES SEANCES

VOL. 72-73
1885 ; 1986

BUCURESTI
ROMANIA

> 1988
v L& 14 h = o K
[ A_ Institutul Geologic al Romaniei



1y

= <

-Coperta: Cristian Vasile
o ikt
%
o 3

_(\ Institutul Geologic al Roméniei
IGR. ] "

Tuid



MINISTERUL MINELOR, PETROLULU! S| GEOLOGIE!
INSTITUTUL DE GEOLOGIE" S| GEOFIZICA

DARI DE SEAMA

ALE
SEDINTELOR

VOL. 72—-173
(1985 ; 1986)

2. ZACAMINTE

&

é’g” | /i/i7 ’fé

“3ﬂqoygm.ﬂ?
s

NN,
By
e
-

A~
BUCURESTI
1988



MINISTERE DES MINES, DU PETROLE ET DE LA GEOLOGIE
INSTITUT DE GEOLOGIE ET DE GEOPHYSIQUE

COMPTES RENDUS

DES
SEANCES

TOME 72—73
(1985 ; 1986)

2. GITOLOGIE

BUCAREST
ROUMANIE
1988



10.

11.

CUPRINS

Pag.

. Berbcleac I, Lazar C., Stefan AL, Rosa E. Baritina de la Cirjelari, Dobrogea

Bantmc de Cirjelari, 1Dobrogea (Résumé) .

. Constantinescu E., Ilinca Gh., Ilinca A. Laramian Hydrother nnl AlLelatmn and ore

Deposition in the Oravifa-Ciclova Area Southwestern Banat . . .
Alleralii hidrotermale si mineralizatii laramice in zona OQOravita-Ciclova. B'matul
de sud-vest. (Rezumat)

. Censtantinescu E., Ilinca Gh., Ilinca A. Contubutwns to thc Stud\ of the Ol‘\\ﬂ,d-

Ciclova Skarn Qccurrence, Southwestern Banal . .
Contributii la studiul Skarnelor de la Oravita-Ciclova (He/umat)

. Manilici V. Datc asupra compozitiei mineralogice si a temperaturilor de cristalizare

a mineralelor din zicimintul Baifa-Nistru (Jud. Maramures) . .
Données sur la composition minéralogique et les températures de cuslalhsatlon du
minerai du gisement de Biila-Nis{ru (département du Maramures) (Résumé) .

. Nedeleu L., llinca Gh. Elemente structurale si mineralizaiii in Figirasul de est

Structural elements and mincralizations in East Figiras (Swmmary) .

. | Papiu C. \»'.,] Josol V., Riadan S. Constitution and Genesis of the I.ower Jurassic

Fircelay Formation of the Padurea Crajunlui Massif o
Alcituirea si geneza formafiunii argilelor refractare jurasic-inferioare din masivul
Pidurea Craiului (Rezumat)

.4 Papiu C. V., Tosofl V., Radan S. Chemical-Mineralogical Study of the
N

Lower Jurassic Fireclay Formation of Anina (Banat) . e
Studiul chimico-mineralogic al f{ormatiunii argilelor refractare jurasic-inferioare
de la Anina (Banat) (Rezumat)

.| Papiu G. V., | Tosof V., Ridan S. Chemical-Mineralogical Study of the

Lower Jurassic Fireclav Formation of Cristian-Holbav (Brasov District) .
Studiul chimico-mineralogic al formatiunii argilelor refractare jurasic-inlerioure
dc la Cristian-Holbav (Jud. Brasov) (Rezumat)

. Pomarlecanu V., l Lazar C., l Intorsureanu I. Fluid Inclusions in the Mincraliza-

tions Irom the Valea Lita-Biisoara —Cacova lerii Area (Apuseni Mountains)
Incluziunile fluide in mineralizatiile din zona Valea Lila-Baisoara-Cacova lerii
(Muntii Apuseni) (Rezumat)

Pemaricanu V., Mirduld E., Neagu E. Contributions concernant les minéralisations
de Bogza (Dobloﬂea de nord)

Conlribulii referitoare la mmeralwa;ulc de la Boo/a (I)oblodca dc nord) (lxc—
zumat)

Pomarleanu V., Neagu E. Fluid Inclusions in the B«'Iineralizalions/at Tibles : Tmpli-
cations in Mineralogenesis e e e e
Studiul incluziunilor fluide din mmelahmi,ule de la lelcs implicatii in mineralo-
genezd (Rezumat)

. Sandulescu M., Udubasa G., Micu M. Palecogeography of the Subcarpathian Miocenc

and the Genetlc Model of the Jitia — Type Mineralization .
Paleogeogralia miocenului subcarpatic si modelul genetic al mmerahzat;lm cln L11)
Jitia (Rezumat)

b
ot

]
3

43

47

62
63

73

88

91

106

109

124

127

141

157

166

169

190



Responsabilitatea asupra continutului articolelor revine
in exclusivitate autorilor

Coordonator stiintific : dr. G. UDUBASA

Redactor : N. CONOVICI
Traducdtori : A. BAJENARU, R, CAPITAN, R. NEGREA,
D. RADULICI, A. BRATU
Tlustratia : V. NITU V. VBAD

Dat la cules : februarie 1988. Bun de tipar @ iunie 1988
Tiraj : 700 ex. Hirtie scris 1. A, Format 70,X100/56 g.

Coli de tipar : 18%,. Comanda @ 563,
Pentru bibliotect indicele de clasificare 55(058)

Tiparul executat la
Intreprinderea Poligratfici ,,Informatia“
Str. Brezoianu nr. 23—25, Bucuresti — Romania

4 CUPRINS 2
Pag.
13. Stefan A, [ Lazdr C., | Berbeleac 1., Udubasa G. Evolution of Banatitic
Magmaltism in the Apuseni Mts. and Associated Metallogenesis . ... . 195
Evolujia magmatismului banatitic din Munf{ii Apuseni si metalogeneza asociatd
(Rezumat) e e e e e s e e e e . 210
14. Ticleanu 'N., Andreescu 1., Bi{oianu C., Pauliuc C.;~Nicolae Gh., Nicolae V., Po-
pescu A., Barus T., 'Pislaru T.,‘ Grigorescu G., Ticleanu M. Remarks on the
Relationship between the Spatial Distribution of the Coal Complexes in the
Olt-Jiu Sector and the Structural-Genetic Factors RN .o ... 215
Observatii privind relatiile dintre distributia spatiald a comple\clcr cirbunoase din
sectorul Ol-Jiu s§i factorii structural-genetici (Rezumat) ... 225
15. Ticleanu N., Andreescu 1. Considerations on the Development of Pliocene Coaly
Complexes in the Jiu-Motru Sector (Olienia) e e e e 227
Consideratii privind dezvoltarea complexelor cirbunoase pliocene din sectorul
Jiu-Motru (Rezumat) . . . . . . 243
16. Ticleanu N., Bitoianu C. Drawing up two T\ pes of Humzto Genchc \Iaps Ior Neo-
gene Coal Deposits in the Borod Basin (east of Oradea) and in the Mihaita-Pre-
desti Zone (Oltenia) . .. 245
IZlaborarea a doud tipuri de har h hurm’ro genetice pentru depontelc neogene cu
carbuni din bazinul Borodului (¥ Oradea) si zona Mihai{a-Predesti (Oltenia)
(Rezumat) . . ... 267
17. Udubasa G., FHann P. H. A Shcar-/one Re]atcd Cu—’\u Ore Occmrcnce Valea
Iui Stan, South Carpathians e e 259
Mineralizatiile tectogene de Cu—Au de ]a Va]w ]m St"m, Carpatii Meridionali
(Rezimat) e e e e 280
18. Udubasa G., Hirtopanu P., Hartopanu 1., Gheuca I., Dinicd 1. The Metamorphosed
Cooper-Nickel Mineralizations from the VilsanValley, Figéras Mountains, . 283
Mineralizaliile de Cu—Ni, metamorfozate, din valea Vilsanului, Muntil Fégaras
(Rezumat) 309



D.S. Ins. Geol. Geofiz., vol. T2—73/2 (1985 ; 1986), 1988, pag. 5—11
2. ZACAMINTE

BARIPINA DE LA CIRJELARI, DOBROGEA !

DE

10N BERBELEAC?, [CONSTANTIN LAZAR| ?, AVRAM STEFAN 3,
EMILIAN ROSU ?

Barite deposits. Devonian. Paleozoie limestone. Alkaline rhyolile. Mincralogical sludy
Contact melamorphism. Dobrogea — Central Dobrogea.-

qn
Abstraet

Cirjelari barytine, Dobrogea. Near Cirjelari, south of Valea Satului, in the neighbourhood
of the contact between Paleozoic alkaline rhyolites (4 riebeckite) on one side and Devonjan
limestones together with Presilurian phyllitic shales on the other side, on about 200 m? area,
several baryitine and limestones blocks and fragments occur. In the area with barytine blocks
as well as in the whole region, rhyolites are strongly laminated and show a lamination lineation
oriented N20°—40°W and obvious inclinations eastwards. Baritine, which is yellow-brown at
the surface and grey-yellow in the fresh break, is displayed in a parallel-banded and fine-gra-
nular structure. Sometimes here, there are noticed spongeous.aspects caused by levigation of
primary minerals, possibly sulphides. Baritine microscopic study points out the presence of
stratified relict structures with obvious dynamo-metamorphic modilications of cataclastic,
protoclastic, mylonitic and blastomylonitic type; the main ninerals are haritiie and quartz,
subordinately occurs a micaceous mineral too. The presence of baritine blocks at Cirjelari im-
plies the existence in North Dobrogea of some haritine lenses or heds with or without sulphides,
probably in the lower part of Devonian limestones.

Résumé

Barytine de Cirjelari, Dobrogea. Aux environs de 1a localité de Cirjelari, au sud de Valea
Satului, prés du contact entre les rhyolites alcalines (4 riebeckite) paléozoiques, d’'une partie
et les calcaires dévoniens associés aux schistes phylliteux présiluriens d’une autre partie, on a

1 Predatd la 12 mai 1985, acceptatd pentru publicaré la 13 mai 1985, comunicals in se-
dinta din 24 mai 1985.

2 Intreprinderea de Prospectiuni Geologice si Geofizice, str. Caransebesur. 1, Bucuresti 32.

3 Institutul de Geologie si Geofizied, str. Caransebes nr. 1, R 79678, Bucuresti, 32.
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rencontré, sur une étendue de 200 m? environ, plusieurs blocs et fragments de barytine -e--
calcaires. Les rhyolites de la zone d’affleurement de la barytine et de toutelarégion, sont fortet
ment laminées ; les linéations de laminage sont orientées N20—40°W et pendage accentué
vers Vest. La barytine, jaunatre-brunatre 4 la surface et grisatre-jaunétre en cassure {raiche, est
disposée en rubans paralléles A structure & grains fins oli on remarque des corps spongieux en-
gendrés par la lévigation de certains minéraux primaires, possiblement sulfures. L’étude mi-
croscopique de la barytine met cn évidence la préscnce des structures reliques stratifiées a des
modifications accentuées dinamométamorphiques du type cataclastique, protoclastique, my-
lonitique et blastomylonitique; les minéraux principaux sont la barytine ¢t le quartz, y
apparait aussi subordonnément un' minéral*micaeé. La préscilcc des bloes de barytine a Cirje-
lari posc le probléme de 'existence en Dobrogea-de Nord, probablement dans la base des cal-
caires dévoniens, de quelques lentilles ou couches de barytine avec ou sans sulfures.

.

Pind in prezent, la Cirjelari n-a fost semnalatd prezenta baritinei.
In cursul cercetidrilor noastre de terén din 1984 a fost constataté existenta
mai multor blocuri i fragmente de baritind si calcare, toate situate in
dealul de la sud de Valea Satului,in apropierea contactului dintre rocile
riolitice si formatiunile presiluriene s§i devoniene (figura). Aici, la
cca 150 m de contactul amintit, in versantul vestic al dealului constituit din
riolite alcaline, pe-o arie de cca 200 m?, s-au intilnit fragmente si blocuri
de baritind si calcare cu conture angulare si dimensiuni centimetrice rar
pind la 1 decimetru. In general fragmentele i blocurile de baritind predo-
ming asapra calcarelor. Notdm faptul ci in rocile riolitice din jur, in ge-
neral masive, nu s-au observat fragmente si blocuri de baritind si calcare.
Riolitele in aceastd zond, ca de altfel in intreaga regiune, sint puternic
laminate, lineatia de laminare avind orientare N 20—40° W si inclindri
accentuate spre nord-est. Aici, pe alocuri $i mai ales in regiunea Piatra
Rosgie — Muchia Mare, riolitele sint puternic silicifiate i mineralizate cu
hematit si piritd. Zonele alterate se asociazd sistemului de fracturi cu ori-
entare NW-SE si, NE-SW.

Formatiunile presiluriene apartin probabil seriei superioare slab
metamorfozate (Mirdutsd et al. 1968) reprezentatsi de cuartite albe, filite
sericitoase, filite grafitoase, subordonat sisturi verzi tufogene. Devom—
anul este reprezentat de calcare albe §i cenusii recristalizate (Mirdutd
1966) ; recristalizarea pregreseazé de la ivirile sud-estice spre cele nord-
vestice (figura) si este consideratid ca fiind determinatd de un metamor-
fism termic asociat unui magmatism probabil paleozoic.

Jurasicul cuprinde calcare tithonice alb-cenusil, usor rosiatice si
masive situate probabil transgresiv peste formahumle devomene Loe-
ssul este larg raspindit (fig.).

Doud sisteme principale de fracturi afecteazd formatiunile din re-
giune : unul mai vechi, cu orientare NE-SW, anterior riolitelor §i calcare-
lor jurasice care a determinat ridicarea formatiunilor presiluriene si altul
mai recent, cu orientare N'W-SE, care delimiteazi riolitele de forma,tl—
unile presﬂurlene, devoniene $i calcarele jurasice ; ultimul sistem se aso-
ciazd probabil zonei de fracturi Pecineaga- Camena, situatd la 1,5 —2 km
sud-vest.
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Fig. 1. Schi{# geologicd azonci Cirjelari-Dealul Virdria : 1, loess ; 2, calcare tithonice ; 3, riolite
alcaline ; 4, calcare recristalizate devoniene ; 5, roci df:triﬁcg devoniene ; 6, formatiuni paleozoice
nediferentiate ; 7, falie; 8, ivirea cu blocuri de baritiné';"g,/ silicifieri ; 10, carierd ; 11, sectiune
geologica. Y = g

Schéma géologique de la zone de Girjelari-Dealul Viariria: 1, loess; 2, caléa;res tithoniques ;
_3, rhyolites alcalines; 4, calcaires recristallisés dévoniens; 5, roches . détritiques
devoniennes; 6, formations paléozoiques non différencfées; 7, faille; 8,'» éffleurement a

blocs de barytine; 9, silicatizations; 10, carriére ; 11,' coupe géologique. )

Mineralizajta de bariting

Fragmentele si blocurile de baritind au dimensiuni centimetrice, rar
ating un-decimetru. Culoarea acestora este gilbuie-cafenie la suprafats si
cenusie-gdlbuie in sparturd proaspiti. Pextura minereului este orientats,
cu aspecte spongioase punctiforme provenite din levigarea unor minerale
primare, probabil sulfuri. Unele blocuri se remarcs si prin prezenta unor
fisuri milimetrice nmplute cu baritini alb-cenusie. Rar, fragmentele si blo-
curile de baritini sint acoperite de cruste.cu hidrexizi de fier.

Studiul microscopic al baritinei evidentiazd prezenta structurilor
stratificate nilonitice, blastomilonitice etc. Minereul cuprinde in special
baritind si cuart; subordonat apare un mineral micacen si sulfuri.
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Structurile stratificate sint interpretate ca reprezentind relicte ale
structurii primare. Ele constd in conservarea in materialul fragmentelor
de minereu a unor alternante de ritmuri fine milimetrice alcituite din
bariting, cuart 4 un mineral micaceu, sau numai din baritind. Efectele
metamorfismului dinamic au modificat structurile initiale, acestea deve-
nind cataclastice, protoclastice, milonitice i blasto-milonitice.

Structurile cataclastice se caracterizeazd prin lipsa oricirei orien-
tdri a mineralelor din matrice.

Structurile protoclastice sint de asemenea frecvente, ele remarcin-
du-se prin prezenta in proportii de 35—50 9, a matricei neorientats ;
porfiroclastele de baritind si cuart nu aratd orientdri (Pl. I, fig. 2).

Structurile milonitice constd din porfiroclaste de bariting cu con-
ture angulare sau alungite inglobate intr-o matrice fin granulari. Pendinta
de orlentare a porfu’oclastelor de baritind ca si a mmeralelor din matrice
este evidentd (Pl. I, fig.1). In acest caz granulele si agregatele de cuart
si de baritind pot sau nu prezenta extlnc’gle ondulatorie. Matricea consti-
tuitd din cuart si baritind, la care uneori sporadic se adaugi mineralul
micaceu, este fin granularéd $i prezintd o structurd granoblasticd cu aspect
poligonat (Pl. I, fig. 1).

In multe cazuri sint prezente structurile blastomilonitice ; ele sint
rezultatul unor recristalizari pronuntate, care au sters partial structura
miloniticd a materialulni original (P1. II, fig. 1,2). Procesele de recristali-
zare au afectat neuniform materialul initial : cel mai adesea au fost afec-
tate zonele bogate in bariting, in timp ce cele mai bogate in cuart eviden-
tiazd o blastezs slabd. In acest caz, imaginea microscopicd redd contras-
tul dintre agregatele largi de barltlna fln cristalizatd, purd si transpa-
rentd si cele fine, zdrobite, nerecristalizate, care imbraca granulele izolate
de cuart sau cimenteazi zonele mai bogate in acest mineral (Pl. IT, fig. 2).
Asemenea zone au forme insulare sau cu totul neregulate, uneori cu ten-
dintd de orientare (P1. II, fig. 2). Recristaliziirile totale insd se recunose
prin existenta granulelor si agregatelor de cuart pur intr-o masd de ba-
ritind transparenti relativ larg cristalizatd. De asemenea, este interesant
de mentionat c& fisurile de baritini, cuart 4 calcedonie din agregatele de
cuary sau baritingd sint neafectate sau foarte putin afectate de recristali-
ziri determinate de metamorfismul dinamic.

Variatiile de structuri prezentate se regisesc de reguli in cadrul
aceluiasi fragment sau bloc de minereu de baritind. Tipic insd rimine
structura miloniticd care local prezintd treceri spre celelalte structuri
mentionate $i in special spre cea blastomiloniticd. Asemenea variatii su-
gereazd faptul ci fragmentele §i blocurile de baritind provin probabil
dintr-o lentild de baritini.

Recristalizéirile recunoscute microscopic sint de doud tipuri : statice
$i dinamice.

Recristalizdrile statice conduc la forme poligonale atit pentru bari-
tind cit §i cuart. Variatiile de dimensiuni ale granulelor in marea majori-
tate a cazurilor sint neinsemnate in cadrul aceluiasi ritm. La mineralul
micaceu neidentificat, recristalizérile sint recunoscute prin prezenta cris-
talelor fin alungite, aliniate foliatiei de deformare, asociate cu o matrice
in care se recunosc $i granule de cuart si baritind cu tendinte de orien-
tare.
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Foarte variate sint aspectele de deformare suferite de mineralele
mentionate. Astfel baritina porfiroclasticd prezintd pronuntate extinctii
ondulatorii §i macldri polisintetice iar adesea lamele de macle sint usor
curbate. Macldrile polisintetice (P1. T, fig. 1) au o distributie neuniforms
frecvent fiind observate numai in anumite portiuni ale granulelor. Tot
freevente sint si maclele dupé dou&t directii, maclele ultimmului sistem in-
tersectind pe cele anterior formate (Pl. I, fig. 1). Maclele de deformare
(PL. I, fig. 1,2), ca &i liniile de alunecare cu conture curbate remarcate la
unele porfiroclaste de baritind sint, de asemenes, rezultatul deformirilor.
Cuartul porfircclastic prezintd extinctii ondulatorii, iax uneori arats sub-
structuri de deformare. La mineralul micacen deformarile au condus la
aglomerarea lui lentiliformé& sau fusiformd. Finge-uri simetrice de mine-
ral micaceu in umbrele de presiune ale cuartului sau de baritind dupé
mineralul micaceu, au fost de asemenca remarcate.

Spoeradic in masa baritinei au fost intilnite granule alungite de cu-
art, aseminitoare celor de naturd hidrotermald crescute postdeformare.

Dupd cum s-a mentionat in aria de rdspindire a fragmentelor si
blocurilor de haritind s-au intilnit i calcare cenusii gdlbui usor rozii cu
entroce de crinoizi, de virstd probabil devoniani.

O analizd chimicd a unei probe de baritingd a indicat un continut de
87,69 9, BaSO, si 0,24 9, BaCO;. Dintre ceilalti componenti chimici cel
mai important este Si0, ; ceilalti componenti au o pondere nesemnitfica-
tiva.

Dintre elementele minore pot fi mentionate Cu, Pb, Zn i Bi; conti-
nuturile acestora, stabilite prin analizd spectrald informativd, sint mici
{0,00x 9).

Avind in vedere caracterele structurale, texturale, mineralogice si
chimice se poate presupune cd materialul initial a reprezentat un sedi-
ment format in conditii de mare putin adincd. Milul de bariting format
in mediu oxidant, impurificat periodic cu cuart detritic a condus la textu-
rile rubanate. Procese ulterioare in special metamorfismul dinamic, au
condus 1a aspectele structural-texturale si mineralogice actuale.

Prezenta fragimentelor si blocurilor de baritind si de calcare de la
Cirjelari, intilnite in apropierea contactului tectonic al riolitelor alecaline

cu formatiunile devoniene, sugereazd existenta in adincime a unor mine-
ralizatii stratiforme de baritind. Aceste mineralizatii sint probabil de
virstd devoniand si s-ar situa in baza calcarelor (figura). Se poate presu-
pune ci baritina a fost scoasil la suprafaid fie de cdtre riolite, fie de frac-
turi. Notdam ¢t in afard de ocurenta mentionatsd in regiune, blocuri de ba-
ritind, de ealeare si sisturi slab metamorfozate au mai fost intilnite in aria
riolitelor din Muchia Mare, situatéd la cca 2 km NE.

Ocurenta de baritind de la Cirjelari, aduce in atentie pentru prima
datd prezenta in depozitele devoniene din Dobrogea a unor mineralizatii
de baritind. Acest fapt implicd perspective economice favorabile pentru
noi resurse de baritind.



10 BARITINA DE LA CIRJELARI 6

BIBLIOGRAFIE

Mirautd 0. (1966) Contributii la cunoasterea formatiunilor paleozoice din partea sudici a Mun-
tilor Micin. Acad. RSR. Stud. cerc. geol., geofiz., geogr., ser. Geol., 11, 2, Bucuresti.

. Mutibac V., Bandrabur T. (1968) Harta geologicd a R. S. Romania, scara 1 : 200.000,
Foaia Tulcea, Inst. Geol. Geoliz., Bucuresti.

BARYPINE DE CIRJELARI, DOBROGEA

(Résumé) (

Au sud de Valea Satului, prés du contact entre les rhyolites alcali-
nes paléozoiques, les calcaires dévoniens et les schistes phylliteux pré-
siluriens, on a rencontré, sur une surface de 200 m? approximativement,
plusienrs blocs et fragments de barytine et calcaire. Ces fragments et
bloes, situés & une distance de 150 m environ du contact mentionné, pré-
sentent des contours anguleux et dimensions centimétriques, rarement
1 din; la barytine prédomine par rapport aux calcaires.

Les rhyolites de la zone d’afflenrement de la barytine, d’ailleurs
dans toute la région, sont fortement laminées, & linéations de laminage
orientée N20—40°W et pendage accentué vers l'est.

Les fragments et les blocs de barytine sont jaunatre-brunatres & la
surface et grisdtre-jaunatres en cassure fraiche. La barytine se dispose en
rubans paralléles, ayant une structure 2 grains fins ol on observe des
corps spongieux ponctiformes engendrés par la 1évigation de quelques mi-
néraux primaires, possiblement sulfures. ‘

I’étude microscopique de la barytine reléve la présence des struc-
tures reliques & des changements accentués dinamométamorphiques de
type cataclastique, protoclastiques, mylonitiques et blastomylonitiques.

La barytine et le quartz représentent les principaux minéraux des
blocs et fragments de barytine; y apparait subordonnément un minéral
micacé.

Les minéraux mentionnées subissent des déformations tres variées.
Ainsi, la barytine porphiroclastique présente des extinctions ondulatoires,
macles de déformation et zones de glissement. Les substructures de défor-
mation sont aussi fréquentes; le quartz porphyroclastique domine ; dans
les ombres de pression du guartz apparait le minéral micacé. Rarement,
on & reconnu des cristaux prismatiques de quartz et des fissures remplies
de barytined-quartz, formées probablement aprés la déformation.

La présence ces blocs de barytine & Cirjelari pose le probléme de
Pexistence, en Dobrogea de Nord, possiblement dans la base des calcaires
dévoniens, de quelques lentilles et lits de barytine avec ou sans sulfures.
Résulte des études microscopiques que ces accumulations seraient d’ori-
gine sédimentaire. On a attribué & la barytine I’4ge dévonien, grice &
Pabsence de la région des dépdts triasiques qui, en Dobrogea de Nord, sont
associés a des minéralisations de barytine d’origine sédimentaire et hy-
drothermale.
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EXPLICATIA PLANSELOR

Planga I

- 1 — Milonit. Matricea orientati si porfiroclaste de baritind maclate. N+ (x100).

Mylonite. Matrice orientée et porphyroclastes de barytine maclés. N4+ (x 100).

. 2 — Protoclasit. Porliroclastele dec baritind si cuart si matricea nu prezinti orientiri.

N+ (x100).
Protoclasitc. Les porphyroclastes de barytine et quartz et la matrice ne présentent
pas des orientations. N4+ (x100).

Planga 1T

. 1 — Blastomilonit si fisurd post metamorfism dinamic cu cataclasite. N+ (x100).

Blastomylonite et fissure post-métamorphisme dinamique & cataclasites. N4 (x 100).,

ig. 2 — Resturi milonitice de baritind si cuart (cenusiu-negru) in agregate largi de baritind

fin granulard (cenusiu). NII (x 80).
Débris mylonitiques de barytine et quartz (grisdtre-noiratre) dans des agrégats larges
de barytine finement granulaire (grisitre). NII (x 80).



_(’\ Institutul Geologic al Roméniei

\_IGR./




D.S. Inst. Geol. Geofiz., vol. T2—T3/2 (1985 ; 1986), 1988, pag. 13—26
2. ZACAMINTE

LARAMIAN HYDROBHERMAL ALTERATION AND ORE
DEPOSITION IN THE ORAVITA—-CICLOVA AREA. SOUTH-
WESTERN BANAT !

BY
EMIL GONSTANTINESCU %, GHEORGHE ILINCA 3, AURORA ILINCA 3

Hydrothermal alterations. Mineralizalions. Scheelile. Molybdenite. Tellurides. Sulphosalts-
Kobellite. Eleciron microprobe analyse. Microlecionics, South Carpathians, Getic and
Supragetic Sedimentary Domains. Resifa-Moldova Noud Zone. Neocrelaceous-Paleogene
magmaliles. Hornfelses. Skarns. Oravifa-Moldova Noud.

Abstraet

In the Oravifa-Ciclova area, the following mineralization types were identified : Cu-+Mo
(in granodiorites), Cu-+Bi+W (in garnetiferous skarns, granodiorites, and hornfelses), Cu+
pyrite (in recrystallized limestones), Cu4+Mo-+W (in garnetiferous-vesuvianitic skarns and
monzodiorites), Gu-+Co--As (in propylitized skarns and monzodiorites), Cu--Pb-+Zn (in mon-
zodjorites). Within the mineralization, a mineral was pointed out for the first time in our
country : kobellite 5PbS . 4(Bi, Sb),S;. Although the ore deposits, in their large majority, are
hosted by skarns, they are genetically related to the hydrothermal evolution stage. The identi-
fied hydrothermal assemblages (i.e. tourmaline-orthoclase-quartz ; potassiur feldspar (ortho-
clase-adularia)-biotite ; quartz-epidote-actinote-chlorite-calcite ; quartz-sericite ; zeolites-calcite)
reflect for the study arca as a whole, a relatively continuous evolution of hydrothermal solutions
from an acid-oxidating to a basic-reducing character. Spatial-genetic corrclations between the
tourmaline-orthoclase-quartz assemblage and the scheelite mineralization from Chinisea Valley
as well as between the propylitic association with its passings to phyllic facies and the Cu+
<+ Bi 4+ W, Cu - Mo + W and Cu -+ Co + As mineralizations can be established.

1 Received on November 11, 1986, accepted for publication on November 11, 1986,
presented at the mepting on May 27, 1936.

2 Facultatea de Geologie si Geografie, Bd. N. Balcescu 1, R 70111, Bucuresti.

3 Intreprinderea de Foraj $i Lucriri Geologice Speciale, str. Caransebes 1, R 79678
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Résumé

Allerations nydrolhermales el des minéralisalions laramiennes dans la zore de
Oravife — Ciclova, le Banat de sudouest. Dans la zone d'Oravita-Ciclova on a identilié les
suivants types de minéralisations : Gu—DNo (dans les granodioriles), Cu-+Bi -+ W (dans les
skarns granaliftres, granodioriles et cornéennes), Cu--pyrite (en des calcaires recristallisés),
Cu~-Mo-~W (en des skarns propylitisées et monzodiorites), Cu-: Ph--7Zn (en des monzodior-
ites). Dans le cadre de Ja minéralisation on a mis en évidence, pou}‘ la premiére fois dans notre
pays, la kobellite 5PbS . 4(13i, Sb),S;. Bien que la majorité des minéralisations soient can-
tonnées dans les skarns, elles sont associées, du point de vue génétique, au degré d'évolution
hydrothermale. Les associations hydrothermales identiliées (tourmaline-orthose-quartz, fel-
dspath potassique-biolite, quartz-épidote-actinot-chilorite-calcite, quariz-séricite, zéolithes-
calcite). reflétent, dans I'ensemble de la région, une évolution relativement continue du pH
des solutions hydrothermales de I'acide vers basique. On peut établir des corrélations spatial-
génétiques entre Vassociation tourmaline-orthose-guariz et la minéralisation de scheelile de la
vallée de Chinisea, lout comme cutre Yassocialion propylitique A des passages vers des faciés
phylliteux ct les minéralisations de Cu--Bi+ W, Cu-- Mo+ W et Cu-+Co-+As.

Although known and mined in a rudimentary manner as far back
as in antiquity, the Oravita-Ciclova mineralizations became the subject
of some early geological mentions not before the second half of the 18th
century.

Within the mineralization, ssveral rare minerals were described,
namely scheelite, wolframite, argentite, cubanite, bismuthinite, native
bismuth, bismite, cobaltite, smaltite, glaucodot, erythrite, 16llingite,
hoernesite, native tellurium, tetradymite (Marka—1869, Zepharovich— .
—1859, 1875, 1893, Céddere—1925, 1926, 1927, 1928).

In 1948, Koch described for the first time in samples from Ciclova,
a bismuth telluride, which he called csiklovaite. In the case of two mii-
nerals which have remained unidentified, i.e. a Ni and Co sulphoarsenide
and a Bi telluride, only the chemical analyses carried out by Sipocz and
Grasselly (1886 respectively 1948, fide Réadulescu, Dimitrescu 1966) are
available.

A complex view of the Oravita-Ciclova ore deposits and their rela-
tions with the intrusive bodies and contact aureole has been given by
means of the last decades studies (e.g. Gheorghitescu, 1974 ; Cloflica et
al., 1976; Constantinof, 1980).

In 1977, Popescu and Constantinescu made detailed studies on the
mineralization, emphasizing the physiographic relationships between the
ore minerals as well as the main hydrothermal replacement features.
Five types of mineralizations have been outlined : (1) copper in crystalline
schists, (2) copper-molybdenium, (3) copper-bismuth-tungsten and subor-
dinately gold, (4) copper in hornfelses and (3) titanium in crystalline sehists.
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A complex study of the metallogeuesis related to Ciclova Laramian
magmatism and its contact aureole, by Cioflica and Vlad (1981), has poin-
ted out the main types of mineralizations (Cu-+Mo, Cu+Co+As, Cu-+ W,
Cu--Pb-+Zn), the ores deposition sequence and tlieir essential geoche-
mical and genetic characters.

General Data

The Oravita-Ciclova ore deposits are mainly hosted by the pyro-
metasomatic contact zone, in association with skarns.

The main types of skarns are given by the following assemblages :
(1) grandite (grossular 30—50 and), (2) wollastonite-grandite-tremolite,
(3) wollastomite-grandite, (4) grandite-scapolite (meionite) (5) wollasto-
nite-diopside-grandite-vesuvianite-clintonite, (6) grandite-vesuvianite, (7)
diopside-melilite (gehlenite), (8) wollastonite-diopside-humite (chondro-
dite) — grandite-vesuvianite.

Subordinately, the ore deposits are associated with thermal contact
metamorphism produces represented by : orthoclase-quartz-biotite-an-
dalusite (4corundum, cordierite), hornfelses, quartz-acid  plagioclase-
-biotite-clinozoisite hornfelses and recrystallized micro- or mesoblastic li-
mestones with rare separations of epidote, quartz and pyrite. To the same
effect, ores are to be found in association with Laramian magmatites
(hornblende-biotite granodiorites and porphyritic microgranodiorites, mon-
zodiorites, porphyritic monzodiorites).

2. Hydrothermal alterations

The Laramian igneous rocks, the skarns and hornfelses are marked
by intense hydrothermal alterations. We shall proceed to a brief descrip-
tion of the identified hydrothermal assemblages.

The tourmaline-orthoclase-quartz I assemblage is developed in the
upper course of Chinisea Valley against the background of garnetiferous
kkarns and porphyritic granodiorites, A correlation may be assumed bet-
ween the Chinisea Valley tourmaline and the scapolite occurrences in the
Rindunicii Brook, as they could signify a first wave of high temperature,
acidic and rich in mineralizers solutions, which are, to all appearances
transitional from pneumatolytic to hydrothermal conditions,

Tourmaline occurs as tiny radiat ed crystal aggregates with a mar-
ked pleochroism showing maximum absorption when the elongation of
the crystal is perpendicular to the vibration planc of the polarizer. It shows
pink, greenish-yellow and greenish-blue as colours of pleochroism,
indicating a member of schorl-elbaite series. Tourmaline constantly appe-
ars associated with sericitized orthoclase and quartz, but the mutual
relations are wavering.

The potassium feldspar (orthoclase II adularia )-biotite assemblage
(K-silicate facies) is coufined to a small part of the intrusive bodies, par-
tially affecting the porphyritic granodiorites from Cliinisea Valley and
Racilor Brook. The alteration consmtg in hornblende biotitization pro-
.cesses as well as in replacements and corrosions of plagioclase by ortho-
clase. Locally, along the fissures, potassinm feldspar is represented by



i6 E. CONSTANTINESCU et al. 4

adularia, which occurs as limpid euhedral crystals. In the Chinisea
Vallev granodiorites, adularia replaces orthoclase.

The gquartz II-epidote-actinote-chlorite-caleite I (4 albite) assemblage
defines the propylitic facies for the Oravita-Ciclova area. Propylitization
affects a wide spectrum of rocks: porphyritic granodiorites, diorites,
monzodiorites, skarns and hornfelses, often being superposed on other
assemblages which were already mentioned.

Epidote mainly occurs at the expense of skarn minerals, i.c. gar-
nets, wollastonite, vesuvianite, which it replaces peripheraly or along
fissures. Such processes are locally resulting in pseudomorphs after gar-
nets. Epidote also appears against the background of Laramian magma-
tites, especially sienites, wherce it substitutes potassium feldspar along
fissures and cleavages. Within propylitized recrystallized limestones from
the northern and northeastern slopes of Tilva Micd, epidote frequently
forms monomineral concretions ranging from 1 to 10 cm in diameter.

Chlorite is abundant in skarns and Laramian magmatites and its
occeurrence at the expense of tourmaline-orthoclase-quartz and potassium
feldspar-biotite assemblages, is always tyvpical. Within the magmatites,
chlorite replaces hornblende and biotite, often resulting in pseudomorphs.
The chloritization of magmatic primary biotite (in order to distinguish
it from the biotite in the K-silicate assemblage), is accompanied by a de-
titanization process which is marked by the appearance of sphcne or
rutile.

Actinote occurs frequently as inclusions in quartz and calcite or as
small monomineral veinform accumulations within porphyritic grano-
diorites.

The quarte ILI-sericite assemblage (phyllic facies) develops in the
porphyry-microgranodioritic and dacitic apophyses of the Chinisea Valley
intrusive body and more frequently in the Ciclova monzodiorites and
dykes. Members of quartz-sericite facles overlap the tourmaline-orthio-
clase-quartz assemblage and often obscure the effects generated by pro-
pylitization.

The zeolite-calcite IT assernblage is ascribable to the lowermoss
temperature phase of the hydrothermal alteration. Zeolites are represen-
ted by stilbite, thomsonite, scolecite-which occur mainly in skarus-and by
laumontite which is to be found mostly in Laramisn magmatites.

3. Deseription of ore minerals

Scheelite forms millimetric disseminations in a hody of tourmalini-
zed and feldspathized granodiorites in Chinisea Valley as well as of mon-
zodiorites and garnet-vesuvianite slkarns at Ciclova. Quite seldom, sche-
elite nodules over 1 em in diameter can be observed.

Under the microscope, scheelite appears as anhedral, high relief
crystals, associated with tourmaline, potassium feldspar and quartz or
with anisotropic garnets and vesuviauite. Sometimes, ervstals are rounded
or peripheraly corroded by calcite or adularia. In the (iclova zone, two
generations of scheelite can be emphasized.
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Molybdenite appears in the following characteristic assemblages «

— in granodiorites : +-chalcopyrite, pvrite, zeolites, calcite;

— in skarns and monzodiorites : -chalcopyrite, quartz.

Molybdenite occurs as veinlets, fine fils or discrete flakes. Mutual
relaticaship with chalcopyrite provides evidence for the tardy character
of molvbdenite (Plate I, Fig. 1).

Chalcopyrite is the most wide-spread almong the ore minerals. Its
characteristic associations are:

— in granodiorites : -~ molybdenite, pyrite, zeolites, calcite;

— in garnetiferous skarns, granodiorites and horufelses (north of
Oravita Vallev): - glaucodot, cobaltite, enargite, tetrahedrite, tetra-
dymite, tellurobismuthite, kobellite, sphalerite, chalcocite, covellite,
cuprite, malachite, azurite, erythrite, goethite, lepidocrocite, epidote,.
quartz, calcite, actinote, chlorite

— in garnetiferous skarns and monzodiorites (Ciclova): (a)--cuba-
nite, molvhdenite, pyvrite, azurite, malachite; (b) -+ glaucodot, pyrite,.
arsenopyrite, tetrahedrite, tennantite, Dbornite, covellite, chalcocite,.
native copper, erythrite, scorodite;

— in recrystallized limestones: 4- pyrite, pyrrhotite, cobaltite,.
marcasite ;

— in phyllitized monzodiorites : 4- galena, sphalerite, pyrite.

Chalcopyrite exhibits numerous mineralogical particularities, mainly
referring to Vickers hardness variation, optical anisotropy and relations.
with other ore minerals.

The early chalcopyrite generations which are associated with garne--
tiferous skarns and monzodiorites, are represented by crystals with rela-
tive strong birefringence, in dark brown hues, thereby revealing a muiti-
ple twinned structure. After Uytenbogaard and Burke—1971, an incr:ase:
in the birefringence of chalcopyrite is dietated by a higher iron content.
The Vickers hiardness measurements in these particular cases, show very
high values : VHN,, = 195—221 kg/mm? i.e. at the uppermost limits.
of the chalcopyrite microhardness range. -

The appearance of strong anisotropic chalcopyrite pleads for it= ge-
nesis at high temperatures which characterize the first stages of hydro-
thermal process. At the same time, a direct correlation between the iron
content and microhardness number may he reasonably inferred.

The high temperature chalcopyrite replaces or cements glaucodot
and cobaltite, Sometimes it siiows exsolutions of cubanite whicl are heli-
eved to oceur at temperatures ranging between 235 and 450°C (Borehert
1934, Ross 1934 fide Schwartz 1955). High temperature chalcopyrite is
frequently substituted by copper sulphosalts, native bismuth, bismuth
tellurides and sulphosalts.

As concerns the late chalecopyrite generations, optical anisotropy is.
invisible and the Vickers hardness values are appreciably lower:
VHN,, = 169—182 kg/mm?.

Low temperature chalcopyrite forms borders around enargitc and
tetrahedrite being in its turn replaced by native bismuth and bismuth

2 ~— c. 565
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tellurides and sulphosalts. Within the mineralization associated with the
monzodiorites from south of Oravita Valley and with propylitized skarns
from the Floreana, Tiganilor and Ciclova Valley chalcopyrite is replaced
by tetrahedrite, tennantite and quite locally by galena and sphalerite.
Within the ores associated with the Ciclova Valley monzodiorites, there
are frequent exsolutions of chalcopyrite in sphalerite. In recrystallized
limestones, mutual relationships between chalcopyrite and other ore mi-
nerals are hesitating. Within the supergene enrichment zone, chalcopyrite is
replaced by bornite, chalcocite, covellite and in the oxidized zone by
goethite and lepidocrocite.

Glawcodot seems to be the most abundant ore mineral in the Ciclova
Valley monzodiorites, its share being somehow reduced in the minera-
lization associated with the Chinisea Valley garnetiferous skarns and mag-
matites and with the Tilva Micd hornfelses. Characteristic assemblages :

— in garnetiferous skarns, granodiorites and hornfelses :i
-+ cobaltite, chalcopyrite, copper and bismuth sulphosalts, pyrite;

— in propylitized skarns and phyllitized monzodiorites (Ciclova) :
-+ pyrite, chalcopyrite, arsenopyrite, gersdorffite, copper sulphosalts,
sphalerite, galena.

Glaucodot forms euhedral crystals with seeming prismatic or rhom-
bic outline (Kig. 1A) and more frequently anhedral ones. Theyv are bri-
Lliant-white coloured and their anisotropy is invisible even under stron-
gest lightings. .The Vickers hardness wvalues are high: VHN,,_ i, =
= 900 —1000 kg/mm?, but it is difficult to establish a true hardness range
due to the intense fractured identitation. Glaucodot is penetrated and
cemented by chalcopyrite (Fig. 1B) as well as by copper or bismuth sul-
phosalts (Fig. 1C). In the oxidized zone, glaucodot passes into erythrite
and iron oxides and hydroxides.

Cobaltite (PL. 1 fig. 2) seldom occurs as euhedral crystals, with high
relief and visible anisotropy in grey and brownish-grey hues. It is asso-
ciated with chalcopyrite, pyrrhotite and pyrite in the mineralization hos-
ted by recrystallized limestones.

Gersdorffite appears quite locally as low relief inclusions in a body of
glaucodot and arsenopyrite. Its colour is white with a weak yellowish tint
as compared to that of glaucodot or arsenopyrite and in crossed polars is
isotropic. The Vickers hardness at 100 g loading ranges between 730 and
910 kg/mm?* Measured reflectances for 487, 552, 591 and 658 nm are :
47,48; 46,562; 46,35; 46,879%,. The reflectance spectrum is rendered in
fig. 2.

Arsenopyrite occurs -in association with glaucodot, cobaltite, gers-
dorffite, tetrahedrite, tennantite and skorodite. It forms anhedral _erys-
tals with marked anisotropy. In the oxidized zones, replacements of a Arse-
nopyrite by skorodite are commonly (Fig. 1D).

Skorodite Fo(AsO,) -2H,0 i3 a typical minsral of the arseno-pyrite-
-bearing oxidized zoues in the Ciclova area. This occurrence, previously
not mentioned, is significant as it provides evidencs for supargens altera-
tion processes, carried on in a warm and moist climate. X-ray diffraction
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Fig. 1—24, Glaucodot crystals (gl) in a quartz gangue (g) (Trei Crai gallery-Ciclova): B, glau-

codot (gl)y penetrated and cemented by chalcopyrite (¢cp), (Emil gallery-Chinisca Valley); C

glancodot (gl) penetrated Dby temnantite (in), (l.obkowitz gallery-Ciclova); 1), arsenopyrite

(mi) replaced by skorodite (sc¢) (Trei Crai gallery-Ciclova), E, tellurobismnuthite (th) with tetra-

dymite (td) inclusions forming a border around chalcopyrite (ep) (Emil gallery-Chinisea Valley) ;

F, kobellite (kh) associated with chalcopyrite (cp) and quartz gangue (g), (Ewil gallery-Chinisea
Valley).
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study of skorodite was accomplished and the obtained d/n values are ren-
dered in table 1.

TABLE 1

Calculated dfn and I values for a skorodile and arsenopyrile mixture
(Trei Crai gallery)

d/n I d/n mYH d/in s®
5.5672 56 5.56 N
4.9509 19 4.95 s
4.4541 100 4. 44 H
4.0720 22 4,06 S
3.7891 22 3.78 S
3.6584 30 3.669 m
3.3623 19 3.36 s
3.1662 90 3.16 s
3.0516 63 3.05 s
2.9867 34 2.98 S
2.8455 22 2.843 2.84 s, m
2.7863 20 2.783 m
2.7191 16
2.6503 100 2.662 m
2,578 47 2.58 s
2.4951 31 2.50 S
2.4471 80 2.443 m
2.4047 73 2.412 m
2.2132 33 2.206 m
2.1126 19 2.11 s
2.0480 25 2.04 S
1.9998 22 2.00 s
1.9467 32 1.943 m
1.8135 70 1.817 m
1.7945 16 1.79 S
1.7659 28
1.7502 28 1.75 N
1.6606 28 1.66 s
1.6321 29 1.629 m
1.6255 29 . 1.629 m

1) d/n m — d/n values for arsenopyrite (from Miheev — 1957)
2) d/n s — d/n values for skorodite from Durango — Mexico (Miheev — 1957).

Copper sulphosalts are represented by tetrahedrite, tennantite and
enargite. Characteristic associations :

— in garnetiferous skarns and hornfelses : 4 chalcopyrite I, II,
bismuth sulphosalts;

— in propylitized skarns and monzodiorites : 4 glaucodot, chalco-
pyrite, sphalerite, galena, arsenopjyrite.

Obtained Vickers hardness values are as follows: tetrahedrite
VHN,,_5, = 380—403 kg/mm?; tennantite — VHN,, = 270— 335 kg/mm?;
enargite VHN;, = 290—360 kg/mm?2.

Tetrahedrite and enargite replace high temperature chalcopyrite
within the mineralization associated with the Chinisea Valley skarns and
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magmatites and with Pilva Micé hornfelses (Plate 11, fig. 1, fig. 2), being
in their turns substituted by low chalcopyrite or by bismuth sulphosalts
and tellurides. In the mineralization hosted by the Ciclova Valley monzo-
diorites and skarns, tetrahedrite and tennantite in association with spha-
lerite, replace glaucodot and arsenopyrite.

Native bismuth occurs in the Chinisea Valley mineralized skarns,
opening the deposition sequence of the bismuth minerals. It has a bri- .
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lliant creamy-pink colour and strong optical anisotropy. The grains are
frequently anhedral, but tiny euhedral, short prismatic crystals, often
localized along fissures in tetrahedrite can be identified, too. The VHN,,
values range between 21 and 24 kg/mm?. Native bismuth is corroded by
tetradymite what states precisely their sequence of deposition.
Bismuth tellurides and sulphosalts are represented by tetradymite,
tellurobismuthite and kobellite. Tetradymite and tellurobismuthite are asso-
ciated with chalcopyrite and copper sulphosalts, the later being penetra-
ted along fissures and bordered by the former. Sometimes, tetradymite
forms inclusions in tellurobismuthite (fig. 1K), The Vickers hardness va-
lues are as follows : tetradymite — VHN;, = 35—69 kg/mm?; telluro-
bismuthite —VHN., = 52 —87 kg/mm?, Kobellite — in fact, an interme-
diary member of kobellite — tintinaite series (3PbS-4Bi,S,-5PbS-48b,S,)
characterized by a Bi/Sb ratio greater than unity (Uytenbogaard, Burke —
—1971) — was identified only in the Emil gallery waste in Chinisea Va-
lley. This mineral is now pointed out for the first time in our country.
As the available amounts of kobellite proved insufficient for a chemical
analysis, informations about the chemical compositions were obtained by
aid of electron-microprobe investigations (Plate III and IV). Kobellite
(fig. 1F) shows a weak bireflectance in white and greyish-white with pale
violaceous tints. It occurs as tabular or columnar crystals with good
cleavage, aligned to elongation (Plate V, fig. 1). Optical anisotropy is
strong (Plate V fig. 2) in greyish-brown hues and has straight extinction
in all sections parallel to the cleavage. The Vickers microhardness values
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are VHN;, = 65—164 kg/mm? Measured re*ﬂ\‘ctmmes Rg-Rp for 487,
552, 591 and 658 nm wavelenghts arve 43,70 —38,25 ; 44,19 —37,79; 44, OO~
—37,49; 43,81 —37,64%, the veﬂec‘uance spectlum is 1ende1ed 1n fm 2.
Kobelhie is associated with chalcopyrite, tetradymite, tellurobismuthite
and native bismuth.

Native gold appears sporadically as minute grains associated with
tetradymite and tellurobisnrathite.

4. Diseussion

The identified ore minerals in correlation with their country rock and
spreading area, outline the following types of mineralization. :

— Cu -+ Mo : associated with hernblende-biotite grancdiorites from
Maidan zone (chalcopyrite, molyhdenite, pyrite);

— Cu ++ Bi + W (4 Te, b, Co, Ni, As, Zn, Au): asscciated with
garnetiferous skarns and granodicrites from Chinisea Valley as well as
with the Tilva Micd hornfelses (scheelite, glaucodot, cobaltite, chalco-
pyrite I, enargite, tetrahedrite, chalcopyrite II, native bismuth, tetra-
dymite, tellurobismuthite, kobellite, native gold and in the supergene
enrichment and oxidized zones, chalcocite, covellite, cuprite, malachite,
azurite, erythrite, goethite, lepidocrocite);

— Cu - pyrite (- Co) : represented by small lenticular bodies asso-
ciated with recrystallized limestones in the Forviz-Kiesberg gallery zone
(pyrite, pyrrhotite, chalcopyrite and subordinately cobaltite and mar-
casite) ;

— Cu + Mo + W : associated with the garnetiferous-vesuvianitic
skarns and with the monzodiorites in Floreana-Ciclova Valiey zone (schee-
lite I, scheelite II, chaleopyrite, cubanite, molybdenite, pyrite and in the
oxidized zone : azurite, malachite, goethite, lepidocrocite) ;

— Cu 4+ Co + As (4 Ni, Sb, Pb, Zn): associated with propyli-
tized skarns in the Floreana, Tiganilor Valley and Ciclova Valley zones,
as well as with the monzodiorites from south of Oravita Valley (glauco-
dot, pyrite, chalcopyrite, arsenopyrite, gersdortfite, tetrahedrite, tennan-
tite and quite subordinately sphalerite and galena ; in the enrichment and
oxidized zones occur : bornite, covellite, chalcoclte native copper, azurite,
malachite, erythrite and skorodite);

— Cu + Pb + Zn: less de\'eloped, is associated with the Ciclova
zone monzodiorites (galena, sphalerite, chalcopyrite I, chalcopyrite II,
pyrite) 4

It may be noticed that the Cu 4+ Bi + W mineralization is prepon-
derent at north of Oravita Valley, whereas the Cu 4+ Mo 4+ W and Cu +
Co -+ As ones are prevailing in the Ciclova zone.

Although the Oravita-Ciclova ore deposits, in their large majority,
are hosted by skarns, they are genetically related to the hydrothermal stage
of postmagmatic evolution.

The described hydrometasomatic assemblages, as seen from the
angle of deposition temperatures, of acidity degree which they reflect
(Schwartz, 1955) and of specific superposition relationships, snggest for

4) Minerals were mentioned according to their deposition sequence.
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the whole area a relatively continuous evolutign of the hydrothermal
solutions pH from acid to basic (fig. 3).

The recurrence described sometimes by the repeated appearances
of quartz and potassium feldspar within the hydrothermal assemblages
suite,; could be explained by taking in account both pH and Eh variation
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Fig. 3 — Evolution of the hydrothermal solutions pH.

ranges (fig. 4). Commonly, these ranges are given for exogene conditions
(Ianovici et al., 1982), but we have considered that at high temperatures
which involve a higher dissociation degree of water, the state of the varia-
tion limits of Eh and pH may be described in a similar manner, con-
sidering the exogene conditions field as being shifted to the diagram’s
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upper left area. Thus, the whole variation field moves to the bottom-right
area as the hydrothermal solutions evolved from acid-oxidating to basic-
reducing conditions. '
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Several spatial-genetic correlations may be established between the
tourmaline-orthoclase-qiartz assemblage and the scheelite occurrences
from Chinisea Valley, as well as between the propylitic assemblage with
its frequent passings to phyilic facies and the Cu + Bi +- W minerali-
zation from north of Oravita or the Cu -- Mo -+ W and Cu -+ Co + As
mineralization in the Ciclova zone. Mutual replacing relations occurring
between the ore minerals or hetween these and the gangue ones, are rele-
vant for polyascending character of the mineralizing fluids materialized
by successive crystallizing moments separated by intense fracturing
stages.

Based on about 2200 measuremetits, a computer microtectonic study
was carried out. Thus, it became obvious that the ore distribution was
subordinated to a striet structural control. The main tension fracture
system which controls the disposition of both some igneous dykes and
mineralization, trends N'W —S8I2. This fact is pointed out by the disposition
of melybdenite and chalcopyrite-bearing fissures in the Maidan grano-
diorites, of pyrrhotite and chalcopyrite bodies in the Iliesherg zone, of
the glaucodot lenstorm bodies from Tiganilor Valley as well as of chaleo-
pyrite and glaucodot veinlets from Floreana Hill. This tension fracture
system can be emphasized all over the study area and its development
within the Laramian magmatites, aureole formations, sedimentary deposits
and cryvstalline schists pleads for an exckinetic character. The system
intensely affects the skarns and hornfelses thus providing evidence for
being active even after the emplacement of the main intrusive bodies.

5. Aeknowlegements
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ALTERATII HIDROTERMALE SI MINERALIZATII
LARAMICE IN ZONA ORAVITA CICLOVA. BANATUL
DE SUD-VEST.

(Rezumat)

Mineralizatiile de la Oravita si Ciclova sint cantonate predominant
in zona de contact pirometasomatic, in asociatie cu skarne. Subordonat
apar asociate cu corneene, roci eruptive laramice i sisturi cristaline.

Mineralele metalice identificate, in corelatie cu formatiunile gazdi
si aria de raspindire, contureazi pentru zona Oravita— Ciclova, urméitoa-
vele tipuri de mineralizatii :

— Cu + Mo: in granodioritele cu hornblendi si biotit de la Maidan
{calcopiritd, molibdenit, piritd);

— Cu 4+ Bt + W (& Te, Pb, Co, Ni, As, Zn, Au): in skarnele
granatifere si granodioritele din valea Chinisea si in corneenele din nordul
Tilvei Mici (scheelit, glaucodot, cobaltind, calcopiritd I, enargit, tetraedrit,
calcopiritd IL, bismutnativ, tetradimit, telurobismutit, kobellit, aur nativ,
calcozing, covelind, cuprit, malachit, azurit, eritrini, goethit, lepidocrocit) ;

— Cu -+ pirité@ (= Co): in calcarele recristalizate din zona Forviz-
galeria Kisberg (piritd, pirotini, calcopiritd, cobaltind, marcasitd) ;

— Cu + Mo + W: in skarnele granatifer-vezuvianice si monzo-
dioritele din zona Floreana-valea Ciclova (scheelit I, scheelit 11, calco-
piritd, cubanit, molibdenit, piritd, azurit, malachit, goethit, lepidocrocit);

— Cu + Co + As (4= N, 8b, Pb, Zn): in skaruele propilitizate din
zona Floreana, valea Tiganilor si valea Ciclovei precum si in monzodio-
ritele de 1a sud de valea Oravita (glaucodot, piritd, calcopirité, mispichel,
gersdorfit, tetraedrit, tennantit, blend4, galend, bornit, covelind, calcozing,
cupru nativ, azurit, malachit, eritrini, scorodit);

— Ou -+ Pb + Zn : in monzodioritele din zona Ciclova (galeni,
blendi, calcopirité I, calcopiritd 11, piritd).

Tn ansamblu, se poate remarca preponderenta mineralizatiei de
Cu + Bi 4+ W 1la nord de valea Oravita si a celei de Cu -+ Mo 4 W i
Cu + Co 4+ As la Ciclova.

Desi in marea lor majoritate mineralizatiile sint cantonate in skarne,
ele sint asociate genetic stadiului de evolutie hidrotermali.

Asociatiile hidrometasomatice identificate (turmalini-ortozd-cuart,
feldspat potasic (ortozid-adular)-biotit, euart-epidot-actinot-clorit-caleit
(4 albit), sericit-cuary, zeoliti-caleit), privite prin prisma temperaturilor
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de formare, a gradului de aciditate pe care il reflectd precum i a rela-
tiilor specifice de suprapunere, sugereazd pe ansamblul regiunii, o evolutie
relativ continud a pH-ului solutiilor hidrotermale de la acid la bazic.

Se pot stabili corelatii spatial-genetice clare intre asociatia turma-
lind-ortozd-cuart si mineralizatia de scheelit din valea Chinisea, precum
51 intre asociatia propiliticd cu frecventele ei treceri la faciesuri filice si
mineralizatiile de Cu + Bi 4+ W la nord de valea Oravita, Cu + Mo -+ W
51 Cu 4 Co + As la Ciclova.

Studiul microtectonic relevi existenta unui sistem tensional de frac-
turi care jaloneazid atit dispunerea unor roci eruptive cu caracter filonian
cit si a mineralizatiel. Avind o orientare NV —SE, acest sistem poate fi
identificat in tot cuprinsul regiunii, dezveltarea sa atit in cadrul banati-
telor si sisturilor eristaline, relevind caracterul sdun exocinetic in raport
cu eruptivul.

EXPLANATION OF PLATES
Plate 1

Fig. 1 — Molybdenite (mo) associated with chalcopyrite (cp) in porphyritic granodiorile.
Maidan quarry: N 1], 160 x
Fig.

W
i

Cobaltite (co) in chalcopyrite. Emil gallery, Chinisea Valley : N ] ] 5250 x

Plate IX

Fig. 1 — Tetrahedrite (l¢) associated with chalcopyrite (cp) and tetradymite (td). Emil gallery
Chinisea Valley: N ] [ s 160

Fig. 2 — Veinform enargite (en) in chalcopyrite (ep). Prinz Albert gallery, Tilva Mica NI fs
160 x

Plate IIT

Fig. 1 — Kobellite (kb) associated with chalcopyrite (cp) and glaucodot (gl); the electrom
microprobe investigated field: N ", 300 x

Fig. 2 — Tleclron image of composition: 300 X

Fig. 3 — X-ray scanning image showing distribution of Bi: 300 x

Plate IV

Fig. 1 — X-ray scanning image showing distribution of Ph; 300 x
Fig. 2 — X-ray scanning image showing distribution of Sh: 300 x
Fig. 3 — Variation of Sh content: 300 %

Plate V

Fig. 1 — Kobellite (kb) associated with chalcopyrite (cp) (Emil gallery — Chinisea Valley);
Njj, 250 x

— Kobellite (kb) associated with chaleopyrite (cp) (Emil gallery — Chinisca Valley);
N &, 250 x
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CONTRIBUTIONS TO THE STUDY OF THE ORAVITA —
CICLOVA SKARN OCCURRENCE, SOUTHWESTERN
BANAT!

BY
EMIL CONSTANTINESCU 2, GIIEORGHE ILINCA %, AURORA ILINCA 3

Skarns. Garnets. Vesuvianite. Chemical composition. Scapolile. Gehlenife. Chondrodite,
Pyroxenes. Wollastonife. Pefrogenesis.South Carpathians — Sedimentary Getic and Supra-
gelic  Realms — Resifa— Moldova Noud Zone. Neocreluceous- Paleogene magmaliles —
Oravija — Moldova Noud.

Abstraet

The Oravita-Ciclova skarns are developed at the contact between the Laramian magma-
tites and the Upper Kimmeridgian-Valanginian limestones, marls and calcareous clays. The
main types of skarns are defined by the following assemblages : grandite (grossular,d,oa50 Sl

wollastonite-grandite-tremolite : wollastonite-grandite ; grandite-scapolite (meionite); wollas-
tonite-diopside-grandite I-grandite If-vesuvianite-clintonite; grandite I-grandile II-vesuvia-
nite; diopside-melilite gehlenite);  wollastonite-diopside-chondrodite-grandite-vesuvianite.
Skarns were Tormed in a medium rich in mineralizers (F. Cl, B), suggested by the appearance of
vesuvianite, chondrodite, scapolite and, probably, asharite., According to the more basic cha-
racter of the Laramian magmatites occurring here, the temperature reached in the contact au-
* reole was, in all probability, higher (750°) than in casc of other skarn occurrcnces in Banat. The
sequence of skarn minerals at the contact of the Oravita Valley diorites indicates the existence
of two main phases in the evolution of the temperaturce: a heating phase (diopside-gehlenite)
and a cooling phase (wollastonite-diopside II-grandite-vesuvianite-clintonite).

Résumé

Contributions & I'étude des skarns d’Oravila et de Ciclova. Les skarns d’Oravija-Ciclova
se développent au contact des magmatites laramiennes 2 argiles calcaires, marnes ct calcaires
qui ¢ouvrent l'intervalle Kimméridgien supérieur-Valanginien. Les principaux types de skarns

sont définis par les associations suivantes : grandite (grossulaire,, . and)? wollastonite-gran=~
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dite-trémolite ; wollastonite-grandite ; grandite-scapolite (méionite), wollastonite-diopside-gran-
dite I-grandite II-idocrase-clintonite; grandite I-grandite II-idocrase; diopside-mélilite (géh-
lenite) ; wollastonite-diopside-chondrodite-grandite-idocrase. ILes skarns se sont forméces dans.
un milieu riche en minéralisateurs (¥, Cl, B), suggéré par I’apparition de ’idocrase, dec la chon-
drodite, de la scapolite et peut-étre de I’asharite. Selon le caractére plus basique des magmatites
laramiennes d’ici, la température atteinte dans I’auréole de contact a été, selon toutes les pro-
babilités, plus grande (750°C) que pour les autres occurrences de skarns de Banat. La succession
des minéraux de skarn du contact des diorites dc la vallée de I’Oravifa indique ’existence de:
deux phases principales dans I’évolution de la température : une phase d’échautfement (diop-
side-géhlenite) et une phase de refroidissement (wollastonite-diopside II-grandite-idocrase~
clintonite).

1. Introduetion

! Remarkable for their mineralogical complexity, the pyrometaso-
matic produces related to the Oravita—Ciclova Laramian magmatites
were the subject matter of numerous researches. Beside the pioneering
works of earlier authors : Born (1774, 1780), Cotta (1865), Castel (1869),
Marka (1869), Halavits (1884), Koch (1885), it is worth mentioning
the important contributions of Koch (1824), Superceanu (1958), Pieptea
(1964), Minzatu (1964), Gheorghitescu (1974), Cioflica et al. (1976, 1977,
1980), Popescu, Constantinescu (1977), Constantinof (1980), Cioflica, Vlad
(1981), by which a marked advance in the geological knowledge of this
region was attained.

The rich mineralogical list of the Oravita-Ciclova thermal and
metasomatic contact zone is broadly represented in the earlier or later
literature, e.g. Marka (1869), Zepharovich (1839, 1875, 1883), Koch (1385),
Cédere (1927), Koch (1943), Radulescu, Dimitrescu (1966).

This paper is intended to offer the main typological and minera-
logical aspects of the skarns in the Oravita—Ciclova area. By means of
these observations, an outlining of the essential petrogenetic features is
attempted.

2. General Data on the Geology and Petrology of the Region

2.1. Crystalline sehists. The regional metamorphic rocks in the Ora-
vita—Ciclova area belong to the southern part of the Bocsa Montani —Ora-
vita Hidia Crystalline Massif (Codarcea, 1931 ; Constantinof, 1980), namely
to the complex of retronmiorphosed micaceous gneisses of tlie Bocsita-—
Drimoxa Series (Constantinof, 1480). Muscovite-biotite paragneisses with
gradual transitions to muscovite schists with albite porphyroblasts may be
emphasized as the background petrographic element of the crystalline
schists suite. The frequency of the muscovite schists increases towards
the Oravita overthrust line. Quartz-feldspathic gneisses, amphibolites and
amphibolic gneisses, muscovite-bearing quartzites and granite gneisses
occur subordinately as intercalations.

Eastwards, along the Oravita tectonic line, the crystalline schists
overlap Paleozoic and Mesozoic deposits of the Regita—Moldova Nouil
sedimentary zone.
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“

2.2. Sedimentary deposits. The Paleozoic formations are represen-
ted by grey lithic sandstones with subrounded lithoclasts of quartzites
and micas alternating with brown-violaceous or black-violaceous clay
slates of Permian age. They form a band of variable thickness, extending
north-southwards near the Oravita overthrust line (Fig. 1).
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Fig. 1 — Geological sketch of Oravi{a-Ciclova zone. 1, Pleistocene (gravel, sand, clays): 2
Miocene (conglomerates, sandstones); 3, Cretaceous (marls, calcareous clays, chert-bearing
limestones, reef limestones) ; 4, Jurassic (chert-bearing limestones, sublithographic limestones) ;
5, Permian (lithic sandstones, clay slates); 6, Precambrian (muscovite-biotite paragneisses,
chlorite-muscovite schists with albite porpliyroblasts, amphibolites, muscovite-bearing quartz-
ites); 7, Laramian magmatites (granodiorites, diorites, monzodiorites) ; 8, hornfelses ; 9, skarns ;
10, Oravita tectonic line ; 11, faults; 12 a, quarry; b, waste. 13 gallery.
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The Mesozoic sedimentary is widely spread in the area of study;
it is included in the Natra anticlinal structure and in the Cornetul Mare
and Jitin synelines, covering the Upper Oxfordian—Lower Aptian inter-
val. It is represented by limestones with stratiform or lens-shaped sili-
ceous intercalations (Valea Aninei limestones, Upper Oxfordian-Lower
Kimmeridgian), micrites with rare bioclasts and centimetric separations
of schistous marls (Briddet linestones, Upper Kimmeridgian—TLower
Tithonian), vellowish-greyv sublithographic lmestones with marl inter-
calations in the upper part (Marila limestones, Upper Tithonian— Berria-
sian), marls and calcareons clays ¢ (Crivina Beds, Valanginian), black-
ish-grey calcareous clays with ellipsoidal silicolite councretions and marly
and calcareous intercalations which grade upwards into massive limestones
with numerous bioclasts of requiens and corals (I’lopa limestones, Barre-~
mian—Lower Aptian).

The Mesozoic deposits are mainly earbonatic, certain compositional
particularities being given both by silicolite intercalations and by the
wide development of calcareous clays and marls within the Crivina Beds
and the Hauterivian formations.

2.3. Laramian magmatites. Beside the similar occurrences at Tin-
cova—Nidrag, Boesa Montand, Ocna de Fier, Dognecea, Sasca Montani
and Moldova Noud, the Oravita—~Ciclova igneous rock series belong to
the western principal alignment of the Laramian magmatites in Banat
(Cioflica et al., 1977), parallel to the Oravita line trending.

In the Oravita—Ciclova arca, the outerop pattern displays several
main intrusive bodies both within the cryvstalline schists and the sedimen-
tary rocks.

In the north-easternmost part of the study area, between the
Cuptorului Brook and Chinisea Vallev, there is a large-sized body, chiefly
consisting of biotite and green hornblende porphyritic granodiorites,
within which numerous transitions to microgranodiorite-porphyritic and
dacitic apophysis tacies may be observed. Quite locally, small separations
of porphyritic diorites, ¢.g. those of Popii Brook spring zone, are occurring.

Between the Popii Brook and Racilor Brook, west of the Oravita
fault, there iy a N—3S elongated body, entirely situated in crystalline
schists. Here, granodiorites with biotite and green hornblende are transi-
tional from equigranular or megaporphyritic phaneritic structures, cha-
racteristic of the northern part, to marked porphyritic structures in the
southern part.

South of Poiana Crucii Hill, in the Forviz area, occurs a body with
a relatively complicated morphology, trending approximately WNW —
ESE ; it crosses Oravita Valley and can be followed up to the spring zone
of Coliliilor Brook. Within this body there is a great petrographic variety,
with a stronger basic character ag compared with the above-mentioned
intrusive bodies : diorites with green and/or brown hornblende, porphyrit-
ic diorites, quartz-microdiorites, monzodiorites and syenites.

In the Anton Brook spring zone, crossing Ciclova Valley and reach-
ing the area of Cosnita Brook, develops a body, also with a compli-
cated morphology, mainly constituted of -monzodiorites, within which
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there are local gradings into hornblende + biotite diorites. A similar
coniposition is observed for small-sized bodies occurring in Floreana area
and Poienilor Brook.

The intrusions in Oravita Valley and Ciclova Valley are considered
to represent a unique body (Cioflica et al., 1980), the existent discon-
tinuities depending on the actual level of erosion.

_ The main intrusive bodies occur in association with small-sized

satellite bodies as well as numerous dykes of porphyritic diorites (Oravita
Valley), biotite granodiorites (Anton Brook and Coliliilor Brook), horn-
blende latiandesites (Racilor Valley, Tiganilor Valley), quartz-syenites
(Oravita Valley), augite-acgirine bearing alkali-feldspathic syenites (Tiga-
nilor Vallev), augite-aegirine bearing albitized oligoclase akerites (Cosnita
Brook, Anton Brook) and micrograpbic alkali-feldspathic granites (Tiga-
nilor Valley).

2.4. Horufelses. Theyv are produces of thie thermal contact meta-
morphism, developed around all intrusive bodies, irrespective of the coun-
try rocl characters and ascribable to the albite 4 epidote hornfelses and
hornblende hornfelses facies.

Within the crvstalline schists were emplaced hornfelses with ortliose,
quartz, biotite and andalusite, sporadically accompanied by ecorundum
and cordierite.

The contact prozesses underwent by the Permian sedimentary are
materialized by the appearance of quartz, acid plagioclase, biotite and
clinozoisite hornfelses or of mostly biotitic hornfelses. Also produced by
the isochemical contact metamorphism, the micro- or mesoblastic recrys-
tallized limestones, formed against the Mesozoic carbonatic deposits, are
widely spread. Separations of clay minerals, epidote, quartz and pyrite
are found locally in association with caleite, which iy the main minera-
logical component.

3. Skarns

3.1. Petregraphic types, spreading. Results of complex metasomatic
reactions triggered by the Laramian igneous rocks emplacement, the
skarns outerop on large areas in the Oravita—Ciclova zone.

The main types of skarns, according to mineralogical criteria are
defined by the following assemblages 3 : '

— grandite (grossular , _sy.me): widespread in Chinisea Valley
and in the NW side of Tilva Hill and Anton and Ciclova valleys zone ;

— awollastonite-grandite-tremolite’ : visible in the upper course of
Chinisea Vallev and in the southern side of Fruntea Mare Hill ;

— wollastonite-grandite - in Lacul Mave-Crisenilor Brook area;

— grandite-scapolite® : first outlined as such in the skarn vein body
in the spring zone of Rindunicii Brook ;

— wollastonite-diopside-grandite I-grandite 11-vesuvianite-clintonite 9 :
in Lacul Mare-Crisenilor Brook zone;

— grandite I-grandite I I-vesuvianile : in the middle and lower course
of Anton Brook, in Tiganilor Valley and in the Cosgnita Brook zone;
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— diopside-melilite (gehlenite) : identified in the right side of
Crigenilor Brook ;

- — wollastonite-diopside-chondrodite-grandite-vesuvianite : in the right
side of Tiganilor Valley.

Skarns form columns and irregular bodies and are locally found as
veing within the ecrystalline schists. The appearance of the vein body in
Rindunicii Brook seems to be conditioned by the existence of a limestone
lamina planed in front of the Oravita overthrust and bronght in an uncon-
formable position against the crystalline schists.

The field observations indicate sometimes a certain tendency of
:zoning given by the peripheral disposition of the garnetiferous skarns as
compared with the garnetiferous-vesuvianitic ones.

3.2. Mineralogy of skarns. Garnets predominante over the other skarn
‘minerals. Macroscopically, they exhibit a great morphological and colour
variety. Garnets can form monomineral accumulations within which the
crystal sizes vary from 2—3 mm to 8—10 cm ; other times they constitute
nests, small voids and veinlets or they can occur as dodecahedral crystals
within a groundmass of calcite or quartz. The colour varies from brown
and reddish-brown to honey yellow, yellowish-green and China green. Tt
is difficult to establish a correlation between the variation of the colour
and that of the chemism ; however, the appearance of the green colour at
andradite-rich terms can be outlined as a tendency.

The chemistry of garnets was followed by means of several chemical
analyses on the basis of which the percentage compositions were established

TABLE 1

Chemical analyses of the garneis from the skarns in the Maidun—Tilv«
Muare — Oravita zone

Oxides 151 A* ] 151 B* 67 * C, 68 O, 0,
Si0, 38.10 39.26 37.36 34.90 32.30 35.38 34.36
TiO, 0.18 0,04 2,08 0.13 0.10 0.35 0.45
AL, 17.12 20.26 12.38 16 13.80 16.58 18.24
Fey0, 4.08 2.07 10.99 11 18 3.66 4.69
FeO 2.96 1.17 0.71 0.70 0.31 0.29 0.42
MnO 0.03 0.05 0.44 0.38 0.40 0.10 0.10
MgO 1.35 2.20 0.89 2 1.22 5.20 4.50
Ca0 35.53 34.12 34.23 31.36 32.76 35.01 34.03
H,0* 0-15 0-18 0-17 — — — —
H,0™ 0-75 0-41 0-30 0-34 0-26 1-12 0,16
Total 100-55 99.79 99.55 | 100.04 99.98 99.77 99.73

* from Popescu, Constantinescu (1977).

in end members (Tab. 1 and 2). The resulting values, plotted on Boecke
diagram (1914 from Winchell, 1958), point out their appurtenance to the
grandite fields (Fig. 2). The significant participation of the pyralspitic terms
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is obvious, three of the analysed samples following the limit of the misci-
bility gap between grandites and pyralspites. High contents in pyrals-
pitic moles were observed in other oceurrences too : Ocna de Fier (Kissling,
1967), Dognecea (Vlad, 1974), Sasca Montani (Constantinescu, 1930).
This fact can be retained as a remarkable mineralogical particularity of
the garnetiferous skarns in Banat, the more so as the grandite-pyralspite
miscibility is considered, on the basia of nwmerous experimental data
(Schrever, 1976), to be hardly achievable under thermo-baric conditions
of the pyrometiasomatic reaction zones.

pyrope, almandine, spessarfine
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FPig 2 — Boecke diagram (1914): plots of the values representing the percentage
participation of end members (inol %) obtained for garncts in Oravita zone:
151 A — green-yellowish garnet, Oravita Valley, 151 B — brown garnet — Oranita
Vallev: 67 — dark green garnct-Chinisea Valley (Gh. Popescu, E. Constantinescu
— 1977), (2 — dark green garnet — Rindunicit Brook, 68, dark green garnet —
Chinisea Valley, 02 brown-yellowish darnet — Criscnilor Broolk, 01 — light.green

garnet — Crisenilor Brook.

Microscopically, garnets occur as xenoblastic or idioblastic crystals,
colourtess or of a brown-yellowish eolour, with a high relief. Generally,
two garnet generations can be emphasized :

— generation I — colourless garnet as seen in plane polarized light,
usually displaying idioblastic forms;
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— generation II — brown-yellowish garnet with a higher 1efnn—
gence than the first oue, commonly showing xenoblastic forms. '

Rather as a rule than as an exception, the garnets from Oravita-
Ciclova skarns display an anomalous optical anisotropy, locally very
obvious, certain morphological particularities of the anomalies allowing
the separation of the following types:

— sectorial anomaly (PL. I, Fig. 1): crystalloblasts sectioned in a
median plane reveal a structure divided into six triangular-shaped bire-
fringent sectors, with the peak in the centre of the crystal;

- concentric anomaly (Pl. I, Fig. 2): lamellae of variable \1;?:,
alternatively isotropic and anisotropic, parallel to the crystal faces; the
crystalloblasts with a concentric anomaly reveal sometimes the evolution
of the crystallographic form from rhomboidal dodecahedron to trapezo-
hedron (Pl. I1, Fig. 1), a fact also observed in case of Ocna de TFier garnets
(Kissling, 1967);

— mixed anomaly : a complex joining of the fwo mentioned types :
the anizotropic sectors are divided by lamellae parallel to the margin of
the grain.

The birefringence of the sectorial areas and of the anisotropic lamellae
is generally low (order I); a positive or negative biax character, with a
variable angle of the optical axes (2 V = 23—30°) can be observed. The
main plane of optical symmetry of the lamellae from the concentrie ano-
maly is approximately parallel to the erystal faces but, however, there iy
not a pertect coincidence. In accounting for the appearance of the double
refraction at these grandites it may be appealed to internal tensions due
eithier to forced isomorphic mixtures between the pyvralspitic and granditic
termis or to particular processes connected with the skeletal oromh In
some cases, certain morphological features of the garnets, difficult to infer
from a selectwe substitution suggest an 1ncomplete skeletal developuient
(P1. 11, Fig. 2).

Garnets replace wollastonite, diopside and chondrodite and are substi-
tuted by vesuvianite. There were observed significant structures of meta-
somatic substitution of plagioeclases from monzodiorites by garnet, perfectly
comparable, in morphological respect, to the quartz- feld\pa,r nmicrographic
1nterolowth< (Pl. IT1, Fig. 1). In the hyvdromsetasomatic phase, earnehs
are 1ep1dced by oalmte, ep1dote, \C&pohte and quartz. Locally, pseudo-
morph epidote after garnet idioblasts, preserving a nn\ed—twpe divided
structure, was identified.

T Vesuvianite is, after grandites, the most frequent mineral in the
Oravita-Ciclova skarns. It forms compact masses, locally with a wvein
character, within granditic accumulations or ecrystal agglomerations with
sizes up to 10 em (Tiganilor Valley). It is brown or yellowish-brown, and
hence its macroscopic separation from grandite , particularly when ifs
erystallographic shape is not obvious becomes, to a great extent, dif-
ficult.

Vesuvianite crystals show a typical bipyramidal habitus (Pl 113,
Fig. 2), characterized by the disappearance of the prism faces (100) and
(110) the development of the tetragonal bipyramid faces (101), as well as
of the basal pinacoid (001) (Fig. 3).
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The chemistry of the Tiganilor Valley vesuvianite points out, in
comparison with other chemical analyses on samples from known occurren-
ces, average values of the main cations. The relatively high amount of
Fe,0, is not connected with a decrease of the content in Al,O,, as in the
case of other types of high-iron vesuvianite. The Al,0,/Fe,O4 ratio in the

Fig. 3—Habitus of vesuvianite erystals :
a) forms specific to Sasca Montanid
vesuvianite (Orasului Hill), b) forms spe-
cific to Oravita and Ciclova vesuvianite..

Ciclova vesuvianite is 20.38—35.159% in comparison with 17.29—4.879,
(FeO 0.369,) in the Sasca Montand vesuvianite (Constantinescu, 1980?,
12.66—4.36 % (FeO 1.35%) in Akhmat-Ural (Miasnikov, 1940, in Deer
et al. 1963), 13.36 —4.159, (FeO 2.1539,) in the Yron Mountains vesuvianite
(New Mexico, Deer et al., 1965) and 15.62—2.819, (FeO 2.969,) in the
Turnback Lake vesuvianite (Canada; Meen, 1968 in Deer et al., 1965).

TABLE 3
Chemical analysis of the Tiganilor Valley
vesuvianile
Oxides Content 9, Ion number in hase 76 (0.0H, F)
Si0, 37.64 Si 18.01
18.00
TiO, 0.121 Al —
ALO, 20.38 Al 11.50 .
I7e,04 5.15 Ti 0.04
FeO — Fed* 1.85 $15.53 ’
MnO 0.08 Fe2* -
MgO 2.72 Mg 1.94
I CaO 33.19 Ca 17.03
Na,0 0.03 ‘OH 0.97
K,0 -
H,0" 0.303
H,0™ 0.192
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In comparison with the mentioned occurrences, the Ciclova vesu-
vianite is characterized either by the absence of FeO or by extremely small
amounts of it: 0.58 or 0.259, (Cioflica et al., 1980).

Under the microscope vesuvianite displays a xenoblastic or idio-
blastic contour and a high refringence. Its colour, in plane polarised light,
Jds almost brown yellow ; in crossed polars crystalloblasts show a low b1re—
fmngence in anomalous colours : Prussian blue, purple, light yellow and
brown. The disposition of the birefringence colours frequently induces a
marked zoning in the plane perpendieular to (001). Both negative uniaxial
crystals and anomalous negative biaxial crystals were identified ; in the
later cages the optic plane is parallel to (110).

Vesuvianite replacesall the other associated skarn minerals, provid-
ing evidence for its appurtenance to the late phases of the pyrometaso-
matic process. The replacement of the high-andradite garnets by vesuvia-
nite determines a significant increase of the birefringence in the reaction
zone between the two minerals and, implicitly, a change of colour towards
light hues corresponding to an enrichment in Fe (P1. TV, Fig. 1). Similar
situations were described for the Sasca Montani vesuvianite (Constanti-
nesecu, 1930).

During the hydrometasomatic phase vesuvianite is highly substi-
tuted by clintonite, epidote, calcite and quartz.

Very interesting mineralogical aspects were observed in the contact
zones of the Tiganilor Valley skarns with the alkali-feldspar syenites.
Pseudomorph vesuvianite after a fibrous-radiar mineral was identified
(P1. IV, Fig. 2). The X-ray diffraction investigation, carried out on such
samples, pointed out traces of serpentinite and asharite.

Wollastonite occurs frequently in the Oravita-Ciclova skarns.

Macroscopically, wollastonite can be easily distinguished due to the
long prismatic habitus, locally needle-shaped, as well as to its bright
Whlte or white-grey colour. Commonly it forms monomineral accumulati-
ons within which the crystals are longer than 5—6 cm (Chinisea Valley,
Crisenilor Brook, Tiganilor Valley).

Microscopically, wollastonite occurs as hipidioblastic or xenomorphie
crystals due to marginal corrosion. The optic angle is 2V = 39 — 40° the
extinction angle o A ¢ = 30° and the optic sign is negative.

Wollastonite is replaced by all the other associated skarn minerals,
marking the early stages of the pyrometasomatic process. In the hydro-
metasomatic phase, wollastonite is very sensitive to the substitution of
calcite, quartz and epidote.

Pyrozenes belong to the diopside-hedenbergite series and are com-
prised in the skarns with a complex composition from Orisenilor Brook
and Tiganilor Valley.

In thin sectlons clinopyroxenes form 111p1d10blastlc crystals” with
short-prismatic habitus and & good cleavage which is parallel to the
prism face. The measurements of the extinction angle yAc and of the
optic angle carried out for 17 crystals from different thin sections indijeate,
by plottmg on Hess diagram (1949-in Troger, 1952), a significant concen-
tration of the values in the diopside field (Flo 4).

In the Crigenilor Brook-Lacul Mare skarns, diopside is replaced by
melilite and within the other mentioned asgemblaoe in this zoneif is formed
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after wollastonite and is corroded by garnet and vesuvianite, indicating
the presence of two generations. In Ciclova zone the diopside contempora-
neous with chondrodite also replaces wollastonite, being substituted by
garnet and vesuvianite. In the hvdrometasomatic phase, diopside is cor-
roded by calcite and quartz.
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Tig. 4 — Plotting of 2V and ¥ Ac values measured for calcic py-
roxene from the Oravita-Ciclova skarns on Hess diagram (1949).

Melilite was identified in association with diopside o1 forming small
monomineral accumulations in the skarns from Crisenilor Brook.

Macroscopically, it occurs as erystals (up to 0.5 cm) of a dark green
colour with brownish spots, trapped in a groundmass of diopside and clay
minerals. Microscopically (Pl. V, Fig. 1), it displays xeno- or hipidioblastic
outlines, with a visibly lower relief as compared with garnets and vesu-
vianite.

In comparison with vesuvianite, melilite ditfers clearly due to the
quality of the cleavage—medium towards good — along two orthogounal
directions. Melilite occurs frequently in normal birefringence colours of the
first order; some thin sections reveal anomalous hues of lavander-blue.
The extinction occurs after both directions of cleavage. The uniaxial
character has been checked; the optic sign is negative indicating the
presence of gehlenite. Locally, crystals are covered by a brown-greenish
pigment, resembling a clay mineral which is, however, undeterminable.

Humqtes were identified in the Tiganilor Valley skarns. Microscopicaly,
they occur as idioblastic erystals, locally isometric or short prismatie, with
weak pleochroism in vellow and light brown hues. The cleavage parallel
to (001) is poor, often nnseen. The relief is medium to high, conferring a
shagreen-like aspect similar to that of olivine. Chondrodite is positive
biaxial ; the values of the optic angle range between 68° and 75° and the
extinction angles 8 A ¢ are large (25 —27°), differentiating chondrodite from
the other minerals in the humite group. The radiar intergrowths of chon-
drodite with diopside are characteristic and they indicate their simulta-
neous appearance in the pyrometasomatic process (P1. V, Fig. 2). Chondro-
dite is corroded by garnet, vesuvianite, epidote, calcite and quartz.

Clintonite was first described at Oravita (Popescu, Constantinesecu,
1977); it was identified in association with brown-vellowish, xenoblastic
vesuvianite and with grandite in the skarns from Crigenilor Brook. This
mineral was also found in the waste of gallery IT Clementi, but in this case,
its source place could not be established.
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Macroscopically, it occurs as green, leafy, pseudohexagonal crystals.
The crystals usually underwent a supergene decolouring, locally with a
wider extension, conferring a muscovite-like aspect: In thin sections it
shows a light green colour, with a strong positive relief and a perfect clea-
vage parallel to (001). — :

The birefringence colours are vivid, nonhomogeneously spread. The
optic angle is small, and the optic sign is negative ; the optic plane is per-
pendicular to (010), which differentiate clintonite from xantophyllite
where the opticplaneis parallel to (010). Clintoniteis preferentially developed
along some fissures in garnets or vesuvianite (Pl. VI, Fig. 1) proving its
late position versus the other two minerals. '

Scapolites are associated with grandite (35 and), epidote, calcite and
zeolites in the skarn vein body at Rindunicii Brook. ’

Scapolites form colourless, limpid hipidioblastic or idioblastic crys-
tals, with a marked pseudoabsorption ; the relief is weakly positive after
o, decreasing sensibly after e. The cleavage parallel fo the prism face is
good and in basal sections one can observe two orthogonal cleavage direc-
tions, typical for minerals in the tetragonal system. The stages of growth
and evolution of the erystals from a tetragonal prism to a ditetragonal
one by the development of the face (110) (Pl. VI, Fig. 2) can be distin-
guished in basal sections. Birefringence is very high, according to the
appearance of the pseudoabsorption. The relief variation and the high
birefringence indicate a term closer to meionite:.

Meionite represents a subsequent phase versus garnet, being, in its
turn, replaced by calcite and zeolites. { :

Tremolite occurs as crystals with a long prismatic up to acicular
habit, of a greyish-white colour, spotted by iron oxides as superficial
depositions. Microscopically, it forms needle-shaped or radiar fibrous
aggregates, colourless or of a light green colour, which cement or corrode
garnet crystalloblasts. Extinction y A ¢ is 16—18° with lower values
at the coloured terms. Tremolite is corroded by quartz and opacized by
iron oxide depositions. "

3.3. Petrogenetic considerations. The intrusion of the Laramian
magmatic bodies was accompanied by the release of significant amounts
of post-magmatic fluids with a pneumatolytic and hydrothermal character.

The Mesozoic sedimentary, with a mestly carbonatic nature, was
Sensitive to the action of the pneumatolytic fluids, and thus the pyrometa-~
somatic products are preferentially linked to it. The Permian deposits
and the crystalline schists underwent only thermal metamorphism there-
fore they disxplay an isochemical character.

The main petrogenetic factors whose influence is proved by obser-
vation data refer to : petrographic and chemical features of the paleosome,
circulation possibilities of the post-magmatic fluids, chemical composition
of these solutions, pressure and temperature under which the metasomatic
reactions took place. ,

The influence of the paleosome is well illustrated by the fact that
the skarns with complex mineralogical associations are developed only
o 1 the background of Crivina,Beds, mostly with a marly and clay-calca-
reous character, whereas the zones presumed to exist in the extension of
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the Briidet and Marila limestones include skarns with a relatively simple
composition. In this latter case, a diversification of the mineralogical asso-
ciations seems to be the result of the existence of marly intercalations at
the upper part of the Marila limestones. The absence of periplutonic zoning,
the skarn development as columns, veins or irregular bodies as well as the
petrographic characters of the Mesozoic paleosome, plead for processes
of metasomatosis by infiltration and gquite locally by diffusion at the con-
tact between the marly and calcareous levels.

The access ways opened to metasomatosis by infiltration were repre-
sented by fissures, fractures, bedding planes, as well as separation planes
betsveen the calcareons levels and the marly or siliceous ones.

The tendency of zoning, locally manifested within pyrometasomatic
deposits, indicates the local preponderance of a bimetasomatosis-type
mechanism related, in this case, to the development of Bradet and Marila
limestones. The zoning displayed by the disposing of the garnetiferous
skarns versus the garnetiferous-vesuvianitic ones is a result of the different
relative mobility of the chemical components within the changes of sub-
stances yielded between the eruptive mass and the calcareous paleosome.

The chemical components of the system within which the pyrometa-
somatic processes took place are very numerous as one cah see from the
described mineralogical associations : 8i0,—A1,0;—C0a0 —MgO—TFe, 05—
FeO—CO,, H,0, etc., and they cannot be assigned entirely by the Meso-
zoic paleosome. In this respect there is the fluid composition whose sub-
stance supply is always significant, justifying more than the paleosome
composition the diversity of the skarn minerals and the particularities of
their succession in time, that must be taken into account.

Pressure and temperature played an important role in establishing
the succession of the skarn minerals. As regards pressure, one shall distin-
guish the lithostatic pressure corresponding to the pyrometasomatic reac~
tion zone level and given by the Laramian overlying rocks and, on the
other hand, the fluid pressure.

It may be reasonably inferred that the lithostatic pressure corres-
ponding to pyrometasomatic reaction zones — at depths of 1—1.5 km
and with an average specific weight for the overlying rocks of 2.5—2.6 —
was approximately of 250 —400 bar. This approximation is due to the im-
possibility of an exact estimation of the overlying deposits erosion rate
and of the load induced during the Laramian by the eastward extension
of the crystalline schists in the Boesa Montand —Oravita—Ilidia massif.

A notable permeability of the reaction system for the volatile com-
ponents is suggested by certain particularities of the succession of skarn
minerals, i.e. the preferential replacement of mineralogical phases along
geometric discontinuities. Thus, it may be accepted that the total pressure
of the fluids was subordinated to the lithostatic one, and it ranged between
a maximum value close to the lithostatic pressure and a minimum value
corresponding to the atmospheric pressure.

Like the fluid pressure, temperature constituted a variable factor
in time and space as it ranged between a minimum value corresponding
to the geothermal degree of the reaction zone (ca 50°C)” and a maximum
value corresponding to the intruded magma. Giving a prime clue about
the maximum value of the temperature in the Oravita Valley contact
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aureole, there arc the frequent transitions from ferrotschermakite to brown
hornblende which are considered to occur at temperatures of 750°. In
perfect agreement with the strong basic character of the Laramian magma-
tites in this zone the reaching of so high values conditioned the appearance
of gehlenite which differentiates the Oravita skarns from other occurrences
in Banat.

The crystallization sequence of thie skarn minerals illustrates the
variability in time of the temperature factor. Thus, the associations iden-
tified in the aureole of the Oravita body indicate the existence of two
main stages in the evolution of temperature :

— a progressive (heating) phase represented by diopside I-melilite
assoclation ;

— a regressive (cooling) phase during which were formed wollasto-
nite-diopside II -+ calcite — garnet I — garnet IT — vesuvianite — clin-
tonite — quartz — calcite — epidote (Fig. 5 A).

In case of the Tiganilor Valiey skarns there are no elements to
suggest the manifestation of the two main phases in the evolution of tem-
perature and therefore the existence of the progressive phase can be only
presumed (Fig. 5 B).
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Fig. 5 — Evolution of the temperature described by the sequence of skarn minerals for the
contact aureoles in Oravita Valley (A) and Tiganilor Valley — Ciclova (B).

4. Conelusions

The ample pyrometasomatic process generated by the intrusion of
the Oravita—Ciclova magmatites differentiatedly atfected the pre-existent
formations. Skarns are confined to the impact zones between the intru-
sions and the Mesozoic sedimentary represented by the Crivina Beds,
Marila and Bridet limestones.
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Within the crystalline schists, the Permian sedimentary and partly
the Mesozoic one, produces of isochemical metamorphism, were generated
which can be referred to the facies of hornblende hornfelses or of albite
and epidote hornfelses.

The particularities of the Oravita—Ciclova skarn occurrence refer to:

— the presence of mineralizers of F, Cl, B type in the reaction me-
dium, materialized by the appearance of minerals such as : vesuvianite,
chondrodite, scapolite and probably asharite ;

— the appearance of gehlenite as a result of the high temperature
{ca 750°C) reached in the contact aureole from Oravita Valley, in perfect
agreement with the more basic character of the Laraimian magmatites
occurring here ;

— the confiniug of the substitution zones of the early skarn mine-
rals by more recent mineralogical phases along microfissures and cleava-
ges, indicating a good permeability of the reaction medium for the vola-
tile components ;

— the frequent absence of a clear periplutonic zoning beside the
development of skarns as irregular bodies or columns indicating metaso-
matosis by infiltration and, subordinately, bimetasomatosis as mechanisms
of emplacement ;

— the development of skarns with a complex composition against
the background of a marly of clay-calcarcous paleosome and of those with
a simple composition against a calecareous paleosome;

— the microfissures occurring in skarn crystals which represent
hosts of the late depositions of vesuvianite and minerals of the hydro-
metasomatic phase, indicating a general tendency of contraction mani-
fested towards the end of the pyrometasomatic process ;

— the existence of two main phases in the temperature evolution,
at least in case of the contact zone of the Oravita Valley diorites: a
heating phase, represented by the diopside I — melilite association, and
a cooling phase, represented by the wollastonite — diopside II 4 calcite
—- garnet — vesuvianite — clintonite succession.

4 According to the nomenclature of the trausition terms from the clay-silica~carbonate
ternary system ; Scolari, Lille (1973).

5 The order in which the minerals are mentioned corresponds to their formation se-
quence.

® The associations also include some minerals of the hydrometasomatic phase : tremolite,
scapolite, clintonite, which by their widespreading can individualize the respective association.

? The value of the temperature at the geothermal degree corresponding to a depth of
1000 m.
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CONTRIBUTII LA STUDIUL SKARNELOR DE LA
ORAVITA—-CICLOVA

(Rezumat).

Transformirile pirometasomatice generate de infiuderea banatitelor
de la Oravita si Ciclova au afectat in mod diferentiat formatiunile preexis-
tente. Skarnele se dezvoltd exclusiv in zonele de contact ale intruziunilor
cu sedimentarul mezozoic reprezentat prin stratele de Crivina (argile calca-
roase, marne), calcarele de Marila (calcare sublitogratice) si calearele de
Br adet (calcare micritice cu rare bioclaste si separatii de marne sistoase).

Principalele tipuri de skarne separate dupid criterii mineralogice
sint definite de urmitoarele asociatbii :

— grandit (grossulars,_zoamd) ;

— wollastonit-grandit-tremolit ;

— wollastonit-grandit ;
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— grandit-scapolit (mevtonit) ;

— wollastontt-diopsid-grandit I-grandit IT-vezuvian-clintonit ;

— grandit L-grandit II-vezuvian ;

— diopsid-melilit (gehlenit) ;

— wollastonti-diopsid-chondrodit-grandit-vezuvian,

Particularititile ocurentei de skarne de la Oravita-Ciclova sint ur-
mitoarele :

— prezenta in medinl reactional a unor mineralizatori de tipul
F, Cl, B, materializatd de aparitia unor minerale ca : vezuvian, chondro-
dit, scapolit si probabil asharit;

— aparitia gehlenitului, ca o reflectare a temperaturilor ridicate
(cea 750°C), atinse in aureola de contact din valea Oravita, in perfect acord
cu caracterul pronuntat mai bazic al magmatitelor laramice de aici;

— concentrarea zonelor de substitutie a mineralelor de skarn tim-
purii de céitre faze mineralogice mai noi, la nivelul microfisurilor si cliva-
jelor, sugerind o bund permeabilitate a medinlui de reactie pentru com-
ponentii volatili;

— absenta unei zounalitdti periplutonice clare, alituri de dezvoltarea
skarnelor sub formd de corpuri neregulate sau coloane, ceea ce pledeazé
pentru un mecanism de punere in loc de tipul metasomatozei prin infil-
tratie si cu totul izolat a bimetasomatozei; :

— dezvoltarea skarnelor cu compozitie complexs pe fondul unui
paleosom marnos si argilo-calcaros, iar a celor cu compozitie simpld, pe
seama unul paleosom calcaros;

— microfisurile existente la nivelul cristalelor din skarne i care se
constituie in gazde ale depunerilor tardive de vezuvian si minerale ale
fazei hidrometasomatice, relevind tendinta generald de contractie mani-
festatd spre finele procesului de skarnizare;

— existenta a doud faze principale in evolutia temperaturii, cel
putin pentru zona de contact a dioritelor din valea Oravita : o fazd de
inecdlzire materializatd de asociatia diopsid I-gehlenit si o fazd de ricire
datd de succesiunea wollastonit-diopsid II-granat-vezuvian-clintonit,

EXPLANATION OF PLATES

Plate I
Fig. 1. — Sectorial-type optical anomaly of garnets (Anton Brook-Ciclova) N 4+, 250 X.
Fig. 2. — Concentric-type optical anomaly of garnets (Chinisea Valley) N 4, 250 x.
Plate II

Fig. 1. — Evolution of a garnet crystalloblast from rhomboidal dodecahedron to trapezohedron
(Prisaca Hill) N +, ca 300 x.

Fig. 2. — Skeletal garnet crystalloblasts (Chinisea Valley) NII60 x.
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Plate 111
Fig. 1. — Substitution structures of monzodiorite plagioclase feldspar by garnet (black) (Ti-
ganilor Valley) N --,150 Xx.
Fig. 2. — Bipyramidal crystals of vesuvianite (Tiganilor Valley).
Plate IV
Fig. 1. — Remnants of andraditic garnet in vesuvianite; a marked increase of the vesuvianite
birefringence in the reaction zone is visible (Tiganilor Valley) B 4-, 250 %.
Fig. 2. — Vesuvianite pseudomorph after a fibrous-radiar mineral (Tiganilor Valley) N -,
160 x.
Plate V
Fig — Gehlenite (Crisenilor Brook) N +, 60 x.
Fig. 2. — Radiary intergrowths of chondrodite (ch) and diopside (di). (Tiganilor Valley) N +,
160 x.
Plate VI
Tig. 1. — Clintonite (cl) in vesuvianite (v) (Crisenilor Brook) N 11, 300 . B
Fig. 2. — Basal section of a scapolite crystal; the stages of growth and evolution from tetra-

gonal prism to ditetragonal prism by the (110) face development are visible. N II,
300 x.
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2. ZACAMINTE

DATE ASUPRA COMPOZITIEI MINERALOGICE SI A
TEMPERATURILOR DE CRISTALIZARE A MINERALELOR
DIN ZACAMINTUL BAITA-NISTRU (JUD. MARAMURES)!

DE
VASILE MANILICI?

Hydrothermal processes. Mineralogical composition. Nalive elemels. Sulphides. Sulfosults.
Ozides. Tellurides. Crystal forms. Crystal growth. Habil. Geologic thermomelry. East Car-
pathians — Neogene-Quaternary eruptive rocks-Gutin.

Abstract

Data aboul mineralogical composilion and cryslallizalion lemperalure of Bai{a-Nistru
ore-deposit (Maramures disirict ). This paper presents new data aboul minecralogical compo-
sition of Bdifa-Nistru ore-deposit, insisling on the characteristics of component minerals, on
which account physico-chemical conditions of mineralization formation are found. Aflterwards,
there are shown some data about crystallization temperature of main minerals which arc de-
termined through the homogencity and decrepitation method, this adds to the image of che-
mical evolution of hydrothermal generating solutions of mineralization, that of the evolution
of power level of these solutions. ’

Résume

Données sur la composition minéralogigue el les lempératures de cz'fstallisation du minerai
du gisemen! de Bdiila-Nistru (département de Maramures). L.a présente note apporte des nou-
velles données sur la composition minéralogique du gisement de Bdifa-Nistru, insistant sur
les particularités des minéraux composants, ayant comme but la détermination des conditions
physiques et chimiques de la formation de la minéralisation. On présente aussi des données
sur les températures de cristallisation des principaux minéraux, qui ont été déterminés par la
méthode de 'homogénéisation de décrépitation, et qui complétent Vimage de I'évolution du
chimisme des solutions hydrothermales qui ont engendré la minéralisation avec I’évolution du
niveau énergétique de ces solutions.

1 Depusi la 6 martie 1979, acceptatd pentru publicare la 13 mai 1980, comunicati in
sedinta din 13 aprilie 1979.
2 Institutul Politehnic Bucuresti, Splaiul Independeniei nr. 313.
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Ca si celelalte ziciminte din zona Baila Mare, cel de la Biita-Nistra
are caracter complex, la alcituirea sa participind dupd datele de literatu-
rd : Zeplarovici (1859, 1893), Hauer et al. (1855), Ackner (1895), Stoicovici
(1950), Cidere (1925), Tanovici et al. (1961), Butucescu et al (1963) si Ré-
dulescu et al (1966) circa 55 de minerale in care se includ si cele identifi-
cate cu ocazia cercetirilor noastre. In cadrul lucririi se adne noi date
asupra haturii mineralelor si a raporturilor lor spatiale care permit stabi-
lirea ordinei de depunere a acestora, inclusiv asupra temperaturilor de
formare a acestora.

Dupid compozitia lor chimicd, deosebim in acest ziedmint urmitoa-
rele grupe de minerale :

a) Elemente native : aur, argint, stibiu, cupru;

b) sulfuri, sulfosiruri si compusi similari : galens, blendd, wurtzit,
pirotingd, piritd, calcopiritd, covelind, calcozind, marcasitd, mispichel,
tetraedrit, stibind, freibergit, pirargirit, proustit, si stefanit;

¢) Telururi : altait, hessit, petzit si sylvanit;

d) Halogenuri: fluoring;

e) Oxizi si hidroxizi: cuart, calcedonie, opal, oligist, magnetit
(muschetovit), goethit, tenorit si limonit;

f) Sulfati: baritini, goslarit, chalcantit, hexahidrit, melanterit, an-
glezit, mallardit si gips;

@) Fosfati: apatit §i vivianit;

h) Carbonati: calcit, dolomit, siderit, rodocrozit, azurit gi
malachit ;

i) Silicati: adular, sericit, clorit, illit, montmorillonit, dickit i
caolinit.

Urmirirea repartitiel mineralelor componente in cuprinsul umplu-
turii filoniene, a asociatiilor caracteristice diverselor etape .de mineralizare,
inclusiv a particularititilor cristalografice i microscopice ale acestora
permit descifrarea conditiilor fizico-chimice de depunere a mineralizatiei
si evolutia chimismului solutiilor hidrotermale din perioada de minerali-
zare. Dups modul lor de formare, deosebim minerale hipogene formate pe
seaima solutiilor hidrotermale si supergene formate sub actiunea apelor de
-infiltratie. :

Dintre componentele hipogene, pirite, semnalati de Cddere (1925),
Ridulescu (1958) si Butueescu et al (1963), are raspindirea cea mai larsi,
participind la alcdtuirea celor trei tipuri de mineralizatie cunoscute ca $i a
impregnatiilor. Se prezintd sub formia de mase compacte ori cristale izo-
late de 1—5 mm, atingind local chiar 5 ¢cm. Frecvent, pe fetcle sale se ob-
servi coroziuni §i tremii concave, indicind fluctuatii iinportante ale tem-
peraturii de cristalizare. .

% La cristalele bine dezvoltate se identificd formele : (100) s1 (210),

a3

s

mai rar (110), (111), (140), (122) [(221), (320), (421), (513), (756) si
(11 4 0); wltimele mai frecvente in cuprinsul mineralizatiei piritocupri-
fere. Urniirirea frecventei fetelor (100) si (210), respectiv a asociatici aces-
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tora (tabelul 1) aratd ci in culcusul si coperisui filoanelor predoming net
fata de cub, in portiunile mediane asociatia (100), (210), pe cind in porti-
unile centrale ale filoanelor fata (210). Admitind valabilitatea coucluziilor

TABELUL 1

Variafic habitusulul cristalelor de pirilc

Filonul Pipul de mineralizatie Freeventa formelor cristalografice 9,
(100) (100) (210) (210)

Mina 11 Iunie

culcusul si coperisul filonului

Nepomue pirito-cuprifera . 67 25 8
porfiunile mediane ale umplulurii filonwlui
Nepomuce pirito-cuprifer 16 53 31
narlea eentrald a umplulurii filonului
Nepomuc pirito-cupriferi 4 23 73
culeusul si coperigul filonului
142 plumbo-zincifera 70 23 7
portiunile mediane ale umpluturii filonului
142 plumbo-zincifers 27 65 8
parlea eenlrald « umplulurii filonului
142 plumbo-zincifera 16 27 57
Mina 9 Mai
culcusul si coperisul filonului
Sofia plumbo-zincifera 79 19 2
porfiunile mediane ale filonului
Sofia piunbo-zinciferd 37 52 11
parlea centrald a filonului
Sofia plumbo-zincifera : 25 22 53

Tui Sunagawa (1957) asupra zdcimintului cercetat, rezultd cd in etapele-
incipiente ale procesului de mineralizare cristalizarea mineralelor compo-
nente s-a realizat intr-un regim de ricire rapidd, la o alimentare insufi-
cientd cu solutii, deci conditii putin favorabile depunerii minereului. in
etapele urmitoare se ajunge la un regim mai lent de racire, fars fluctuabii
mari de temperaturi si concentratie, cu o alimentare constantd si sufi-
cients de solutii, conditii specifice ultimelor etape. Cresterea in ambele
tipuri de mineralizatic a frecventei fetei (210) in detrimentul fetei de cub,.
indicit mentinerea in ambele cazuri a conditiilor stabilite de Sunagawa si
evolutia lor in acelasi sens.

Urmsrirea frecventei formelor cristalografice in diferite stadii de
- dezvoltare ale cristalelor de piritd, aratd ci la cristalele de 0,03 —0,07 mm.

4 — c. 565
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se identified in exclusivitate forma (100), la cele de 0,12—0,25 mm predo-
ming asociatia (100), (210) iar la cele de peste I mm forma (210) asociati
deseori cu forma (111).

In cuprinsul mineralizatici pirito-cuprifere sia celei plumbo-zincifere
se identified, cite trei generatii de piritd. Cea din prima generatie, localizats
in culcusul si coperisul filoanelor este asociatd in cuprinsul mineralizatiei
pirito-cuprifere eu calcopiritd,, cuart, cenusin, clorit, si local pirotini, iar
in cadrul celei plumbo-zincifere cu cuari; fin granular, cenusiu, adular
monoclinie, mai rar blendd, si galend;. Probabil cit acestel generatii ii
apartine si pirita cubicé ce impregneazd roca gazdi a filoanelor. Ba include
adesea cristale de oligist, flind adesea diaclazati si cimentatd de calco-
piritd; care o si corodeazi. Pirita, din portiunile medianc ale filoanelor este
asociatd cu cuartul, fibros, blendd, galen#, si maveasitd. Cea din a treia
generatie din portiunile centrale ale filoanelor este asociatd {n cadrul mi-
neralizatiei pirito-cuprifere cu cuarts, hidromice si carbonati, iar in cuprinsul
celei plumbo-zineifere cu cuart,, canlinit, calcedonie si bariting, La toate
generatiile de piritd din cuprinsul filoanelor minei 11 Tunie se observy
uneori o slabé anizotropie, asemeneca etecte observindu-se mai ales la pi-
Tita concreseuti cu mispichel.

Caleopirita, citatd de Zepharoviei (1839), Stoicoviei (1950), Tanoviei
et al (1961) si Butucescu et al (1963), cea de a doua componentd prinei-
pali a mineralizatiel pirito-cuprifere si plumbo-zincifere, se¢ concentreazs
in culcusul si coperisul filoanelor. Ea insoteste mineralele specifice celor
trei generatii ale ambelor tipuri de mineralizatie, fiind mai bine repre-
zentatd in depunerile care cilnenteazi minereul diaclazat ori brecifiat din
primele dou# generatii.

Blenda, citatd de Tanoviel et al. (1961), si Butucescu et al. (1963),
furnizeazd alituri de piritd, numeroase date asupra conditiilor fizice de
formare a zdcdmintului. Hste un mineral reprezentativ al minereujui
plumbo-zineifer, fiind rar intilnitd in cuprinsul celui pirito-cuprifer si nu-
mai in portiunile centrale ale acestuia. Ea apare concentrati, de obicei, in
portiunile mediane ale filoanclor plumbo-zincifere, cea mai mare parte a
ei cristalizind in cea de a doua generatie. Caracteristicd acestui mineral
este frecventa ridicatd a incluziunilor de calcopiritd, deseori cu dispozitie
zonarfd, in care alternanfele cu si fird incluzinni sint adesea paralele cu
fetele cristalografice. Mirimea acestor incluziuni variazi intre 1 my si
40—50 my, cele mai fine intilnindu-se in culcusul $i coperisul filoanelor,
iar cele mai dezvoltate in portiunile mediane gi centrale ale acestora. Fard
indoiald cd prezenta incluziunilor fine indicd o ricire rapidsd a umpluturii
filoniene, proprie etapei incipiente a procesului de mineralizare, pe cind
a celor mai dezvoltate aratd instaurarea unui regim lent de ricire, propriu
-etapel finale a mineralizdrii.

In afard de incluziunile de calcopirité din blendi provenite din pro-
cesul de dezamestec, se identificd si incluziuni rezultate din difuziunes
celei dintii in cea de a doua, care apar totdeauna in portiunile marginale
ale granulelor de blendd in contact cu calcopirita masivi. Conform rezul-
‘tatelor experimentale obtinute de Filimonova (1964), aparitia acestora
din urmi se explicd prin mentinerea agregatului mineral nou format o
perioadid indelungati de timp la o temperaturi ridicati — probabil apro-
piati de cea de formare. Atit in portiunile marginale cit si in cele medi-
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ane, blenda feriferd de culoare brun-inchisd cu numeroase incluziuni de:
calcopiritd, este brecifiatd si cimentatd de o varietate de blends neferi-
ferd, de culoare gidlbuie lipsitd de incluziuni de caleopiritd, indicind o di-
minuare & continutului de Fe ¢i Cu din solutiile stadiului final de mine-.
ralizare.

Spre deosebire de blendd, wurtzitul, are o pericads mai scurti de
cristalizare, fiind intilnit printre ultimele componente ale mineralizatiei
plumbo-zincifere. Tl acoperd sulfurile principale, fiind acoperit de calce-
donie, cuart tardiv ori caleit. Descori el se intilneste in depuneri alternante
cu blenda,, indicing variatii ale pH-lui solutiilor de la sfirsitul perioadei de
mineralizare.

Falena, semualatd de Zepharoviel (1859), Cddere (1923), Stoicoviel
(1930) si Ianowu et al (1961), reprezintd alituri de blendd, componenta,
principald a minerentui plumbo-zincifer, fiind insd subordonaty cantita-
tiv acesteia. In caprinsul mineralizatiel plrlto cuprifere ea apare in canti-
tati miei in portiunile eentrale ale filoanelor, in timp ce in cuprinsul celei
plumbo-zingifere ca este raspinditd pe toatd grosiinea acestora, coucentrin-
du-se mai ales in portiunile mediane. Ca §i la piritd si blendi, dimensiunile
cristalelor cresc de la pereti spre centrul filoanelor, indicind incetinirea
regimului de ricire al solutiilor, inclusiv o atenuare a variatiilor de con-
centratie. Frecvent, in cuprinsul mineralizatiel plumbo-zineifere galenay
orodeazi cristalele de piritd, in schimb galena, asociatd cu cuart, fibros,
marecasitdy, wurtzit si sericit din portiunile mediane corodeazi blenda,.
Galena, din portiunile centrale ale filoanclor include sporadice cristaie de-
pirargirit, indicind o imbogitire a sotutiilor finale in Sb 31 Ag. La supra-
fatd ea trece in angleztl, iar acesta in ceruzil.

Marcastte, mai putin rispinditi, sc identifieii microscopic printre-
ultimele componente sulfuroase ale ambelor tipuri de minereun, fiind aco-
perity de caleit i caolinit. Local se intilnesc si depuneri alternante de-
cuart fibros, calcedonie s1 marcasits. Ml(ro&cople se identificd si marca-
sitd, secundara, formatd pe seama piritei, indicind instaurarea in ultima.
fazd a procesului de mineralizare a unor conditil oxidante.

Tetraedritul, scmnalat de Zepharovici (18539), identificat in citeva.
sectiuni provenite din filoanele 30, 60 si 141, alcdtuieste umplutura uwnor
filonase ce stribat blenda si calcopirita ultimelor generatii din minereul
plumbo-zinecifer. Absenta lui in cuprinsul wminereului pirito-cuprifer in-
dick un continut seizut in Sh al solutiilor generatoare, fapt confirmat st
de raritatea stibinei.

Mispichelul, identificat numal microscopic, apare rispindit pe toatd.
grosimes, filoanelor.

Oligisiul, cunoscut in filoanele din mina 11 Tunie, se identificd si el
pe toatii grosimea acestora, imprimind minercului local culoare roscati.
orl genugie. Deseori este partial muschetovitizat.

Pirargirttul se identificd sub formd de inclhiziuni in ultima generatie
de galeng din mina 11 Tunie, Este posibil ca tot spre sfirsitul perioadei de
mineralizare si se fi depus si stefanitul semunalat de Cioflicd (1956) in ace-
lasi grup filonian.

In cuprinsul filonului 143 din aceeasi ming, niinereul plumbo-zinei-
fer este stribitut de filonase cu umpluturd de telurnri semnalate de
Butucescu et al (1963). \Taoroscopu‘ printre acestea se identified altaitul
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sub form# de mase compacte de culoare albi, mai rar in cristale cubice
fixate pe galend ori piritd. Hste acoperit sau cimentat de hessit anizotrop
care-] corodeazs. Microscopic, in asocierea acestora se mal intilneste pet-
zit si sylvanit. Relatiile lor spatiale permit stabilirea succesiunii : altait —
— hiessit — petzit — sylvanit, indicind o sciidere treptati a continutului
de Pb si Ag, insotitd de o imbogitire in Au si Tl.

Variata gam$ a componentelor metalice este insotitd de un numir
important de minerale de gangd, a cdror cunoastere intregegte imaginea
conditiilor de formare a zicamintului.

Cloritul, reprezentat prin pennin, este unul dintre prinecipalele com-
ponente ale mineralizatiei pirito-cuprifere, fiind adesea prezent xi in cul-
cusul si coperisul celei plumbo-zincifere.

Adularul monoclinic se intilneste in asocierea mineralelor din prima
generatie a minereului plumbo-zineifer si mai rar a celor din a doua gene-
ratie. In cuprinsul celei pirito-cuprifere, el se intilneste numai in asocierea
blendei $i galenei din centrul filoanelor, unde a fost depus probabil in
timpul formirii filoanelor plumbo-zincifere.

Cuartul este mineralul de gangé cel mai rdspindit, cu cea mai lungd
perioadd de cristalizare. In cele dou# tipuri de minereu care au putut fi
mai bine studiate, se disting cite trei generatii de cuart. Cel din prima ge-
neratie a minereului pirito-cuprifer apare in asocierea piritei;, calcopiri-
tei; §i cloritului, pe ecind in minereul plumbo-zinecifer cu adularul mono-
clinic, blendei; §i galenei;. Obisnuit, marimea granulelor sale nu depéseste
decit rareori 0,2 mm. Cel din a doua generatie, alcdtuieste irnpreund cu sul-
furile corespunzitoare umplutura portiunilor mediane ale filoanelor, pre-
zentindu-se sub formd de mase compacte cu o granulatie ce oscileazd in-
tre 0,3—1 mm. Cuartul din ultima generatie, alcituind umplutura parpi-
101-‘ centrale ale filoanelor, este asociat in cadrul mineralizatiei pirito-cu-
prifere cu illit, piritd si caleopiritd, respectiv cu caolinit, dolomit si calcit
~In cuprinsul celei plumbo-zincifere. Dimensiunile granulelor sale ating
10—12 em. Este posibil ca aceastd dezvoltare s¥ fi fost determinatd si de
prezenta anumitor microelemente. §

Microscopic, pe lingd cuartul granular omogen, se recunoaste si o
varietate fibroass, mai frecventd la cuartul,, intre aceste doud varietdti
existind §i termeni de tranzitie cu extinctie ondulatorie. Se intilnesc si
cazuri de supracrestere, varietatea fibroasi acoperind cristalele omogene,
adesea idiomorfe, cit si depuneri alternante ale acestora. Admitind c&
varietatea fibroasi a rezultat din transformarea unor geluri de silice,
reiese cd in timpul procesului de formare a mineralizatiei au existat inter-
vale de cristalizare normald cit si ,,momente’ de depunere de geluri sili-
cioase. Faptul cd in cuprinsul filoanelor nu se intilneste opal ci numai cal-
cedonie ori cuart fibros, aratd cd gelurile de silice au fost transformate pe
parcurs.

Calcedonia se intilnegte rar in portiunile mediane gi centrale ale fi-
loanelor plumbo-zingifere in asocierea mineralelor din ultimele dou# ge-
nerabii.
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Illitul (fig. 1) este larg rispindit in portiunile mediane si mai ales
centrale ale filoanelor pirito-cuprifere.

Mallarditul a fost identificat de D. Todor (I.P.G.G.) prin efectul en-
doterma de la 700 — 750°C in probele de illit provenite de pe filoanele
Nepomue (fig. 1), efect care dispare la spilarea probei.

450
280
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o P 395 /\ 705 /
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58

0 950
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Fig. 1. Diagrama termici diferen- | . /\J
tiald a unei probe de illit de pe K
filonul 172. ~
Diagramme thermique d’un éch-
antillon d’illite du filon 172.

100 200 300 400 500 600 700 800 950" c

Fluorina, identificatd microscopic in asocierea mineralelor din pri-
mele dou generatii ale minereului plumbo-zincifer, se prezintd sub formd
gie;_eristale submilimetrice izolate ori mici aglomerdri in cuart.

Sericitul este frecvent intilnit in asocierea mineralelor din a doua
generatie a minereului plumbo-zincifer, asociat de reguld, cu cuart fibros.

Montmorillonitul apare rar in minereul pirito-cuprifer, fiind mai
frecvent in cuprinsul ultimelor depuneri ale minereului plumbo-zincifer.
Este frecvent in piroclastitele de la contactul filoanelor. El acoperd sulfu-
rile si fluorina, fiind acoperit de caolinit.

Baritina, semnalats de Cidere (1925) §i Stoicovici (1950), se identi-
ficd in cuprinsul filoanelor din mina 9 Mai acoperind sulfurile principale
din a doua generatie, fiind acoperitd de componentele celei de a treia
generatii. La cristalele bine dezvoltate se determind formele : (001), (110),
€010), (100), (011), (101), (111) §i (102).
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Carbonatir, reprezentati prin siderit, dolomit si caleit se intilnese in
portiunile centrale ale filoanelor, in asocierca ultimelor depuneri din cea
de a treia generatie.

Vivianitul, intilnit in filoanele plumbo-zincifere din ming 11 Iunie,
se prezintd sub forma de eristale de 1 —3 cm lungime, fixate pe sulfurile ce

100
Z
N o
011 Fig. 2. Cristale de vivianit de pe
" filonul 141.
010 001 010 Cristaux de vivianite du filon 141,
4
3 D
0\ 9
101

tapiteazd peretii geodelor, fiind acoperit de caolinit. Misuritorile gonio-
metrice permit determinarea formelor : (100), (010), (001), si (111), bine
dezvoltate, asociate cu (101), (540), (541), (121) si (221) mai slab dezvol-
tate. (fig. 2). In sectiuni mai groase este bine vizibil pleocroismul : y =
== glbdstrui, « = incolor. 2V == 84°. Analiza termic diferentiald si cea
dilatometricd scot in evidentd corelatia dintre efectele exoterme, endoter-
me si dilatatie.

Caolinitul, asociat local cu dickit, montmorillonit si beidelit, toate
verificate termic diferenfial, este bine reprezentat in cuprinsul filoanelor
plumbo-zincifere §i la contactul acestora.

Gipsul sub formd de cristale cu lungimi de 0,5 —~1 em, are doud pro-
veniente ; una hipogend a cirui cristale tapiteazi peretii geodelor si alta
supergend a cdrui cristale sint fixate pe peretii galeriilor vechi. Se identi-
ficd prin spectrul sdu de absorbtie in infrarosu cu valorile de : 3547, 3400,
2629, 1141, 1115, 661 si 601 v (cm™2) si prin liniile sale de difractie de la :
1,62; 1,78; 1,81; 1,87; 1,905 1,995 2,07; 2,21; 2,68; 2,78; 2,87; 3,06;
3,87 si 4,29 dn.

Pe lingd mineralele prezentate, la nivelul orizonturilor superioare a
mai fost semnalatéd prezenta stibiului (Hauer et al 18535), argentitului si

rodocrozitului (Ackner 1895), stefanituluni, stibinei 51 proustitului (Zepha-
roviei 1893).

Diagraimele de cristalizare ale mineralelor componente din cele doud
tipuri de mineralizatie studiate sint prezentate in figurile 3 si 4.

Ca minerale supergene se identifics :

Covelina, semnalatd de Stoicovici (1950), acoperd sub formi de
poighite calcopirita din zona de oxidatie, fiind asociatd cu malachit gi
azurit.

Limonttul, intilnit sub formd de stalactite si stalagmite pe galeriile
vechi sau pseudomorfozeazd pirita din zona piliriei de fier a cirei grosime
depéseste local 30 m. La nivelele superioare ale filoanelor plumbo-zincifere
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el poate fi gisit si sub forms de depuneri alternante cu cuartul,, ceea ce
aratd ¢ depunerea sa a inceput incd la stivsitul perioadei de mineralizare.

Goslaritul si hexahidritul, alb-laptoase, verzui, brune ori alb#strui
acoperd sub formi de cristale fibroase de 1—35 @n lunghne, peretii galerii-
lor vechi. Microscopic, se determind doud minerale; unul rombic cores-

{\ o \-\;I\\ I

l .
\\ | ‘\f

0700 200300 400 500 @ ity B 900 1000° C

Fig. 5. Curbe termice diferentiale a asociatiei goslarit-hexahi-
drit de pe galeria directionali a filonului 142, orizent superior.
Courbes thermiques différentielles de I'association goslarite-he-
xahydrite située dans la galérie le long du filon 142, horizon supérieur.

punzind goslaritului si altwl monoclinic cu ¢: o = 20°; 8 = 94°; (100):
:(001) = 86°, maclat polisintetic, corespunzind hexahidritului. Prezenta
acestor doudi minerale este confirmatéd si prin analiza termicd diferentials
(tig. 5).

Melanteritul, verzui-albastru, alciituieste frecvent depuneri stalac-
titice si stalagmitice pe traseul galeriilor pardsite. Natura acestui mineral
ze verificd prin analiza termicd diferenyiald, cu efecte cndoterme la:
220°, 325°, 645°, 800° si 900°C, corespunzind dupi A. Dinescu siT. Dene
(I1.P.B.) formulei: Zn, .Fe, ,,Mn,,,Cu, (550, -TH,O0.

Acest mineral este un termen intermediar din seria izomorfd gosla-
rit-melanterit-mallardit-pisanit.

Pentru explicarea formirii mineralelor supergene prezentate, au
fost executate de citre D. Tintild si D. Dobrotd (I.P.G.G.) doud analize
chinmice a doud probe de api de ming colectate de pe filonul Nepomuc (A)
ming 11 Junie §i filonul 50 din mina 9 Mai (B), ambele provenind de pe
orizonturile inferioare.

Se constatd o strinsd legdturd intre natura mineralizatiei, chimismul
apel de mind §1 natura mineralelor supergene, Continutul ridicat in Cu si
Zn al acestor ape (tabelul 2), pune problema valorificirii lor.

Pentru explicarca mecanismului de solubilizare al elementelor chi-
mice din zidcamint, s-au efectuat la catedra de microbiologie a Universi-
tatii din Bucuresti analize ale apelor evacuate prin galeriile Cimpurele
si 9 Mai (tabelul 2), identificindu-se Thiobaccillus feromtdans si o varie-
tate de Ferrobaccillus ferowidans, care pe 1ing# solubilizarea chimic con-
tribuie la eliberarea elementelor chimice din mineralele primare.
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TABELUL 2
A B
pH 6 2.6
Rezidiu fix la 180°C 648,0 g/kg api 536,0 g/kg apa
Continutul
Componente - -
g/l I milivali | g/ | milivali
{ i :
Anioni
cl- 7.1 0, 2000 7,1 0,2000
| so,~~ 376,8 7, 8446 200, 7 4,5948
] HCO,~ 134,72 2, 2000 231, 8 3, 8000
Cationi
Na* 3,0 0.1459 8,9 0, 3899
K+ 7.5 0,1917 5.7 0,1458
NH,* 3,0 0,1662 abs —_—
Catt 134,0 6, 6000 132,2 6, 6000
Mgt 31,6 2, 6000 3,5 1,2800
Fett 15,1 0, 5408 5,0 0,1791 .
At 0,7 0,0258 0,2 0,0074
Cu™* 9,5 0,1492 2,3 0,0362
Phtt 0.1 0, 0004 1,6 0.0077
Zntt 0,2 0, 0031 6,5 0,1003
Duaritatea in grade germanc: 26 22

Date de geotermometrie

Continuind cercetirile paleogeotermometrice incepute de Pomir-
leanu et al (1961) s5i Boreos (1964), efectuate aspra cristalelor de cuart si
blendd, in cadrul lucrdrii de fatéd se adue noi date geotermometrice, extin-
zindu-se asupra calcitului, baritinei, galenei si vivianitului din mina
11 Tunie. Misuritorile efectuate prin metoda omogenizirii asupra minera-
lelor din umplutura filoniand si peretii filoanelor sint prezentate in tabelul
3, iar cele prin metoda decrepitéirii in tabelul 4.

Se vede cid temperaturile de cristalizare ale mineralelor din cuprin-
sul mineralizatiei pirito-cuprifere, cu excepiia caleitului, au cristalizat intre
260° si 360°C, cele ale componentelor mineralizatiei plumbo-zincifere intre
2490° i 330°0, iar a celei auro-argentifere intre 219° si 280°C; potentialul
energetic scizind in ansamblu paralel cu evolufia procesului de depunere
a mineralizatiei. Este demn de remarcat faptul ci baritina, caleitul si vi-
vianitul au cristalizat la nivelul de temperaturd al mineralizatiel auro-
argentifere. Aceeasi scidere se nrméreste si la fiecare tip de mineralizatie
de la prima la ultima generatie; in cuprinsul mineralizatiei pirito-cupri-
fere temperatura sedizind de la prima la a doua generatie in medie cu
20°C, iar de la a doua la a treia generalie in medie cu 25°C ; in timp ce in
cuprinsul celei plumbo-zincifere aceasta scade in medie de la prima la
a doua generatie cu 27°C, pe cind de la a doua la a treia in medie cu 31°C.
Este evident ci cele doudt tipuri de mineralizafie s-au format in conditii
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TABELUL 3

Temperaiurile de cristalizare ale mineralelor, delerminate prin metoda omogenizdrii

Temperatura °C

319

Provenienta « .|| Mineralul Nr. de
probelor analizat, deter- . . .
(filonul) parageneza minari Media Minima Maxima
1 2 3 4 5 6
Mina 11 Iunie
A. Mineralizafia pirito-cupriferd
171—172
culcus-coperis Cuart,, Py, G, G 49 319 269 352
171, zona mediand | Cuarl,, P, i 24 302 285 330
171—172 3
centru Cuart, i 23 267 254 298
Media ponderatd orizont superior 96 300 266 336
171—-172 \ Cuarly, Pp- Gy, €1 :
culeus-coperis | 1 67 | 3 302 357
171—172 } Cuart,, P,, CI 24 | 304 284 325
zona mediand |
172 l ’
centru caleit, P, | 5 1 182 160 206
Mcdia ponderatd orizonti zero 151 303 285 332
171—172
culcus-cope:is Cuart,, P, G;, C1 57 343 317 > 350
171
zona mediani I Cuart,. Ps. C, L2 320 296 340
171—172 | '
Centru ! Cuari ; 42 308 283 339
171 |
cenlru } Baritini, P, | 19 236 193 303
172 i i
centru [ Calcit, P, | 12 186 180 196
Media ponderati orizont inlermediar 151 304 280 303
171—172
culcus-coperis Cuart,, P, Gy, C1 66 353 313 > 360
171—172
zona mediand Cuart,, P,, C, | 33 331 304 356
171—172 |
centru Cuar(, ¢ 126 298 281 323
Media penderatd orizont inferior 245 291 348
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| | ]
1 | 2 L aohE a4 Bl 6
B. Mineralizafin plumbo-zinciferd
141, 143 Cuarty, Py, By, G1 o B ’
culcus-coperis Ad 95 289 ‘)71 iy 312
141, 143 Cuart,, Py, By, Gy, e Il
zona mediana Sr 55 2757 | 258 297
141, 143
centru Cuart,, Cd t 47 241 I 228! 3 W, 266
Media ponderaldl orizonl superior 197 272 257 298 -
141, 143 | ‘ | i
culcus-coperis Cusarfy; Py, 3y, Ad | 80 3o 201 335 ¢
141, 143 1
zona mediand Cuarl,,P, B,, G, 92 278 ! 259 308
4 141, 143 |
1 centru Cuart,, Py, By, Ca 111 262 | 238 276
Media ponderatd orizont zero 283 280 259 303
142
culcus-coperis Cuart,. Py. ¢ 45 314 284 338
142
zona mediani Cuarl,, P,, B3, 21 291 267 307
142 !
centru Cuart, 17 279 245 294
142
centru Vivianit 10 215 258 285
Media ponderatit orizonl inlermediar 93 291 262 314
142 . |
culcus-coperis Cuar{,, C1, Ad $420 <334 300 360
142 14 [
zona mediand Cuari,, B,, G, 53 312 296 348.
142 A '
centru Cuarl, 38 297 , 283 315
Media ponderata orizont inferior 133 314 293 357
C,. Mineralizafia auro-argentiferd
|Afforimient . /. ¢ q T P ‘
Taraita I Cuarl, 93 219 198 246 )
Afloriment : i
Carolina Guart, Ad 45 281 234 309. ]
| Halda Galbena Cuart 61 244 214 276
IHalda Mihai Cuart 25 234 216 265
Halda
Cimpurile Cuart, B, Sr 26 248 218 281
Halda Nepomuic Cuart, P, Ad 35 247 205 297
Media pounderald mineralizatic auriferi 285 241 211 268

Prescurtari :

G — galend; Cl — clorit; Sr — sericit;

1, 2, 3 generatii de minerale ;
Ad — adular;

P — piritd; C — calcopiriti :
Ga — calcit; Cd — calcedonie. .

B — blends’;



60 V. MANILXCT 14

TABELUL 4

Temperaturile de erisializare determinate prin meloda decrepiidrii

Provenienta Temperatura de decrepitare | Temperatura de omogenizare
oroh i Mineralul in grade C in grade C
?ilonsl’ analizat,
orizontul barageneza Inceputul rl;lzg:lr} Arlﬂi?llrllfa Media | Minima | Maxima
142 Calcit, Py, * 162 234 265 — — —
inferior
170 Baritini* 161 237 264 236 193 303
inferior
60
intermediar Baritind * 122 160 233 260 217 304
50
intermediar Calcit * 156 230 264 253 218 291
140 Vivianit,
inferior Py ** 170 210 250 204 165 252
142 Vivianit
inferior Py ** 160 215 235 234 210 265

*) Determindrile efectuate de V. Pomirleanu si D. Filipescu, **) Determindrile eiectuate
de V. Manilici, Py — piritd din generafia a treia.

termice diferite. Asemenea estimiiri nu se pot face pentru mineralizatia
auro-argentiferd, exploatatd in trecut.

In cadrul generatiilor, respectiv al pulsatiilor se constati ci intot-
deauna temperatura la care incepe cristalizarea unei anumite generatii,
separatd de cea precedentd prin diaclazdri ori fisuriri ale umpluturii fi-
loniene, este mai ridicatd decit temperatura la care se termind cristali-
zarea generatiel orl pulsatiei precedente. Aceastd situatie se coreleazd
bine cu textura rubanatd, respectiv cea brecioasd a filoanelor, indieind
caracterul pulsatoriu al procesului de mineralizare, Se semnaleazd insd si
cazuri izolate de cresterc a temperaturii de cristalizare la nivelul ultimei
generatii fatd de a doua sau chiar prima generatie. Astfel, pe filoanele
140 $i 142 la nivelul orizonturilor intermediare, s-au intilnit cristale de cu-
art. formate in jurul temperaturii de 285°C, cele din a doua generatie la
270°C, pentru ca la cuartul, si se determine o temperaturi medie de
301°C. Local, o asemenea crestere se urmireste si la nivelul unor cristale
izolate de cuart (fig. 6), temperatura medie ecreseind dela centru (273°) spre
zona medians (294°C) pentru a atingela periferie o medie de 322°C. Incontesta-

bil ¢i paralel cu ridicarea temperaturii solutiei, pentru continuarea cres-
terii unor asemenea cristale era necesard o crestere corespunzitoare a con-
centratiei de SiO,. Admitind dupi Dekeyser et al (din Millot et. al. 1959)
cd solutiile hidrotermale contin 7-—140 p.p. m. SiO, si ¢ dupi Suragawa
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(1957) concentratia de silice scade de la prima spre ultima generatie,
aparitia unor asemenea cristale la care se constatd o cregtere a tempera-
turii de la centru spre periferie, ne obligh s4 admitem §i unele fluctuatii
ale concentratiei de Si0,. Avind in vedere caracterul pulsatoriu al pro-
cesului de mineralizare, evidentiat atit prin textura filoanelor cit si mésu-
ritorile geotermometrice, asemenea fluctuatii apar posibile. Dupéd toate
probabilititile, cristalul in cauzd s-a format pe seama unei pulsatii noi
venite din adincime.

Fig. 6. Cristal de cuart din partea cen-
trali a filonului 142, cu distributie zonard
a temperalurilor de cristalizare, zona I
temperatura medic 273° G, zona IT 294° C,
jar zona III 322° C. Cristal de quartz de  }y30 LI 205 | 298
Ia partie centrale du filon 142, a distribu- g;:g B B .
tion zonale des températures de cristal- 325 ‘ 1355 on 28 321
lisation, zone I température moyenne de .o ‘
273° C, zone 11294 G etla 7one 111322 C. 33‘\9-2 "s0r | se s | gy | Mé
s am
“295| 262 | 2 e 56
289 713t
T T I I X

Urmirirea variatiel temperaturilor de cristalizare pe verticald, aratéd
¢ in mina 11 Tunie, in cadrul mineralizatiei plumbo-zincifere pe o diferentd
de nivel de 235 metri se inregistreazd o crestere de temperaturd de 39°C,
pe cind in cazul celei pirito-cuprifere pe o diferentd de 150 metri o crestere
de temperaturd de 41°C. Rezultd pentru mineralizatia plumbo-zinciferd
o crestere de 16,6°C la 100 m adincime, iar pentru cea pirito-cupriferd
27,3°C la 100 m adincime. Treptele geotermice corespunzdtoare sint de
6,00 m/1°C in cazul mineralizatiei plumbo-zincifere si de 3,65m/1°C al celei
pirito-cuprifere. Luind in considerare temperaturile de cristalizare ale
cuartului din a tveia generatie a mineralizatiel plumbo-zincifere din acecasi
ming, cu continuturi valorificabile de aur, la o diferentd de nivel de 235 m
se inregistreazii o crestere de temperaturd de 33°C, ceea ce revine la o creg-
tere de 14°C Ia 100 m, respectiv un gradient geotermic de 7, 12 m/1°C. Aceste
elemente coroborate cu relatiile spatiale ale tipurilor ¢e mineralizatie pre-
zentate, arati ci depunerea lor s-a realizat in conditil fizice si chimice
deosebite.
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DONNEES SUR LA COMPOSITION
MINERALOGIQUE ET LES TEMPERATURES DE CRISTALLI-
SATION DU MINERAI DU GISEMENT DE BAITA-NISTRU

(DEPARTEMENT DE MARAMURES)

(Résumé)

Le gisement de Biita-Nistru, comme tous les autres gisements de la
région de Baia Mare, présente un caractére minéralogique complexe. Il
comporte approximativement 55 minéraux et variétés de ceux-ci, repré-
sentés par des éléments natifs, sulfures, tellures, halogénures, oxydes,
sulfates, phosphates, carbonates et silicates. L'observation de leur distri-
bution dans les filons permet la détermination de Dévolution du chimisme
des solutions hydrothermales pendant la minéralisation ; les particulari-
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tés cristallographiques et microscopiques des minéraux y compris indi-
quent les conditions physiques et chlmlques qui ont déterminé la forma-~
tion du .gisement.

La pyrite et le quartz sont les plus repandus de tous les minéraux
du oq%ement et les plus importants, en méme temps, pour la détermination
des condltlons de métallogenése. De toutes les 11 formes cristallographi-
ques de la pyrite, les faces 100 et 210 ont la fréquence la plus élevée. Selon
on observe dans le tableau 1, dans le nid et le toit des filons prédomine’
la. forme cubique, dans les zones médianes du remplissage des filons pré-
domine l’association de la face cube avec le dodécaédre pentagonal et
dans les parties centrales des filons les faces en dodécaédre pentagonal.
Selon Sunagawsa (1937), au début du processus de minéralisation, le dépdt.
des minéraux s’est formé pendant nn régime de refroidissement rapide, une
alimentation insuffizante en-solutions hydrothermales et grandes varia-
tions de température et concentration; au contraire, vers le final, le re-
froidissement devient plus lente, sans des variations de température et
concentration trop grandes, enregistrant une alimentation suffisante . La.
méme évolution cst enregistiée pendant le développement des clistaux
de pyrite ; & ceux de ¢,03 —0,07 min on observe exclussivement des faces
en cube, & ceux de 0 19 a 0, ‘)o mimn P’association de cube avec dodécaédre
pentagonal et & ceux de plub d’un millimeétre prédomine la face en dodé-
caedre pentagonal associée & celle en octaédre.

Pour la blende, la galéne et le quartz on observe le méme dévelop-
pement des dimensions des grains, partant des parois des filons veis le
centre, déterminé par la méme évolution du régime de refroidissement des
solutions hydrothermales. La méme conclusion dérive de la variation des
dimensions des inclusions de chalcopyrite des ciistaux de blende, qui,
dans le nid et le toit des filons ont un rayon d’approximativement 1 mpu
pendant que dans le centre des filons arrive jusqu’a 40 —50 mu. Excep-
tant les inclusions de chalcopyrite de la blende, issues du processus d’ex-
solution du genre e ceux prézentées, on doit considérer aussi les inclusi-
ons de chalcopyrite de la masse de la blende située au contact de celle-ci
avec la chalcopyrite massive. Des auréoles de telles inclusions sont obser-
vées aussi dans la blende dépourvue d’inclusions a Dintérieur, étant le
résultat dun processus de diffusion. Selon Filimonova (1964) la présence
de ces auréoles indique le maintien de 1'agrégat minéral pendant un laps
de temps plus long & une température élevée, probablement prés de celle
de la formation de la minéralisation.

Quant au quartz, exceptant une variété homogene résultée de la
cristallisation de certaing solutions & caractere electrolvthue on observe
aussi une autre variété fibreuse & extinetion ondulatoire, issue de la eris-
tallisation de quelques gels siliceux. Ce fait indique que pendant la formation
du gisement ont existé aussi des périodes de sédimentation de certains
gels siliceux. Tels gels sont observés dans les sulfures aussi.

La succession des minéraux dans la minéralisation pyrito-cuprifére
est représentée dans la fig. 3 et celle plombo-zincifére dans la fig. 4.

Dans les galeries anciennes on a identifié comme minéraux super-
gens : covelline, goslarite, hexahydrite (fig. 5) et mélantérite, leur appari-
tion étant expliquée par le chimisme des eaux de mine (tableau 2).
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On a effectué des déterminations de température par la méthode de
’hemogénéisation et de la décrépitation sur le quartz, la calcite, la bary-
tine, la galéne et la vivianite. Les résultats sont présentés dans les table-
aux 3 et 4.

On observe que la minéralisation pyrito-cuprifere s’est formée entre
260 et 360°C, celle plombo-zincifére entre 240 et 330°C et celle auro-ar-
gentifére entre 190 et 280°C ; le potentiel énergétique diminue en rapport
avec l'évolution du processus de minéralisation de la premiére a la der-
niéve génération. La température a laquelle commence la cristallisation
d’une génération est toujours supérieure & la température 2 laquelle ter-
mine la, cristallisation de la génération antérieure. On a enregistré aussi
des cas d’élévation de la température au niveau de la derniére génération :
le quartz, cristallise & 285°C, le quartz, & 270°C et le quartz, & 301°C. La
méme élévation de la température est enregistrée aussi aun niveau de
quelques ecristaux isolés (fig. 6), la températwre augmentant du centre, &
une moyenne de 273°C, vers la zone médiane & nne moyvennc de 294°C,
pour arriver, vers les bords, & une moyenne de 322°C.
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ELEMENTE STRUCTURALE S1 MINERALIZATIY
IN FAGARASUL DE EST!
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A
Structural controls. Lardmid orogenesis. Overthrusi. Tension fracture. Ausirian lectogenesis.
Tectonic conlrols. Epigenelic processes. Spatial distribution. South Carpathians Gelic and
Supragetic cryslaline domains — Fdgdras Mounlains; Gelic and Supragetic sedimeniary
domarns — Birsa Fierului Zone — Sinca

Abstract

Structural elements and mineralizations in East Fggarag. Spatial distribution of poly-
metallic mineralizations in Eastern Figiras reveals a direct correlation with that of Austrian
and Laramian (?) structural elements in the region. Analysis of ore deformations, which have
occurred during these tectogeneses, shows that they have been produced under a compressive
regime; thus, the ore fcatures evolved up to the level of tectonite. Structural control of
mineralizations is pointed out by their spatial coincidence with the main tectonic lines
{overthrust plane faults) and by a stronger dismembering of ore bodies eastwards and west-
wards, together with an increased frequency of tectonic elements. Therefore, as a result of
deformations, subsequent reorganizations allow mneither the conslitution of ore deposition
sequenee in the classical sense, nor any signs of ore zoning.

Résumeé

E{éments structuraux ef des minéralisalions des monis Fdgdras de Uest. La distribution
spatiale des minéralisations polymétalliques des monts Figiras de Pest indique unc corréla-
tion directe avec la distribution des éléments structuraux autrichiens et Ilaramiens
(?) de la région.

I.’analyse des déformations subies par les minéralisations, pendant les teetogeneses autri-
chienine et laramienne (?), indigue que les deux ont actionné dans un régime compressif; les

1 Predati la 22 octombrie 1986, acceptald pentru publicare la 24 octombrie 1986,
comunicati in sedinta din 5 mai 1986.

* Institutul de Geologic §i Geofizicd, str. Caransebes nr. 1, R 79678, Bucuresti 32

5 — ¢. 563



66 . L. NEDELCU, GH. ILINCA 2

déformations évoluent jusqu’au niveau de tectonite. Le contréle structural des minéralisations
~se manifeste tant dans la coincidance spatiale de celle-ci avec les principales lignes tectoniques
(plans de charriage, lailles), que dans le développement de la dispersion des corps de minerai,
de Douest vers l'est, parallelement a 'augmentation de la densité des éléments tectoniques.
Par conséquent, les réorganisations subséquentes, comme effet des déformations, ne permettent
pas la réconstitution de la succession de dépot dans le sens classique ni la réconstitution de la
zonalité des minéralisations.

Luecrarea isi propune, pe baza nnui cadru structural in mare misurs
cunoscut (Sdaundulescu, 1976, 1980 ; Nedelcu, Anton, 1984 ; Nedelcu et al
in Vijdea, Udubasa et al., 1984 ; Balintoni et al., 1986), s& incerce o re-
constituire a istoriei proceselor de deformare si implicit si a elementelor
strueturale care controleazi localizarea mineralizatiilor din Fiagirasul de
cst.

Principalele unititi structurale ale Figdrasului de est (Nedeleu,
Anton, 1984; Nedelcu in Vajdea, Udubasa et al, 18984), a cidror con-
tinuitate a fost recunoscutd §i in restul masivului (Balintoni et al, 1986),
apartin, dupd Siandulescu (1976, 1980), pinzei supragetice. Succesiunea
acestor unitati de jos in sus si respectiv de la sud spre nord, se prezintd
astfel (Plansa) : pinza de Arges, pinza de Moldoveanu, unitatea de Birsa
Fierului, pinza de Strimba,

Imaginea repartitici regionale a mineralizatiilor polimetalice din
Muntii Fagiras de est (Nedelcu i Balaban in Udubasa et al, 1983), in re-
latie cu elemnentele structurale recunoscute, evidentiazid citeva aspecte
particulare ale acesteia (Plansa):

— mineralizatiile se concentreazd in doufi unititi tectonice: in
pinza de Moldoveanu (circa 60 9%,) si in pinza de Arges (aproximativ
40 %)

— distributia lor este controlati de factori structurali (structura in
pinze de sariaj, sistemele de falii). Astfel, ele sint localizate fie de-a lungul
unor falil directionale majore, mineralizatiile de la piriul Gherdana-piriul
Dracului, Platin, situate in zona faliei viii Holbavului, mineralizatiile de
la piriul Ciorogarului de-a lungul faliei Morigoara, fie in vecinitatea uuui
plan de sariaj: corpurile de minereu de pe valea Morisoara, valea Mes-
teacin, valea Réchitei, valea Sutilei, piriul Orzului, pirinl Cabanei si pro-
babil Nima'a, aflate sub incidenta planului de sariaj al pinzei de Moldo-
veanu. De asemenea, niineralizatii au mai fost intilnite pe traseul unor
falii transversale : ivirile de pe valea Vulcinita, valea Cetitelei, valea
Birnei ;

— {recventa dimensionalii a mineralizatiilor variazi §i ea de la vest
la est astfel : pentru zona Nimaia-Morisoara frecventa cea mai mare o au
mineralizatiile a cdror lungime insumat4 a eorpurilor de minereu este cu-
prinsd intre 10 m §i 300 m, pe ¢ind pentru zona Ruda-Holbav maximul de
frecventd (80 %) este dat de ivirile a ciror lungime este sub 10 m. Aceastd
descrestere dimensionald, a mineralizapiilor de la vest spre est se coreleazs,
insd cu o crestere a frecventei elementelor structurale (falii, plane de sa-
riaj) fapt care explich astfel ¢i dispersarea mare a corpurilor de minereu
spre cst;



w

ELEMENTE STRUCTURALE SI MINERALIZATII IN FAGARASUL DE EST 67

— distributia regionald a mineralizatiilor nu reflectd, un control
litolozic evident al acestora, ele putind fi intilnite in formatiuni crista-
line cu litologii diferite (micasisturi, paragnaise, gnaise albe, amfibolite,
gnaise migmatice ale grupurilor Figiras si Cumpdna).

In consecintsi, se remarcd faptul ¢ numai anumite elemente strue-
turale au jucat un rol de factor de control al mineralizatiilor. Evidentie-
rea lor s-a ficut pe harta distributiei mineralizatiilor din Fa garasul de est
(Nedelcu, Balaban in Udubasa et al, 1983). Pentru control am ficut apel
la elementele furnizate de galeriile si de forajele din regiune, precum si la
datele prospectinnilor geochimice i geofizice recente.

Imaginea rezultatd relevi, aspecte semnificative ale distributiei spa-
tiale a elementelor structurale care controleazi localizarea mineralizatiilor,
precum si unele indicatii referitoare la istoria evenimentelor deformatio-
nale care au avut loe in acest teritoriu. Din analiza struecturald regionals,
rezultd cid elementele xusceptibile de a da un raspuns sint sistemele de cute,
de falii i planele de sariaj. Astfel, au fost recunoscute doud sisteme de cute
si falii care definesc, prin caracterul particular al deformérilor, doud sta-
dii distincte,

A. Primul stadiu/sistem este legat de compresiunile austrice care
au generat sariajele, cutele si faliile Tongitudinale. In acest caz, dacii se
are in vedere faptul cd seur tarea structurii s-a produs pe directiec NV-SE,
corespunzitoare axei (' a elipsoidului de deformare, se poate presupune ci
vectorii fortelor de compresiune austrice au avut aceeasi directie (plansa).
Apartenenta elementelor rupturale la acest sistemn este doveditéd si de evi-
dentul lor paralelisin cu axele cutelor si orientarea generald a planelor de
sariaj. In cadrul sistemului au fost recunoscute sapte linii tectonice im-
portante care controleazii localizarea principalelor mineralizatii din re-
giune :

Falia I (Nimaia) cu pozitia cea mai nordicd, orientatd aproxima‘tiv
BV, cuprmde corpurile de minereu cercetate in lucmrlle miniere vechi,
precmn §i indicii de mineralizare din galeria I — piriul Spirtalui. intr uut
aceasti falie este intreruptd spre est de falia transversald de pe piriul
Cenusa, corelarea el cu falia Morisoara, care controleazd o mineralizatie
preponderent piritoasi, poate fi ficutd doar pe criteriul pozitiei spatiale.

Falia I este marcatd de ivirile si indieii de mineralizare de pe piraiele
Hirsan, Bolovanului, Scradei si valea Ruda Mied. Toate aceste iviri sint
caracterizate de predominanta mineralelor de gangd (cuart, carbonati)
fati de cele metalice. Traseul siu este de asemenea jalonat de anomalii
electrometrice si geochimice, Este posibil ca si mineralizatiile de carbonati
cu sulfuri de pe piriul Fierului, exploatate pentru fier in secolul XV
(Hauer si Stache, 1863), si se inscrie pe aceeasi falie.

Falia III cuprinde corpurile de minereu din galeriile vechi de pe
piriul Hirst dnel, ivirile de pe piriul Hirsan, piriul Ursului, piriul Motoanu
si mineralizatiile de la piraiele Clorowalulul §i Tuzii, Spre est, in bazinul
viiil Sinca, pe aceastd fracturd s-ar situa lentila de sulfuri din galel ia 3 —
p1r1u1 &rat si probabil mineralizatia de baritind si sulfuri de pe valea
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Ruda Mici. Extinderea faliei pind in valea Giunoasa ar putea fi sugerats
de prezenta, in malul sting al acestei vdi, a unei iviri de carbonati de fier:
intr-o zond de tectonizare. Totodata, tronsonul vestic al faliei este eviden-.
tiat de anomalii de polarizatie indusd $i de anomalii geochimice.

Falia IV se poate urmdri de la piriul Cabanei (corpurile de minereu.
de la suprafatd si indicatiile de la nivelul galeriei 3), prin valea Ruseasci
(carbonati si cuart in frontul galeriei,4), piriul Criiesei (carbonati in des-
coperta 3), pini la izvoarele piriului Sutila (corpul de sulfuri de Pb §i Zn
din descoperta 2). Corelarea acestei falii cu mineralizatia din galeriile de
pe valea Mesteacdn este mai mult ipoteticd, ea rezultind doar din pozitia.
spatiald similard.

Falia V ar corespunde urmitoarelor indicatii de mineralizare : ivi-
rile de carbonati de fier cu sulfuri (galend, piritd) de pe piriul Sipot; len-
tilele de minereu de la nivelul galeriei I (veche) si galeriei 4 valea Ruseascd ;-
corpul.de cuart, carbonati §i bariting din descoperta 1 — piriul Criiesei;
corpul de carbona,tl si cuart cu blend si galeny din descoperta 3 — plrlul
Sutila. Spre est traseul siu a fost marcat ipotetic pe baza lentilelor de sul-
furi (galend, piritd) cu carbonati si cuart din galeriile 1 §i 2 — piriul] Ra-
chitei.

Falia VI este materializati de un set de trei lentile de minereu din
galeria 4 — valea Rugeasci care s-ar putea eventual corela cu setul de trei
lentile interceptate de laterala 350 stinga din galeria 2 — pirjul Orzului.
Echivalentul estic presupus al acestei falii ar putea fi fractura pe care se
localizeazd mineralizatiile de la gura galeriilor 1 si 2 — piriul Richitei,
precum si corpul filonian de sulfuri (blenda, galend) din piriul Cé,rbuna,ri.

Falia VII a puatut fi evidentiatd doar in partea esticd a regiunii,
incepind de la valea Marului ping in valea Holbavului. Falia este marcati
in principal de mineralizatiile de galens argentiferé, de pe piriul lui Frenz,
piriul Gherdana si piriul Dracuhu exploatate in secolul trecut (Gausca,
1942).

B. 41 dodea stadw/swtem este caracterizat de deformiri compresive
subsecvente celor austrice, posibil laramice, dupéd cum rezultd din relatiile
sale cu primul stadiu. Din pozitia axelor cutelor majore si a faliilor de
incdlecare cu vergentsd esticl, rezultd, cii scurtarea structurii s-a produs
pe directia NE-SV, Acest fapt conduce la ideea, ci ehps01du1 de deformare
a avut axa C orientatd pe directia respectivi si deci cd vectorii fortelor
de compresiune laramice (%) ar fi avut aceeasi dlrectle Desi intensitatea
deformadrilor din acest stadiu-a fost mai mici decit in prlmul manifestarea
lor pe directii transversale fat# de cele austrice a condus la o complicare a
imaginii structurale refrlonale

Deformdrile s-au manifestat prin cutdri transversale insotite de for-
feciri care, in situatiile extreme, au condus la inc#leciri. Astfel se cons-
tatd o recutare a planelor de sarla] austrice pe directia NV- SE crenermd
o serie de structuri anticlinale gi sinclinale (Plansa) : o

1) anticlinalul ‘Valea Mare — Birsa lui Bucur; de formarea sa
este legatd cutarea planului de sariaj al pinzei de Moldoveanu §i aminera-
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lizapiilor de la piriul Cabanei. De asemenea au fost generate si faliile de
forfecare ale ciror efecte asupra mineralizajiilor de la Nimaia si piriul Ca-
banei sint deja cunoscute;

2) anticlinalul Strimba — Birsa Fierului este evidentiat de o pu-
ternicd ondulare a planului de sariaj al pinzei de Moldoveanu. Intersectia
acestui anticlinal cu una din structurile anticlinale longitudinale a condus
la, formarea domului structural din zona vf. Ciuma, care scoate in fereas-
trd gnaisele de Glimeea;

3) anticlinalul Strimbigoara — valea Mirului; intersectia acestuia
cu anticlinalul Morisoara a determinat ridicarea in fereastrd tectonicd a
gnaiselor de Cumpina; '

4) sinclinalul Ciuta- Gdunoasa este definit de puternica modificare a
directiei formatiunilor, de la pozitia NE-SV la NV-SE. Intersectia sa in
partea nordicd cu o structurd sinclinald din sistemul longitudinal este
marcatd de peticul de acoperire din dealul Tilfa, unde apar resturi ale uni-
t&bii de Birsa Fierului si ale pinzei de Strimba.

De asemenea, considerdm cd pozitia lentilelor de sulfuri din galeria
Ruda Micéd, precun §i cea a corpului de piritd de pe valea Gaunosita este
determinat#, ca §i in cazul celor de la Nimaia (galeria X) si piriul Scurt,
de transpunerea si concentrarea tectonicdi pe faliile de forfecare conju-
gate din sistemul transversal.

Pe misurd ce avansim spre est, incepind de la confluenta valea
Gidunoasa — valea Holbav, se constatd o accentuare a dinamicii defor-
mérilor din acest stadiu care, depasind limitele de forfecare trec la incile-
ciri cu vergente nord-estice. Aceste incdleciri cu orvientare NV-SE, sint
paralele cu fruntea ,liniei Holbavului’, considerati laramicd de cittre
Sindulescu et al (1972), si prind sub planul lor depozite triasice infe-
rioare i medii si depozite aptiene superioare. Faptul cid incilecirile res-
pective intersecteazd liniile de contur ale planelor de sariaj austrice (i.e.
planul de sariaj al unitdtii de Birsa Fierului in zona Dealului Mare) vine,
alituri de celelalte observatii, in sprijinul consideririi lor drept laramice.
Efectele lor asupra mineralizatiilor este cel de transpunere si dezmem-
brare avansatd. Acesta este se pare, deci, motivul pentru care majori-
tatea mineralizatiilor din extremitatea estici a regiunii prezintd o dis-
persie mare insotitd de sciiderea dimensionald a corpurilor de minereu.

Unele din faliile iniportante, care ar apartine sistemului transversal,
falia Dealul Mare si falia Birsei (= falia Branului, Patrulius et al, 1967)
par s8 fi fost active si dupd tectogeneza laramicd intrucit afecteazi depo-
zite paleogene. Dupid Sdndulescu (in Vajdea et al, 1984) aceste falii au pu-
tut functiona inainte de prima tectogenezi (mezocretacicd), ele putind
fi insd miscate si recent (Pliocen?, Pleistocen ?).

In concluzie, putem spune ci suprapunerea mai multor stadii de de-
{formare, generate de tectogenezele amintite, a avut un efect negativ asu-
pra mineralizatiilor filoniene preexistente dezvoltate pe fracturi de ten-
siune, Regimurile de compresiune, atit cel austric cit si partial cel lara-
mie (), au generat cutéri, forfeciiri si in final inedlecdri sau sariaje, al ciror
efect distructiv si limitativ asupra ‘mineralizatiilor a fost evidentiat
aproape in majoritatea lucrdrilor miniere executate ping in prezent in re-
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giune. In aceste conditii reorganizirile subsecvente, ca efect al deformi-
rilor, nu mai permit reconstituirea succesiunii de formare in sensul clasic
§i nici a zonalitdtil mineralizatiilor. Realizarea insd a unor progrese in
decelarea faliilor longitudinale de compresie, care au implicatii impor-
tante in deformarea i perspectiva economicii a mineralizatiilor din re-
ginne, s-a dovedit ca si in cazul recunoasterii pe teren a planelor de yariaj,
extrem de dificild. Aceasta in primul rind pentru ci taliile au un caracter
intraformational, punind in contact formatiuni cu litologii si grade de
metamortisin similare. In al doilea rind, datoritd caracterului compresiv
ele genereazd milonite si filonite, in general confundate cn metamorfitele
pe care le afecteazi. In al treilea rind, pentru ¢i wai existd ined tendinta
de a minimaliza importanta factorilor compresivi ca factori de control tec-
tonic al mineralizatiilor.

In schimb, faliile de forfecare, transversale pe structurd, sint in ge-
neral usor de recunoscut toemai datoritd faptului ¢d pun in contact for-
matiuni cu litologii diferite. Ele produe deformari reduse ale mineraliza-
tiilor (pipe de falii, ferestre, fragmentdri) iar uneori, la intersectii sub
unghi mic, chiar o transpunere a acestora (i.e. terminatia vesticd a filo-
nulai Nimaia).

Ca o remarcd generali este faptul cd faliile de tensiune si o parte
din cele de forfecare transversale, post-tectogenetice in raport cu tecto-
genezele aumnintite, sint sterile din punct de vedere al prezentei minerali-
zatitlor, chiar daca spatial, uneori, i se asociazi iviri saun corpuri de mine-
reu cum sinf cele dispuse parvalel cu faliile Morvisoara, Holbavului, Vual-
canita.

BIBLIOGRATFIE

Balintoni I., Hann I1., Gheuca I., Nedeleu L., Conovici M., Dumitrascu G., Gridan T., (1988).
Consideratii asupra unui model structural preliminar al cristalinului de la est de Olt.
D.S. inst. Geol., Geofiz., 70, 71/5 Bucuresti.

Giugcit D. (1942) Raport, arhiva Inst. Geol. Geofiz., Bucuresti.

Hauer F.,; Stache G. (1963) Geologie Siebenbiirgens, Wien.

Nedelecu L., Anton L. (1984). Tectonique de la région des sources de la valée de Birsa
(Monts Figaras). D.S. Inst. Geol. Geofiz.,, LXVIIL/5, p. 83—96, Bucuresti.

Patrulius D., Dimitresca R., Codarcea D. M., Gherasi N, Sindulescu M., Popescu 1., Popa E.,
Bandrabur T. (1967). Harta geologicit a R. S. Romadnia, scara 1 : 200 000, Foaia Brasov,
Inst. Geol., Geofiz., Bucuresti.

Sdndulescu M., (1976). La corrélation structurale du tronson orienlal avec celui méridional des
Carpates Roumaines. D.S. Inst. Geol., Geofiz., LXTL, p. 177—194, Bucuresti.

—  (1980) Analyse géotectonique des chaines alpines autour de la Mer Noire occidentale .
An. Inst, Geol., Geofiz., LVI, p. 5—54, Bucuresti.

Udubasa G., Gheuca 1., Balaban A., Nedclcu L., Dinicd 1., Robu L., Lupulescu A., Tatu M.,
Anghel S., Scurtu S., Gheorghitd 1., Rosca V., Ridulescu Fl., Isvoreanu I., Gaftoi F.,
Zimared A., Bratosin I., Serbiinescu A., Popescu F., Serban . (1985). Raport, arhiva
Inst. Geol. Geofiz., Bucuresti.

Vajdea V., Udubasa G. et al (1984) Raport, arhiva Inst. Geol., Geofiz., Bucuresti.



7 ELEMENTE STRUCTURALE SI MINERALIZATII IN FAGARASUL DE EST 71

STRUCTURAL ELEMENTS AND MINERALIZATIO]\ S IN
EAST FAGARAS

t

(Summax V)

The history of deformation events in. the north-eastern part of the
Figiras Mountains is closely connected with the structural evolution of
this region as it was accomplished during two main tectonic c¢ycles : Au-
strian. and Laramian.

The Austrian paroxysmal tectooenesm worked in a field of compres-
sive forces which generated the known overthiust sheets and the NE—SW
shear-faults system. The effects upon the existing mineralizations — loca-~
lized along tension fractures parallel to the over thruqt lires — were mainly
represented by breccias, boudins, transpositions and extreme, tectonitic
type deformations.

The Laramian (?) tectogenesis acted .in a compressive regime, too,
but with the compression forces differently directed, as compared to the
.Austrian ones. This tectogenesis may be inferred to be responsible for the
emplacement of some transverse faults and folds. Related deformations
were less marked than the Austrian .ones engendering few anticlinal and
gynelinal structures, directed NW —SE (Valea Mare— ana Jui Bucur and
Strimba Mare— Bn\a Fierului anticlines and Ciuta— Giunoasa syneline),
which evolve eastwards to small overthrusts. The effects upon the minera-
lizations. were therefore reduced, being materialized mainly by shear frac-
turing, transpositions under a small angle; fault bendings, tectonic win-
dows.

The overimposing of the Laramian (%) foldings upon the Austrian
ones led to the emplacement of some dome—shaped structures (i.e. the
dome in the Ciuma peak area, with Glimeea gneisses in tectonic window).

The analysis of the spatial distribution of mineralizations in the
north-eastern pait of the Figiras Mountains reveals a direct correlation
with that of Austrian and Laramlan (%) structural elements. Thus, it
follows that :

— the distribution of epigenetic mineralizations is ma,lnly controled
by the overthrust sheets and the fault systems;

— the actual control exerted by the overthrust sheets upon the
m ineralizations was effected by important deformation of the ore bodies
and by the limitation of their extent (i.e. Piriul Orzului, Nimaia);

— the main epigenetic mineralizations are confined along older
longitudinal tension fractures ; their taking over in a compressive regime
during the Austrian tectogenesis explains their spatial coincidence with
the tectonic lines and, as well, their deformations and dismembering along
the compression faults;

— the eastward dimensional decrease of the mineralizations corre-
lates with an increased frequency of tectonic elements as well as with a
more prominent dismembering of ore bodiés ;
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— the distribution of mineralizations does nots/reveal any obvious
lithological control ; therefore the ores are to be found in crystalline forma-
tions with different lithology, belonging to the Figaras Group (60%,) and
Cumpana Group (409%,);

— subsequent reorganizations of ore bodies, as a result of deforma-
tions allow neither the reconstitution of ore dep0s1t10n sequence’ in the
classical sense, nor the ascertainment of any ore zoning.

EXPLANATION OF PLATE

Structural map of East Figiras. 1, Quaternary deposits; 2, Austrian post-tectogenetic cover;
3, Pre-Vraconian Mesozoic formations; 4, Birsa Fierului granitoids; Minunita quartziferous
syenites; 5, Figiras Crystalline; 6, Strimba Nappe (S); 7, Strimba Series; 8, Birsa Fierului
Unit (BF); 9, Birsa Fierului sedimentary Series; 10, Morisoara Formation ;11, Moldoveanu
Nappe (M); 12, Moldoveanu sedimentary Series; 13, Figiras Group; 14, Arges Nappe (A);
15, Cumpéna Group; 16, Leaota Crystalline; 17, Leaota Group; 18, Conventional symbols;
19, Geological limit; 20, Alpine overthrust nappe; 21, Pre-Alpine overthrust nappe; 22, Over-
thrust fault, scale; 23, Fault; 24, Slip; 25, Compressmn fault; 26, Shearing fault; 27, Anti-
clinal axis; 28, Synclinal axis; 29, Supposed orientation of Austrian compressions ; 30, Sup-
posed orientation of Laramian compressions; 31, Torsion axis; 32, Gallery; 33, Drilling; 34,
Structural drilling ; 35, Mineralizations : I Substance : pyrite {(a); Pb—Zn—Cu (b) ; Pb—Zn—
(£, Ag) (c); Ag (d); Ni(e); Co (f); Go—Ni (g); II Dimensional classes : occurrences << 10
m (h); 10—-50 m (i); 50—100 m (j); > 100 m (k); III Dimensional frequency of mineraliza-
tions (%) (big circles): <10 m (1); 10—20 m (m); 20—50 m (n); 50—100 m (o); 100—
200 m (p); 200—400 m (r).



L.NEDELCU, GH.ILINCA: Elemente structurale $: mneratizali in Fégarogul de est

v

L.NEDELCU, ABALABAN

: HARTA STRUCTURALA A FAGARASULUI DE EST

2Km.

FAGARASUL DE EST

A
Y
2

o

o

LEGENDA

| l Depozite cuaternare
Cuvertura post-tactogeneticd austricd

W Formaliuni mezozoice prevraconiene

Granitoide de Birsa Fierului {1);
sienite cuartifere de Minunita (0}

CRISTALINUL FAGARASULUI
___ Pinza de Strimba (s)
/,////////% Seria de -Strimba )
Unilgtea de Birsa Fierutui (BF)

Serio sedimentard de Birsa Fierului
| Formafiunea de Morigoara

Pinza de Moldoveanu (M)

Sario sedimentard de Moldoveanu
Grupul Fdgsrag

Pinza de Arges (A}

Grupul Cumpdna

CRISTALINUL LEAOTE!

Grupul Legotp

ssimt CONVENTIONALE
Limitd geologicd ©
st Birzd de yarioj olpind
Sa—aate Bin2d de garioj preaipind(?)
tms—smse Folie de incSlecare,solz
——tem Folie |

agr——=x Dacrogare
- ﬁi.&:omprnlum .

== Falie 'de torfecare

$—r Ax de I 1i
—4—— Ax de sinclinol

Imale= (rientoreo presupusd o compresiunilar
austrice

.

'=*.'> Orientarga presupusd o compresiunilor
laramice g e

—e—— Ax de torsiune

BE Galerie

4 Foraj
Q Foraj structural "
MINERALIZATII
==~  Mineralizatiela);ivire mineralizatd (b) . 3
L Substonia: . Clase dimensionale:
0 piritd (a) O iviri«10min)
A Pb-Zn-Culbl (@] 10-50m i)
O Pb-ZnizAuAglic) O 50-100m ()}
o Agld) O »100m (K)
Nile)
Colt) N
@ Co-nilg)
1i.Frecvanta dmensionald o minerctizatiilor(¥/el
{cercurile mari) i
)eomit}
10-20mim) -

= 20-50min}

50-100m {0}

00 - 200mi{p)

= 200~400m (¢}

36.HARTI UTILIZATE

Bolintoni et ol 1886, 1:200000 ~
Dimitrescu et al. 1874, 1:50.000
Nedelco, Anton 1984, 1:25.000
Nedetcu et ai. 1984 ,1:25.000
Potrulius et ol 1967, 1:200.000 .
Sandulescu et al. 1872 0,1:50.000
Sandulescu et ot. 972 b,1:50.000

INSTITUTUL DE GEOLOGIE Si GEOFIZICA.DGri de secma volL72-73/2

imprim.Atel. inst. Geol Geot.




%

D. §. Inst. Geol. Geofiz., vol. 72—73/2 (1£8%; 1986), 1988, pag. 73—89
. 2 ZACAMINTE

CONSTITUTION AND GENESIS OF THE LOWER JURASSIC
FIRECLAY FORMATION OF THE PADUREA CRAIULUI
MASSIF ! o

BY

VICTOR CORVIN PAPIU[2, VASILE I0SOF? SILVIU RADAN®

" Lower Jurassic. Fireclay Formation. Delrital Rocks. Ferruginous Silistones. Genesis. Ore
minerals. Chemical-mineralogical composition. Heavy minerals. Leniicular deposifs. Apu-
seni Mouniains-North Apuseni — Pddurea Craiului Mountains

Abstraet

The fireclays of the PAdurea Craiwlui Massif (Apuseni Mts — Romania) make up lenti-
cular bodies within the Liassic deposits (Hettangian — Sinemurian) in Gresten facies. These
rocks are associated with arenites and, sometimes, with orthoquartzitic microconglomerates and
with coal. The clays are prevailingly made up of kaolinite with subordinate mixtures of
hydromicas, Fe- and Mg-rich chlorites and detrital quartz and, especially in the case of non-
refractory clays, with few peréents of hematite, ferrous monosulphide, organic matter,
goethite, siderite, dickite, smectite, gibbsite. It is admitted that the fireclays were formed
in palustrine up to lacustrine environments, engendered at the surface of the Rhaeto-
Liassic paleokarst developed on the marmorean limestones and the massive Ladinian dolomites.

‘During the long lasting continental phase at the end of the Triassic, an advanced weathering

of lateritic type (siderolitic facies) took place, leading to the formation of great quantities of
kaolinite. This one was accumulated afterwards, possibly also with hydromicas, in lakes and
heterotrophic marshes with very acid pH. Under such conditions, the hydromicas and the
smectites were degraded, forming Kaolinite which possibly evolved up to refractory kaolinite.
The degradation of clay minerals also released important amounts of silica which cemen-
ted afterwards the detrital quartzose arenites, engendering orthoquartzitic rocks associated
with fireclays.

1 Received on May 23, 1985, accepted for communication and publication on May
23, 1985, presented in the meeting of May 24, 1985.

2 Institutul de Geologie si Geofizicd, str. Caransebes 1, R 79678, Bucuresti 32.

3 fntreprinderea de Prospectiuni Geologice si Geofizice, str. Caransebes 1, R 79678,
Bucuresti 32.
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Résumé

Composition et genése de la formalion des argiles réfraclaires jurassiques inférieures du
massif de Pddurea Craiuluai. Les argiles réfractaires du massif de Padurea Crajului (Monts Apu-
seni — Roumanie) forment des corps lenticulaires dans la formation liasique (Hettangien —
Sinémurien) en faci¢s de Gresten. Ces roches sont associées a des arénites, parfois 4 des micro-
conglomérats orthoquartzitiques et des intercalations de charbon. Les roches argileuses sont
prépondéremment constituées de kaolinite associée a des cuantités subordonnées de hydro-
micas, chlorites ferriféres et magnésiennes et de quartz détritique et, surtout les non-
réfractaires, 4 pourcentages réduits de hématite, monosulfure ferreuse, substance organique,
goéthite, sidérite, dickite, smectite, gibbsite. Quant a la genése, on admet que les argiles
réfractaires sont formées dans des environnements palustres jusqu’a lacustres, installés 4 la
surface du paléokarst rhéto-liasique développé au dessus des calcaires marmoréens et des
dolomies massives ladiniennes. Pendant la longue phase continentale de la fin du Trias a
eu lieu une altération avancée de type latéritique (faciés sidérolitique) qui a engendré une
grande quantité de kaolinite. Celle-ci s’est accumulée ensuite, peut-étre aussi a apports de
hydromicas, dans des lacs et des marécages hétérotrophes & des pH trés acides. Dans telles
conditions les hydromicas et les smectites se sont dégradées, en formant de la kaolinite qui a
évolué eventuellement jusqu’a la kaolinite réfractajre. L.e processus dégradatif des minéraux
argileux a lib'éré.: également une quantité importante de silice qu1 a cimentéﬁ_ ¢ﬁ§uite les
arénites quartzeuses détritiques, formant les roches orthoquartzitiques qui accompagnent les
argiles réfractaires. { i

The Lower Liassic formations of Romania often show the specifie
Gresten continental facies in which detrital .deposits, prevailingly quart-
zitic arenites, are associated with.clayey, mostly refractory rocks and with
coal interbeds:. .., .. < . .

It is the fireclay sequence—industrially mined in certain areas of the
Piatra Craiului Massif — that is typical in this respect. The fireclays are
mentioned and even investigated in view of their utilization since the
past century. These rocks have been studied so far by a great number
of researchers who have approached problems related both to their stra-
tigraphy and to their chemical-mineralogical composition, first of all with
economic purposes in view, but also with genesis ones.

The Lower Liassic Formation is cited as such as early as 1852 by
Hauer, but it is Hoffmann (1879) who identified fireclays here. Matyasovs-
zky (1879, 1834), Martonfi (1882) and Szontagh (1901) pointed out their
association with quartzitic sandstones and mentioned rudimentary mines
at Suncuius and Bratca. Between the two world wars, Fisch’s studies
(1924) and especially Krautner’s ones (1939, 1941), the latter including
the first structural and stratigraphic image of the Pidurea Craiului Mts,
are vyorth mentioning. After the Second World War, a number of studies

and researches were carried out, many of them with economic purposes,
largely contributing to the knowledge of the formation lithology. In this
connection we should mention Codarcea (1948) and especially Patrulius
(1952, 1956) the main prospector of the region, on whose data, systema-
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tically presented in the geological map of Romania, scale 1:200 000
(Simleul Silvaniei Sheet) are based our researches (Patrulius et al., 1968).
A reries of field and laboratory works follow, carried out by Drighici (1953)
Dumitriu, Dumitriu (1963), Naghel, Naghel (1963), Bulgireanu (1964),
Stidnoiu, Diaconu (1965, 1966), Diaconu, Yonescu (1966), Diaconu (1967),
Treiber, Bedelean (1967). Neacsu (1966) and Ianovici, Neacsu (1968)
described certain types of fireclays and identified the presence of diage-
netic nacrite on fissures. In a complex study with economic purposes,
Milin et al. (1967) separated four groups of clays — aluminous , siliceous,
ferruginous and carbonaceous. Semaka (1969) identified in the Lower
Liassic fireclay complex of Pidurea Craiului a flora including Solenocarpus
that is specific to fresh water lacustrine areas, in wet and warm climate
(analogous to present day trepical zones).
The present paper iz based on the chemical-mineralogical study
carried out at the (Jeolow al Institute in 1968—1969 and presented as a
report (Papiu et al., 1869).

The Lower Liassic Series, in typical Gresten facies, containing the
fireclavs of the Pidurea Craiului Massif, is built up of a sequence of pre-
vailingly detrital rocks (Fig. 1) i.e. sandstones and quartzitic microcon-
glomerates with clayev sandstones and ferruginous siltstone interbeds,
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Fig. 1. — Generalized stratigraphic column of the Lower Lias in the Pidurea Craiului Massif
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usually red, rarelier black in colour. These ones are associated with kao-
linitic and kaolinito-illitic clays of various colours (most of them grey,
subordinately red ones — with ferruginous pigment, and black ones —
with carbonaceous pigment, which often grade into coaly intercalations).
Associated with grev clays, fireclays develop, especially as lenticular
interbeds, whose structure is never stratified. In the Migura Hill, at the
boundary with the Neogene Borod Basin, there occur a mixture of clays
and rounded and sharp-edged blocks of quartzites, which could be con-
sidered a chaotic material, formed following breaking-down processes at
the border of the Pannonian Lake. These rocks would represent, therefore,
a secondary deposit.

The detrital-quartzitic formation lies at the base of the Lias, nor-
mally or unconformably overlying the Upper Triassic deposits assigned
to the Rhaetian, constituted of argillo-detrital rocks of red colour (rich in
hematite), indicating a continental weathering phase of siderolitic type.
According to Patrulius et al. (1968) the Carnian and the Norian are absent
from the Triassic sequence, the above described deposits lying directly
over Ladinian dolomites. The formation containing fireclays is Hettan-~
gian—Sinemurian (Rhaeto —Liassic) in age, as was proved by Patrulius
(1956) — on paleontological criteria, Semaka (1969) — on paleobotanical
data and Antonescu (in Papiu et al., 1969) on palynological datings.

The clays collected both from outerops and from underground wor-
kings were subjected to chemical analyses : 18 on bulk sample and 6 on
the clay fraction (less than 2 microns) obtained by pipette-method (table
1). Thermodifferential, roentgenographic and infra-red analyses were
eorrelated with the chemical data, establishing the mineralogical composi-
tion of the clays (table 2). The variation range and the means of these
analyses are shown in table 3. To these data, the microscopic study of the
guartzitic sandstones is added, accompanied by only one chemical ana-~
lysis.

A. Detrital rocks

The main characteristic feature of the Lower Liassic Formation of
the Padurea Craiului Massif, as, in fact, of all the series of this age in
Gresten facies in the Carpathian Orogen, is the existence of arenites and
ortho- and protoguartzitic microconglomerates together with kaolinitie
fireclays. As already told, fireclays appear as large lenticular bodies inter-
calated between detrital siliceous deposits. The clays sometimes include
generally centimetric interbedsof siltstones and hematitic sandstones and,
at their upper part (Banlaca Area), carbonaceous black sandstones.

]

1. Conglomerates and quartzitic sandstones (orthoquartzites)

The miscroscopic study of these rocks shows a peculiar uniformity
and mineralogical simplicity, being built up almost exclusively of quartz
of metamorphic origin and subordinately of metaquartzitic grains, with
sinuous sutural outlines, reminding by their textural characters, some-
times up to identity, of the metaquartzites stricto sensu. The size of these
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TABLID 2

Mincralogical composilion of the Lower Jurassic clay of the Padurea Craiului Massif (%
ol | N
Sam- ’ Type | i ' i ! !
No | ple } of | Gh [ K o Hd M Ch [H= }‘l G I S O Q
no. | cay ‘ | E ‘ l
| i !
f i i ! { i
Bulk sample
1] 16a | 2 — | 87.50 — | 127 — 4.8 — - 1 0.2 — — 111.0
2| 862 |35 — | 06320 — 1501 - — 42 — — — 1129
3033 |B2g — 15892 — |2 — 1 3225 -] —| -1 — | 886
40 MU |[SES] — | 38,5 — 1168 — — 119 — — - — | 14.3
50 a1 = — 132,50 — [ 16.9] — 1.7 2.3 — - — — | 194
6| 323 — 473 — o4 — 1 — 20| — 1053l — 1 —~ 1208
70 15n 1, — 370l — 1360 — | 2129 3.9 — | — 1 —~]19.7}
sl 4 12 t1alssal — | 78 - — 1191 —-jo6| — | — 268
9 16b = Z| — |62.00 — | 104 —~ 0.4/ 29 — 03] — _ 1200
101 6 {2.- — 524 — | 108 - - 1.0 - — — — | 31.3}
111 8 (<2 — | 44.4] — | 14.6] — 8.4/ 261321 — — — | 28 4]
12 471 F= - l457 — 28] — | 0631162 — | — 1 —]19.0
13198 1S3T| — 5800620167 — | 42004 —| — | — | = {139
14 | 36b |E 4%l — | 435 — 11500 — | 0.6 82 | | ) — 1199
15920 (5 | — |67.9) — | 25 43| 06 —| —| —| —|238]|20.0
16 7 s g — | 58.3] — 9.9 — — | 3.3 — — — {401 21.3
17133 |% =| — |56.2 — |247] — | 42/22]| —| — | —]3.0]19.4
18 | 19 — 15220 — | 224 — |18.2 — | —]26| — {175
Clay Traction (less thun 2 microns)
1| 33b O — | 77.2| — | 21.58] — — 1 0.5 — — — _ .
2115h | N—g| — | 79.4} — 8.9, — — 3.0 — _ — _ —
3103 | Neg|l — | 946 - 3.9 — | — 18] — | — | - —| —
al 6 | N—gl — 1832 — 120 — 4 —f16| —| —| -1 —1138
51360 | Ner] — | 73.00 — 1178l — | —ts20 - | — | |53
6 | 20 Nebl o Is2sl — 7 s 0~ an | 1 | ~ 155
71 33¢ N--hf — | 74.2f — { 21.6} - — 1.4 — — — _ _
I* = Fireclay; N = Non-refractory clay; g = Grey; r = Red; b = Black; Gb = Gib-
bsite; K = IKaolinite; D = Dickite; Hd = Hydromicas; M = Mountmorillonite ; Ch = Chlo-
ritc; H = llematite; G = Goethite; P = Pyrile; S = Siderite; 0.M. = organic matter ;

Q—._.-

Quartz.
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grains vary largely, even within the same thin section, from millimetric
up to + 0.2 mm. In most cases there are neither cement or overgrowth
zomnes around the quartz grains nor diagenetic corrosion traces. However,
thin zones or filex of neoformation microquartz are individualized someti-
mes (reminding to a certain extent of the quartz of hydrothermal origin),
spread among detrital grains, from which the mineral generally differs by
its normal extinction (Banlaca Area). ’

In certain samples from the Banlaca Area, equigranular zones also
appear, with coarse psammitic grains (0.5—1.5 mm). Some other times
(Recea Area) there are arenites referred to two grain-size classes, that is :
a coarse phase (D = 0.5—1.5 mm), mostly (about 709%,) made up of meta-
quartzite grains, rather varied in size (unequigranular) and a fine-graired
phase (about 30%,), with grains of less than 0.5 mm. Among quartz grains,
there oceur scarce bent or fractured muscovite flakes, fresh or partially
argillized (loss of birefringence colour and dim aspect). Muscovitic meta-
quartzite grains are observed sporadically and some heavy mineral grains
are encountered accidentally. The heavy minerals are more or less frag-
mented but still preserve tlieir originary habitus (vellow tourmaline) or,
rarelier their outlines are slightly modified by reworking (staurolite).

As regards the cementing material and the authigere minerals, it
is worth noticing that in all the investigated cases no other quartz than
ihat in the sporadic zonal microquartz concentrations could be found.

The grains generally show sinuous or interlocking outlines, often
looking like microsutures or microstylolites. Some other times, the grains
penetrate one another, indicating advanced diagenetic solubility. These
characters generally reflect a high purity material generated by strong
chemical alteration processes (platform facies). Rarely, close to the grain
boundary there are unclear areas that indicate the presence of clay material
mixed with neoformation quartz of cement. This also reswlts from the
chemical analysis and mineralogical composition (deduced by calenlation)
of an orthoquartzite sample from the Banlaca Area: SiO, = 93.609%,
ALO, = 2.64%, Fe,0; = 0.17%, FeO = 0.73%,, MgO = 0.45%,, Ca0 =
0.09%, Na,0 = 0.07%, K,0 = 0.589%,, TiO, = traces, MnO = 0.05%,
P,0, = 0.12%, S = 0.099%,, CO, = absent, H,0 = 0.689%,, C = absent,
kaolinite = 2.229%,, illite -~ muscovite = 4.629,, hematite = 0.06 %,

These data show that, beside quartz, these apparently extremely
pure rocks, also contain 9.15% prevailingly clay minerals, micas and hy-
dromicas being the most important of them. It is also worth noticing that
often in the quartz mass there occur pyrite framboides, either in concre-
tions circularly shaped in section or, more often, in concentrations ramified
among the quartz grains, the framboidal character being obvious in both
instances. The concretions have a clayey core and submillimetric sizes.
Sometimes around them and in fact also in the corpuscles mass, a kind
of ,,powder”, of idiomorphic, cubic little crystals of pyrite, looking like
diffuse tiny clouds is observed. The more compact zones that surround
the quartz grains like a real cement, sometimes closely following their
outlines, have a strictly local character. In the Banlaca Area, the passage
between clays and the uppermost quartzites is made through 0.20 m thick
sandy clays currently named the ,,false roof”, which is removed during
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the mining process. In fact, at the upper part of the clays under this deposit,
there also occurs a black pyritous sandstone interbed. The presence and
the quantity of framboidal pyrite suggests a genesis controlled by an ob-
viously reducing lacustrine environment or by reducing sulphurous scla-
tions migrated from upper horizons, which subsequently evolved in an
anadiagenetic phase to framboidal pyrite.

The rocks correspond to certain proto- up to orthoquartzites, accor-
ding to Pettijohn’s classification (1957).

2. Ferruginous silistones

The microscopic study of certain ferruginous siltstonescoming from
a lens only a few centimeters thick intercalated in the mass of Banlaca
fireclays shows 60—709%, angular quartz grains, alongside 30—409%, hema-
titic, sometimes slightly translucent clay, indicating maybe incipient
recrystallization (hydrohematite or goethite). Most of the detrital quartz
(809,) is characterized by fine silty dimensions (I less than 0.05 mm),
the remaining particles ranging between 0.08 and 6.2 mm.

We have equally cited above the existence of fine black coloured
sandstones, indicating a reducing sedimentary environment, unlike the
preceding ones, that illustrate the most genuine oxidizing conditions.

B. Chemical-mineralogical composition of the clays

The clays have been divided after the mineralogical criterion eorre-
lated with that of colour. The first criterion is illustrated in Fig. 2 where,
considering the participation of three main components-kaolinite, illite 4
chlorite 4 smectites (non-kaolinitic clay component) and quartz — in
a simple triangular diagrain, four types of clay were established, i.e.:
kaolinitic, illito-chloritic (-4 smectitic ), quartzose and mixed. Three
types were distinguished according to colour : grey (refractory and non-re-
fractory) clays, red clays (pigmented with hematite) and black clays
(pigmented with organic matter 4+ hydrotroilite). In what follows we shall
treat of fireclays and common (non-refractory) clays.

1. Chemistry of clays

On examining the data concerning the bulk sample (tab. I), first
of all a reversed ratio results between silica and alumina, the most kaoli-
nitic being those rich in alumina and poorer in silica, the quartzose ones
showing the reversed case. The average contents also indicate this ratio,
the values being of the same order of magnitude (tab. 3).

As natural, the trivalent iron in oxides (our analyses also including
the iron in sulphides) shows a much larger variation range in common
clays (which they pigment) than in fireclays, although for total iron
(Fe,O3 T) they are of close values, a little bit bigher in the case of non-re-
fractory clays. Ferrous oxide (present especially in septechlorites and
possibly in illite and smectites) shows a greater affinity for certain black
clays and is subordinate or even absent from fireclays.
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TABLLE 3

Variation range and average conlenis of the main cliemical and mineralogical
components of the Lower Jurassic claps of ile Pddurea Craiului Massif (%)

Refractory clavs= Fireclayvs Non-refractory clavs = Common .
) Bulk sample | Clay (raction 3ulk sample Clay fractlion
Component n=6 n=1 n o= 12 n-=6
‘A T A | A R

Chemistry

Si0, 46.1—53.0 1 50.0 | 46.3 | 46.8—60.6 | 52.0 | 44.9-49.6 | 46.9
ALO, 27.4—32.4 | 30.2 | 38.7 { 24.8-~31.7 { 27.5 { 34.4-39.3 | 36.6
Fe,0, 0.2— 4.2 2.2 0.7 0.0— 8.2 3.6 1,6-— 4.3 2.6
K,0 1.5— 2.6 2.1 1.8 0.3— 2.9 1.7 0.4— 1.8 1.0
1,0 10.4—14.1 } 12.4 ) 10.6 7.6--13.8 | 10.6 9.9—14.3 1 11.4 .
e, 0,1 21— 4.2 3.1 0.7 1.2— 9.8 4.9 1.6— 4.3 2.6 |
Mineralogy .
Kaolinite 47 5—67.5 | 58.1 | 77.2 | 43.5—-67.9 | 54.4 | 73.0—95.6 | 81.3 |’
Hydromicas 12.7—22.4 [ 17.3 | 21.5 2.5-24.7 | 14.2 3.9—21.6 | 11.6
Chlorites 0.0— 4.8 2.1 — 0.0—-18.2 3.3 — :
Quartz 8.6—20.6 | 14.4 — 13.9-31.3121.4 0.0— 5.7 2.11;
Hemutite -
goethile 0.0— 4.2 2.2 0.5 6.0— 8.2 2.4 1.4— 4.3 2.5 |+

n = Number of samples; A= Variation range; I = Arithmetic mean.

Magnesium oxide (MgO), which in fact originates equally in chlovi-
tes and sometimes in smectites, or results from adsorbtive bonding, is
sometimes higher than 19, showing in all types of clays analogous average-
contents, slightly decreasing in quartzose clavs.

Sodium (Na,0) generally less than 0.39%, hut actually present in
all samples, maybe partially originates in the small content of detrital
feldspars, undetected by X-rays, or is adsorbed in the clay complexes, just
like calcinm.

Calcium oxide (Ca0Q) is subunitary in all the analysed samples, beiqg’
probably linked to phosphates — P,0; participates in percentages smaltier
than 0.29; or is absent — or ab%mbed in clay complexes.

Potassium (K,0), whose source is represented by muscovite or illite,
appears in all the samples, in 1—-39, (with two subunitary exceptiozs),.
surprmno'ly indicating a slight tendency of augmentation in tho clavs rich
in detrital material (mtboqe 7).

Titanium (Ti0,) is fixed in the crystal lattices of clay miinerais,
replacing aluminium, and participates below 29, in all the samples, heing:
subunitary in a few cases and thus indicating its reversed relation with the
content of detrital material.

Sulphur, that originates in sulphides and sometimes in secondary
ferric sulphates, is absent from many samples, showing an affinity for the
black clays accumulated in strongly reducing environments.

6 — c¢. 565
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Organic matter appears only in the black clays.

A comparison with the chemical composition of the clay fraction
(Tab. 1 and 3) leads to the following conclusions.

Most clays contain higher sxhca,, iron, magnesium and potassium
percents in the bulk sample than in the clay fraction (less than 2 microns),
because of the detrital supplies (quartz, micas and possibly feldspars). In
exchange, the fine fractions are excedentary in aluminiuim compared with
the bulk sample, reflecting the concentration of clay minerals in the
fraction less than 2 microns. The (trivalent and total) iron content dimi-
nishes sensibly in comparison with the bullk sample. Potassium has close
average values in the case of fireclavs, which also have smaller variation
range than common clays, with larger variation range and lower average
K,O contents in the fraction less than 2 microns than in the bulk sample.

2. Mineralogical composition

The clay minerals are represented by kaolinite, illite (hydromicas ®
more exactly), magnesium and iron-rich chlorites and, only in one case, by
smectites (fig. 2, tab. 2 and 3). The first three appear in all samples, while
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Fig. 2. — Mineralogical classification of the clays of the Lower Jurassic fireclay Formation
of the Pddurea Craiului Massif.

1, Banlaca Area ; 2, Recea Area; 3, Damis Arca; 4, Migura Hill Area; 5, Bratca Area; I

Kaolinitic clays; II, Ilitic (Montmorillonitic) clays; III, Quartzosc clays; IV, Mixed clays.

the minerals of the chamosite group (septechlorites) occur in about half
of them. Between kaolinite and hydromicas there is a slightly reversed
ratio, maybe also indicating a kaolinite genesis from hydromicas. No
fire-clay kaolinite was found in (refractory and non-refractory) clays.
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In the case of comnmon clays, hydromicas show in the bulk sample
larger variation range and lower average content than in fireclays while
chlorite es, although have large variation range in common clays show in
both cases quite close average valhies.

Magnesian m(m‘tmonllomto was identified in two samples at Banlaca
one (20, tab. 2) containing 4.3%, and the other, unincluded in this
paper, 169, (silty-guartzose clay). In this area dickite was also found in a
sample (28, tab. 2). It iz alse worth neutioning that a bulk sample
of fireclay at Banlaca shows free gibhsite probably formed through
continental latevitic material reworking.

Iron oxides ave represented by hematite and goethite which gener-
ally occwr together ; they are absent only from certain black elayvs and
reach maxinmm percentages (up to 8%) in red elays, which they pigment.

Iron sulphides were identified only in a few samples, in which pyrite
often appears as frammboids, heing pmbabl\' also present as colloidal mono-
sulphide (hydrotroilite), umloto(tﬂﬂe by N-rayvs, that accounts, together
with the earbonaceous pigment, for the black Colour Neither 1111()1’medlate
sulphide forms, such as greigite and makinawite were identified roentgeno-
graphically.

Finally we also point out the presence of siderite (2.69,) in one of
the hlack clays in the Banlaca Avea.

By comparing the mineralogical composition of the bulk sample.
with that of the clay fraction, we can see that it ix in the latter that
kaolinite is massively concentrated, while hydromicas have higher (avera-
ge) values in fireclays and lower onmes in common clays. Chlorites ave no
Ionger found in the clay fraction and hematite has smaller variation range
in conunon clays, where the average content remains practically the same,
and is more than three tinies lower in refractory clays.

3. Study of heavy minerals

The study of the heavy minerals in the Liassic clayvs of Padurea
Crainlui Massif has led to the conclusion of a double origin : allogenic
{(detrital) and authigenic. The most important of the second group is neo-
formation pyrite that can make up almost the whole lleavy fraction in
some black clayvs, masking the presence of the other heavy minerals, and
sulphates, identified in certain fireclays under idiomorphous forms or
submillimetric concretions. Detrital minerals have mesometamorphic
crvstalline origin and show the following frequence in the analwed qample% :
1) brawn tourmaline (in 949, of the samples); 2) zircon (88%); 3) stauro-
Lite (76.594): 4) rutile (339%,); 3) epidote - zoizite (23 593 6) (‘hnOZOl--
zite 43 7) eolourless garnet +38) green holnblevde (17.5%); 9) hiotite (sp.).

As can be scen, heavy minerals are repre\on’sed b\ few mineral
species and their penury must be completed with the quantltatlvely redu-
ced participation of this fraction (generallv much below 19%,). The black,
carhonaceous clays which sometimes contain pyrite in great quantities,
as it vesults from chemical analvses, are an exception. Pyrite as well as
sulphates represents the diagenetic ncoformation product and generally
show framboidal structures or replaces vegetal fragments. It is sometimes
oxidized, hematite being formed at its periphery or on fissuresx.
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Genetic interpretation

The argillo-detrital formation in the base of the Liassic of the Apuseni
Mts appears in the specific continental Gresten facies and overlies the
ravined karstic paleorelief of Ladinian limestones, sometimes having resi-
dual Rhaeto—Liassic deposits in its base (red clays corresponding to old
,;berra rossa’ deposits).

According to Patrulius (1956) the sedimentation of these rocks took
place after a hiatus which started as far as the Carnian. The exclusi-
vely continental lacustrine and palustrine character is specific to Liassic
fireclay occurrences in Gresten facies of all the regions of Romania and
is given by the assemblage of mature detrital rocks with clayvs characteri-
zed by the presence of kaolinite (possibly refractory) — and with minable
coal (Holbav and Codlea—Bragov, Anina—Banat or Schela— Gorj). As
in this last zone the rocks are affected by a slight Alpine metamorphism,
it is pyrophyllite -bearing schists (improperly called ,,refractory clays’’)
that correspond to fireclays.

There are very frequent facies variations, depending on the nature
of the material and on the conditions of accumulation, and the sequence of
deposits indicates a sedimentary periodicity or even rhythmicity.

The lenticular character of the fireclay bodies as well as the litholo-
gical composition and the paleontological contents, with frequent lateral
lithofacies variations, show that the accumulation took place in waters
with minimum salinity, virtually in fresh waters of not very large lakes,
on wlose banks grows a specific flora, first of all of Pteridophyta. Nowa-
days certain Osmundacea species of Pteridophyta are characteristic of the
vegetation of totally fresh water lakes (Semaka, 1970). The most sugges-
tive sequence, reflecting the mentioned rhythmicity is the following :

) 1. sandstones and orthoquartzitic conglomerates (,,Jacustrine detrital
phase’);

2. grey or red clays of various types, prevailingly kaolinitic, some-
times refractory (,,argillo — palustrine phase”);

3. black clays with carbonaceous interbeds (,,local palustrine phase
with peat-bogs” supplying the material in which originated the present
day coalsg).

In the first phase the accumulation of argillo-detrital materials,
denoting very advanced chemical alteration, was controlled by fluviatile
supplies. This alteration is likely to have taken place in a warm wet climate,
which has been confirmed by lithology as well as by the mentioned vegetal
forms. The quartz grains, prevailingly of psammitic sizes were usually
deposited in the base of the cycles, as more or less continuous layers. The
clay material, with silty and pellitodetrital supplies in which quartz and
muscovite were the dominant minerals remained in suspension for a longer
while, determining a certain turbidity of the waters and consequently, a
quite high density, all this leading to a sedimentation often characterized
by true precipitation processes. The clay mineralogy dominated by kao-
linite as well as the scarcity in ions resulted from alteration, indicate both
the very advanced degree of weathering on the initial continental area and
the prevailingly low pH of the waters. The detrital material shows the
direct or indirect origin from crystalline schists and granitoids : meta-
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morphic quartz, alkaline feldspar and muscovite in various degrees of
kaolinization. The clay material is mainly reworked from preexisting
sedimentary rocks : illite, smectites, chlorites to a great extent and maybe
even some of the kaolinite. The kaolinization process might have taken
place both in the primary phase of continental weathering and during
transport and continued in the lacustrine acid environment, rich in CO,,
humic acid and sometimes H,S (heterophic lakes with waters and sedi-
ments characterized by important bacterial processes and variable degree
of oxygenation). Under conditions of high redox potential, syndiagenetic
ferric oxides were formed and the ferric oxides derived from continental
lateritic sediments were preserved and fixed in muds, in the phase of ana-
diagenesis, if oxidizing conditions were dominant (red clays).

The presence of decaying organic matter sometimes creates more
or less marked reducing conditions in the interstitial waters of the origi-
nary ‘muds favouring, in progressive order, the linkage of iron silicates
(leptochlorites), carbonates (siderite, in only one case), or colloidal ferrous
monosulphide (syn. hydrotroilite). The last one is generally associated with
the carbonaceous pigment determining the black colour of some clays.
During the syn- and anadiagenetic phases the three-layer clay minerals
were probably subject to characteristic transformations controlled by the
low pH of lacustrine and palustrine waters. It is in this way that the kao-
linization of smectites, hydromicas and chlorites took place, and this
process was accompanied by massive elimination of silica. It could subse-
quently migrate in the subjacent quartzo-detrital horizon, silicifying the
sands accumulated in the previous phase and leading to the formation of
giliceous sandstones that evolved, forming proto- and orthoquartzites.
Analogous processes were supposed to take place also in other regions of
the earth, for explaining the genesis of certain quartzitic sandstones asso-
ciated with illitic clavs resulted from the diagenesis of smectites, which
implies removal of silica (Lahan, 1980). The same processes are to be sup-
posed for explaining to a great extent the silicification of menilites and
maybe of the Kliwa Sandstone (Papiu et al., 1982, 1983).

On the other hand, in the lacustrine but especially in the palustrine
acid environment and then mainly in the subsequent epidiagenetic-meta-
morphic phase, kaolinization could also take place directly at the expense
of feldspars, especially of the potash ones, this in situ argillization being
cited in fact in other regions as well (Elsinger and Sellar, 1981). The for-
mation of authigenic kaolinite associated with pyrite in the primary dia-
genesis phase can be explained by the elimination of potassium from the
pyroclastic material and the formation of an aluminous gel accumulated
in foraminifera tests, followed by its transformation in kaolinite (by reac-
ting with silica), polveristalline aggregates being consequently formed.
The bacterial reduction of sulphates and the formation of framboidal pyrite
would be simultaneous with the kaolinite crystallization. As regards the
illite of the fireclays, it can be generated to a certain extent at the expense
of detrital muscovite, by the partial loss of potassium ions.

The formation of refractory kaolinite marks a more advanced phase
in the strongly acid environment in which these processes take place.
Although not proved by X-rays, refractory kaolinite (syn. mellorite, live-
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site, pM kaolinite, fire-clay kaolinite) conld he foimed under hyperacid
conditions, by chemical alteration, directly at the expense of kaolinite
supplied by continental waters aswell as at the expense of primary minerals,
by breaking their original struetures. Obarlin et al. (1962) experimentally
obtained 1efr'10L0rV kaolinite by treating normal kaolinite with sulphuric
acid at pH 2 for a long period of time. Eleetron micrographs illustrate
this transformation by the appearance around the mineral of fringes
produced by dltmatlon followed by the epitaxy of refractory kaolinite
on the faces of the e previous one. The authors admit that the formation
of the new kaolinite (refractory) is preceded by the randomn solution of
a number of kaolinitic layers and the conseentive silica and alyinina remo-
val. Finally a certain number of staking sequences of disordered lavers
is obtamcd distributed between the unto‘a(hvd kaolinite units. In fact
the formatlon of kaolinite at the expense of muscovite can be preceded
by the appearance of ambiguous mineral complexes, initially considered
distinetive minerals and called ,leverticrite” by Termier (m Millot, 1964).
These forms were ‘1150 idenufled in the clays occurring in the ,,Alblan
bauxite complexes’ in the Hateg Basin (Papiu et al., 1971 a).

Dickite and gibbsite — spomdm minerals — can originate in the
initial products of lateritic continental weathering. Dickite, formerly con-
sidered a typical miineral of hydrothermal alteration, has later been pro-
ved to be able to form under exogenous conditions. In fact dickite was
identified as well in the Albian bauxitic complexes of the Hateg Basin
(Papiu et al., 1971 a) and in Liassic fireclays of the Anina Region (Banat)
and Cristian —Holbav (Papiu et al., 1970). Gibbsite, a mineral also found
in other fireclays can be inherited or can directly result from the lateritic
weathering of the silicates in the crystalline rocks on the originary con-
tinental area.

The lack of stratification of the Liassic clays in the Pidurea Craiului
Mts proves a rapid accumulation, maybe equally some precipitation pro-
cesses. Probhably bicarbonated karstic water supplies augmented the pH
of the palustrine or lacustrine very acid environments rich in suspended,
silica-aluminous matter, determining the coagulation of the argillaceous
mags (kaolinite).

In the same way was explained the genesis of some ,,detritochemi-
cal” (clayey) bauxites, identified in the Hateg Basin (Papiu et al., 1971)
and in the Sobhodol —Cimpeni Region (Apuseni Mts) (Papiu et al., 1975).

In conelusion, the Liassic Formation in Gresten facies of the Apu-
seni Mts (Pddurea Craiului) starts with continental lacustrine-palustrine
sediments, characterized by the association of silicarenites (orthoquartz-
ites} with 1more or less pure kaolinitic clays, subordonately pigmented
with ferric oxides or with the association ferrous monosulphide-organic
matter. Such an ocewrrence shows very strong weathering of siderolitic

tvpe on the originary continental area. These rocks are associated with
coal inter calamon.\? as was observed in fact in all the Carpathian areas
on the territory of Romania where the Lias appears in Gresten facies.
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It is also worth mentioning that the series of Jurassic deposits of
the Apuseni Mts ends just like it starts, that is by a siderolitic conti-
nental phase but which, this time, is characterized by the accumulation
of karstic bauxites (Wealdian facies) (Papiu and Minzatu, 1969).

% Not represented among the studied rocks.

5 Illites sir.s. up to muscovite, proper or in various stages of hydration (hydromuscovite),
were referred to by this term.
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ALCATUIREA SI GENEZA FORMATIUNITI ARGILELOR
REFRACTARE JURASIC INFERIOARE DIN MASIVUL
PADUREA CRAIULUI

(Rezumat)

Liasicul inferior (Hettangian—Sinemurian) din masivul Pidurea
Craiului este reprezentat printr-o formatiune detrito-cuartitich in facies
tipic de Gresten, constituitd din gresii si microconglomerate cuartitice cu
intercalatii de gresii argiloase, siltite si argile refractare, acestea din urm#
dezvoltindu-se sub forma unor corpuri lentiliforme de dimensiuni variabile
si cu texturd masivi. Formatiunea cu argile refractare este dispusid normatl
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sau discordant peste depozite argilo-detritice rosii atribuite Rhetianului,
situate la rindul lor direct peste dolomitele ladiniene (fig. 1).

Studiul microscopic al conglomeratelor si gresiilor cuarfitice (orto-
cuartite) aratd o remarcabild uniformitate si simplitate mineralogica, fiind
aledtuite aproape in exclusivitate din cuart de origine metamorficd si sub-
ordonat din granule de metacuartite cu contururi sinuoase, suturale, fard
ciment si fird zone de supracrestere evidente. Sporadic, apar lame de
muscovit proaspete sau in curs de argilizare, granule de minerale grele
si aglomerdri de piritd cu caracter framboidal.

Studiul geochimic al rocilor argiloase aratd procente de Si0,, Fe,O,,
MO i K,0 miai ridicate in proba brutd decit in fractia argiloasid (sub 2
microni), datoriti adaosurilor detritice (cuart, miece si eventual feldspati),
fractiile fine fiind in consecintd excedentare in alumini in urma concen-
tririi mineralelor argiloase (bab. 1 gi 3).

Din punct de vedere mineralogic, rocile argiloase sint constituite
preponiderent din caolinit, cu adaosuri subordonate de hidromice, clorite
ferifere s1 magneziene si cuarf detritic, la care se adaugd (mai ales in
argilele nerefractare), procente reduse de hematit, monosulfurd feroasi,
substantd organicd, goethit, siderit, dickit, smectit, gibbsit (tab. 2 si 3).
Clasificarea mineralogicd a rocilor argiloase arati concentrarea preferen-
tiald a argilelor refractare in domeniul argilelor caolinitice (fig. 2). Studiul
comparativ al probelor brute si fractiilor argiloase evidentiazii cregsterea
continuturilor de caolinit in fractiile fine insotitd de reducerea corespun-
zitoare a participdrii hidromicelor si cuartului detritic.

Mineralele grele participd cu un numir restrins de specii $i cu o pon-
dere foarte micd (in general sub 197) la constitutia argilelor liasice. Mine-
ralele detritice au originea cristalofiliani mesometamorficd (turmalind
brund, zireon, staurolit, rutil, epidot + zoizit, clinozoizit, granat incolor,
hornblendd verde si biotit), iar cele autigene sint produse de neoformatie
diagenetich (piritd, sulfati).

Sub raport genetic se admite ci argilele refractare au luat nastere
in medii palustre pind la lacustre, instalate la supratata paleocarstului
rheto-liasic dezvoltat pe calcarele marmoreene si dolomitele masive ladi-
uiene. In timpu! indelungatei faze contineutale de la finele Triasicului a
avut loc o alterare avansatd de tip lateritic (facies siderolitic) care a generat
mari cantitdti de caolinit, acumulat ulterior — poate s5i cu unele adaosuri
de hidromice — in lacuri si mlastini heterotrote ca pH-uri foarte acide. In
agsemenea conditii hidromicele si smectitele s-au degradat cu formare de
caolinit, iar acesta din urimi a evoluat eventual pind la caolinitul refractar.
Ritmicitatea remarcati adescori : (1) gresii si microconglomerate ortocuar-
titice, (2) cacline refractare si nerefractare, (3) argile negre carbunoase,
ar reflecta urmitoarele faze sedimentogene : 1 — faza lacustri detriticd ;
2 — fazalacustrd argiloasd ; 3 — faza palustrd cu turbérii, urmaté de carbo-
nificave.

Procesul degradativ al mineralelor argiloase (hidromice, smectite)
care avea loe in lacurile cu pH-uri scizute (generind o parte din caolinit)
a eliberat si o cantitate importanti de silice, care a cimentat apoi areni-
tele cuartoase detritice, dind nastere rocilor ortocuartiticecare insotesc
argilele refractare.
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Abstract

The L.ower Liassic fireclays of Anina are associated with coal and orthoguartzitic arenites
specilic Lo continental lacusirine accumulations. Subordinately there occur (uartzitic microcon-
glomerates, cuartzito-kaolinilic sandstones, clayvey-sitty shales and kaolins with sideritic con-
cretions. The main mineralogical feature of the Anina lireelays is the massive presence (up to
309%,) of dickite, accompanying kaolinite, the deminant mineral. The average kandite con-
tents are of 729, in the bulk samples of fireclavs and exceed 909, in the fraction less than 2
microns. Hydromicas, chlorites and wmixed-layver minerals appear subordinately. The Middle
Liassic bituminous shales overlving the fireclay formation have a similar mineralogical compo-
sition. The fLower Liassic deposils in Gresten facies are connected with a continental regressive
phasc, stlarting with macroclastic lacustrine sedimentation (sandstones and microconglome-
rates), followed by a clayey-microclastic lacustrine accumulation. The kaolinite and dickite in
fireclays originated in reworking the lateritic material of the weathering crusts and in the
degradation of hydromicaceous minerals in the palustrine acid environment.

Résume

Etude chimigue-minéralogique de la formalion des argiles véfraclaires jurassiques inférieures
d’Anina (Banal ). Les argiles réiractaires liassiques inféricures d’Anina sont associées aux gise-
ments de charbons ct d'arénites orthoquartziliques spécifiques aux accumulations 2 caractere
1 Peceived on May 23, 1983, accepted for communicaton and publication on May 22,
presented in the mecting of May 24, 1985.

2 Institutul de Geologic si Geofizicd, str. Caransebes nr. 1, R 79678, Bucuresti 32.

% Tntreprinderea de Prospectiuni Geologice si Geolizice, str. Caranscbes nr. 1, R 79678,
Bucuresti 32.
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continental-lacustre. Des microconglomérats quartzitiques, grés quartzito-kaolinitiques, schistes.
argilosiltiques et kaolins 4 concrétions sidéritiques apparaissent subordonnément. Le trait
minéralogique principal des roches argileuses est la présence massive (jusqu’a 309%) de la dic-
kite qui accompagne la kaolinite — le minéral dominant. Les kandites représentent en moyenne
729 dell’échantillon brut et dépassent 909, dans la fraction sous 2 microns. Subordonnément
apparaissent des hydromicas, des chlorites et des minéraux interstratifiés. Les schistes bitumi-
neux du Lias moyen suprajacents 4 la formation des argiles réfractaires ont une composition
minéralogique similaire. Les dépéts du Lias inférieur en faciés de Gresten sont le résultat d’une
phase regressive continentale qui débute par une sédimentation lacustre macroclastique (grés
et microconglomérats) suivie d’une accumulation lacustre argilo-microclastique. La kaolinite
et la dickite des argiles réfractaires proviennent de ’héritage du matériel latéritique des couver-
tures d’altération environnantes et de la dégradation des minéraux hydromicacés dans le milieu
acide palustre.

The investigation of the Liassic kaclinitic clays of Anina, Banat,
has been one of the main research activity as part of the systematic study
initiated by the Institute of Geology and Geophysics on the fireclayvs in
Romania. Fireclays ax well as certain accompanying rocks— non-refractory
clays, bituminous shales (one sample), silty clays, orthoquartzitic arenites,
sideritic kaolins — have bheen collected from the drift tunnels and the
stopes of the Mining Enterprise Anina— Uteris and Covilcia mining fields.

The clays were investigated by chemical analvses on bulk sample
and clay fraction (less than 2 microns), X-ray and DTA techniques. Asso-
ciated rocks were analvzed only microscopically.

1. Brie! History of Research

The fireclays in the Anina region have been investigated since the
past century, but only in general geological terms, as part of the deciphe-
ring of the stratigraphy of this complex of formations in Banat, in which
the main economic stress lies on the well known bituminous coal deposits.
It is Kudernatsch’s paper (1857) that is worth mentioning first of all,
followed by Roth von Telegd’s stratigraplic studies (1886, 1890), and
after World War I, by the synthesis concerning the Carpathians of the
Banat area elaborated by Codarcea (1940). After World War II, Banat’s
complex study elaborated mainly by researchers of the State’s Committee
of Geology, includes papers by Riileann, Nistiseanu, Mutihac, 3oldur
(1954 —1964), synthetically presented afterwards (Niastiseanu, Savu,
1968) in the geological map of Romania, scale 1 : 200 000 drawn up at
the Institute of Geology and Geophysics. Mineralogical studies are carried
out by Neacsu (1965) who identifies by X-ray analvses the presence of
kaolinite (809,) and illite (209,) as well as of sericite (in bulk salples).
Kaolinite is well erystallized. In bituminous shales montmorillonite (ca.
30%) and bitumens (15—20%,) are also mentioned. The formation of kao-
linite is related to a weathering of tropical type followed by palustrine
sedimentation, which explains the coal deposit proximity. For bituminous



3 THE LOWER JURASSIC FIRECLAYS OF ANINA 7 93

shales an euxinic sedimentation is admitted, with considerable continental
supplies from an area of wet and warm climate, alternating with periods
of dryness (siderolitic environment).

New data on the chemistry, mineralogy and genesis of the Anina
fireclays were presented in a geological report elaborated by Papiu et al.
(1970). These data are summarized in the present paper. The image of the
investigations carried out on the fireclay formation of Anina is to be com-
pleted with the remarkable coal petrography studies of Mateescu (1932)
and the paleobotanic studies of Semaka (1962, 1964) and Oarcea and Se-
maka (1962) as well.

2. Geologie setting

The To-Jurassic Formation of the Anina vegion starts with coarse
conglomerates containing well-rounded fragments of crystalline schists
and quartz, and subordinately feldspars. The thickness of this sequence
ranges between 10 ni at Anina and 100 m at Doman. These rocks are
Rliaeto — Liassic (Codarcea, 1940) or Lower Liassic (Semaka, 1964) in age.
They are overlain by an argillo-detrital formation, 250 m thick, built
up of interbeddings of micaceous clayey sandstones, carbonaceous shales,
coals and fireclayvs. Réiileanu et al. (1957) refers this formation, as well as
the mentioned hasal deposits to the so called ,,coaly horizon’. Laterally,
especially eastwards, these deposits are replaced by a gritty facies, lacking
in fireclays, representing torrential deposits. As a whole, the coaly hori-
zon’ is assigned to the Lower Lias by Semaka (1964) which confirms,
on. paleobotanic criteria (a rich Pterodophites flora), Roth von Telegd’s
(1886) conclusions. This horizon is overlain by the horizon of bitumincus
shales, Middle — Upper Liassic in age, 200 m thick. This horizon is charac-
terized by spherosideritic concretions (sometimes more than 1 m in dia-
meter) and coaly intercalations, which can be more than 20—30 em thick.
At its upper part the liorizon passes towards a sequence about 10 m
thick dominated by grev sandy clays and representing the Upper Lias.

1

3. Oceurrence of fireclays

The fireclays are related to the coal-bearing lower horizon and are
followed on both limbs of the Anina anticline, along ca. 2 km. The bitu-
minous coal and fireclay deposits of Anina are intensely folded and faulted,
especially in the eastern limb of the anticline, where there are three main
slices atfected by a svstem of transverse faults with varying slips and
strikes, delimiting a series of tectonic blocks grouped in a few mining fields.
Because of the intense folding and faulting the clays show numerous slic-
kensides, and their continuity is very difficult to establish by mining

works.

Just like all fireclay deposits in the Lower Liassic formation of Gres-
ten facies of Romania, the fireclays at Anina are associated with coal and
orthoquartzitic arenites specific to the continental lacustrine accummuia-
tions (Papiu et al., 1969, 1970).
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The fireclays were sampled only in two areas : Uteris and Covicia,
The material from the Uteris mining field was collected from mining
works (drift tunnels and stopes), the sample position being shown in the
synthetic stratigraphic column in fig. 1. Under the fireclay there is an
orthoquartzite bed, underlain by few metres of quartzose conglomerates,

ANINA N
UTERIS MINING FIELD-,SHAFT 5" MINE

SLICE I* sLICE I
Drift tunnel 102}] Stope 805§ D.t.822] D.t126| D.+.806
¥ ¥ ¥
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IR Orthoquartzite
Fig. 1. — Generalized siraligraphic column of the f.ower Jurassic fireélay

Formation and location of samples in the (teris mining field

variable in thickness, followed by a decimetric bed of sandy clay, under-
lain by coal bed 3, whose foot-wall ix built up ot orthoquartzites. The
thickness of the sequence overlain by fireclays ranges between 3 and 10 m,
and that of the fireclay sequence between 0.5 and 2 m. The clays are com-
pact, locally lithified as claystones, grey in colour and show slickensides,
especially within the zones adjacent to the foot-wall and the roof.

The stratigraphic column of the Covicia mining field (Fig. 2)shows
a first grey clay intercalation in the mass ot the siliceous conglomerate in
the foot-wall, above which the gritty-conglomeratic deposit develops mas-
sively on 3—4 1 thickness and shows (other) two clayey interbeds : one
in the basal part (50 cm) and the second in the miiddle part (80 em). There
follow the fireclays, represented by a bed ot grey clay, partly lithified, rich
in slickensides (sample 25 a), with local Ienticular decimetric interbeds of
brown-grey clays and followed finally in the top by guartzitic sandstones
which end the sequence investigated underground. In this series is also
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intercalated a bed of sandy, laminated, brittle coal, 1 m thick, not minable
(bed 7) and which is not represented in the column in figure 2. In the
base of the quartzitic sandstone there are numerous vegetal remains (sam-
ple 27). This sequence may be considered particularly illustrative for
genetic interpretations, indicating an obvious cyclic lacustrine — palu-

ANINA
-COVACIA MINING FILED
Drift tunnel 124  Raise 920
RS 26 Quartzitic sandstone
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Na
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Fig. 2. — Stratigraphic column of
the Lower Jurassic Fireclay For-
mation and location of samples

in the Covicia mining feld. : .
. Quartzitic scndstone

Clayey-silty shale

Conglomeratic sandstone-

SRR Grey firecio

co s a2thm= Conglomerqtf{: sandstone
u l‘i','ﬁa——— Grey clay

oo e k2000 e o CONglomeratic sandstone
0 10 20m

strine evolution, from the clayey kaolinitic deposit, accumulated in waters
with low pH, to a more or less normal sedimentation influenced by the
hydrophyte vegetation of the palustrine-limnic environment.

4. Petrographic study of the detrital rocks associated to fireclays.

The microscopic studies pointed out the prevalence of the qguite
mature sediments (orthoquartzitic) associated with Anina fireclays, which
suggests obvious resemblances with Lower Liassic deposits in Gresten
facies of other areas : Pidurea Craiului (Papiu et al., 1969), Holbav — Cris-
tian (Papiu et al., 1970). The following lithologic types were studied :
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a) orthoquartzites, b) quartzitic microconglomerates, ¢)quartzito-kaoli-
nitic sandstones, d) clayev-silty shales, e) coarse kaolins with sideritic
concretions.

a) Orthoguartzites

Orthoquartzites str.s. are generally arenitic and subordinately
finely ruditic rocks. Their psammitic texture sliows alimost the whole gra-
nulometric range, grains of silty sizes occurring sometimes (sample 2—279%,).
Their mineralogical composition is extremely uniform, metamorphic quartz
generally representing 959, of the rock mass and fresh muscovite or musco-
vite under various degrees of illitization or kaolinitization, the remaining
percents. Muscovite reaches the maximum percentage in the Covicia mi-
ning field (10-—-209%,), in an arenitic orthoquartzite, followed by a silty-
psammitic orthoquartzite from the base of coal bed 7, — Coviicia field as
well — and by an orthoquartzite from the Uteris mining field, the last
two containing 159, muscovite. The coarsest grains (D more than 0.75
mm) are often polymineral, represented by small fragments of vein quartz
or of crystalline schists (quartzites, micaschists). As for grain size, two
more frequent types of distributions are observed : heterogranular, which,
in the arenitic material, shows a great variety of grain sizes and bimodal,
in which there are sometimes obvious trends of local sorting and graded
bedding. Isogranular orthoquartzites occur subordinately. Samples 1
(D = 0.025—0.20 mm), 14 (D = 0.5—1 mm) and 26 (D = 0.17—0.75 mm)
are classed as heterogranular orthoquartzites. Most samples have bimodal
distributions. Thus, sample 7 shows graded bedding on millimetric scale,
fine zomnes (D = 0.10—0.50 mm) alternating with coarse grained zones
(b = 0.50 —1 mm) in which polyvmineral grains (metaguartzites) also
appear. In sample 20, two grain size phases of quartz are recognized — a
coarse one (D = 4 0.10 mm) and a silty one -(D = 0.02—0.04 mm) —
the ratio between these two fractions being approximately 1:4. Sample
21 b contains a finer quartz fraction (D = 0.03—0.24 mm) and a coarser
one (ID>0.75 mm) that prevails (inore than 609% of the grains). A re-
markable zonation appears in sample 27 : fine-arenitic imicrozones of
millimetric thicknesses and thieker {up to 1 cm) fine silty zones, in which
the psammitic material represents no more than 109, the remaining
material being silty (less than 0.05 mm). Coarse silty quartz (D = 0.05—
1 mm) represents only 2—59%. There is an obvious reversed ratio between
the grain sizes and the degree of roundness; some grains show platy or
rod-like forms inherited from the crystalline schists they originate in.
Samples 27 (in the microzones) and 2 b (D = 0.35—0.37 mm) represent
two cases of isogranular orthoquartzites. )

The muscovite is fresh or in various degrees of kaolinization; no
correlation was established between tlie mineral size (which can exceed
1 mm) and the degree of alteration. The kaolinization develops epitaxi-
tically or as eryptocrystalline haloes around micas (40 —350%,). The musco-
vite flakes mould upon the quartz grain outlines or appear fractured under

the latter’s presure. The biotite as well as the chlorite formed at its expense
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appear only in places, and heavy minerals are found only extremely rarely
(an id 1omorphlc rutile grain in sample 20, epidote in sample 27). The
compl etc absence of feldbpar is worth mentlomnb

As regards neoformation minerals, it is quartz, which cements ortho-
. quartzites, that should be mentioned flrst of all. But neoformation quartz
~can bé recognized only rarely and 1mprec1sely, and therefore, the sizes
cand’ outhnes of the initial quartz graing can be established approxnnately,
only in exceptional cases. Sometimes the intergranular spaces are filled
up with microquartz or crvptocrystalhne kaohmte concentrations. Isola-
ted grains or tiny siderite agglomerations (sample 14) or fine-grained
pymte, sometimes associated with caleite, as well as secondary ferric oxides
powder are observed sporadically. The presence of very small carbona-
ceous fragments, which appear almost everywhere in the series, and of
bituminous matter, sometimes insinuated along fissures or along cleavage
directions of micas, in fact just like ferric oxides, complete the petro-
graphic picture of these rocks.

b) Quartzitic microconglomerates

These rocks (collected only from the Uteriy mining field) can be
gomehow assimilated to the orthoquartzites, the grains being replaced by
small (millimetric up to centimetric) fragments of metaquartzites and vein
quartz that come into touch, protecting the interfragmentary spaces
filled with a quartzitic gritty matrix.- The fragments are covered with a
fine film of ferric oxides, overgrowth quartz being very rarely identified.
Just like in the cagse of orthoquartzites, the grain interlock along sinuous
lines. Muscovite, less than 159, showsvarious degrees of kaolinization,
and biotite, sporadic, is partly chloritized or kaolinized, ferric oxides being
removed in the process. Locally there occur small independent kaolinite
pateches and, quite rarely, an 1d10morphlc zircon grain released by biotite
alteration.

) Quartzito — Laolinitic sandstones

These rocks, identified in the foot-wall of coal bed 3, show similar
grain size and composition to those of orthoquartzites and orthoguartzi-
tic. microconglomerates. The difference consists in the presence in higher
‘quantities of kaolinite, which makes up a pellicular cement or fills the in-
tergranular spaces. Muscovite is, in this case, as well, kaolinized, inter-
mediate stages being noticed sometimes, with the extremities open in a
fan or even reaching the stage of millimetric worm-like particles. These
forms, called ,leverrierite” by Termier (1890) were also described in the
clays accompanying the bauxites in the Hateg Basin (Papiu et al., 1971).
The mineralogical composition of these rocks is dominated by lithic
grains (D = 0.5 — 2 mm) 50 — 60 9,, tollowed by quartz grains (D =
= 0.12—0.75 mm) 25—45 %, with subordinate cryptocrystalline kaoli-
nitic cement 5—25 %, and tourmaline and pyrite in places.

7 — c. 565
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d) Clayey — silty shales

Silty clay interbeds, more or less indurated and even laminated,
are sometimes associated with fireclays or with quartzitic arenites. The
samples from the Uteris mining field consist of an intimate mixture of
clay and detrital material of silty sizes. So, sample 12 is built up 709%, of
finelv triturated muscovite, fresh in proportion of 30 9%, the remaining
part being to a great extent kaolinized. Detrital quartz is also found, re-
presented by a dominant silty fraction, subordinately accompanied by
psammitic grains (D = 0.1—0.25 mm) relictly elongated, angular or even
splintery. The argillaceous matter is pigmented in (r1~ee111sh probably due
to the presence of fine dispersion chlorites. Star-like and pa,ltlv oxidized
sphenosiderite comcretions, 1—1.5 mm in diameter, also appear in the
rock, representing 2—3 9 of its mass. In the elayey — silty shales of the
Covicia mining field, these formations are missing, and detrital quartz
has, 1o a greater extent, arenitic diniensions, the rock also containing
guartzite grains. The muscovite, in various degrees of kaolinization, shows
a large grain size range, from fine sericitic powder (less than 0. Olo min}
up to flakes of 0.30 mm.

e) Coarse kaolin with sideritic concretions

The rock makes up an intercalation in the clays in the Uteris mining
field and is made up of well crystallized kaolinite, associated with seri-
cite, probably engendered from the ,,in situ’’ alteration of a feldspathic de-
posit. The large-sized kaolinite (or maybe dickite) crystals are probably
generated from diagenetic recrystallization. Quartz grains occur spo-
radically in these rocks. The muscovite flakes are more frequent
(10—159%,), and usually partly kaolinized, argillization taking place from
the periphery towards the centre.

5. Chemieal-mineralogieal study of elays

The samples collected from the two mining fields were analyzed
with respect to the chemical (tables 1 and 3) abd mineralogical (tables 2
and 3) composition. A sample of bituminous shale (table 4) was also analy-
zed from the chemical-mineralogical point of view (only on the bulk sam-

ple).
a) Chemical composition

The main oxides ma,kmor up clays — silica and alumina — repre-
sent, in most cases, 80 —90 9%, of the rockmass. The contents have orders of
magmtude aeumbly close for the bulk sample and the fraction under
2 microns and show average values similar to fireclays and common
clays (tables 1 and 3). In the case of silica, fireclays have a somehow lo-
wer mean, With more reduced variation range (mean 49.69%, as compared
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TABLE 2

M ineralogical composition of the Lower Jurassic clays of the Anina fireclay deposit (%)

No. Sample | Type of Kaolinit* D_ic- g}%’: (1?110- He}’na— Pyrite Feld- | Qua-
no. clay kite - rites | tite spars { rlz
micas
Bulk sample
1 2c 46.4 30.0 7.8 - 0.2 0.3 — 10.9
2 2¢’ 32.5 27.7 1 11.5 1.9 0.7 0.2 2.5 44
3 2a 41.4 20.5 | 18.1 — 2.0 — 3.4 8.8
4 2b 50.5 28.2 | 11.2 — 0.8 0.1 3.2 4.8
5 2h’  |Refracto- 45.1 28.1 1 12.8 — 0.8 0.2 3.2 8.7
6 8 rys== 47.8 25.4 1 17,6 - 0.2 0.1 1.3 5.1
7 9 Fireclays 42.0 29.8 | 18,1 — 0.8 0.2 1.3 5.4
8 16 63.4 7.8 1 14.2 2.0 — 0.3 1.1 8.4
9 17 45.0 23.3115.2 0.6 0.7 0.3 1.5 12.8
10 21a 50.1 19.5 | 16.9 0.8 1.4 0.3 1.3 4.6
11 e 49.1 20.6 | 15.4 — 1.2 0.9 1.3 9.0
12 5c Non 45,7 20.6 | 16.9 0.7 0.4 0.3 1.3 10.1
13 6 refrac — 41,2 22.7 | 13.7 — 2.0 0.1 0.8 | 14.4
14 23 tory= 45.3 20.4 | 16.1 — 1.6 — 1.8 13.0
15 25a Comuimon 46.6 13.1 ! 18.3 1.6 0.2 0.3 2.0 17.5
16 25b 38.4 20.0 | 15.2 0.3 1.4 0.1 l 2.4 1 20.5
Clay fraction (Jess than 2 microns)
|
1| a2 91.8 - 5.7 — 0.9 — - 0.7
2 2a 76.0 — 20.7 0.9 0.5 — — —
3 2h’ 82.9 -1 — 13.2 0.6 0.6 - — —
4 8 Refrac- 84.7 — 13.1 — 1.0 —_ — -
5 9 tory 84.5 — 11.0 — 0.9 — — 2.7
6 16 88.7 — 6.7 — 1.1 — — 2.8
7 17 78.9 — 15.7 — 1.2 — — 2.5
21a 77.5 — 17.4 0.8 0.3 — — —
9 21c 80.4 - 16.4 0.8 0.3 — — —
10 23 Non-re- 87.0 — 9.1 1.1 0.6 — — 0.5
11 25a fractory 87.7 — 8.0 0.7 0.6 — — 1.7
12 25h 82.0 — 16.5 0.5 0.7 — — -
* = For lhe clay fraction the values also include the dickite contents.

to 533.39,) for the bulk sample, due, of course, to the presence of a higher
content of detrital material in common clays; the clayey fraction shows
almost identical means (46 °(). A similar, but reversed situation is noti-
ced in the case of alumina, which, in bulk samples is to be found in a
little higher proportion in fireclays (moean 34.79;) than in common clays
(mean 31.7 %), while in fine fraction, the means are practically identical
(389,) for both types of clay. Although the variation range of aluming is
smaller than that of silica, a reversed ratio is noticeable between these
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TABLE 3

Variation range and average contents of the main chemical and mineralogical
componenlts of the Lower Jurassic clays of the Anina fi;eclay deposit (%)

Refractory clays = Fireclays Non-refractorv clays = Common
Component Bu]kvsample Clay iraction Bulk saxglple Clay fraction

n=11 n=29 n=3>3 n=3

A < A 5 A s A %

Chemistry
Si0, 47.5—51.9 {49.6| 44.7—47.5 | 46.1| 50.8—56.3 | 53.3| 45.3—46.7 | 45.9
Al O, 32.5—36.7 [34.7) 37.5—38.8 | 38.2| 29.5—33.4 | 31.7| 37.7—-38.5 | 38.0
Fe,0, 0.2— 2.010.,9] 0.3— 1.4 0.9 0.5- 2.1 1.2 0.7— 0.9 0.8
K,0 0.9— 2.1 11,70 05— 1.7 1.1 1.6— 2.0 1.9y 0.7— 1.3 0.9
H,0* 10.2—11.6 {11.0{ 11.5—13.1 | 12.3} 9.1—11.6 | 10.0{ 12.6—13.3 | 12.9
Fe,0,T 0.3~ 2.711.2) 0.6— 1.4 1.00 0.8— 2.2 1.5 1.0— 1.2 1.1
Mincralogy
i !

Kaolinite * | 41.4-—63.4 |48.5; 76.0—91.8 | 82.8] 38.4—46.6 | 43.4 82.0--87.7 | 85.5
Dickite 7.8—30.0 |23.7 — — 1 13.1—-22.7 | 19.4 — —
Hydromicas! 7.8—18.1 |14,4| 5.7-—-20.7 | 13.3] 13.7—18.3 | 16.0| 8.0—16.5 ; 11.2
Chlorites 0.0—~ 2.0 0.5/ 0.0— 0.9 0.3 0.0— 1.6 0.3 0.0~ 1.1 0.8
Hematite 0.0— 2.0 0.8 0.3— 1.2 0.8 0.2— 2.0 1.1] 0.6— 0.7 0.6
Pvrite 0.0— 0.9]0.3 — — 0.0— 0.3 0.2 — —
Feldspars 0.0— 3.4]1.8 - | 0.8— 2,41 1.7 — —
Quartz 44128 7.6f 0.0— 2.8 ‘ 1.0/ 10.1—20.5 | 15.1| 0.5— 1.7 0.7

* = For the clay fraction the values also include the dickite contents; n = number

of samples; A = Variation range; X == Arithmetic mean.

two main oxides. Thus, the maximum quantity of silica (55.3%) is found
— in bulk sample — in common clay, the poorest in alumma (29.5 %),
from the Covicia mining field and conversely, the maximum content of
alumina (37 9,) appears in a fireclay from the Uteris mining field, where is
also found one of the most reduced silica pelcentwe (48 % That is due
to the supply of detrital material which diminishes the clay content to a
greater extent in common clays than in fireclays and justifies the two
rcma.rlss concerning the clayey fraction, namely :

— extremely. close values to both types of clays, for both oxides ;

— extremely small variation range (sometimes practically absent)
in the case of the clayey fraction, in comparison with the bulk samples.

In conclusion, the difference between fireclays and common clays
of the Anina region consists in the presence of detrital material, particu-
larly of quartz, in liiger percentages in commeon clay.s as compared with
fireclays. 4

With the exception of H,O, the other oxxde% composing the fire-
clays and the common clays of Anina vary around 19% (TiO,, Fe,0,,
Fe, O, T) or are ‘clearly subunitary, at the first decimal (\![00 Na,O) or
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 TABLE 4

Chemical-mineralogical composilion of a JMiddle Liassic biluminous shale of
the Anina area (Banal) (%)

Chemical analysis Mineralogical. analysis Bituminological analysis
Devoid Devoid
. Bulk of . Bulk of Bulk
Oxide sample organic Mineral sample | organic Component sample
matter matter
Sio, . 39.48 49.91 Kaolinite 50.5 76.5 Bitumen A 0.9368
TiO, 0.78 6.99
ALO, 26.57 33.59 | 1lyvdromicas 6.3 8.0 | Loss in HCl 1.6
TFe,0, 2.02 2.95 Chlorites 1.1 1.5 Bitumen C 0.1309
e 0.12 0.15 Ilemalite 2.0 2.5 Organic 11.87
carbon
Ca(d 0.10 0.13 Pyrite — —
MgO 0.36 0.48 Feidspars — — Kerogen 14.48
MnO Lraces traces | Quarly 8.0 10.2 Bituminiza-
tion degree 7.9
K0 0.75 0.95 Organie 2.7 - Bituminiza-
matier tw index 106.8
Na,0 0.13 0.16
P,04 0.09 0.11 TOTAL 08.6 98.7 Total
crganie 15.55
mateer
S traces traces
CO, —
H,0~ 8.65 11.21
Organic —
matter 20.70
TOTAL 99.75 100,21

at the second, with insignificant exceptions (FeO, P,0;, S) or with no ex-
ception at all (MnO aud especially Ca0). The minimum participation of Ca
correlated with the total lack of CO, emphasizes the general absence of
calcite and of other carbonates, although the fireclay formation is under-
lain by the Triassic paleokarst. This situation resembles that of the Weal-
dian bauxites of the Pidurea Craiului Massif, with Upper Jurassic limes-
tone bedrock.

The only constant element in all samples, supraunitary and with
extremely small variation rauge (1—29 in the bulk sawmple and 0.5—
—1.79%, in the fine fraction) is potassium (K,0). It is linked with illites and
with detrital musecovite, probably rather abundant in the bulk sample
in comparison with the clayey fraction (where it is diminished by pipet-
ting).

Iron, the main indicator of the chemical conditions of sediment-
ation and diagenesis shows for the total content (Fe,0.T), similar va-
riation range and means at both types of clay and indicates, of course,
the same continental source avea (table 3). FeO, linked in silicates (preva-
ilingly chlorites), is only poorly represented in fireclays, especially in the
fine fraction, being more frequent in common clays. NayO, linked with
feldspars (detrital albite) is altogether absent from the fraction nnder
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2 microns. Sulphur, present as pyrite in the bulk sample and phosphorus,
correlatable with the contents in organic matter of the originary muds,
are also missing. Ti0,, about 1Y%, is related to the presence of aluminium
as prevalent element and, to a certain extent, alse to the detrital mate-
rial, which would justify a certain superiority in the bulk sample, compa-
red with the clayey fraction. Mn and Ca show insignificant contents, the
former being practically absent from the eclayey fraction. They are of
exogene origin or are adsorbed as exchangeable cations by clay minerals.

b) Mineralogical composition

The main mineralogical feature of the Anina fireclays iz the massive
presence (up to 309%,) ot dickite, accompanying kaolinite, the dominant
mineral (table 2). Dickite was also identified in the other Lower Liassic
fireclays and common clays, but in mueh lower percentages, at Cristian-
Holbav (Brasov) and only accidentally in the Piadverea Craiului Massif
(Papin et al, 1969, 1970). Kandites represent therefore, the main minerals
in these rocks, with means of 729 in  the bulk samples of fireclays and
of 639%, in comrnon clays. In the fine fraction, kaolinite + dickite exceed
909, (sample 2 ¢) in fireclays and reach 889%, in common clayvs, the means
being 83Y%, and 859, respectively (table 3). In bulk samples, the kaolinite
content is about twice higher than the dickite content. In fact, the latter
considered in the past to be related exclusively to the magmatic activity,
is proved by recent researches to be also exogene, With a similar genesis,
dickite was also mentioned in the Albian ciaycy-bauxitic coniplexes of
the Hateg Basin (Papiu et al., 1971).

Illite 4 detrital muscovite, minerals referred to by the generical
name of , ,hydromicas”, inclade all the silicates of ,,muscovite type”.
As a matter of fact, the whole quantity of illite from the Lower Jurassic
lacustrine clays of Anina is probably inherited. Hydromicas oceur in smal-
ler guantities in the fine fraction in which kandites are about 4 times more
abundant. Chlorites (both ferrous and magnesian), present in less than
halt of the investigated samples, do not exceed 2 9. It is possible that, at
least partly, the kaolinite from these clays should be born by processes of
degradation in lacustrine or palustrine environment, following the pH re-
duction due to an intense bacterial activity. The presence of mixed-layer
minerals, identified by X-ray in small quantities in the clayvey fraction,
confirms that such degradation processes took place in the environment
of aceumulation of these rocks. Moreover, these processes could release
important amounts of free silica that cemented the orthoquartzitic rocks.
The possible presence of the refractory kaolinite (pM, fire-clay kaolinite)
identitied in X-ray only by Neacsu (19653) would suggest the existence of
some strong acid lacustrine or palustrine episodes, according also to ex-
perimental data (Oberlin et al., 1962),

The reducing environment as well as the proximity of the coal se-
quences are indicated by the presence of pyrite, in small supplies, but in
almost all the samples (with the exception of a fireclay from the Uteris
mining field and a common clay from the Covieia mining field).

Considering the contents in kanditic minrerals (kaolinite - dickite),
the hiydromicas -+ chlorites and the sapply of granular detrital inaterial
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(quartz 4 feldspars), a ternary diagram has been drawn up (fig. 3), from
which results a quite similar composition with a slight tendency of con-
centration of aluminous minerals in refractory clays. The fact that a num-

KAOLINITE + DICKITE
100

e 1

o 2
o3
& 4
A5
// T T T T Y
2 ' ' I ' 50 t "TZ+IF0(-?LDSDAR5
HYCROMICAS+CHLORITES ™ - QUAR :
Fig. 3. — Mineralogical classilication of the clays ol the Lower Jurassic Fireclay

Tormation of Anina (Banat).'1, Uteris mining lield (fireclays); 2, Uteris mining
field (non-refractory clays); 3, Uteris mining field (bituminous shale); 4, Coviicia
mining field (fireclays); 5, Covdcia mining field (non-refractory clays).

ber of common clays show higher percentages of kaolinite in comparison
with certain fireclays, would represent an argument for explaining the
refractoriness by the presence of pM-kaolinite.

¢) Bituminous shals

Besides the Lower Liassic refractory and common clays a Middle
Liassic bituminous shale sample, containing 209, organic matter, was
also analysed. The chemical analysis recalculated in the absence of organic
matter, is approximately ranging in the limits of variation of the chemis-
try of the refractory and common clays previously examined, and also,
the mineralogical composition is guite similar to that of fireclays (table 4).

These results point out the possibility of a complex utilization of
this type of rocks, after extracting the organic matter. As for the bitu-
minological constitution (determined by dr. eng. M, Filipescu), it does not
correspond to an oil source rock, but indicates the bituminous shales for
being used as fuel rocks.
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G. Genetic considerations

The Lower Liassic fireclays of Anina, just like the other fireclays
in Romania, are characteristic of the Gresten continental facies and are
associated with common silty rocks, with sandstones and orthoquartzi-
tic microconglomerates and with coal beds. The pyrophyllitic formation
at Schela-Gorj, accompanying the anthracite deposits, corresponds to de-
posits synchronous and isopical with the above mentioned ones, affected
by a slight metamorphism in an Alpine orogenic phage.

We consider these deposits to make a continental regressive phase
at the end of the Triassic and the beginning of the Jurassic, starting
with a macroclastic lacustrine sedimentation (sandstones and microcon-
glomerates) followed by a clayey microclastic lacustrine accumulation.
This much longer phase is characterized by a water environment with in-
tense bacterial activity, its features varying in time and space. On the
erystalline area in which originated the material supplied in these lakes,
a vast lateritic alteration took place, which generated a great quantitiy of
kaolinite. It accumnulated at the same time with the hydromicas supplied
by the preexisting clays, both being subsequently subject to a series of
primary diagenetic processes. The kaolinitic clayey material, as well as
the dickitic one (maybe of voleanic origin) could possibly evolve in refrac-
tory kaolinite, under the conditions of a very low pH and equally of a.
Jow redoxipotential. As for illite and the other minerals of the muscovite
#ype, they were probably subject to a degradation process leading. to
kaolinite neoformation. Vatan (1962) shows that the transformation of
illite in kaolinite is accompanied by the release of free silica, (about 209,)
which can quartzify the nearby sands, as well as by alkalis (ca. 15%,).
That is how can be explained in our case the silicification of the ortho-
quartzitic rocks at the base of the formation. At the same time, in g first:
phase, iron can be linked under the form of leptochlorite, possibly also by
reacting with the released silica. In a more advanced reducing stage, the
conditions have been met for the precipitation of siderite, identified in
places, and in the last phase, after the decomposition of the organic matter
and the bacterial activity that characterize the passage to the final, palus-
trine stage, pyrite and ferrous monosulphide were formed. The last ones
pigment in black the clays, together with the bituminous and carbon-
aceous organic matter, This final palustrine phase with peat bogs is reflec-
ted in the present-day coal deposits.

In more advanced diagenesis phases descendant infiltrations of re-
ducing solutions could have been produced, that might have reduced
iron, with local formation of ferrous minerals. Red clays and silty clays
correspond either to clearly oxidizing episodes or to synchronous and he-
teropical local facies. The succession of these processes can be summed up
in the following way :

FeyOqenH,0 ——> +8i0, ——> 400 ——> +H,; S — +0,

(primary sup- (leptochlorite) (siderite) (sulphide) (oxide)
ply) slightly reducing ultra- secondary
reducing enviropment reducing oxidizing

environment environment environment
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STUDIUL CHIMICO-MINERALOGIC AL FORMATIUNII ARGILE-
LOR REFRACTARE JURASIC INFERIOARE DE LA ANINA
(BANAT)

(Rezumat)
Formatiunea eojurasicd in facies de Gresten din regiunea Anina de-

buteazd cu conglomerate grosiere, peste care se dispune o secventd argilo-
detriticd alcituitd din alternaute de gresil micacee, argiloase, sisturi c#r-
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bunoase, cidrbuni gi argile refractare (,,orizontul ciarbunos’). Urmeazi
,,orizontul sisturvilor bituminoase’ cu concretiuni sterosideritice si inter-
calatii cdrbunoase, care trece la partea superioard la argile nisipoase
cenugii. '

Argilele refractare sint legate de orizontul inferior cu cdrbuni, fiind
urmirite pe ambele flancuri ale anticlinalului Anina. Zdcimintul de huild
si argild refractard de la Anina este puternic tectonizat, determinind deli-
mitarea mal multor blocuri tectonice grupate in citeva cimpuri miniere.
Materialul studiat provine din lucririle cimpurilor miniere Uteris si Co-
viela. Argilele refractare sint asociate cu ortocuartite, microconglomerate
cuartitice, gresii cuartito-caolinitice, sisturi argilo-siltitice si caoline gro-
sicre cu conerefiuni sideritice (fig, 1 si 2). :

tudiul petrozrafic al rocilor detritice grosiere arati o mineralogie
wrformé, doninatd de graaale sau elemente de cuart mietainorfic si me-
tacuartite, la care se adaugd in mod constant muscovitul proaspit sau in
diferite grade de illitizore sau caolinitizare. ste notabild totala absenti a
feldspatilor. Cuartul de neoformatic apare arareori. Sporadic apar gra-
nule izolate san minuscule aglomerdri de siderit sau piritd fin granulari,
asociatd uneori cu caleit, precum si pulberi de oxizi ferici de naturd secun-
darit. Citeodatd se intilnesc fragmente cirbunoase, precum si substante
bituminoase. Rocile mai fin grabulare prezintd amestecuri intime de ar-
gl si material detritic angular de dimensiuni siltice.

Compozitia chimicd a rocilor argiloase se caracterizeazd prin valori
ale continuturilor sensibil apropiate pentru proba brutd si fractia sub
2 microni si prezintd medii aseminitoare la argilele refractare si la cele
comune (tab. 1 si3). Argilele refractare sint totusi mai bogate in aluming
si mat sirace in silice decit cele comune, deosebirea fiind determinati de
}’)rezen‘ga in cantititi mai ridicate a materialului detritic (in special cuart)
in acestea din wrmi.

Caracteristica principald a rocilor argiloase de la Aning este prezenta
masivi (pind la 30%) a dickitului aldturi de caolinit — mineralul domi-
nant (tab. 2). Kanditele constituie in medie 72%, din proba brutd si ajung
la peste 90% in fractia sub 2 microni. Subordonat apar hidromice, clorite
si minerale interstratificate. Prezenta piritei in mici cantitdti, dar aproape
in toate probele, sugereazd caracterul reducédtor al domeniului de sedimen-
tare si apropierea domeniului cdrbunos. Clasificarea mineralogicé prezen-
tatd sub forma unei diagrame ternare (fig. 3) indics o alcétuire foarte ase-
minitoare pentru toate rocile argiloase, cu o usoari tendintd de concen-
trare a mineralelor aluminoase in argilele refractare. Hste interesant de
notab ci sisturile bituminoase supraiacente formatiunii ca argile refractare
au o compozitie mineralogicit si chimici aseminitoare cu a argilelor des-
crise mai sus (tab. 4).

Depozitele liasic inferioare in facies de Gresten de la Anina sint re-
zuibatul unei faze regresive continentale, care debuteazd printr-o sedi-
mentare lacustrs macroclasticd (gresii si microconglonierate) urmatsd de o
acumulare lacustrd argilo-microclastici. Aceastd fazd se caracteriza prin-
tr-un mediu cu ape cu pH scizut, in care se manifesta o intensa activitate
bhacteriank. Pe aria cristalind de pe care provenea materialul sedimentar
gvea loc o vastd alterare lateritica generatoare de caolinit, care se acu-
mula odatd cu hidromicele din rocile argiloase preexistente, suferind apoi
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o serie de procese diagenetice primare, Illitul si celelalte minerale de tipul
muscovitului sufereau probabil un proces degradativ cu transformare in
caolinit. In acest fel caolinitul si dickitul din argilele refractare provin
atit prin remanierea materialului lateritic c¢it si prin neoformare pe seama
mineralelor hidromicacee degradate in mediul acid palustru. Acest ultim
proces era insotit totodatsd de eliberarea de silice care putea produce sili-
cifierea rocilor ortocuartitice din baza formatiunii. In acelasi timp fierul
poate fi legat intr-o primi fazé sub forma de leptoclorit, reactionind even-
tual §i cu silicea eliberatd. Ulterior, intr-un stadiu reducitor mai avansat
au fost realizate conditii pentru precipitarea sideritului, iar in ultimul sta-
diu, in urma descompunerii materiei organice si activitd{ii bacteriene,
care caracterizeazd trecerea la stadiul final palustru, au luat nastere pirita
si monosulfura feroasd. Aceastd fazd este reflectati in orizonturile cirbu-
noase actuale. Rocile argiloase de culoare rosie corespund fie unor epi-
soade net oxidante, fie unor faciesuri locale sincrone §i heteropice. Succe-
siunea acestor procese poate fi sistematizati dupid cum urmeazi :

Fe,03-nH,0 — 48i0p —» +060, - +H,S —» 40,

(aport primar) (leptoclorit) (siderit) (sulfuri) (oxid)
mediu slab mediu mediu ultra- mediu oxidant
reducétor reducitor reducétor secundar
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Abstract

The paper presents a chemical and mineralogical study of the Lower Liassic fireclays
and common clays accompanying them, as well as a microscopic study of associated rocks
(qguartzitic sandstones, clayey siltstones and silty-clayey shales with pyroclastic material).
The main clay - minerals are kaolinite, dickite (sometimes, in quite high amounts —
— 219,), with subordinate hydromicas and chlorites. XKandites generally represent
more than 509% of the composition of clays. The detrital material (quartz, feldspars, micas)
is totally subordinate and is followed by organic debris (4~ bitumen) and precipitation minerals
(hematite, goethite, pyrite). The association of these deposits with coal suggests a more or less
cyclic sedimentation, represented by a lacustrine-detrital phase during which the future quartz-
itic arenites were accumulated, followed by a palustrine microclastic phase in the course of
which clays were deposited probably in a very acid environment, and finally by a palustrine one,
with peat bogs where coal was formed.

Reésumé

FEtude chimique-minéralogique de la formation des argiles réfractaires du Jurassique inférieur
de Cristian-Holbav (district de Brasov). L’ouvrage présente une étude chimique et minéralo-
gique des argiles réfractaires du Lias inférieur et des argiles communes qui les accompagnent,

1 Received on May 3 1985, accepted for commumcatlon and publication on May 22
1985, presented in the meeting of May 24 1985,

2 Institutul de Geologie si Geofizicd, Str. Caransebes nr. 1, R 79678 Bucuresti 32.

3 Intreprinderea de Prospecfiuni Geologice §i Geofizice, str. Caransebes nr. 1, R 79678
Bucuresti 32.
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ainsi gu’une étude microscopique des roches assoeiées (grés quartzitiques, argilites et schistes
siltito-argileux a malériel cinéritique). Les principaux minéraux argileux de ces roches sont la
kaolinite et la dickite (celle-ci parfois en quantités assez grandes — 219,), avec hydromicas
et chlorites subordonnées. Les kandites représentent généralement plus de 509, de la compo-
sition des roches argileuses. l.e matériel détritique (quartz, feldspath, micas) est tout-i-fajt
subordonné, et il est suivi par le détritus organique (- bitumes) et les minéraux de préci-
pitation (Iiématite, goéthite, pyrite). L association de ces dépéts & charbon nous méne a la
conclusion de Iexistence d'une sédimentation plus ou moins cyclique, dans laquelle, aprés une
phase lacustrino-détritique pendant laquelle se sont accumulées les futures arénites quartziti-
ques, a suivi une phase microclastique palustre, pendant laquelle se sont déposées les argiles,
probablement dans un milicu trés acide ¢t la phase finale palustre, 4 turbiéres ot se sont formés

les charbons.

Phie Cristian-Codlea- Vulean-Holbav region is situated in the Brasov
district, in a very accessible area, well known for its coal aud fireclay de-
posits and investigated, for this reason, since the second half of last cen-
tury (Brem, 1854). It was Stur (1860) Who based on paleoflora, estabjish-
ed the Liassic age of the Mesozoic deposlts at Holbav and Meschendorfer
(1860) who delineated the geology of the formations at Cristian and Vul-
can. In their well known synthetic paper on the geology of Transylvania,
Hauer and Stache (1863) presented a series of rather advanced data on
this region, but the first systematic study, accompanied by a sketeh of
geological map and by geological sections was that by Wachner (1913)
who also referred to a series of mining works that had been carried out in
the region. It is Jekelius (1915, 1923 1927) who thorougnly investigated
this area of the East Carpathians, whose studies largely eontnbuted to the
knowledge of the geology of the Brayov-Codlea region, Ample paleobotanic
studies as well as systematic data on the fireclays of thixregion are due to
Senaka (1954, 1956, 1957, 1962, 1965, 1967) who also approached econo-
mic aspects. That author established the stratigraphic sequence of the
Liassic formation of the Vulcan-Holbav region, showing that the basal
transgressive conglomerates, 10 m thick, are supported by Priassic limes-
tones and overlain by the complex with clays and coals (30 in). The clay
and coal complex contains a coal bed between two beds of fireclay associa-
ted with common clays, followed by an apper sequence (100 —200 m) of
gritty-argillaceous rocks with local interbeds of fireclays. The guology of
the deposms is complicated and there are frequent facies variations.
Nistdseanu (1958) carried out a stratigraphic \tudy insisting on the fre-
quent facies variations which malke it practically impossible to establish
a clear syuthetic stratigraphic column, and emphasized the lithological re-
semblances of this formation with the Liassic formation at Anina. The re-
gion was subsequently studied by Vileceanu (1960), Sindulescu (1964),
Patrulius et al. (1968, 1969) who estabhshed, among other things, the ages
of the three complexes building up the Liassic fornation whose basement
does not crop out, being encountered only in boreholes and mining wor-
kings. Antonescu presented a series of novel stratigraphic data, resulted
from palynological investigations and included in a complex and detailed
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chemical-mineralogical ~tudy of this fireclay-bearing formation (Papiu et
al., 1970). The mining activity in the Cristian-Holbav zone has been stop-
ped in 1933 when, the laxt fireclay mine — Poiana Poienita — was clo-
sed because of working difficulties.

I. Geological seiting

The fireclays at Cristian-Holbav belong to the Liassic formation in
Gresten facies and are associated with coal deposits, like most fireclays
on the territory of Romania. The Eo-Jurassic deposits in the region un-
conformably overlie the Triassic formation, reaching about 500 m thick-
ness and are included in the northern zone of the Dimbovicioara Couloir,
being referred to two zohes : a western one (Holbav-Vulcan-Codlea) and
an eastern one (Cristian). In the western zone, the Liassic deposits start
with a lower complex with coals and fireclays, associated with conglome-
rates, sandstones and common clays, overlain by an effusive-pyroclastic
complex with porphyry and trachytic tuffs and tuffites, crossed by kera-
tophyre, trachyte and basic porphyrite veins. After a discontormity, the
sequence ends with ,,the apper coaly complex”, characterized by fossilife-
rous quartzitic and conglomeratic sandstones. The presence of the Pseudo-
grammoceras and Ptygmatoceras species at the upper part of the compnlex
indicates the Upper Toarcian age. According to Jekelius (1913), Siandu-
lescu (1664) and Semaka (1965), the Eo-Jurassic formation in the (vistian
area (eastern zone) is built up of five terms grouped in three complexes
with the following succession : (1) clays with blocks of Triassic limestones
followed by fireclays with sinall coal lenses and plant debris, correlated
with ,,the lower coaly complex’ of the Vulean region (Sinemurian); (2 a)
marly sandstones and arkoses associated with fossiliferous siltstones with
Griphasa cymbium Lk. (Lower Carixian) and (2 b) spathic sandy limes-
tones and calcareous sandstones eontaining Liparoceras sp., Pholadomya
idaea d’°0Orb. and brachiopods (Middle and Upper Carixian); (3 a) clavey
and marly shales with Amalteus margaritatus NMont. and brachiopods
(Domerian) and (3 b) calcareous sandstones and clayey-marly siltstones
containing beleniites and the genus Dactiloceras sp. (Toarcian), overlain
by quartzitic coarse sandstones which, according to Jekelius (1915) on
paleontological criteria, ends the Toarcian complex.

Antonescu’s palvnological data (in Papiu et al., 1970) lead to the
conclusion that in the Folbav-Codlea region there are two horizons of fi-
reclays : (1) a lower one, corresponding to the ,lower coaly complex” at
Cristian (zone with Nilsonia ortentalis) and (2) an upper complex cor-
responding to the shaley-sandy complex (Toarcian-Aalenian) at Cristian.

II. Oeccurrence of fireelays

The lower complex with fireclays of the Cristian zone unconform-
ably lies on Aunisian limestones and is included in two synelines, overtur-
ned and laminated on the eastern limb, cropping out in the Joader Valley
and, more castward, at Poiana Poienita and the Cildarea Brook. The sam-
ples have been collected from the old mining works open in the western
limbs of those synclines.
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At Poiana Poienita, the producing horizon shows 9 fireclay beds.
The sequence examined in the section of the Poiana Poienita adit (fig. 1)
includes a clayey horizon, 5 m thick, lying on the erosion surface of the

CRISTIAN
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''''''''''''''''''''' Quartzose sandston&

~—Z#»36— Sandstone fragments '
—_x35°_" Sjity grey clay
T —%34—— cgrbonacesus shaie Fjg. 1. — Lithologic column of the basal
- - . part of the Lower Jurassic fireclay For-
—_— mation of Cristian-Poiana Poienifa Mine
- and the location of samples.
—""x337" Grey tireclay .
_——%32—— Plastic vellow clay

Anisian micritic limestone
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-Anisian micritic- limestones and having plastic yellow clay in its base,
overlain by carbonaceous clayshales (2.5 m) and then by unstratified
grey fireclay (1.5 m) in whose upper part quartzitic sandstone blocks and
fragments are included.
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RAISE 1-JOADER VALLEY
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Fig. 2. — Litholegic column of the depo- ikt
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The producing horizon of the Joader Valley contains 2—5 disconti-
nuous fireclay beds, difficult to correlate because of the intense faulting
of the fireclay formation. The sequence traversed by the mine raise no. 1
(fig. 2) shows a quartzose sandstone in the base supporting the fireclay
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horizon (3 m), followed by another quartzose sandstone with clay inter-
calations,

In the Holbav area, the development of fireclays is very irregular ;.
the formation shows a comprehensive lithological range, from clays str. s.
up to coarse sandy clays and carbonaceous clays. ’Dhere are 2—5 flreel&y
intercalations, from a few centimeters up to 2 m thick.

HI. Petrographic study of associated roeks

A) Quartzitic sandstones

The orthoquartzites of the Cristian-Holbav area are present both:
in the footwall and at the upper part of the Gresten fireclay Formabion,
showing rocks of a great uniformity and a peculiar resemblance with the
rocks of the same type associated with the similar Liassic fireclays of
Anina or of the Pidurea Craiului Massif.

The orthoguartzitic rocks in the-footwall of the fireclay bed at
Holbav show grey colour and consist of grains of mietamorphic quartz,
oblong at times but generally isometric, interlocked atter sinuous outli-
nes. Two grain-size classes can be observed, sometimes with graded bed-
ding trends, in which the fine material forms mierozones about 0.5 mm
thick. Thus, a sample of fine silty sandstone shows a bimodal grain-size-
distribution, characterized by 80—909%, grains with D = 0.17—0.34 mm
and 10—20 % grains with D = 0.025—0.050 mm. Like in the case of ot-
her quartzites accompanying the Liassic fireclays in Romania, no over-
growth cement is identified, and the quartz grains are locally surrounded
by limonitic pigment probably formed at the expense of certain granular
pyrites. Muscovite flakes, usually fresh, rarelier in various stages of kao-
linization, often erushed and fractured between quartz grains, appear
subordinately. Among heavy minerals, tourmaline has been identified
only sporadically.

The guartzitic sandstones and the quartzites of the hanging wall
and those included in the fireclay mass at Cristian (Fig. 1 and 2) contam
fragments of carbonaceous grains, disposed on more or less continuous
mlllunetme zones, sometimes couespondmw to more argillaceous areas.
Unlike the basal qua,rt/ltes the cement of these rocks is usually discernible.
It consists of kaolinite associated with specific quartzose cement which is
not microscopically identifiable.

The sandstones of PPoiana Poienita are very heterogranular (D =
= 0.17—0.70 mm) and contain fresher or parmaﬂy epitaxically kaodi-
nized muscovite (5 —10%), of much larger sizes than that in the footwall
of the fireclays. Cement-neoformation guartz is discernible neither in this
case. Locally, scaly kaolinite occurs, filling the pores of rocks, sometimes
associated with sericite or coating the quartz grains, just hke a fine pel-
licular cement.

The deposits of the upper part of the Joader Valley sequence show
a detrital, arenitic up to silty component (D = 0.08-0.25 mm) building
up 709, of the rock mass and kaolinito-quartzitie precipitation e“ment
Muscovite occurs sporadically (up to 19), fresh or slightly kaolinized,
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fan-like swollen at the extremities, like in most previously meutioned
cases. Detrital biotite (sporadically chloritized), tonrmaline (somehow more
frequent than in previously mentioned lower guartzites) and acicular ru-
tile (sometimes occurring as inclusions in the quartz grains) complete the
list of minerals present in these mature rocks. Organic matter can also be
encountered coating the grains like an opaque cement.

B) Clayey silistones

These rocks appear as lenticular bodies in the fireclay mass and are
built up of an intimate mixture of clay (40—60%,), finely triturated mus-
covite (20—309%,) and quartz grains (20 —309%,), less than 0.01 mm in size,
pigmented by fine bituminous-carbonaceous material. Small coal and
granular pyrite fragments and, on fissures, bitumen concentrations occur
sporadically.

C) Silty-clayey shales with pyroclastic material

In the Holbav area silty-clayey shales with laminae of rather cearse
detrital material and rich in pyroclastic material have been studied. Their
stratigraphic position cannot be rigorously established. The rocks show
remarkable graded bedding and banded structure pointed out by the al-
ternation of submillimetric zones with clastic (silty up to arenitic) mate-
rial with argillaceous microzones. The argillo-lutitic laminae are impreg-
nated with bituminous-carbonaccous pigment, which account for the
black colour of the rock. Sometimes the banded structure is determined
only by a few quartz grains disposed in rows or small muscovite concen-
trations, as usual, in various degrees of kaolinization, These local micro-
facial characters result from the lacustrine or palustrine sedimentation of
the deposit. The pyroclastic material constitutes 20—409 of the rock
and i3 represeiited by feldspar crystalloclasts with shapes resulted from
fragmentation, from almost idiomorphic grains up to fine splinters,
0.01—0.02 mm in size. They are accompanied by rare lithoclastic grains,
less than 1.2 mm in size, in which fluidal structure can be observed some-
times with difficulty. The opaque, argillo-silty mass impregnated with bi-
tumen and especially its finer zones probably contain a certain amount
of vitroclastic material, but not optically identified.

IV. Chemical-mineralogical study of clays

The petrologic study of Liassic clays of the Cristian-Holbav region
(Brasov district) is based on chemical, thermodifferential and X-ray ana-
lyses, carried out on 18 samples. Only 8 of them represent fireclays (5
from Cristian and 3 from Holbav). The clayey fractions (less than 2 ni-
crons) have been analyzed only for 6 samples of the Cristian area (3 fire-
clays and 3 common clays). The mineralogical qualitative analyses perfor-
med by physical methods were correlated with the chemical quantitative
data (tab. 1) to obtain the probable mineralogical composition of these
rocks (tab. 2). Some clays, especially those from Holbav have high con-
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TABLE 2

Mineralogical composilion of the Lower Jurassic clays of the Crislian region
(Brasov districl) (%)

Sam- Loca- Type
No. | ple t of K* D | Hd | Ch ML H P S OM | F Q
no. ron clay
Bulk sample
133 (cPP |y %795 —| —{ — (nd|09]{01| — | —[28]125
2| 48 CJV |{» (| 36.5 13.1| 17.2/ 2,0 | nd.| 2.4 | 1.8 — — |1 1.4122.3
3143 CIV |5 w» 48.5) 12,0 5.3/ 1.2 | nd.{ 2.4 0.4} 1.5 — { 0.7 27.7
2a . _
< 8 .
o
4 {948A | CJV f; 2| 43.6/ — | 16.6] 4.6 } n.d.| 3.6 | 1.5 — [10.5 | 2.3 | 17.0
51949A [ CJV |7 ©| 44.4 — | 13.83/ 0.9 nd.| 2.6 0.2 — | 7.811.9]25.4
6 {951A| Hb |~ Z| 67.3] — | 14.4 4.4 | nd.| 1.2 | 0.8 — [1.911.9 5.7
71952 | HL |7 21350 — |14.4 4.9 nd.|5.2]3.9] — |7.8]2.0]25.8
8 {954 Hb \‘:3 37.0 -~ 8.5/ 4,7 | nd.| 4.8 | 6.7 — (29,1 1.2 4.7
9135 CPP |1l 34.00 — 12,2/ 1.6 {nd.|1.4]| 0.6 — | 4.011.8] 38.0
10 | 32 CPP |» | 61.9) — | 16.7] ~— | nd.| 3.6 0.2 — — | 1.8113.4
11 | 40 CJV =~ g 71.8 — | 9.6 0.5 nd.{ 0.8] 0.5 — [ 3.0(1.83](10.5
12 | 42 CJv 2 = 41.3; 6.0/ 6,1 0.7 | nd.| 2.7 0.3 — — | 0.7140.4
13 | 47 CJvV og 54,0/ 145 — | 5.8 nd.| 0.5} 0.3} 2.7 — 13.3120.0
SET
HS ©
14 | 34 CPP 2 21 65.8 — 8506 {nd|2.6]|2.0 — 9.9 1.1 9.6
15 | 52 Hb . 2| 63.8 — | 2.7]0.3]|mnd.| 5.2 - — 9.9] 1.3 ] 13.7
16 | 53 Hb |E %£|45.520.8 5.2|0.4| nd.| 1.6 0.3 — 110.5{ 2.0 | 12.0
17 | 54 Hb (4 2618 — [8.2(0.7{nd|1.61]0.5 — 22,1 1.2 1.1
18 | 56 Hb 31 64.3] — — — | nd.| 1.9 — — 119,71 —~ }12.7
Clay fraction (less than 2 microns)
1133 CPP | & o 68.6] — | 21.6] 1.6 3.7 0.5 — -~ | 0.8 - {1 3.4
21 48 CJV | & 51791 — 111 — 2.9 2.3 - —~ | 0.9 — 1 4.4
3] 43 CJv E*—’ 73.6] — | 15,9 - 3.2f 2.5 - — | 1.2 — | 4.7
4135 CPP | 77.5] — 9.6 — 2.9 1.5 — -~ | 1.7 — |1 6.9
51 32 CPP g,_a_? > 70.6/ — | 22.2{ 0.6 | 10.41 1.7 — — — — (1.0
6 | 47 CJV |z 28] 65.8 — | 241 — 2.2] 2.9 — — (1.5 - 1386

K = Kaolinite ; D = Dickite ; Hd = Hydromicas; Ch = Chlorite ; ML = Mixed layers ;
H = Hematite; P = Pyrite; S = Siderite; OM = Organic matter; F = Feldspars; Q =
Quartz ; * = For the clay fraction the values also include the dickite contents; GPP = Cris-
tian—Poiana Poienita; C JV = Cristian— Joader Valley; Hb = Holbav; n.d = not deter-
mined.
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tents of organic, mainly carbonaccous matter and are called, for this rea-
&> 3 ’

son, ,,carbohaceous clays™. The vocks show rwther heterogencous com-
positions, according to the general data synthesized in table 3, hecause of
5 3 3 v 3 . 3 : 4 r Y T aqy01 ST o

2 - ’ ; v . R £ e & (5( L1 rar
the mixture in various propovtions of clayey, detrital and organic ma
terial as well as of the mineralogical diversity of clay minerals.

A) Chemical composition

1. Bulk sample, First of all it is worth mentioning that, although va-
ristion intervals of common clayvs are larger than those of fireclays, their
average values arve rather close or anyhow, of the same order of magni-
tude. Reverse correlation between alaming and silica generally reported
in the case of clays and especially of fireclays can by hardly noticed, the
general means for quartz being practically identical and that of silica only
19, higher for comnion clays, Average contents of alumina are higher at
Cristian (26.79%,) than at Holbav (23.09%,) in the case of fiveclays and ge-
nerally a little bit higher for common clavs. The more alwminous charae-
ter of common clays is only apparently anomalous, the explanation being
given by the reduction of the percentages of chemical constituents of mi-
neral origin by tlie organic matter present in large amounts in the fire-
clays at Holbav (Tab. 1). The Si0O,/Al,0, ratio appears with general avera-
ge values identical for fireclays and common clays (1.9). The fireclays
show g little bit higher average ratios at Cristian (2.0) than at Holbav
{1.7) because of tlie higher contents of detrital quartz at Cristian (Tab. 2
and 3). All these data suggest the common geochemical origin of = the
fireclays and non-refractory Lower Iiassic clays.

Trivalent iron (Fe,O, in the table also including the iron in pyrites)
shows a large variation range hoth for fireclays (0.9—3.6 9, for Cristian
and 1.3—5.3 9% for Holbav) and for comimou clays (0.53—35.2 %), control-
led by the variation of sulplide contents. For both types of clays, the
highest values are found at Holbav (up to 5.3 9%). Ferrous iron (FeO),
originating in silicates, more exactly in chlorites, is supraunitary only in
the fireclays at Holbav and in a fireclay (sample 948 A) and a common
c¢lay (sample 47) at Cristian, in the last mentioned one reaching 2.03 %,
(Tab. 1). The consequence is the very large range of total iron contents,
with high values especially at Holbav (7.29%, in sample 952), related to the
high values for both forms of iron (Tab. I and 3). The average values
increase in the order: connmon clays, fireclays— Cristian and fireclays—
Holbav. This situation suggests either the existence of different source
areas of material, with variable importance in space and time, or rather,
eertain variations in the geochemical environment of sedimentation, the
muds containing H,S, fixing high guantities of iron as ferrous sulphides.

Potassium (K,0), controlled by illite and detrital muscovite con-
tents has similar restricted variation ranges for the two types of clays,
with lower means for common clays (0.8 %) than for fireclays (1.3 %).

Sodimmn (Na,O), although ubiquitous, has in all samples subunitary
values, more exactly lower than 0.4 % (Tab. 1 and 3), indicating the
presence in these rocks of small quantities .of unaltered feldspars, but
that are no longer present in the clay fraction (Tab. 2 and 3).
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Manganese (MnO) is practically missing except for three samples
in which it appears in a few hundredths of a percent.

Magnesium (MgO), originating in chlorites and maybe, to a less
extent, in adsorbed ions, is subunitary, but present in all samples, with
at most 0.799% in a common clay at Cristian.

Caleium (CaO) appears in all the samples with values lower than
0.25 9, without differences for various types of clays.

Phosphorus (P,0;) is equally ubiquitous, but in very small, insig-
nificant quantities (less than 0.109%,).

Sulphur, fixed in pyrite, is generally subunitary and completely

Inissing in the fireclays at Holbav (although they are the richest in orga-
nic matter).
A Organic matter, probably mainly carbonacecus, is missing in 3 of
the 12 samples from Cristian, where it reaches almost 109, in a non-re-
fractory clay (sample 34) and is present in all the samples from Holbav
i high percentages (up to 29.11 9 in sample 934), the mean reaching
12.9 9 (Tab. 3). These data suggest that the presence within certain li-
mits, of finely dispersed organic matter, has no influence on the refrac-
toriness of clays.

2. Clay fraction. The {raction less than 2 microns was extracted
only for 6 samples from Cristian, so that the discussion of the results will
strictly refer to this area. The trends of geochemical evolution suggested
by the comparison of the bulk sample and clay fraction chemistry have a
more general validity and can be extended to the whole area of study.

So, unlike the bulk sample, the clay fraction shows both for silica
and for alumina a very narrow variation range, the means for fireclay
being practically identical with those for common clays. The clay frac-
tion of fireclays and common clays contains significantly lower percen-
tages of silica and consequently higher amounts of alumina as compared
to the bulk sample (Tab. 3). The SiO,/Al,0; ratio is, therefore, much
Jower in the clayey fraction (1.3) than in the bulk sample (2.0) and iden-
fical for both types of clays (1.3). The Fe,O, contents have more limited
variation ranges for both types of clays, showing more marked tendencies
of diminution in the case of fireclays (from 2.4 to 1.9 9,). Ferrous oxide,
with low subunitary values, was identified only in two cases (sample 33 —
refractory and sample 32 — non-refractory), an increasing trend being
observed in both of them (Tab. 1). The contents in total Fe,O, is also cha-
racterized by a reduction of the variation range, by diminution tenden-

cies and by practically identical means in the clayey fraction of both ty-
pes of clays.

Potassium (K,O) reduces its variation range in both types of clays,
the average values remaining unchanged for fireclays and increasing
sensibly in the case of common clays (from €.8 to 1.5 %).

MgO and CaO show clear diminution trends in the fraction less
than 2 microng in comparison with the bulk sample in both types of clays
and Na,O, MnO, P,0, and S are removed from the clayey fraction.
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B) Mineralogical composition

The rockforming minerals of the Liassic clays in the Cristian —
Holbav area are genetically classified in two groups : reworked (allogenic)
and authigenic minerals. The main mineral constituents, the clay mine-
rals, probably belong to both categories : some of them show a primary
character resulted from continental weathering or from reworking pre-
existing clays, and others are formed in situ from feldspars or atthe ex-
pense of previous clay ininerals, by degradation in acid continental envi-
ronment or diagenetic processes.

1. Bulk sample. Fireclays are above all kaolinitic clays. In this case
the feature is proper to both types of clays (fireclays and common clays),
kaolinite being present in comparable amounts. Beside kaolinite, a few
samples of fireclays (48 and 43) and common clays (42, 47 and 53) show
large quantities of dickite (6.0—20.8 9%,) (Tab. 2). This mineral was also
noticed in the other Lower Liassic clays in Gresten facies, being present
in all the samples from Anina-Banat, where it reaches contents up to
309%, (Papiu et al., 1970) and, in places, in the samples from PHdurea
Craiului (Papiu et al., 1969).

In the Cristian-Holbav area kaolinite has similar variation ranges
in both areas, showing a higher mean in common clays (56.4 %), follo-
wed by the fireclays of Cristian (50.5 %) and of Holbav (46.5 9,). If
dickite is also included in the calculation, the general average values are
of 60.5 % kandites for common clays and 52.19, for fireclays (Tab. 3).

Under the term of , ,hydromicas’ we referred to the whole series of
minerals, from illites of micronic sizes up to macroclastic flakes of detrital
muscovite. With a rather large variation range, hydromicas are missing
only from three samples (33, 47 and 56) and reach their maximum con-
tent (17.2 %) in a fireclay sample (48) from Cristian.

Chlorites (both magnesian and ferrous) amount to 5.8 % in a sam-
ple of non-refractory clay (47) from Cristian and are missing from some
samples of refractory (33 — Cristian) and non-refractory (32—0rist.ian:
and 56 —Holbav) clays. It should be mentioned that in common clays,
the chlorite average content is lower than that in fireclays. The general
average content in clay minerals reaches close values in two types of
clays : 66.2 9% in fireclays and 68.5 % in common clays.

Undoubtly, authigenic minerals are iron minerals : hematite, side-
rite, pyrite. Fe-rich chlorites can be equally referred to the authigenie
and to the allogenic origin. Hematite can also be both a primary and a
secondary mineral, generated by chemical alteration. In only one sample
(32 —Cristian) was 1dcnt1fled by X-ray a very low percentage (2.1 %) of
hydrated ferric oxide (hydrohematlte-woethlte) the remaining Fe,O0, in
clays being fixed as hematite. It is worth mentioning that the fueclays of
Cristian conta,ln less hematite (mean 2.4 9,) than those at Holbav (mean
3.79%,). These observations, correlated with the similar concentration trend
of pyrite (0.8 9, at qutlan and 1.9 % at Holbav) suggest more reduced
iron supplies in the sedimentary basin in the Cristian area than at Holbav.
Although common eclays have a variation range altogether analogous with
that of fireclays, their average hematite content is lower (2.2%). As for
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the pyrite content, we mention first of all its almost total independ ence
from the content in, organic matter, .a direct correlation between them

seeming to exist only for the carbonaceous fireclays at Holbav. The lowest
average pyrite content is found in common clays (0.5%), followed by the
Cristian (0.8 9,) and Holbav (3.8%) fireclays. Siderite was identified only
in places, in reduced quantities, uniquely in the Cristian area, in a fire-
clay sample (sample 43—1.5 %) and in a common .clay (sample
47—2.7 o). " N v r kiR

' Détrital material is represented by quartz, feldspars (calculated as
albite) and, to a certain extent also by muscovite, more or less altered to
kaolinite or, rather to hydromuscovite — illite. Quartz shows a very large
variation range for common clays (1.1—40.4 %) in comparison with fi-
reclays (4.74-27.7 9), but with practically equal general means (17.1 %
and 17.6 9, respectively). Feldspars, typically detrital minerals, appear in
quantities comparable, in variation range, and show slightly ' lower
average values i common clays. .'

The organic matter is characteristic of the Holbav clays, where the
content varies between 1.9 and 29.19%, with rather high means — 12.99
— for fireclays and 15.6 9/ for common clays. Less than half of the sam-
ples’ of Liassic clays of Cristian contain organic matter, so that, although
the content can reach 10.5 9, (sample 948 A), the maximum mean is only
3.6 9, for fireclays and 2.8 % for common clays. All the clays in the
Holbav area are carbonaceous and show an average content of organic
matter about 4 times higher than that of the fireclays ap- CriStifn st
about 6 times higher in the ease of common clays, ,* . :awstti€ 2

oI T

1

KAOLINITE +DICKITE

L Ao N I e T 7 100-- i fl L8
HYDROMICAS +CHLORITES I - . _QUARTZ+FELDSPARS
"xi Fig. 3. — Mineralogical classification of the clays of the, Lower Jurassic fireclay
+ Formation of Cristian-Holbav : 1, Cristian-(fireclays) ; 2, Cristian (non-refractory
clays); 3, Holbav (fireclays) ;4, Holbav (non-refractory clays).
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A general mineralogical classification of the clays presented in the
ternary diagram in Figure 3 shows that almost all the studied clays are
situated in the field of kanditic clays, with two exceptions : sample 952 —
Holbav, which is refractory and sample 35 — Cristian, non-refractory,
plotted in the central field of mixed clays.

2. Clay fraction. Like in the case of the chemical composition, the
comparison with the bulk sample will be made only for the Cristiar area.
The first thing worth noticing, which is in fact quite normal, is the great
inerease of the content in ¢lay minerals and the reduction of the variation
range of mineralogical and chemical components in the fraction less than
2 microns (tab. 2 and 3). So, kaolinite (4-dickite) increases from 55.5 9%,
to 73.8 9, in fireclays and from 66.5 9% to 71.3% in common clays.

Hydromicas show a less important increase in fireclays, that is due,
of course, to the removal of a certain amount of detrital muscovite of «ilty
sizes. In common clays, the increase in the hydromica content is more
important (more than twice, the general means being relatively close
for the two types of clays (16.2 Y%and 18.69%,).

Chlorites appear only in two clay fraction samples (33 — refractory
and 32 — common), which implies the lowering of the means as compa-
red to the bulk sample. Much of the chlorite is probably derived from
altered femic minerals, eliminated by pipetting.

Mixed-layers are present in all the analyzed clay fractions, with
contents frequently ranging from 2.2 to 3.7 9%, accidentally reaching
10.4 % (sample 32 — non-refractory) and reflecting, of course, the de-
gradation processes produced in the lacustrine environment at the
expense of pre-existing clay minerals,

The hematite content is of the same order of magnitude as in the
bulk sample but the average values are a little bit lower.

Pyrite and feldspars are completely removed from the fraction less
than 2 microns and the quartz content diminishes considerably (from
21.0 % to 4.2 9% in fireclays). »

Finally, the supplies of organic matter have much lower values in
the clay fraction, indicating that most of this substance is granular or even
fragmentary carbonaceous, being removed together with the fractions
larger than 2 microns.

Y. Genetie considerations

In some previous papers (Papiu et al., 1969, 1970) was stated that
Liassic fireclays and their associated rocks of the Gresten formation were
sedimented in a lacustrine-continental environment with very low pH, in
which fine triturated phyllosilicates of mica type (three-layer type) were
subject to degrading kaolinization processes. There is no analytic evidence
that refractory kaolinite (pM) was obtained. The chemical-mineralogical
similarity between fireclays and common clays suggests nevertheless that
refractoriness is imposed by pM kaolinite and therefore, that the acidity
of the sedimentation environment was very high, according to the experi-
mental data of Oberlin et al. (1962). The association of clays with ortho-
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quartzitic arenites is due, in a first phase, to macroclastic detrital sedi-
mentation in which arenites and fine rudites were gravitationally sepa-
rated, resulting a horizon of lacustrine sands. The suspended clay material
would have mempltated subsequently, at the same time with the moditi-
cation of the pH, maybe under the influence of bicarbonated karstic wa-
ters, in the same way in which karstic bauxites of the Apuseni Mts and
the East Carpathians precipitated (Papin ot al., 1983). In this stage pro-
bably the transition took place from the lacustrine to the palustrine
phase, during which vegetal remains were accumulated generating coal-
forming peat-bogs. An approximate cyelic evolution is thus established,
reflecting the succession of confinental sedimentation of the Lower Lias-
siec formation,

In certain diagenesis phases, within the elavey muds took place a
strong degradation of illites or smectites, accompanied by silica release.
Silica diffused in the arenitic sabjacent deposits, cementing them and
generating the orthoquartzitic sandstones associated to the fireclays of
this formation.
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STUDIUL CHIMICO-MINERALOGIC AL FORMATIUNII ARGILE-
LOR REFRACTARE JURASIC INFERIOARE DE LA CRISTIAN-
"HOLBAV (JUD. BRASOV)

(Rezumat)

Asemenea majorititii argilelor refractare de pe teritoriul tarii noas-
tre, argilele de la Cristian-Holbav se giisesc cuprinse in formatiunea lia-
sicd in facies de Gresten si sint asociate cu ziciminte de ¢irbuni. In zona
Cristian complexul cu argile refractare este prins in doud sinclinale dever-
sate si laminate pe {laticul estic, care afloreazd in Valea Joaderului (fig. 1)
si, mai la est, la Poiana Poienita (fig. 2) si Piriul Cildarii. Luerdrile mini-
ere din care a fost recoltat materialul studiat sint in prezent abandonate.
In regiunea Holbav dezvoltarea argilelor refractare este foarte eapri-
cioasd, formatiunea prezentind o intinsi gami litologicdi, cu treceri de la
argile str. s., pind la argile nisipoase si argile &rbunoame.

Studlul rocilor detritice mai grosiere, eare sint asociate in mod
obisnuit argilelor din formatiunile liasice 1n facies de Gresten, a eviden-
tiat o mare uniformitate si o aseminare remarcabili cu 10011(3/ de acelasi
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tip din depozitele similare de la Anina sau din masivul Pddurea Craiului.
Gresiile cuartitice §i argilo-siltitele de la Cristian si Holbav prezinti in
sectiuni subtiri caracterele petrografice bine-cunoscute: predominarea
granulelor de cuart metamorfic, absenta cimentului de supracrestere, pre-
zenta lamelor de muscovit proaspete, mai rar in diferite stadii de caolini-
zare, Caolinitul poate constitui uneori cimentul acestor roci. Rocile mai
fine pot fi bogate in material cirbunos §ifsau bituminos. In regiunea
Holbav au fost studiate si o serie de sisturi siltito-argiloase cu material
cineritic, cu aspect rubanat datorat unei succesiuni de lamine cu stratifi-
catie gradatd la scard milimetricd sau submilimetrics, deseori impregnate
preferential cu pigment bituminos-cirbunos. Materialul piroclastic repre-
zintd 20 —409%; si este constituit din feldspati, rare granule litoclastice in
care uneori se disting texturi fluidale si probabil material vitroclastic,
acesta din urmmd mascat de prezenta substantelor bituminoase.

Anaglizele chimice aratd cd rocile argiloase studiate au un caracter
destul de heterogen, datoritd amesteculul in diferite proportii al mate-
rialului argilos cu cel detritic si organic, precum si participdrii cu ponderi
variabile a diferitelor minerale argiloase (tab. 1 si 3). Continuturile de alu-
min% sint in general mai mari la Cristian decit la Holbav, ceea ce se explici.
prin ,,diluarea’ ponderii componentilor chimici de origine minerald de
citre substanta organici prezentd in procente ridicate in argilele refrac-
tare de la Holbav. Datele chimice nu permit in acest caz trasarea unci
limite clare intre argilele refractare si cele nerefractare.

Compozitia mineralogics a argilelor ((tab. 2 si 3) este dominati de
caolinit-I-dickit (acesta din urmé fiind recunoscut in cca 509 din esanti-
oane si atingind uneori procentaje ridicate), cu care se asociazi in cantititi
subordonate hidromicele i cloritele. Dintre mineralele argiloase, kandi-
tele reprezintd in general peste 509, din compozitia argilelor refractare.
Materialul detritic (cuarf, feldspati, mice) este net subordonat, fiind ur-
mat de detritusul organic (- bitumene) si mineralele de precipitatie chi-
micd (hematit, goethit, piritd). Continuturile de substantd organicad ating
valori ridicate la Holbav (pind la 299%,), de 4—6 ori mai mult decit la
Cristian. O clasificare mineralogicé generald aratd cé aproape toate argi-
lele studiate se incadreazi in cimpul argilelor kanditice (fig. 3).

Asocierea argilelor refractare de la Cristian si Holbav cu depozite de
cirbuni sugereazi formarea lor in urma unor procese sedimentare mai
mult sau mai putin ciclice, in care dupa o fazé lacustro-detriticd in care
se acumuleazd viitoarele arenite cuartitice, urmeazd o fazd palustrd mi-
croclasticsi in care are loc depunerea argilelor, probabil intr-un mediu
foarte acid. In prima fazi diagenetics mineralele filitoase cu trei strate
sufereau procese degradative cu generare de caolinit si silice liberd. Acea-
sta, din urmg putea migra apoi in orizonturile arenitice cimentindu-le si
dind nastere rocilor ortocuartitice. Fazei lacustre 1i urmeazé faza finald
palustrd, cu turbdrii din care vor rezulta carbunii.
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FLUID INCLUSIONS IN THE MINERALIZATIONS
FROM THE VALEA LITA — BAISOARA — CACOVA IERII AREA
(APUSENT MOUNTAINS)?

BY

VASILE POMARLIANU 2, l CONSTANTIN LAZAR 2,

ION INTORSUREANU 2

Fluid inelusions. Geological thermomelry. IHydrothermal minerals. Banatitic rocks. Miner
alogenclic processes. Ore forming solulions. Apuseni Mountains — North Apuseni —
Gilau Massif: Neocretaceous — Paleogene magmaliles — Baisoara

Abhstract

Fluid inclusions in some skarn and hydrothermal minerals genctically related to the
banatitic rocks from the Valea Iita — Bdisoara — Cacova Terii area as well as the fluid inclu-
sions from the quarlz phenocrysis occurring in banatite rocks and inclusions from some recrys-
tallized metamorphic rocks have been studied. There is a correspondence between the known
ore deposits and the occurrences of the ore-forming solutions of the highest salinity (30—50
wt % NaCl). The latter may be followed [rom Valea Lita through Biisoara and Masca to the
Vadu Valley. Based on the sludy of fluid inclusions and on microscopic investigations, the miner--
alogenclic slages, the mineral assemblages, the peculiarities of ore forming solutions, the decre-
pitation and/or homogenization temperatures and the sequence of the main mincerals have been
determined. Using the mentioned results a model of the mineralogenetical processes developed
in the investigaled arca has heen sketched.

Résumeée

Inclusions fluides dans les minéralisalions de la vallée Lila— Bdisoara— Cacova Ierii
(monts Apuseni). On a éludié les inclusions fluides des skarns, les minéralisations pyrométa-
somatique-hydrothermales des roches des inirusions banatitiques, tout comme des métamor-
phites. Les solutions cngendrant des minerais a salinité la plus élevée (30 4 509% NaCly sont
disposées horizontalement, dans la direction du systénie de fractures NNE—SSW. Sur base

1 Received May 3, 1985, accepled for communication and publication May 7, 1985,
presented at the Meeting of May 24, 1985.
2 Institulul de Geologie si Geoflizicd, str. Caransebes 1, Bucuresti 32, R 79678
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des inclusions fluides et des observations minéralogiques concernant les associations de miné-
raux, on a déterminé les phases, les stades, la nature des solutions de minéralisation, la tempéra-
ture et Ia succession de formation des principaux minéraux. Tous ces facteurs ont contribué a
Tébauche d’un model minéralogique dans la zonc investiguée.

1. Introduetion

The data obtained in recent years by the study of fluid inclusions
have an increasing significance as regards the genesis and prospecting of
the ore deposits.

‘ The first studies on the fluid inclusions from mineralizations related
to some skarn deposits of Rumania (Poméarleanu, 1968; Kissling, Po-
méarleanu, 1970) have aroused the interest of several scientists (Takenou-
-chi, 1971 ; Takenouchi, Imai, 1971; Schrocke, 1973; Takenouchi, 1973
ete.). Such studies have been recently made on the fluid inclusionsg from
magnesian skarns occurring in the Tibles Mountains (Pomirleanu et al.,
198 ; Pomirleanu et al. 1986) as well as on those from porphyry copper
minerah/atlons at Lapu§nlcu Mare (Pomérleanu, Intorsureanu, 1982,
1985). ,

Taking into account the above-mentioned results, similar studies
have been recently made on the fluid inclusions from the mineralizations
related to the banatitic (Laramian) rocks occurring in the eastern part of
the Giliu Mountains (Lazir et al., 1981, 1984).

In addition to the data concerning the geologic setting, the skarns
and ore deposits from the Valea Lita-Béaisoara-Cacova Ierii area, the char-
-acteristics of the ore-forming solutions are presented in this paper based
on the fluid inclusions. At the same time some remarks regarding the
temperature and salinity of the ore-forming fluids are made and finally a
model for the evolution of the mineralizing processes in the investigated
area is proposed.

2. Geologie setting

. The Valea Lita-Biisoara-Cacova Ierii area consists of metamorphic
sedimentary and banatitic igneous rocks (Fig. 1).

The metamorphics are assigned to the Baia de Aries, Biharia and
Vulturese-Belioara Series (Lazir et al., 1984) and represent formations of
Precambrian-Paleozoic age which were affected by regional metamor-
phism. The metamorphic rocks comprise many types of crystalline schists,
limestones and dolomites.

The sedimentary rocks belong to the Permian, Cretaceous, Paleo-
gene and Quaternary.

The pre-Paleogene formations arec penetrated by granodiorite in-
trusions as well as by numerous dikes and sills of andesites, dacites, rhyo-
lites and seldom of lamprophyres. A large number of small sized banatitic
bodies could not be represented on the annexed geological sketch map
(P1. 1). The banatitic bodies are marked by an obvious mineralogical and
textural inhomogeneity.
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The various types of banatitic rocks (Lazir et al., 1972 ; Stefan et
al., 1985) were formed by the consolidation of a calc-alkaline guartz dio-
ritic-granodioritic magma.

Thermal metamorphism, metasomatic processes and ore deposition
developed especially in the surrounding rocks of the plutonic intrus-
ions, The identified marbies and hornfelses formed in the contact aureole
of the granodioritic bodies. ,

Phe products of the pyro- and hydrometasomatism are the most
important considering the intensity of transformations, the diversity of
the neoformation minerals and associated ore (Lazir, Intorsureanu,
1982).

In agreement with the previous investigations it was noticed that
the oldest formations, especially those belonging to the pre-alpine meta-
morphosed basement, have been affected by folding.

It should be noted that in a complexly folded region several dislo-
cations of strata can be distinguished. The fractures of Laramian age are
largely developed, numerous N-S striking faults being formed.

Pre-, syn- and post-ore deposition zones of fracturing, faults, fis-
sures and minute eracks have been described.

3. Skarns and mineralizations

In the Valea Lita-Biisoara-Cacova Ierii area the skarns and the
associated iron ore deposits are largely developed. They were generated
by the infiltration and diffusion metasomatism in the contact aureole of
the intrusive granodioritic bodies. ‘

Skarns frequently ocenr in the Dealul Grecului, Masca and (acova
Terii iron ore deposits and subordinately at Valea Lita.

The skarns were commonly formed by the replacement of the crys-
talline limestones and dolomites in the vicinity of the granodioritic bo-
dies, closely connected &with their apophyses. Caleic and magnesian
skarns were identified in the investigated area.

The main minerals of the magnesian skarns are : spinel, forsterite,
diopside, phlogopite and clinohumite. The characteristic mineral assem-
blage of the calecic skarns consists of pyroxene (diopside-hedenbergite),
garnets (grossularite-andradite, vesuvianite, wollastonite, scapolite and
ilvaite (Lazdr, Intorsureanu, 1982).

Mineralizations related to banatitic rocks have a prevailingly tran-
sition character (pneumsatolytic-hydrothermal). The ore occurs as irregu-
larly-shaped metasomatic ore-bodies. Impregnations and metalliferous
veins rarely occur.

The hypogene ore minerals are represented by iron oxides (magne-
tite, maghemite, hiematite), iron sulphides (pyrrhotite, pyrite, marcasite),
boron minerals (ludwigite, szaibelyite), common sulphides (sphalerite,
chalcopyrite, galena) and sporadically arsenopyrite, molybdenite, cuba-
nite, tetrahedrite, boulangerite, mackinawite etec. Supergene minerals
are : goethite, bornite, covellite, malachite and azurite. ‘

Magnetite and pyrrhotite are associated with calcic skarns, whereas
the boron minerals with the magnesian ones (Lazir, intorsureanu, 1982).

9 — C. 565
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The hydrothermal mineral assemblages occur both in and out of the
skarn bodies. The hydrothermal minerals are mainly developed by repla-
cement, the deposition in open spaces being subordinate.

The following hydrothermal minerals, subsequently deposited with
respect to the skarn formation, are distinguished : amphiboles (actinolite,
tremolite, ferrohastingsite), biotite, sphene, epidote, zoisite, albite, ehlor-
ite, quartz, carbonate, sericite, clay minerals, minerals of the serpentine
group, vermiculite, sepiolite, palygorskite, chalcedony and zeolites.

‘In the pyrometasomatic magnetite concentrations of the iron ore
deposits from Dealul Grecului, Masca and Cacova Ierii the sulphides occur
subordinately. Unlike these, the Valea Lita polymetallic ore deposits are
characterized by a zinciferous mineralization (Gheorghitescu et al., 1979).

Fig. 1. — Unconformable quartz vein (1)

in albite gneiss (2) crossed by two systems

of fissures filled with tourmaline (3) Vadu
Valley.

Several sulphide occuirences, devoid of economic interest, are alse
known in the investigated area (Iara Valley, Iertii Valley, Vadu Valley
ete).

Tourmaline veinlets occur in the albite gneisses from the south-
western part of the area, in the neighbourhood of the outerop of the
banatitic body on the Vadu Valley (Fig. 1).

4. Fluid inelasions

4.1. General considerations

The complex character of the mineralization described above re-
flects the complexity of the mineralizing fluids, which have generated the
ore and gangue minerals. We can obtain data on these fluids from the
study of the fluid inclusions, considering that these are — according to
Roedder (1960) — “samples of the ore forming fluids”.

The various types of the investigated fluid inclusions show that a
certain mineral, belonging to the pyrometasomatic or hydrothermal pa-
ragenesis, after its deposition, frequently underwent the action of the
ascending solutions, This aspect is confirmed by the presence of the se-
condary fluid inclusions of several generations in the skarn and ore miner-
als as well as in quartz and feldspar crystals within some banatitie rocks

granodiorite, rhyolite ete.).

Another evidence of the activity of the post-ore deposition solution
ig the recrystallization of calcite in marble and of quartz of concordant.
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vein from crystalline schists or of quartz phenoecrysts from banatitic
rocks.

The occurrence of negative crystal-shaped fluid inclusions proves
the presence of recrystallization (Roedder, 1967 — fide El Shatoury et al.,
1975). We have also found two-phase (ligquid-vapour) inclusions as nega-
tive crystal in intensely recrystallized quartz from conformable lenses
within metamorplic rocks, near banatitic apophyses (Pl. 111, Fig. 2).

The necking-down phenomenon, which leads to the separation of
the primary fluid inclusion into secondary fluid inclusions exhibiting a
varying degree of filling, also reveals the partial or total recrystallization
of the minerals in the investigated area. Inclusions of this type were found
in the recrystallized quartz from the quartzites occurring between the
Grecu Hill and Masca (Pl. V, Fig. 3) and sometimes in the vein quartz
within the banatites on the Tertii Valley (PL. V, Fig. 4).

The existence of the secondary fluid inclusions of several genera-
tions within minerals occurring in the investigated area shows that the
post-magmatic processes gradually ceased during a long time period wi-
thout any recurrence.

4.2. Types of fluid inclusions

Several types of fluid inclusions are found by microscopic observa-
tions of the doubly-polished plates, prepared from over 200 samples, col-
lected from the various, mines, boreholes and outcrops in the investig-
atied area.

Type I is characterized by glass inclusions. These inclusions are pri-
mary in origin and considered to be samples of the magmatic melts from
which the banatitic rocks crystallized. Such inclusions occur in some guartz
phenocrysts within banatites from the Valea Lita deposit (Pl. 11, Fig. 1).
These inclusions contain sometimes, in addition to glass (St), a gas bubble
(G) surrounded by a liquid phase (L). This fact indicates that the melt
initially contained also volatile components such as: CO,;, H,O ete.

Type II, commonly occurring in many skarn and ore minerals as

well as in some minerals of banatite and metamorphic rocks, is represent-
ed by two-phase inclusions (liguid4-gas), which, depending on the degree
of filling, can be classified into two groups :
Group A. Fluid inclusions in which the gas phase occupies less than 309,
of the volume of microcavities (Pl. 11, Figs. 2—4), Figure 2 from Plate 11
shows a primary fluid inclusion, shaped as a negative crystal, in thelate
caleite, which includes sphalerite and chalcopyrite crystals, in a sample
from the Valea Lita ore deposits. The liquid-gas inclusions as shown on
Figures 3 and 4 of the same plate are interesting, They belong to the garnet-
caleite mineral assemblage of the calcium skarns from the Grecu Hill ore
deposit. Here andradite garnets are surrounded by large crystals of calcite,
which sometimes penetrate the fissuresingarnets. According to the degree of
filling, that is the gasfliquid ratio, the inclusions within garnets (Fig. 3) are
identical with those within calcite crystals (Fig. 4). But from the genetic
viewpoint, these inclusions are different : they are primary in calcite, for-
med simultaneously with the host mineral, while those in garnets are
secondary with respect to the crystallization of garnets.
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Group B. In the fluid inclusions belonging to this group the gas
phase exceeds 309, of the total inclusion volume (P1. 11X, Figs. 1,2,3 and
4

- Phere are frequent instances when a mineral in the same micro-
scopie field contains simultaneously formed inclusions; some of them are
prevailingly liquid, others are prevalhncrly gaseous (Pl. III, Figs. 2,3 and

4). This fact proves that the solutions were boiling hquldb at the time
when they were included in minerals. The essential liquid inclusions be-
come homogeneous in the liquid phase, while the prevailingly gaseous
ones become homogeneous in the gas phase. The similar temperatures
determined in such inclusions indieafue the real temperatures for a given
mineral. If the inclusions are situated on postmineralizing fissures cross-
-eutting the minerals within ores, they are of secondary character and will
indicate the temperature of formation of other minerals, which belong
to the later generations.

Type II1 is represented by monophase gaseous inclusions (Pl IV,
Fig, 1) oceurring frequently in the quartz phenocrysts from the banatites,

Type 1V is characterized by three — and [polyphase inclusions,
which preserve in their microeavities, in addition to liquid and gas, cie or
several crystalline phases, These inclusions can be further divided inteo
four groups as follows :

Group A — inclusions consisting of liquid-gas + halite crystal;
it is the most frequent (P1. I'V, Fig. 2).

Group B — three-phase inclusions, in which the volume of the gas-
eous phase prevails over the liquid phase. In addition to these two pha-
ses, one small halite erystal also occurs in this inclusion. Inclusions of this
kind were found in the quartz of unconformable veinlets within albite
gneisses near the contact of banatites from the Vadu Valley (P1. 1V, Fig. 3).

As shown in Figure 1, both the quartz veinlets and the albite gneis-
ses were affected by “B- I‘l(,h pneumatolytic fluids with tourma,hne depo-
sition on fissures.

Group C — polyphase fluid inclusions consisting of liquid (L)}, gas
(G), halite (H) and sylvite (S) were noticed both in the quartz veinlets
irom banatites and in the quartz phencerysts within these rocks (Lita and
Terii Valleys) (Pl. IV, Fig. 4). According to Roedder (1981) halite and
svlvite llave formed a continuous liguid solution at high temperature,
which was separated into two independent phases only by a gradual cool-
1ng.

Group D — inclusions which contain, in addition to liquid, gas,
sylvite and halite, some other crystalline phases, as was the case of the
quartz from the conformable lenses in hornfelses and in the erystalline
schists occwiring near the hanatite bodies (Pl. V, Fig. 1).

Inclusions similar to those belonging to the groups [A, |{C and D
were noticed also in the porphyry copper mineralization at Lipusnicu
Mare (Pomarleanu, Intorsureanu, 1982, 1983).

Type V is represented by three-phase inclusions belonging to the
CO,—H,0 system. They contain agueous solution, liquid and gaseous
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carbon dioxide. This type of inclusion was found in the quartz from the
conformable lenses in the crystalline schists which were not affected by
the banatite intrusion (e.g. Purciret Brook) (Pl. V, Iig. 2).

4.3, Thermal regime

In order to determine the temperature of formation of minerals
occurring in the investigated area, the homogenization and the decre-
pitometric methods were applied.

The variation of the thermal regime is illustrated by some charae-
teristic diagrams. The histogram of the homogenization temperatures of
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Fig. 2. — Diagram of [illing lemperatures of the secondary fluid inclusions in

quartz from rhyolite. A — histogram of early liquid and vapour inclusions ; B —

histogram for the inclusions of later generation ; 1 — homogenization in the liquid
phase; 2, homogenization in the gas phase.

the secondary fluid inclusions of the first generation is significant. These
inclusions being prevailingly liguid and predominantly gaseous, have
been formed simultancously in the quartz phenocrysts of the rhyolite
piercing the granodiorite body on the left slope iof the Vadu Valley
(Fig. 2 A).
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The diagram shows that the homogenization temperatures range,
with a few exceptions, within the same interval for both types of inclu-
sions. The difference lies in the fact that the prevailingly liquid inclusions
become homogeneous in the liquid phase (between 325°C and 375°C),
while the prevailingly gaseous ones homogenize as a vapour phase (in the
range from 330° to 385°C).

The secondary fluid inclusions of later generation occurring in the
same phenocrysts exhibit lower homogenization temperatures (250° —
—310°C) with a frequency maximum ranging between 275°C and 280°C
(Fig. 2B).

Similar temperature ranges were algo obtained for the primary fluid
inclusions in calcite and quartz from the pyrometasomatic-hydrothermal
ore deposit.

T T
360 370 380 ) 3‘l90 1.100
Tmperature °C

Fig. 3. A — Decrepitogram of quartz within the
unconformable vein from the albite-gneisses occurring
near banatictic rocks(Vadu Valley); B — Decrepi-
togram of tourmaline occurring on the fissures im
the quartz veins from albite gneiss. Vadu Valley.

_ ]

1 T T ~
280 310 350
Temperature °C

The quartz from the discordant vein in albite-gneisses occurring
close to the contact of banatites and displaying two-phase inclusions (li-
quid - gas) show homogenization temperatures ranging between 280°C
and 360°C. The upper limit of this temperature interval corresponds on
the diagramn to the beginning of quartz decrepitation (Fig. 3 A). The fre-
quency curve of the decrepitation temperature reached its maximum at
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390°C. It has been previously mentioned that both the quartz veins and the
albite gneisses in the vicinity of the banatitic intrusions were affected by
tourmalinization (Fig. 1). The decrepitogram of tourmaline indicates a
temperature range between 280°C and 350°C, reaching the frequency max-
imum at 310°C (Fig. 3B).

In andradite garnets and in caleite (Pl. I, Figs. 3,4) within skarn
bodies occurring in the Grecu Hill iron depomt we have identified fluid
inclusions Whlch are described above (4.2.11.A). An identical interval of
decrepitation temperatures (290 —362°C) was determined in both miner-
als of this assemblage. The difference consists only in the type of ineclu-
sion (primary in Lalc ite and secondary in garnet),

-
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Fig.4. — Decrepitogram for garnets (A) and magnetite (B) from skarns. Cacova Jerii.

The decrepitogram of a garnet sample from the Cacova Ierii skarn
bodies shows a temperature interval of 406—520°C with a maximum at
480°C (Fig. 4A), whereas those of the associated magnetite indicates tem-
peratures ranging between 460°C and 500°C (Fig. 4B). The temperature
determined for the diopside-hedenbergite assemblage ranges within wide
Jimits (450 —620°C).
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Fig.5. — Decrepitogram of epidote (A) and calcite (B) in skarns at Cacova Ierii-
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The epidote associated with magnetite in skarn shows a tempera-
ture interval between 200°C and 340°C, with a maximum at 244°C
(Fig. 54), while caleite of the same mineral assemblage indicates the be-
ginning of decrepitation at 240°C and a maximum at 350°C (Fig. 5B).

The three-phase fluid inclusions of the type : aqueous solution (L),
vapour (G) and halite (H) are characterized by the same temperature in-
tervals both in the vein quartz and the quartz phenoerysts in the grano-
diorite porphyry from the Lita and Iara Valleys. Thus the dissolving in-
terval of halite ranges from 320°C to 420°C and the complete homogeniza-

tion of the vapour phase in the liquid one occurred between 390°C and 420°C.

Much lower homogenization temperatures (160—220°C) were record-
ed for the late calcite associated with sphalerite and chalcopyrite from
the Valea Lita deposit (Pl. II, Fig. 2).

4.4. Salinity of the solutions

The salinity of the solutions determined through the previously men-
tioned methods (Pomérleanu, Intorsureanu, 1985), depending on the
characteristics of the trapped solutions in the miecrocavities of all the in-
vestigated minerals, varies between 3 and 12 wt 9%, NaCl for the two-phase
inclusions (liguid -+ vapour) and 30—30 wt 9%, Na(Cl for the three- and
polyphase inclusions.

The solutions of the highest salinity (30 —50 wt 9, NaCl) have been
found in the investigated area, namely in a NNE-SSW striking zone si-
tuated between the Lita Valley deposit and the confluence of the Vadu
Valley with the Purcdret Brook (Pl. I).

5. Sketeh of the mineralogical model

The field observations, the study of the skarn mineral assemblages
and those of the pyrometasomatic and hydrothermal ores, correlated with
the results of the investigation of tluid inclusions, especially the data on the
thermal regime and the salinity of the ore forming solutions, lead us to
a model of the evolution of the mineralogenetical processes in the inves-
tigated area.

The model given on Figure 6 shows the genetic stages, the main
mineral assemblages, the characteristics of the geochemical media (fluids)
trapped in the inclusions, the temperature and succession of deposition
of the main minerals.

For the diopside-hedenbergite series a temperature range from
450°C to 620°C, similar to that established by Rahmanov and Abdullaev
(1980) for the same association (480—669°C) has been determined. The
mineral sequence continues with ludwigite, having a formation tempera-
ture of 530°C (Iomescu et al., 1971), garnets, magnetite and probably
tourmaline, which are the last known minerals of the pyroxene-garnets
and magnetite assemblages. It follows the transition from pneumatolytie
to hydrothermal stage and from the magnetite assemblage to the quartz-
-sulphides one respectively and the evolution ends in the hydrothermal

(s. str.) stage, represented by the quartz-sulphides and quartz-carbonate-
-zeolites assemblage.
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Spinel and forsterite hold a peculiar place on the sketch, being con-
sidered to be formed at temperatures above 620°C.

Based on the study of the fluid inclusions it will be noted that the
first two assemblages (pyroxene-garuets and magnetite} are characterized
by gaseous fluids (corresponding to pneumatolytic stage) which condense

Stage Pneumatolytic Hydrothermal
Pyroxene gar Quartz Quartz
Assemblage M tit - 3
9 net - skarns agnenre Sulfides | Carbonates
State of aggregation Gaseous solutions Hydrothermal solutions
of ore solutiens {C02,H20,B, F,etc) (Na, K, Cl,etc)
Types of o
Ty _ 0@@@”*‘“»6 N
fluid inclusions G G>L 12l R
2llcoy+a} L>g =6 >q
700
. 500 '
TC
300 \
1001 \
Spinel —~—
Forsterite e —

Diopside-hedenbergite -
Garaets —m =
Ludwigite —

Magnetite R

Tourmaline ——

Quoertz ! | e ——— —_

Epidote Iy S

Pyrite o : ——

Pyrrhatite ' -

Chalcopyrite ' ————
Sphalerite

Galenite -

Calcite | -~

Marcasite —_

Zeolites _—

Fig. 6. — Sketch of mineralogenetical model im the Valea Lita-Biisoara-Vadu
Valley area. )
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into liquid state of low salinity consisting of CO,, H,0, B, F etc., Wwhereas
the hydrothermal stage is represented by highly saline solutions (rich in
H,O, Nat, K+, Cl™ ete.).

6. Conelusions

Some conclusions regarding the mireralogenetic processes devel-
oped in the Valea Lita-Bdisoara-Cacova Ierii area can be drawn based on
the field observations, on the study of mineral assemblages and of fluid
inclusions within minerals.

Pre-, syn- and post-ore forming recrystallization processes, which
exhibit a partial tectonic control, are distinguished.

The coexistence of the liguid-gas fluid inclusions with the prevail-
ingly gaseous omnes exhibiting similar filling temperature intervals indica-
tes that during the deposition of the pyrometasomatic mineralization the
fluids were in a boiling state.

In the investigated area the solutions of the highest salinity (30—
—50 wt 9% NaCl) occur along the fracture system oriented NNE—SSW
(P1. 1).

Some characteristics of fluid inclusions noticed in places as well as
some incipient hydrothermal alterations of the banatitic rocks suggest
the existence of a porphyry copper mineralization in the investigated
area.

The sketched mineralogenetic model constitutes a first attempt
at synthetizing the results obtained by the study of fluid inclusions con-
cerning the stages, mineral assemblages, features of the ore forming fluids
(solutions), temperature and succession of deposition of the main minerals
from the investigated area. These results are in agreement with the geolo-
gical and mineralogical data.

The study of fluid inclusions provides additional data regarding the
genetic relationship between the deposition of ore minerals and the bana-
titic intrusions as well as the pre-, syn- and post-mineralizing tectonics,
explaining at the same time the nature of the mineral forming solutions.
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NCLUZIUNILE FLUIDE IN MINERALIZATIILE DIN ZONA
VALEA LITA-BAISOARA-CACOVA IERII
(\IUT\TII APUSENT)

(Rezumat)

In luecrare, paralel cu unele date referitoare la cadral geologic, la
skarnele si mineralizatiile din perimetrul Valea Lita-Biisoara-Cacova
Ierii, sint prezentate, pe baza studiului incluziunilor fluide, caracteristi-
cile solutiilor generatoare de minereuri. Totodati se determini regimul ter-
mic i gradul de salinitate al solutiilor inineralizante. Pe baza observatiilor
mineralogice si a studiului incluziunilor fluide se propune un model pri-
vind evolutia proceselor mineralogenetice asociate magmatismnlui bana-
{itic din zoni.

Regiunea studiatd, este constituitd din formatiuni cristaline (atui-
buite seriilor de Baia de Aries, Biharia i Vulturese-Belioara), depozite
sedimentare (apartinind Permianului, Cretacicului, Paleogenului i (‘ua-
ternarului) si o gami variatd de roci banatitice care s-au format prin coun-
solidarea unei magme calcoalcaline, de compozitie cuart-dioritici-grano-
dioriticé.

Skarnele si mineralizatiile asociate lor, s-au format in zona de con-
tact a calcarelor cu rocile banatitice sub actiunea metasomatozei de in-
filtratie &1 de difuzie.

Pe considerente de ordin mineralogic si chimic s-au separat skarne

magneziene (constituite din spineli, forsterit, diopsid, flogopit si clinohu-
mlt) si skarne calcice (alcdtuite din diopsid- hedenber(m, grossular, andra-
dit, vezuvian, wollastonit, scapoliti i ilvait).

Mlnerallzatllle sub form@ de corpuri metasomatice i mai rar filoane
au un caracter pirometasomatic-hidrotermal.

Mineralele metalice primare dint reprezentate prin oxizi (maguetit,
maghemit, hematit) si sulfuri de fier (pirotind, piritd, marcasitd), mine-
rale de bor (ludwigit, szaibelyit), sulfuri comune (blendi, calcoplrltab ga-
lenit) si sporadic mispichel, cubanit ete, iar cele secundare prin : croethit,
h1drogoeth1t bornit, covelini, malachit §i azurit.

Pe lingd acumularlle plrometasoma,tlce 31 hidrotermale mentionate
se afli i turmalina depusé pe fisuri in s1stur11e cristaline.

In zoni s-au evidentiat mai multe tipuri de incluziuni : sticloase si
fluide.

Incluziuni sticloase, care conservi topituri de silicati acum sticld
din care s-au format banaﬁoltele apar in fenocristalele de cuart si rareori
de feldspati din banatitele de la Lita.

Incluziunile fluide comune tuturor mineralelor din skarne, minera-
lizatii, roci banatitice si metamorfice sint reprezentate prin mcluzmm
blfazme (lichid +gaz), trifazice (constituite din solutie apoasa—l—COzhcmd—}—
~+CO0, gaz sau din solutie apoa,%a+gaz+hal1t) si pollfazlce (solutie apoasi
—{—gaz—}—haht—&—sﬂvmﬁ—unul sall mai multe faze cristaline transparente
sau opace nedeterminate).

Regimul termic al solutiilor mineralizante s-a determinat prin doud_
metode geotermometrlce bazate pe studiul incluziunilor fluide : metoda
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omogenizirii si metoda decrepitirii. Datele au fost reprezentate prin his-
tograme pentru temperaturile de omogenizare si decrepitograme pentru
cele obtinute prin decrepitare:

Temperaturile obtinute prin omogenizarea fazelor (lichid-+gaz) din
incluziunile fluide secundare din unele fenocristale de cuart, din riolite,
sint similare cu cele ale incluziunilor fluide primare din mineralizatiile
pirometasomatice — hidrotermale (325°C—383°C).

In cazul skarnelor, pentru asociatia andradit—caleit din zicimin-
tul Dealul Grecului s-a determinat un interval de temperaturid de
290°C —362°C. De subliniat este faptul ¢ in granati, in deplind concor-
dantsd cu succesiunea de depunere granati-caleit, s-au evidentiat incluzi-
uni fluide secundare identice cu cele primare din calcit.

Pentru o probid de granali de la Cacova, prin metoda decrepitarii
s-a obtinut un interval de temperaturi de 406 —520°C cu un maximum
la 480°C (fig. 4A) iar pentru magnetitul asociat cu granati, un interval de
460 —500°C.

Temperaturi scdzute 160 —220°C s-au remarcat la calcitul de ultimma
generatie asociat eu blendd si calcopirita. .

Salinitatea solutiilor din incluziuni aratd variatii mari de la
3—12 9%, Na(Cl pentru incluziunile lichid-gazoase si intre 30 si 50 9%, NacCl
pentru incluziunile tri-si polifazice. Solutiile cu salinitatea cea mai ridicats
se egaloneazd pe o zond cu directia NNE-SSW, incepind de la zicimintul
Lita, intersectind corpul hanatitic din Valea Iertii (Biisoara) si pind in
aval de confluenta Purciretului cu Valea Vadului (Pl. 1).

Modelul mineralogic schitat din fig. 6, cuprinde stadiile, etapele,
starea de agregare si caracteristicile mediilor geochimice dir ineluziuni,
temperatura si succesiunea de depunere a principalelor minerale asociate
magmatismului banatitic din perimetru.

EXPLANATION OF PLATES

Plate I

Geological sketch map of the Biisoara—Cacova Ierii area (Giliu Mountains).

1, post-banatite formations (Quaternary, Miocene, Paleogene) ; 2, banatite rocks : a, granodio-
rite-granodiorite porphyry ; b, rhyolite, dacite, andesites ; 3, pre-banatite formations : sedimen-
tary deposits (Senonian, Permian) and metamorphic rocks (crystalline schists, calcite and dolo-
mite marble) ; 4, hornfelses; 5, skarn outcrops; 6, hydrothermal alteration ; 7, occurrences of
highly saline inclusions ; 8, outline of the eruptive body; 9, transgression ; 10, limits of Quater-
nary deposits: 11, fault; 12, bedding, schistosity; 13, shait.

Plate 11

Fig. 1. — Three-phase inclusion having glass: St (glass) + G (gas) + L (liquid) in a quartz
phenocryst from the banatite in Valea Lita.

Fig. 2. — Fluid inclusions (liquid 4 gas) in calcite associated with sphalerite and chalcopyrite.
Ore sample. Valea Lita. )

Fig. 3. — Secondary [luid inclusion (liquid + gas) in garnet. Dealul Grecului, (Shaft no. 2—280
m level).
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Fig. 4. — Priméry fluid inclusion (liquid + gas) in a large calcite crystal associated with garnets.

Dealul Grecului ore deposit.

Plate III

Fig. 1. — Secondary fluid inclusion (liquid + gas) in quartz phenecryst from rhyolite (Vadu

Fig.

Fi

o

Valley).

2. — Two-phase (liquid + gas) fluid inclusion showing shapes of negative crystal in quartz
from conformable lenses occurring in crystalline schists near the banatite apophyses
(Vadu Valley).

. 3. — Liquid 4 gas and prevailingly gaseous inclusions in a quartz phenocryst from the
baratitic rock from the Ier{ii Valley.

Fig. 4. — Secondary, prevaillingly gaseous fluid inclusions in a quartz phenocryst from rhyolite

which crops out in the Vadu Valley.

Plate IV

Fig. 1. — Gaseous inclusion, without zoning, in a quartz phenocryst frora the banatite in ;the
Tertii Valley.

Fig. 2. — Three-phase fluid inclusion : liquid (L) + gas (G) + halite (H) and common fluid
inclusions (liquid + gas) in a quartz phenocryst from the banatitic rock in the Terfii
Valley.

Fig. 3. — Prevailingly gaseous inclusion (G) with liquid (L) and a small halite crystal (H) in
quartz. from a discordant veinlet in the albite gneiss affected by tourmalinization.
(Vadu Valley).

Fig. 4. — Polyphase fluid inclusions : liquid (L), gas (G), halite (H) and sylvite (S).

8 Plate V

Fig. 1. — Polyphase fluid inclusions : liquid (L), gas (G), halite (H), sylvite (S) and an uniden-
tified crystal (K;) in quartz lenses within hornfelses (Cacova Ierii).

Fig. 2. — Three-phase fluid inclusions : liquid (L), gaseous CO, (G) and liquid CO, (L) in the

Fig

conformable quartz lens within crystalline schists from the Purciret Brook.

. 3 and 4 — Inclusions formed by necking down in the quartz of the quarzites situated bet-
ween the Grecu Hill and Masca (Fig. 3) and in the quartz of the granodiorite body
in the Jertii Valley: the liquid inclusion communicates with the liquid-gaseous one
through a capillary channel (Fig. 4).
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Mesothermal deposit. Dobrogea — North Dobrogea — Tu’cea and Consul— Nieulifel Zone

. Résumé
L]

s é Les minéralisations cupriféres et de hafyt_ine sont localisées tant dans les grés et les
conglomérats werféniens que dans les calcaires aussi. L’étude des inclusions fluides indique que
les deux types de minéralisations ont une nature hydrothermale, avec des passages graduels de

I’épi- 4 mésothermale et se sont formées dans I’intervalle de 140 a 280°C.

Abstraet

Conhibutions on the Bogza mineralizations (Northern Dobrogea ). Copper and barit mine-
ralizations occur both in Early Werfenian sandstones and conglomerates and Spathian lime-
stones as well. The study of fluid inclusions shows that both types are hydrothermal minera- -
lizations. Gradually they passed from epi- to mesothermal type and deposited from 140° to
280°C.

Les premiéres données sur les minéralisations de barytine et sulfures
de lorogéne de Dobrogea de nord ont été fournies par Peters (1867), suivi
par Pascu (1904), Murgeci (1914) et Cadere (1928).

' En 1951 M. Savul rédige une carte géologique de la zone de Somova—
Cisla, localisant les principaux affleurements de barytine. Cette carte a
constitué la base d'un nouveau programme plus ample d’investigation
par des travaux miniéres et forages executés dans la méme zone (Bacalu,

1 Recue le 3 mars 1986, acceptée pour étre communiquée et publiée le 12 mai, commu-
niquée a la séance du 18 avril 1986.. g

2 Institutul de Geologie si Geofizicd, str. Caransebes 1, R 79678, Bucuresti 32.

3 Institutul de Cercetare, Proiectare si Produciie de Inginerie Tebnologicd, Chimie
Anorganicé si Metale Neferoase, B-dul Biruintei 102, Bucuresti.
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1957). Ce programine a été ultérieurement développé dans la zone de Mar-
ca—Malcoci (Bacalu, 1959) et plus récent dans le secteur de Beilia Mare
(Vilceanu et al., 1983).

Les minéralisations de barytine et sulfures de Somova—Cigla ont
formé l’objet de plusieurs études (Yanovici et al., 1957, 1977 ; Savul et al.,
1953, 1960 ; Gurdu, Gridan, 1974 ; Stiopol et al., 1976 ; Popescu, 1977 etc.).
La présente note est axée sur les minéralisations de Bogza, colline située
4 mi-distance eritre Tulcea et Malcoci.

Géologie de la région. Dans la zone dont on parle (fig. 1) affleurent des
formations paléozoiques attribuées au Dévonien supérieur (Mirduta, 1966)
et mésozoiques, Tespectivement triasiques inférieures (Werfénien inférieur
et supérieur) et triasiques inférieur-moyennes (Werfénien terminal 4 Ani-
sien basal) (Mirdutd et Panin, 1979).

o Tudor Vladimirescu

Fig. 1 — Schéma géelogique de la zone de Tulcea Veche-Bogza: 1, Quaternaire (Q); loess;

2, Anisien basal + Werfénien terminal (an; 4+ w,) : calcaires et dolomies, calcaires dolomitisés ;

3, Werfénien supérieur (w,) : calcaires marneux grisitres fossiliféres, calcaires schisteux a sidé-

rose ; 4, Werfénien inférieur (w;) : conglomérats, greés, silts, argiles ; 5, Dévonien supérieur (D,):

quartzites, schistes quartzeux verdatres (formations anchimétamorphiques); 6, Paléozoique:
rhyolites (p)-

Le Dévonian supérieur est formé de schistes argileux, parfois fai-
blement quartzitiques, bruns & verdatres, & des intercalations de roches
siliceuses et plus rarement de calcaires grisitres. Les roches sont faiblement
métamorphisées (anchimétamorphisées) et, &4 Monument, elles sont tra-
versées et affectées par des filons de rhyolites. Selon Vilceanu et al. (1980)
la méme association de roches aflleure aussi dans le soubassement des
dépoéts triasiques de la colline de Bogza.
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Le Werfénien inférieur (W)) est constitué de conglomérats polygéni-
ques basals, grés quartzitiques, .s11t1tes et argilites gns&tre—wolacem vers
verdatres. Ellesreposent transgressivement et en discordance sur les roches.
dévonien-supérieures qui semblent former un paléorelief.

Lie Werfénien supérieur (W,) repose en continuité de sédimentation,
vigible & Tulcea et dans le déblai de la voie ferrée de Tulcea —Babadag.
Le passage se fait par un paquet de siltites grisdtres & verditres et calcaires
noiratres & bruns avec des altérations limonitiques et des fissures & sidé-
rose. Celles-c¢i forment des couches minces qui ont fourni la faune triasi-
que inférieure identifiée par Simionescu (1908) & Tulcea Veche. Le méme
type de calcaires apparait dans I’axe du synclinale de la colline de Bogza,
tout comme dans le déblai aussi; on y a identifié une espeéce de Cono-
donte, Neospathodus colltnsont Solien, caractéristique pour la zone 11
& Conodontes, située & proximité de la base du Spathien. Dans la séquence
calcaire apparaissent aussi des niveaux encrinitiques

Le Werfénien terminal + Anisien basal (W, - an,) a été identifié
a base de faunes sur le territoire de la ville de Tulcea. T/ mtervalle comporte
des calcaires, calcaires dolomitisés et dolomies. L'dge de ceux-ci a été
déterminé par les espéces de Conodontes, Gondolella timorensis (Nogami)
et Neospatliodus homeri (Bender), caractéristiques pour cet intervalle.
Dans 1a zone dont on parle on n’a pas observé les relations avee les dépdts
sous-jacents.

Les dépots terrigenes triasiques inférieurs se sont formés dans une
mer peu profonde, agitée et représentent les conglomérats de base d'une
transgréssion arrivée de Dest qui constitue le début d’un nouveau cycle
de sédimentation (Mirdutd, 1967). Ultérieurement, ces dépots ont été
encadrés dans la ,,formation détritique bariolée dans le faciés des couches
de Werfen” d’dge griesbachien (Werfénien basal) (Mirdutd in Patrulius et
al., 1974), ou dans la ,formation détritique inférienre” (Mirfut#, 1932).
Cette formation est affectée par des filons de quartz & sulfures et des petits:
filons de barytine.

La structure de la colline de Bogza est considérée tel un synclinal
faillée & dépdts spathiens dans laxe, tandis que les gres et les condlome-
rats forment un petit anticlinal (pl. I fig. 1). Selon Vileeanu et al. ( 980),,
le flanc NB du synclinal comporte un pli ,,paragite” engendré par 1’appa-
rition d’une fracture de type ,,li0l". Cette fracture a facilité 1’ascension
des rhyolites et, ultérieurement, des minéralisations de barytine’ et sulfures.
(fig. 2).

Minéralisations. Les formations werféniennes qui forment le promon-
toire de Bogza sont traversées par des filons de quartz, filons de quartz
4 minéralisation de cuivre ct filons de barytine.

Filons de quariz. Lex filons de quartz stéril sont tres nombreux, ayant.
des orientations différentes et des épaisseurs variables de 1 & 20 cm dans.
les grés quartzeux et microconglomeérats et de 1 & 30 ¢m dans les roches
silicifiées. Lies deux types de filons comportent du quartz blanc-grisitre
compact et des géodes & monocristaux de quartz. Ceux-ci sont long-pris-
matiques & faces de rhomboédre gui se trouvent parfois en des coneré-
tions autoépitaxiales ou dans une position perpendiculaire les unes anx




148 ’ V. POMARLEANU et al,

autres (fig. 3 B). A la différence du quartz filonien des greés, cglui des Igches
silicifiées présente des textures endentées & faibles déformations plastiques

(pl. I, fig. 2).

sV Colline de Bogza
X ;

Anticlinal de Bogza

'
i
|

°°[,.°'/f
g

{ o sl

S AN S

L

BV CIAN

Lriing

RO aval

S
ey
e

TTS

NE

S

o?g/._/-/f

0 100 200m

TZOO

+100

Fig. 2 — Coupe géologique par la colline de Bogza : 1, Quaternaire ()Q) : loess ; 2,
Werfénien supérieur (w,): calcaires et marnoealcaires, pélites schisteuses fossili-
feres ; 3, Werfénien inférieur (w,) : conglomérats, grés bariolés et schistes; 4, Dé-
vonien supérieur (D;) : schistes sériciteux, schistes siliceux, métagrauwackes; 5
Paléozoique : rhyolites ; 6, failles (ac); 7, filons de barytine; 8, concentrations de

carbonates cupriféres dans les grés werféniens.

Minéralisations de cuivre. Hlles ont été identifides & Bogza par Peters
(1867); Murgoci (1914) mentionne des imprégnations de malachite dans
quelques microconglomérats, tout comme Bacalu (1959), Savulet al. (1960),

Mutihac (1964) et d’autres.

Fig. 3. Cristaux de quartz :A, dans les filons des
grés et B, dans les filons des roches siliceux
disposés d’une maniére autoépitaxiale.
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Les minéralisations de cuivre sont situées dans la partie sud du pro-
montoire et font leur apparition dans les filons de quartz des grés et micro-
conglomérats aussi que sous forme d’imprégnations, dans les roches qui
se trouvent prés des filons de quartz.

Le quartz filonien de 1'affleurement est traversé par des cavités et
des fissures qui comportent des cristaux et crotites de malachite. Pendant
les travaux de prospection et d’exploration ona observé que tantle quartz
filonien que les microconglomérats voising aux filons comportent des nids
de chalcopyrite (Bacalu, 1959).

Filons de barytine. A différence des filons de quartz & minéralisation
cuivreux, ceux de barytine se trouvent dans la partie nord du promon-
toire et sont localisés dans les calcaires et les gres. Ils ont une orientation
N75°W et plus rare NS, ayant une épaisseur de 0,15 & 1,30 m et une
longueur jusqu’a 100 m.

La barytine de ces filons est accompagnée du quartz et rarement
de sidérite. Blle se présente sous forme de cristaux tabulaires divergents,
ayant un aspect plumeté, telle la barytine IT de Marea (pl. II, fig. 2, pl.
III, fig. 1, 2) comportant quelquefois des fragments de calcaire grisitre
(pl. II, fig. 1). La barytine filonienne aussi que le quartz filonien & texture
endentée ont été afféctés par les déformations de croissance (pl. ITT, fig. 2;

1. I, fig. 2).
P Données analytiques. Les données de difraction (Cu Ky, Filtre Ni,
6 = 0,5° /min) indiquent que les ,,pics” de la barytine de Bogza sont iden-
tiques & ceux de la barytine des tableaux ASTM de Marca et Somova.

La téneur en BaO et en certains microéléments est notée dans le
tableau I (en comparaison avec la barytine d’aufres occurences).

TABLEAU 1

Concentration

Occurence % prm
BaO | BaSO, Cu Mn
Bogza 61,42 93,45 120 150
Somova, -- vallée
de Mos Grigoras 61,74 93,94 nd nd
Marca 57,30 87,18 100 200
Ruda Mica
(Figiiras) ** 61,31 93,27 200 100

* PBerbeleac et al., 1985
** pomirleanu, Nedeleu, 1985

Risulte du tableau que la barytine de Bogza, & une teneur moyenne
de 61,429 BaO, se situe, tenant compte de la pureté, entre la barytine
de Somova et celle de Ruda Micd (PomArleanu, Nedelcu, 1985). La téneur
en Cu est un peu plus élévée et celle de Mn inférieure & celle de la bary-
tine de Marca.
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Les analyses préliminaires effectudes sur les microconfflomCrats poly-
mictiques & malachite indiquent des teneurs de 0,3 3 1,209, Cu.

Inclusions fluides. L’étude des sections luqtreeq du quartz et de la
barytine, tout comme des sections minces des grés quartziféres et les
microconglomérats polymictiques a évidentié de nombreux inclusions
flnides. Génétiquement, celles-ci sont primaires et secondaires et du point.
de vue des relations de phase sont biphasiqueq et monophasiques.

Les inclusions fluides primaires des minéraux filoniens se sont for-
mées pendant la cristallisation des minéraux hétes, tandis que celles secon-
daires sont déterminées de plusieurs séquences de flssmatlon et la cicatri-
sation de celles-ci par des solutions hydrothermales postérieures.

Le quartz des filons stérils et de ceux & minéralisations cupriferes se
caractérise par des inclusions fluides (liquide 4 gaz) & contours ramifiés,
tubulaires cu éllipsoidaux, & une longueur inférieure & 0,02 mm (fig. 4A).

Les cristaux de barytine sont entrecroisés par de nombreux plans &
inclusions fluides secondaires. Les inclusions primaires sont similaires &
celles du guartz, décrites ci-dessus, mais plus longues (fig. 4B).

006mm

—
Fig. 4. Inclusions fluides : A, dans le quartz & minérali- Fig. 5. Plans d’inclusions
sations cupriféres; B, dans la barytine. fluides secondaires disposés sur

les fissures dans les grains de
quartz des grés werféniens.

On a remarqué des inclusions fluides non seulement dans le quartz
et la barytine filonienne mais aussi dans les grains de quartz de la masse
des grés et microconglomérats werféniens. Elles sont distribuée sur les
plans de fissures qui passent d’un grain de quartz & un autre grain, ayant
un caractére secondaire (fig. 5)

Ce fait indique que les solutions hydrothermales, pendant lenr
circulation par les fissures majeures, ont engendré les minéraux filoniens :
quartz, barytine, chalcopyrite, pyrite etc. Parallelement & la formation
des filons, les solutions ont pénétré, sur des certaines aires, dans les pores
et les fissures des roches environnantes et se sont conservées sous forme
d’inclusions secondaires dans le quartz et d’autres minéraux préexistents
des microconglomérats et grés. De telles inclusions sont épigénétiques:
(secondaires) par rapport aux minéraux qui les renferment et syngénéti-
ques (primaires) par rapport aux minéraux filoniens. Des inclusions simi-
laires ont été décrites dans les grains de quartz des microconglomérats
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des environs du filon de Baiut, étant considérées comme le point de départ
dans ’application des recherches décrépitométriques dans la prospection
(Pomaéarleanu, 1975).

Données géothermométrigues. Savul et al. (1960) nous ont fourni
les premiéres données géothermométriques fondées sur les inclusions flui-
des du quartz géodique de Bogza. Pour les monocristaux de gquartz on a
trouvé des températures entre 147 et 179° C, avec un maximum de fréquence
entre 155 et 160° C.

104

160 150 160 170 188
N Temperufure°[

- VWL_MF@‘TG. I—fistogré}mﬁé des tem[;ératures d’homogénéisation
des inclusions du quartz géodique.

La présente note apporte des données supplémentaires concernant
le régime de température des solutions qui ont engendré le quartz géodi-
que, aussi que des données nouvelles sur le quartz filonien massif blanc-lai-
teux, associé & la malachite et sur la barytine filonienne.

Le régime thermique pour la formation du quartz géodique, partant
des inclusions fluides, selon résulte de la fig. 6, a varié entre 140 et 180° C
et le maximum de fréquence a des valeurs similaires & celui déterminé
par Savul et al. (1960).

Pour le quartz compact & malachite on constate des températures

plus élevées. Les limites varient entre 210 et 275°C et le maximum de
fréquence entre 240 et 250° C (fig. 7).

N
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; g

!

- Fig. 7. Histogramme des tempéra-

€4 o tures d’homogénéisation du quartz

blanc-laiteux associé 4 la minérali-
sation cuprifére.

200 220 240 260 280 °C
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Pour la barytine on a enregistré des températures plus élevées.
entre 250 et 280° C, & un maximum de 2604 270° C. La température maxi-
mum d’homogénéisation des incluxions fluides primaires de la barytine
corresponde 4 la température du début de la décrépitation de ce minéral
(tig. 8).

260 270 280 300
N .
101 B
5..
250 260 270 280

Temperature °C

Fig. 8. Décrépitogramme (A) et histogramme

(B) de la température de décrépitation et

respectivement d’homogénéisation des inclu-
sions fluides de Ia barytine.

Les températures spécifiques du début et du premier maximum de la
décrépitation de la barytine de Bogza se situent entre les limites de la
température de formation de la barytine de Somova et de Marea, limites
obtenues par d’autres moyens par Manilici et Dumitrescu (1980).

Conclusions. Les données géologiques et celles sur les caractéristi-
ques des filons de‘quartz et de barytine, tout comme les aspects texturaux
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et chimiques des minéralisations des inclusions fluides et des détermina-
tions géothermométiriques indiquent Uorigine hydrothermale de tous les
filons.

La formation des filons par ’action des solutions hydrothermales
‘est soutenue par les suivantes observations :

— tant les filons de quartz que ceux de barytine comportent des
géodes & agrégats monominéraux ; '

— les agrégats monominéraux de barytine comportent quelquefois
des fragments de calcaire gris-jaunatre, imprimant & la minéralisation un
caractére bréchique ;

—le quartz filonien blanc-laiteux & minéralisations de sulfures
indigue des températures entre 215 et 270° G, celui géodique entre 140 et
175° C et la barytine indique des températures un péu plus élevées, entre
250 et 278° C;

— le quartz et la barvtine comportent des inclusions fluides de solu-
tions aqueuses et boulles de gaz a différents degrés de remplissage, carac-
téristiques 4 une action hydrothermale ; :

— les cristaux de quartz des filons paralléles et discordants par
rapport & la stratification des formations werféniennes, ont une orienta-
tion perpendiculaire sur les parcis des géodes et les cristaux des roches
siliceuses et calcaires présentent des textures endentées. Le quartz géodi-
que appartenant au dernier type de filons, présente des orientations dif-
férentes et parfois des concrétions autoépitaxiales.

On observe la présence, dans les grés quartzeux et les conglomérats
polymictiques, de quelques fragments de schistes sériciteux comportant
des nids de chalcopyrite, signalés par Bacalu (1959). Ce fait indique que
les agrégats de chalcopyrite, probablement d’autres sulfures aussi, ont
été repris dans les conglomérats en méme temps que le matériel détri-
togéne des aires continentales exondées ol on soupconne Vexistence de
zones larges de minéralisations cupriféres (Vilceanu et al., 1980).

La présence des minéralisations de sulfures et de barytine dans les
dépots werféniens de Bogza et de la minéralisation de barytine dans les
bréclies des formations dévoniennes de Beilia Mare (Vilceanu et al., 1983)
indique la possibilité de Uidentification d’autres occurences de sulfures et
de barytine dans la structure de Bogza—Colinele Mahmudiei.

BIBLIOGRAPHIE

Bacalu V. (1957) Rapport, les archives I.F.L.G.S. Bucarest.

Bacalu V. (1959) Rapport, les archives L.F.L.G.S. Bucarest.

Berbeleac I. et al. (1985) Rapport, les archives I.G.G. Bucarest.

Cidere D. M. (1928) Fapte pentru a servi la descrierea mineralogici a Roméniei. Acad. Rom.
Mem. sect. st., seria III, V/6, Bucuresti.

Gurau A., Gridan T. (1974) Contributii la cunoasterea microtectonicii si genezei zdcimintului
de sulfuri polimetalice si baritini de la Cortelu— Somova (Dobrogea de nord). D.S. Inst.
Geol. Geofiz., X1, Bucurcsti.




154 ) V. POMARLEANU et al. 16

Ianoviei V., Giuscd D., Stiopol V., Bacalu V. (1957) Studiul mineralizatiilor din zdcdmintele de
baritind si sulfuri polimetalice din regiunea Somova. Anal. Uriv. ,,C. I. Parhon”, seria
St. nat., Bucuresti.

Ianovici V., Stiopol V., Mildirescu 1., Popescu Gh. (1977) Metalogeneza chimerici din Dobrogea
de nord. Si. cerc. geol. geofiz. geogr., ser. Geol., 22, Bucuresti.

Manilici V., Dumitrescu A. (1980) Temperatura de formare a baritinelor din Romania. St. cerc.
geol., geofiz., geogr., ser. Geol., 25, Bucuresti.

Mirdujad E., Panin N. (1979) Harta geologici a R. S. Romania foaia Tulcea, scara 1 : 50 000,
Inst. Geol. Geofiz., Bucuresti.

Mirduta 0. (1967) Devonianul §i Triasicul din zona Colinelor Mahmudiei (Dobrogea de nord).
D. S. Inst. Geol., Geofiz., L1I/2, Bucuresti.

Murgoci M. G. (1914) Cercetiiri geologice in Dobrogea nordicé, cu privire speciali asupra Paleo~
zoicului si tectonicii. An. Inst. Geol. Rom., V/2, Bucuresti.

Mutihac V. (1964) Zona Tulcea s§i pozitia acesteia in cadrul structural al Dobrogei. An. Coms.
Geol., XXXIV/1. Bucuresti.

Pascu R. (1904) Studii geologice si miniere in jud. Tulcea. (Dobrogea). Minist. agric. ind. comerc.
etc. Bucuresti.

Patrulivs D., Mirduia E., lordan M., Baltres A., Ticleanu N. (1974) Rapport, les archives 1. G.G.
Bucarest.

Peters K. (1867) Grundlinien zur Geographie und Geologie der Dobrudscha Denkschrift der k.
k. Akad. Wiss., XXVI1l. Wien.

Pomarleanu V. (1975) Decrepitometria si aplicatiile ei in prospectiunea zicdmintelor de mine~
reuri. Ed. Tehnicd, Bucuresti.

— Nedelcu L. (1985) I.a Barytine. de la vallée de la Ruda Mici (Sinca Noud, les Monts
Fagaras d’est). . S. Inst. Geol., Geofiz., LXX-LXX1/2, Bucuresti.
Popescu Gh. (1977) Similitudini netalogenetice intre Dobrogea de nord si Garpatii Orientali
in lumina tectonicii globale. St. cerc. geol., geofiz., geogr., ser. Geol., 22. Bucuresti.
Savul M., Ababi V., Braniste C., Idriceanu Tr. (1953) Incerciri de valorificare a baritinei din
R.P.R. in vederea obtinerii de pigmenti mincrali. St. cerc. st. Acad. R.P.R., Filiala Iasi.
Savul M. (1951) Rapport, les archives I.G.G. Bucarest.
— Pomarleanu V., Erhan V. (1960) Determinari paleogeotermometrice in citeva ocurente
de cirstale de cuart din Dobrogea de nord. An. st. Univ. ,,Al. I. Cuza’* sectia I, st. nat.,
VI/i. Iasi.
Stiopol V., Jude L., Drighici 1. (1975) Studiul mincralogic si petrografic al riolitelor (porfire
cuartifere) din Dobrogea de nord. Anel. Univ. 24, Bucuresti.
Stiopol V., Malddrescu I., Popescu Gh., Martinof Gh. (1976) Cortelu ore deposits (North
Dobrogea), a new model on its formation. Rev. Roum. Géol., Géophys. et Géogr., Géologie,
22/2, Bucuresti.
Vilceanu P. et al. (1980) Rapport, les archives I.P.G.G. Bucarest.
— Vilceanu E., Chivulescu I., Radu M., Bradu S., Proca A., Tinasescu C., Viforeanu A.
(1984) Rapport, les archives I.P.G.G. Bucarest.
Vilceann P. et al. (1983), Rapport, les archives I.P.G.G. Bucarest.



11 LES MINERALISATIONS ,DE BOGZA (DOBROGEA DE NORD) 155

CONTRIBUTII REFERITOARE LA MINERALIZATIILE
DE LA BOGZA (DOBROGEA DE NORD)

(Rezumat)

Promontoriul Bogza, atribuit structurii anticlinale a Colinelor
Mahmudiei, este constituit din depozite triasic inferioare. Aceste depozite,
reprezentate prin microconglomerate, conglomerate, gresii, calcare, roci
silicioase, marne si siltite, sxint stribdtute de numeroase filoane de cuart.
Pe lingd filoanele de cuart steril se gisesc i filoane de cuart cu minerali-
zatil cuprifere, precum si filoaune de bariting.

Cuartul si baritina filoniand prezintd usoare deformiri de crestere.
In cuartul granular alb-liptos, in acel geodic steril sau asociat cu malachit
81 calcopiritd, precum §i in cristalele de baritind s-au remarcat incluziuni
fluide hifazice identice si cu diferite grade de umplere, fapt ce atestd ori-
ginea hidrotermald a acestor minerale.

Determindrile geotermometrice asupra generatiilor de cuarf cit si
asupra cristalelor de baritind aratd ci aceste mineralizatii au un caracter
epitermal cu treceri spre mesotermal, indicind un interval de temperaturd
cuprins intre 140 i 280° C.

EXPLICATION DES PLANCHES

Planche I

Fig. 1. — Structure anticlinale de Bogza, dans les dépots détritiques werféniens.
Fig. 2. — Agrégats de cristaux de quartz endentés a faibles déformations de croissance.

Planche 11

. — Cristaux de barytine (B) lamellaires qui moulent un fragment de calcaire (C).
Fig. 2. — Agrégats tabulaires de barytine disposés d’une maniére divergente.
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Planche ITT

Fig. 1. — Agrégats tabulaires de barytine disposés d’une maniére divergente.
Fig. 2. — Barytine montrant des faibles déformations de croissance.
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FLUID INCLUSIONS IN THE MINERALIZATIONS AT
TIBLES : IMPLICATIONS IN MINERALOGENESIS!

BY
VASILE POMARLEANU 2, ELEONORA NEAGU 3

Fluid inelusions. C0,/H,0. Magnesian skarns. Porphyry copper. Salinity. Vein mineral-
izafion. Caleite. Geologic thermometry. East Carpathians — Neogene eruptive — Tibles

Abstract

The fluid inclusions from the vein mineralizations of the central-north-western group
as well as those in some secondary minerals of the magnesian skarns have been studied. The
biphasic and triphasic fluid inclusions have heen pointed out. The thermal regime of solutions
ranged hetween 400 and 230°C for the base metal mineralization and between 260—130°C for
some late assemblages. The CO, content of solutions expressed as the CO,/H,0 molar ratio
indicates lower values 0.079 — 0.090 than in the case of some other deposits. The
salinity of solutions ranges between 3--169%, NaCl for the vein mineralizations. The calcite
deposited on fissures in the magnesian skarn minerals is marked by a high salinity, 30—33
wt 9, NaCl, pressure of about 120 bars and depth of over 1000 m.

(Résumé)

Efude des inclusions fluides des minéralisalions de Tibles: des implicalions dans ¢t minére-
logenése. On étudie les inclusions fluides des minéralisations filoniennes appartenant au groupe
eentrale-nord-oestique et de quelques minéraux secondaires des skarns magnésiens. On a évi-
dentié les inclusions fluides biphasiques et triphasiques. Le régime thermique des solutjons a
varié entre 400 et 230°C pour la minéralisation polymétallique et pour quelques associations
tardives entre 260 et 150° C. La tencur en CO, des solutions, exprimée en molaire CO,/H,0,
indique des valeurs basses (0,079—0,090 CO,/H,0) par rapport 4 d’autres gisements. La sali-
nité des solutions indique des valeurs entre 3 et 169% NaCl pour les minéralisations filonien-

1 Received on May 3, 1985, accepted for communication and publication on May 3, 1985,
presented at the Meeting of May 10, 1985.

2 Institutul de Geologie si Geofizicd, str. Caransebes 1, R 79678, Bucuresti 32.

3 Institutul de Cercetare, Proiectare si Productie de Inginerie Tehnologicd, Chimie
Anorganicd si Metale Neferoase, Bd. Biruinfei 102, Bucuresti.
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nes. Dans les minéraux des skarns magnésiens, pour la calcite localisée sur la fissure, la salinité
des solutions est élevée: 30 — 339 NaCl — la pression d’approximativeinent 120 bars et la
profondeur, supérieure a 1000 m.

Introduction

Due to their complexity and special position in the subvolcanic
zone of the East Carpathians, the mineralizations from the Tibles eruptive
massif have been the object of many petrometallogenetic, geochemical and
mineralogical researches in the last decade (Peltz et al., 1972 ; Udubasa
et al., 1982, 1983, 1984 ; Pop et al., 1984 ; Poméirleanu, Neagu, 1983 ;
Pomarleanu et al., 1984). Udubasa et al. (1984) made a critical presenta-
tion of the more than 30 papers on this massif.

Based on the study of the fluid inclusions from the vein-like minera-
lizations and those of the magnesian skains this paper presents the results
on the thermal regime, concentration in volatile elements and salinity of
the solutions that generated the mineralizations.

The mineralizations in this zone are of vein-like, impregnation,
stockwork and dissemination type.

According to Udubasa et al. (1984), the vein-like mineralizations
may be separated in three groups based on paragenetic criteria : the group
of central-north-western veins, the group of veins forming the external
belt of mineralizations and the Magura Neagra—Suplai vein group.

The veins belonging to the first group (Tomnatec, Preluci, Saci,
15 Rozinanta, Izvorul Biilor, Izvorul Riu), were reached by the Acer 4,
and 8 Bran galleries. These veins are located within dacites (Tomnatec
and Grohot types) and contain the following main metalliferous minerals :
pyrrhotite, pyrite, sphalerite, arsenopyrite and galena and, as gangue
minerals, quartz and calcite. The veins making up the central-western
group (especially those at 1zvorul Zimbrului, described in detail by Pop
et al., 1984) are located in sedimentary formations and consist of berthe-
rite associated with arsenopyrite, pyrite, silver sulphursalts and common
sulphides (sphalerite and galena).

The veins of the Migura Neagra—Suplai group are located in rocks
of monzodiorite-granodiorite type and contain abundant chalcopyrite,
sphalerite, bournonite and bornite.

The areas of impregnations and stockwork type mineralization ex-
tend in the upper basin of the Mesteacin Valley and in the Izvorul Ti-
bles —Izvorul Neted —Migura Neagrd zone.

Fluid Inclusions

Four types of inclusions were noticed in the mineralizations of the
Tibles subvolcanic massif.

Type I, the most widespread one in all the mineralizations, is repre-
sented by biphasic inclusions, where the aqueous solution phase prevails
over the gaseous one (Pl. I, Figs. 1, 2, 3, P1. II, Figs. 1, 2).
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Type II is less frequent, consisting also of biphasic inclusions maz-
ked by the prevalence of the gaseous phase (Pl. I, Fig. 4).

Type III is represented by triphasic inclusions — aqueous solu-
tion - gas -} crystal (halite) belonging to the calcite from fissures in the
minerals of the magnesian skarns as well as in hornfelses (Pl. I, Fig. 6).

Type IV is seldom found, consisting in triphasic inclusions : agueous
solution + gas - bitumen (Pl 11, Fig. 3).

The above-mentioned types of inclusions are genetically primary
and secondary. The primary ones preserve the solutions which generated
the mineral containing them. The secondary inclusions (Pl. II, Fig. 2)
deposited on fissures in minerals are, according to the age relations of the
fissures, of several generations.

The relationship between the primary and secondary inclusions in a
mineral assemblage may indicate the temperature interval of the respec-
tive mineral succession as well as its paragenetic character.

Thermal Regime of the Ore Solutions

The determinations concerning the thermal regime of the hydro-
thermal solutions were obtained through the study of the primary fluid
inclusions from several calcite and quartz generations closely associated
with pyrrhotite, pyrite, sphalerite, galena, chalcopyrite, marcasite, fluor-
phlogopite, chlorite, laumontite, stilbite etc. If one takes into account
the structural and textural aspects of the mineralization as well as geo-
thermometric determinations, the data obtained reflect the formation
conditions of other minerals, too.

This is illustrated by the quartz - pyrite 4+ mareasite association
in the 8 Bran vein, level 4+ 970 m (Table 1), where quartz was the first
to erystallize (indicating temperatures of 390-—396°C), while pyrite, which
covers quartz in accordance with the temperatures determined on secon-
dary inclusions, indicates the temperature interval of 243—285°C. Mar-
casite overlying the pyrite crystals probably formed at lower temperatures.
Similar situations were found at the Izvorul Netedului (Suplai) vein and
at Izvorul Béiler 3 vein (Pable 1).

Phe geothermometric determinations on the veins in the central-
north-western part of the deposit confirm the conclusions of Udubaga et
al. (1984) based on the study of the mineral structures, according to which
the mineralizations in this sector formed at relatively high temperatures.
This is suggestively noticed in the Tomnatec vein. The diagram in Figure
1 shows the frequency curves of the homogenization temperature of the
primary calcite fluid inclusions. Curve 1 is for the calcite associated with
pyrite, sphalerite, chalcopyrite and galena from the level of 1019 m (1),
while curve 2 is for the calcite associated with galena and chalcopyrite
from the level of 970 m. By comparing the data in Pable 1 with the fre-
guency curves we infer that both the lower and mean temperatures are
higher (307°C, respectively 315°C) for the lower level (970 m) than for the
level of 1019 m (300°C, respectively 310°C). If we take into account the
difference of the mean temperature of 5°C and the difference in depth
between the two levels (49 m), a thermal gradient of 10°C/100 m is ob-
tained, which points to the acsending character of the solutions. In some
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TABLTE 1
Disiribution of Homoyenization Temperalures of the Iluid Inclusions in
the Mineralizations at Tibles
Locati i _ Temperature °C
ocation Mineral Sam No. Inclusions P
Vein Level assemblage | ple mean I Jower | upper
+ 1V C+ G-+ St ’
(1019} +Cp 1861 20 | primary 310 300 322
Q-+Py-+Cp
+ 514+ G 1865 9 | primary 308 272 332
Q--PyL G | 1862 13 | primary 201 274 307
Tomnatec
-+ 970 calcite 1866 3 | primary 251 248 256
C+G+Cp 1868 11 | primary 315 307 322
quartz 1868b 5 | primary 271 251 284
Preluci -+-970 quartz 1872 7 | primary 232 224 246
Q+Py+G
-+ Sf. 1872h 12 | primary 299 256 353
Saci +1200 quartz 1894 34 | primary 83 274 294
4 | secondary 229 222 237
calcite 1880 9 | primary 252 246 258
Rozinanta +970 Q4Py+G 1885 10 | primary 306 296 312
Q4G 1893A 8 | primary 322 294 353
6 | secondary 254 240 265
Q-+ G-+M 1893R 7 | primary 315 312 317
1zv. 7 { primary 315 307 322
Bailor + 970 Q-+Py--17 | 1892 10 | secondary 246 222 267
Acer 2
gallery 970 C+G-DPy 1886 21 | primary 268 258 278
8 Rran b-{— 970 Q--Py - M | 1887 13 1 primary 392 390 396
secondary 262 243 285
Saci + 970 CH+F+D 1881 33 | primary 318 292 340
51 | primary 217 186 260
Transversal + 970 GE-Q-HT.
+ S 1882 64 | secondary 186 160 220
Tzv Gallery 47 Q+ Py 1) 1890 10 | secondary 245 233 265
Netedului 5 { primary 394 380 398
Furcituri Valea Q 1895 3 ] primary 311 303 317
Furcituri 9 | secondary 271 240 303
Haba zone Q 1888 14 | primary 279 270 294

* Q = quartz, Py = pyrite, G = galena, Sf = sphalerite, Cp = chalcopyrite, C = calcite
M = marcasite, F = Fluorphlogopite D = diopside, L = laumontite, S = stilbite

1) The samples from Izv.? Netedului, Furcituri, Haba zone come from the collection of
our colleague Roman Laurentiu.
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portions of the Tomnatec vein the sterile quartz I indicates lower tempera-
tures at the level of 970 m than quartz I which is associated with pyrite
and galena at the level of 1019 m (251—284°C, sample 1868 and respec-
tively 272—332°C — sample 1865 — Table 1). Relatively high tempera-
tures were also noticed for quartz I associated with metallic sulphides in
the veins Preluci and 15 Rozinanta (256 —353°C and respectively 294—

3‘53°C), while somewhat lower values for the sterile vug quartz were no-
ticed for the Saci vein (Fig. 2).
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Fig. 1. — Frequency curves of homoge-
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Fig. 2. — Histogram of filling tem-
peratures of the fluid inclusions
in quartz, Saci vein (horizon 1200
. m).
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Phe calcite deposited on fissures in the skarn minerals from the Saci
transversal differs from the caleite type and generations belonging to the
vein mineralization by the presence of fluid inclusions of the type III
(aqueous solutions - gas 4+ halite). Phe histograms in Figure 3 (Po-
marleanu, Pom&ﬂe&nu, 1982) indicate two homogenization intervals for
each inclusion : one is characteristic of the dl@\olvmw of the halite crystals
(170—210°C), the other is echaracteristic of the phd%e of gas in solution
(290—340°C, Fig. 3).
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Fig. 3. — Histograms of filling
: E temperalures of fluid inclusions in
i J”_{—__H the caleite deposited on fissures
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ing of the halite erystals; B —
homogenization temperature of
B gaseous phase.
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A different thermal regime was also determined for the solutions
that generated the asmmablon% of chlorite, calcite, laumontite, stilbite
type in the quartz monzodiorite voids.

The diagram in Figure 4 (Pomarleanu, Neagu, 1983) was built based
on | the geothermometric data obtained on the primary and %couda* v fluid
inclusions from the calcite of this assemblage.

Phe diagram shows the frequency curves of the (homogenization
temperatures of the secondary (1) and primary (2)fluid inclusions ;within
the ealcite associated with the above-mentioned minerals. According to
the diagram in Figure 4, the interval of the homogenization temperatures
of the primary fluid inclusions ranges between 186—260°C, while in the
case of the secondary inclusions, between 160 —220°C. By the superposi-
tion of the frequency curves of the respective temperature we get a common
temperature interval (185 —220°C) for both types of inclusions, which points
to the fact that both minerals (caleite and lanmontite) crystallized within
this interval. Considering the order of deposition of the minerals in this
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asgociation : prochlorite — calcite — laumontite — stilbite, we suppose
that prochlorite crystallized at a temperature of over 250°C, calcite between
250—186°C, laumontite between 220 —185°C, while stilbite at 150—100°C.
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Fig. 4. — Irequency curves ol homogenization temperatures of the
secondary (1) and primary (2) {luid inclusions in calcite associated
with prochlorite, laumontite and stilbite from the voids within the
quartz monzodiorites.

Coneentration in Volatile Elements of the Soluiiens

The hydrothermal solutions preserved in the inclusions contain vola-
tile elements such as: CO,, H,O, H,8, hydrocarbons etc. and Na+, K+,
Mg2+, Cu?+, Cl- ete. ioms.

The most widespread volatiles are : CO, and H,0. The qualitative
determinations have been made by means of gas chromatography. The
€0, and H,O release took place after the evacuation and washing with
argon {repeated three times) of the samples (whose granulation ranges
between 0.3 and 0.5 m and which weigh 0.5—1 g) in & special thermic
decrepitation device in order to remove the adsorption gases. CO, and
H,0 were released by a gradunal heating from the quartz grains and trap-
ped in the chromatographic column of Porapak Q type.

Table 2 presents a few preliminary data on the CO, and H,O con-
tents from the fluid inclusions of quartz associated with base metal ores
from the Tomnatec and Rozinanta veins at Tibles, which are compared
with the quartz in some deposits belonging to the Baia Mare metallo-
genetic province.

Table 2 shows lower CO, contents with respect to water for the
mineralizations at Tibles and much higher ones for the mineralizations
at Suior and Baia Sprie. This fact is mueh more obvious by the comparison
of the chromatograms for CO, and H;O from the Rozinanta vein at Tibles
and Suior (Fig. 5).

Figure 5 shows that the area delimited by the CO, chromatogram
in the Rozinanta vein (A) is much smaller than that in the case of the
Suicr mineralization (B).
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TABLE 2

Co, Contents of Hydrothermal Solulions Preserved in the Fluid
Inclusions from the Vein Mineralizations al’7'ibles and from Somne
Deposils in the Baia Mare Region

Deposit Vein Level Sample ratio Tempera-

Molar Mean

CO,/H,0 ture °C

Tibles Rozinanta 970 1883 0.079 315

Townatec 1019 1862 0.090 292
Suior Suior 900 1835 0.218Y) 300
Baia Sprie | Main vein + 516 1855 0.3274 201

1) Pomarleanu et al. (1985)

In the case of the Rozinanta vein at Tibles the molar CO,/H O
ratio is of 0.079 and at.Suior of 0.218.

Except for the Suior deposit, inverse correiations are obvicus be-
tween the CO,/H,0 molar ratio of solutions and the mean homogeni-
zation temperature, namely as CO, content increases, the temperature
decreases. It has been recently concluded that high CO, contents of the
solutions and relatively low temperatures correspond to the gold-silver
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mineralizations, while low CO, contents and relatively high temperatures
correspond to the base-metal mineralizations (Pomarleanu et al., 1985).
This fact is confirmed in the case of the mineralizations at Tibles, too.

Salinity of Solutions

Various methods were applied for determining the salinity of
solutions depending on the types of inclusions. Thus in the case of the
inclusions belonging to the types I and IT the method of freezing of fluid
phases from the inclusions was applied, which consists in the determina-
tion of the dissolving temperatures of the last ice crystals and the plotting
of these data on equilibriwm curves in the NaCl—H,O system (Roedder,
1962).

In the case of the inclusions of type I1II the salinity values of the
solutions have been obtained from the dissolving temperatures of halite
by heating and the application of the NaCl solubility curves (Sourirajan &
Kennedy, 1962).

The salinity interval of the solutions determined for the inclusions
of types I and II ranges between 3—169, NaCl, while for the inclusions
of type III, between 31—33 wt9, NaCl.

Pressure of Solutions

Several methods are known for determining the formation pressure
of minerals based on the fluid inclusions. One of them, based on the data
obtained on salinity and homogenization temperature of the inclusions of
type 111, is frequently used. Thus in the case of calcite within skarns the
values of the salinity (31—33 wt9, NaCl) and temperature (290-—340°C)
of the solutions plotted on the NaCl—H,O diagram (Cunningham, 1970)
indicate the pressure of 120 bars and the depth of over 1 000 m.

Conclusions

The study of the fluid inclusions from the mineralizations at Tibles,
correlated with the mineralogical observations on the textures, structures
and mineral parageneses, shows that the thermal regime of the hydrother-
mal solutions belonging to the vein mineralizations in the central-north-
western part ranged between 400 —230°C, while in the case of the chlorite-
caleite-laumontite-stilbite assemblage from magnesian skarns between
260 —150°C.

The CO, contents of the solutions from the inclusions, as shown by
the CO,/H,0 molar ratio (0.079—0.090), are much lower than those from
some deposits in the Baia Mare province.

The salinity of the solutions varied within wide 11m1ts, from 3—
16 wt9, NaCl for the vein mineralizations to 31—33 wt9, NaCl in the
case of the calcite deposited on fissures in the magnesian skarns.

The pressure corresponding to the formation of calcite on fissures
within skarns indicates values of about 120 bars and a depth of over
1000 m. %+ -
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SPUDIUL INCLUZIUNILOR FLUIDE DIN MINERALIZATIILE
DE LA TIBLES : IMPIICATIL IN MINERALOGENEZA

(Rezumat)

In cadrul masivului eruptiv Tibles s¢ cunosc mai multe tipuri de
rainevalizatii : filoniene, de impregnatie si skarne magnesiene (Udubase
et al. 1984).

Mineralizatiile filoniene, dupd pozitia lor in masiv gi dups : asociatiile
de minerale, aparfin grupului central-nord-vestic, cent. al — vestic §i gru-
pului filoanelor Migura Neagri —Suplai.

In luerare se studlam incluziunile fluide din mineralizatiile filo-
niene ale grupului central-nord-vestic (Tomnatec, Preluci, Sdci, 15 Rozi-
nanta, Izvorul Bailor, Izvornl Riu, 8 Bran). Ia cadrul acostei minerali-



11 FLUID INCLUSIONS IN THE MINERALIZATIONS FROM TIBLES. 167

zatii s-au evidentiatl incluzinni preponderent lichide pind la acelea prepon-
derent gazoase (PL. I, fig. 1, 2, 3, 4, 5). Incluziuni trifazice (solufie apoa-
# + gaz - halit) s-an observat numai in caleitul depus pe fisuri in mine-
ralele skarnelor magneziene,

Regimul termic al soluiiilor se caracterizeazd printr-un interval de
temperaturd relativ ridicat (400°—240°C), fapt ce confinnd aprecierile de
temperaturit thente de Udubasa et al. (1934), pe baza asociaiiilor si strme-
turilor mineralelor.

Continuturile in CO, i H,0 ale solutiilor, din cuarful filonian expri-
mate In raport molar sint mici (0,070 —0,090 CO,/H,0) fatd de solutiile
hidrotermale ale zidcimintelor din provincia Baia Mare, iar salinitatea intre
3 s 169, Nall. Caleitul din skarnele magneziene s-a depus din solutii cu
salinitate ridicatd (30—339, Nall) 1a presiune de cca 90 bari g Ia o adin-
cime mai mare de 1 000 m.

EXPLANATION OF PLATPES

Plate I

Fig. 1. — Bipbasie [fuid inclusions (iquid - gas) in ealcite associaled with sphalerite, galena,
chalcopyiite in the Tomnatee vein, level 1019 m.

Fig

Figs. 3—4 — Fluid inchusion (Tiquid -1~ gas) as negative, crystal (Fig. 3) and predominantly ga-

2. — Tubulay fhuid (Bgquid -+ gas) inclusion in the calcite sample from 1Migure 3.

seous inctusion (Fig. 4), both in the quariz erystlals, Furciluri vein.

Fig. 5. — Fluid inctusion (liquid -- gas) as negative crysial in the quarlz associated with pyrite
and galena (Tomnatee vein).

Fig. 6. — Tripbasie [huid inclusion (liquid - gas - halite) in the calcite from the skarn miner-
als of lhe Sag gullery.

Plate IT

Fig. 3. — Flnid snchusion (Jiguid 4- gas) in ealcite associaled with prochlorile-laumontite-stil-
bite from ihe quartzmonzodiorite voids.

Fig. 2. — Secondary fluid inelusions in the guarlz associated with pyrile, Tzverul Netedului
vein.

Fig. 3. — Triphasic inelusions (fifquid |- gas -+ bitumen) in the guarly from the Furciluri vein.
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PALEOGEOGRAPHY OF THE SUBCARPATHIAN MIOCENE AND
THE GENETIC MODEL OF THE JITIA-TYPE MINERALIZATION!
BY
MIRCEA SANDULESCU?, GHEORGHE UDUBASA 2, MIHAI MICU 2

Miocene. Sulphide. Nappe, Formations. Evaporite. Sulphur isolope. Syngenetic. Genetic
model. East Carpalhians — Eastern Subcarpathion area — Rimnic Hills

Abstraet

The Miocene sedimentary rocks from the Carpathian bend area contain suiphide occur-
rences at several stratigraphic levels (mainly Lower Miocene) and assigned to different struetural
units. However, the most important are the sulphide occurrences of the Subcarpathian Nappe
{formations, and less of the Marginal Fold Nappe. The mineralizations are spatially and geneti-
cally related to evaporite deposits — the Salt Formation and the Grey Formation with Gypsum
(Stufu Gypsum Complex). The main ore minerals (pyrite, pyrrhotite, greigite, marcasite, iron-
poor sphalerite and galena) form impregnations, clusters, lenses and veinlets in grey feldspathic
sandstones (occurrences in Bostina brook, Sub M#gurd) or thin beds in the marl blocks of the
salt breccia (Argintari brook). The sulphides are commonly poor in minor elements ; however,
high T1, Mo, Mn contents are accidentally encountered. Sulphur isotopes account for different
sulphur sources, 8 34S ranging from —31.85%/, to + 18.379),,; a gypsum saraple points to
-+ 13.47%/,,. ‘The imineralizations are syngenetic-syndiagenetic, with  greigite and
framboidal pyrite firstly formed ; metals result from the transport of material from emerged areas
(inner and outer). The genctic model most appropriate to the sulphide concentration in lagobn
basins during the Lower Miocene is the ,evaporite pan’’ one, where sulphur is supplied.by
suiphate reduction. -

Résumé

La paléogéographie du miocéne subcarpathique et le modele génétique de la minéralisation
de ,type” Jitia. Dans les dépots sédimentaires miocénes de la zone de courbure des Carpates il
y a des occurrences de sulfures situées a plusieurs niveaux stratigraphiques (surtout le Mio-
céne inférieur) et dans différentes unités structurales. Les plus importantes sont les occurrences

1 Reccived on April 14, 1986, accepted for communication and publication on April 1_:6,
1986, presented at the meeting of April 18, 1986. ‘
2 Institutul de Geologie si Geofizicd, Str. Caransebes 1, R 79678 Bucuresti 32.
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de sudfures des formations allribuées & la nappe subcacpathique, ¢t moins dans-la nappe des
plis marginaux. Les minéralisalions s’associenl spalialement ot génétiquement aux dépeits éva-
poritiques — la formation 4 sel et la Tormation grise a gypses (le complexe du gypse de Stulu).
{es prineipaux minéraux métallileres (pyrite, pyrrhotite, greigite, marcasite, sphalérile 3 peu
de fer, galéne) constituent des impregnations, nids, lentilles et filonnets dans les grés feldspalhi-
ques grisatres (les occurrences dans la rivitre de Bosting, Sub Migurd) ou hien des bandes
minces dans les blocs de marnes de la breche du sel (ruisseau d’Argintari). Généralement les
sallures onl peu d’éléments mineurs ; cependant les teneurs ea 11, Mo, Mo plus élevées sont
aceidentelles. Les isotopes du soufre snggérent des sources diverses, §%1S variant de —31,8%9/,,
& +13,37%y,; un échantillon de gypse indiquc +-13,47% . Les minéralisations sont syngéné-
tique-syndiagénétiques ct la greigite el la pyrite frammboidale se sont inilialement forméces; les
uéiaux sont générés par le transport du matériel des aives émergées (interne et externe). Le
modele génélique le plus adéquat & la concentralion des.sullures. dans les bassins lagunaires
pendant le Miocéne inférieur est de type ,,evaporite pan’ olt le soulre provient de la véduction
des suliales.

The Subcarpathian Nappe is the outermost unit of the Moldavides
whdch groups together the outer Thast Carpathian Miocene deformed nap-
pes. Phey are (from the interior toward the exterior of the chain) the
Convolute Flysch, Macla, Audia, PTarciu Marginal Folds and Subear-
pathian nappes. Miocene deposits are involved in the last three nappes,
predominating in the Subearpathian one.

The Jitia-type oceurrences crop out in the Miocene formations of the
Subcarpathian Nappe and, partly, in those of the Marginal Folds. This
is the reason to analyse the paleogcography and the palingpastics. of the
Lower and Middle Miocene formations, mostly within the two mentioned
nappes.

Struetural Framewerk

As mentioned, the Moldavides include nappes which were displaced
(overthrust) during the Miocene time. Phree tectogenetic moments which
generated the successive deformation of the Moldavides were recorded
(Dumitrescu, Sindulescu, 1968; Sindulescn, 1984): intra-Burdigalian
(;,,01d Styrian’), intra4Badenian (,,Young Styrian’) and intra-Sarmatian
(,,Moldavian™). Bach of these moments involved successively more ex-
ternal elements of the chain, emphasizing the migration of deformation.

All the Mollavidian nappes are cover units built up only of sedimen-
tary formations (Cretaceous—DMiocene generally, Oligocene—Miocene in
the Subcarpathian Nappe). The primary basements of these sedimentary
formations were subducted under the Central East Carpathians, concomi-
fantly with the underthrusting of the foreland,

The nappes with well represented Miocene deposits are the Tarciiu,
Marginal Folds and Sabearpathian ones. In the Parciu Nappe the Mio-
cene deposits are preserved in the outer structures as well as within some
internal synclines. In the Marginal Tolds they are involved in the syn-
clinal structures all ever the area. South of the Néruja Valley a detach-
ment slab pulled cat the Marginal Folds is preserved beneath the frontal
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part of the Parcin Nappe; it is built up by the Burdigalian Salt Forma-
tion. Phe Subcarpathian Nappe is mainly constituted by Lower and Middle
Miocene formations. It wag divided (Sandulescu et al., 1980) into three
digitations (subunits): Migiresti—Perchin, Pietricica and Valea Mare
(from the interior toward the exterior), which show some specific litho-
facial features.

The Foredeep (s. str.) develops in front of the most external folded
units of the Carpathians, namely the Subcarpathian Nappe. The inner limb
of the foredeep (filled with Neosarmatian-Pliocene deposits) covers in the
bend area the frontal part of the latter.

Lithostratigraphy of the Lower and Middle Miocene Formations in the
Outer Moldavides

The Oligocene/Miocene chrenostratigraphic boundary crosses the
upper part of a hituminous sucecession constituted of dyssodilic shales
(bituminous clays) and menilites (bitwininous cherts) with interlayerings
of quartzose sandstones. Phe first lithostratigraphic correlation level at
the lowermost part of the Miocene is the Upper Menilites level, In the
Marginal Folds and Subcarpathian nappe it is overlain by the Goru—
Misina Formation which still shows bituminous rocks and is also invaded
by coarse-grained arenites or microconglomerates. The correspondent of
the Goru—Migina Formation in the outer part of the Tarciu Nappe is a
predominantly bituminous ,,Supramenilitic Horizon”.

A second correlation level is situated above the Goru—Migina For-
mation and the ,,Supramenilitic Horizon”’, within the Lower Burdigalian
and is represented by evaporitic deposits.

In the Marginal Folds and Subcarpathian nappes the Salt Forma-
tion develops at this level. The Salt Formation consists of clayey-siltic
matrix with fragments of different lithologies and size, i.e. Dobrogea-type
greenschists, Mesozoic and Eocene limestones, Paleogene rocks of flysch-
type. Locally (Vrancea Mts. in the Marginal Folds) the lowermost part
of the Salt Formation is massively conglomeratic. The salt and/or gypsum
are developed discontinuously ; the salt massifs are lense-like or the salt is
interbedded with clay or silt layers. At the top of the Salt Formation
a specific arenitic formation showing partly arcosian features — the Con-
dor Sandstone — develops.

In the outer part of the Parciu Nappe the Salt Formation is stili
present, but it is thinner, the evaporitic level being mainly represented
by the ,,Lower Gypsum’. In the frontal part of the nappe the equivalent
of the Salt Formation is the ,,Green Series’’ or the Bustea Formation
(gypsiferous sandstones, silts, clays and marls, conglomerates).

Above the evaporitic deposits the lithological features are more
divergified with frequent lateral changes. Conglomerates develop in the
outer part of the Subcarpathian Nappe (Pietricica Conglomerates 1ich in
oreen schists elements). They pass laterally and upwards to sandy molasse
red formations, known in different units or subunits under different na-
mes : Pescani, Mégiresti, Hirja or Tresticara (Fig. 1). The upper boundary
of the red sandy molasse deposits is diachronous, being younger toward
the exterior.
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The Grey Formation with gypsum develops mainly in the Subcar-
pathian Nappe. It is a schlier formation with marls, sandstones and sands,
which shows at different levels evaporitic rocks (gypsum). PThere are two
main evaporite levels known in this formation. The lower one — the Per-
chiu Gypsum — develops only in the inner part of the Subcarpathian
Nappe (Magiresti Subunit) and in the outer part of the Marginal Folds Nappe.
Phe upper level — the Stufu Gypsum — is more often developed within
the Subcarpathian Nappe. The Lower/Middle Miocene boundary is situa-
ted approximately at the bottom of the Stufu Gypsum.

A very important correlation level develops in the Lower Badenian.
It is represented by cinerites (Slinic Tuff) with whicli are associated Glo-
bigerina Marls and, towards the exterior, calcareous sandstones (Réchi-
tagu Sandstone). Above this cinerite level is known the Middle Miocene
evaporitic level which is represented by gypsum in the Moldavian area.
To the south and the west (Wallachia) salt-bearing formations are also
developed at this level.

Lithegenetic Remarks on the Main Rock Types of the Subearpathian
Miocene

In order to define the main features of the sedimentation environ-
ments as well as the genetic model of base metal sulphide deposits a revi-
sion of the most relevant lithogenetic features of arenites, clays and eva-
porites which constitute the Subcarpathian Miocene deposits from the
East Carpathian bend area is needed.

Arenites and rudites

The coarse-grained (conglomerates and microconglomerates) and
sandy (arenites) deposits occur in different amounts within the Miocene
formations. Most of the detrital deposits occur in the Red Formation (Tes-
cani and Migiresti beds) and in the Birsesti Conglomerates or their equi-
valents. Sandy sequences are less numerous in the Grey Formation with
gypsum and in the Réchitasu Sandstone.

Both the detrital rocks of the Red Formation and the Birsesti Con-
glomerates are generated by an arenitic and ruditic source located outside
(east) the sedimentation realm of the Subcarpathian Miocene. The green-
schists of Dobrogea type occurring in both conglomerates and microcon-
glomerates or sandstones constitute the ,,marker” of this source. Besides
greenschists, quartz and mica fragments prevail; the lithic fragments
(mainly Permian or Eotriassic red sandstones, Mesozoic and/or Eocene
limestones) are sparse, being easily recognized in the foreland as outer
source area.

The detrital rocks (breccias, conglomerates, sandstones) associated
with the Fomiocene Salt Formation are also related to thef outer source.

The external source acts on the Salt and Red [formations exceeding
the internal margin of the Subcarpathian realm, on the Marginal Folds

area (Salt Formation, including the Piatra Geamind Conglomerates and
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the Hirja Beds) and even on the front area of the Marcin Nappe (Salt
Formation).

Phe transport and areal distribution of the ruditic component are
represented by large fans, laterally interfingered and sometimes redistri-
buted longitudinally. The arenitic fraction is supposed to be formerly
transported with the ruditic one and then farther on, in wards. The
sedimentation depth is reduced or very redunced considering the rain drops,
the ripple-marks and the footprints on the upper faces of some sandstones.

Phe detrital rocks of the Grey Formation with gypsum depend on
a different source as proved by the absence of greenschist fragments of
Dobrogea type. Sdndulescu (1962) supposed that the source of the detri-
tal rocks of the Grey Formation with gypsum was located inside the
sedimentation area of the Lower Miocene deposits in the Outer East Car-
pathians, inside the Parciu Nappe sedimentation area respectively. This
accounts, to a certain extent, for the lack of coarse-grained components
from the Grey Formation of the Subcarpathian Nappe, while similax
components occur inside the Tarciu Nappe (Brebu Conglomerates and
their equivalents).

Within the Grey Formation of the Sui)carpathian Nappe the detrital
material was transported sometimes at greater depths than in the case of
the Red Formation (as proved by the abundant mecanoglyphs), but in
almost similar conditions (as proved by the rain dropsand theripple marks);
no bird or mammal footprints similar to those known in the Red Forma-
tion have been so far reported from the Grey Formation.

It is worth mentioning that the two opposite detrital sources do not
exclude each other entirely. One may speak of the prevalence of one of
the two sources, as proved by the resedimentation in the Red Formation
of Paleogene and Senonian microfauna from the Flysch Zone or by the
presence in some areas of the Grey Formation of an external supply.

The inferences on the sources of the Subcarpathian Miocene detrital
rocks are also confirmed by the heavy mineral studies (A. Popescu, in
Sgndulescu et al., 1978). The study of the Red Formation outcrops in the
Subearpathian Nappe (Jitia, Lopdtari) pointed cut greenschists which
account for the important supply from the foreland in contrast with the
Red Formation (Prestioara Beds) of the Tarcin Nappe with unimportant
or no supply from the foreland. However the heavy mineral assemblages
vielded by the red deposits of the Tarcdu Nappe are similar to those of the
Grey Tormation, pointing to a unique distribution area, the Carpathian
realm respectively. .

The corroboration of all available data on the heavy mineral dis-
tribution in different Miocene formations reveals that the detrital supply
from the foreland is much reduced in the sedimentation area of the
Tarciu Nappe Red Formation, as compared to both the subjacent Salt
Formation and the synchronous Red Formation of the Marginal Folds

Nappe and the Subcarpathian Nappe. .
Argillaceous rocks
The study of the argillaceous fraction of the Miocene deposits (Réidan,

in Sindulescu et al.,1978,1980) has shown that the eastern source area
of the foreland supplies a binary mineralogic sequence (illite-}-chlorite)
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during the deposition of the Salt Formation, of the Red Formation
(Magiresti, Tescani, Hirja Beds) and of the Perchiu Gypsum. This mate-
rial is of low maturity grade, characteristic of physical alterations, as proved
by both geochemical and mineralogical features (chlorite, illite and feld-
spar abundances in the fine fraction).The western (inner) source area, re-
presented by the Carpathian chain, which even if not always passive, is
actively involved especially in the formations younger than the Perchiu
Gypsum, while to the south of the Miocene sedimentation area its influ-
ence is marked by montmorillonite occurrences.

The argillaceous rocks supplied by this source are of intermediate
nature, with medinm value maturity indices.

In the Slinicul de Buziu area the mineralogic composition of the ar-
gillaceous rocksaccountsformixed influences of the main source areas during
the Lower Miocene. Starting from this source westwards the mineralogic
assernblages are qualitatively similar and their value as stratigraphic mar-
ker diminishes.

Gypsum

The petrogenetic studies and the paleogeographic reconstruetions of
Miocene cvaporites are rather difficult because of the folds, faults and
overthrusts which characterize these deposits. More problems arise from
the outcrop discontinuities associated with an initial discontinuity and
heterochrony. :

The petrographic study of the Lower Miocene gypsum deposits points
to several common features from both structural petrographic and textural
points of view, whieh might show that their sedimentation conditions were
similar.

The Perchiu Gypsum Complex overlies closely several layers which,
according to Panin and Avram (1962) and Panin (1964), contain numerous
terrestrial vertebrate imprints associated with ripple-marks. All these prove
3 very shallow sedimentation. Considering some structures (chicken-wire,
discoidal nodules, displacement nodular structures) the Perchiu Gypsum
might be considered to have formed at the boundary between the suba-
queous and the subaerial environments. However, the lack of shallow
carbonate sediments as well ag the detrital matter related to the gypsum
obviously deposited in aqueous environment do not agree with the hypo-
thesis of subaerial sedimentation. Moreover, the massively bedded gypsam
which congtitutes most of the evaporites of the Perchiu Gypsum Complex
are considered to represent evaporites precipitated from CaSO,
supersaturated waters.

‘Another aspect of evaporite genesis is represented by the climate
conditions. The numerous imprints of terrestrial vertebrates (birds, mam-
mals) present below the Perchiu Gypsum Complex, as well as the abun-
dant terrigenous matter account for warm and wet climate in an area with
a relatively dense hydrographic network vielding great amounts of terri-
genous matter.

It is thus supposed that the evaporite stages of the Grey Formation
were related to relatively flat areas, with depressions in which massive




176 .- : M. SANDULESCU et al. 8

layered gypsum did deposit. The nodular gypsum deposits resulted from
the evaporation of interstitial solutions generated by adjacent aqueous
baging. Phe aridity periods were interrupted by abundant rainfalls, when
important amounts of terrigenous material covered the deposition areas
and greatly changed the regional topography.

The Middle Miocene sulphate-bearing evaporite levels seem to have
formed in some Dbasins characterized by restrictive circulation. Thig is
proved by the massive-bedded gypsum deposits and their association with
laminated bituminous delomites (,,calcareous shales’), which in places
yield a normal marine globigerinid microfauna.

The Salt Formation

Phe evaporite sedimentation occurs at different levels in the Lower
and Middle Miocene and might be considered as a typical recurrent event.
The precipitation of soluble salts during the Lower Miocene is known at
the level of the Salt Formation, widespread in Moldova and Muntenia,
while in the Middle Miocene soluble s#lts occur mainly in Muntenia and
Pransylvania. While the Eomiocene salt deposits are underlain by marine
deposits and overlain by red formations deposited in neritic to fluvial-la-
custriné environinents, the Middle Miocene Salt Formation is interlayered
only in marine ones. Of interest to the present study is only the Lower
Miocene Salt Formation.

The investigations carried out all over the Miocene area of the East
Carpathians (S&ndulescu et al., 1975 —1980) have shown that the.paleo-
basin of Lower Miocene salts was narrow, with northward communication
with the open-sea, being bound to the west by the Carpathian area and to
the east by the foreland, the latter with a relatively active relief. The
proper evaporite sedimentation was disturbed by detrital supply from plat-
form uplifting. ' :

Phe Lower Miocene deposition of salt, more than 100 m thick (stra-
tigraphic thickness), as well as some potash salt accumulations might be
better interpreted by means of the deep basin theory (Schmalz, 1969)
than by the classical theory of subsiding bottom basins. Several lageons,
resembling some satellite basins round the main deeper basin, intermit-
tently commmnnicating with the open-sea and thus favouring the hyper-
salinization of the deep-seated brines.

Just from the initial stage, small carbonate amounts did deposit,
especially at the periphery of the basin, represented, for example, by the
dolomite layers of the Cornu Beds in:Muntenia. Phe euxinic stage is better
represented all over the area covered by the Salt Formation, consisting
of dark argillaceous, low bituminous shales, associated with gypsum erys-
tals and sulphate efflorescences resulted from sulphide supergene altera-
tion. During the subsequent stages, the fractional deposition took place :
first of gypsum, mainly in the peripheral zones and then of salt mainly
in the principal basin and in less amounts in the adjoining basins. Finally
potash salts deposited in places.

As already mentioned, the precipitation of soluble salts is partially
disturbed by the supply of detrital material, especially in the peripheral
lagoons, where the interrupted process may start again with the precipi-
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tation of gvpsum. During the final stage, the evaporites deposited in shallow
waters, even in subaerial environment, as proved by the mud-cracks pre-
sent in the argillaccous sediments related to the salt deposits. The detrital
supply replaced, more or less gradually, the precipitation of salts during
stages probably different from one lagoon to the other. Thus, it is inferr ed
that the same paleobasin includes zones with gradual tr amltlon from salt
to potash salts and zones with defrital supply Whlch tilled the lagoon and
stopped the precipitation of soluble salts at the level of halite.

When the evaporite sedimentation ceased the buried deposits were
subject to diagenetic changes. Among them it is to note the levigation of
soluble salts from the peripheral areas of the paleobasin and their rede-
position in central arcas. The soluble salts are overlain by rocks, rather
thick in places, of breccious or bedded character and impregnated with
halite. These impregnations reach the so-called ,,salt mirror’, which, ag a
matter-of-fact, is a false hanging wall covering the proper deposit and
attenuating the very complicated structures of the latter.

The Mineralization from Jitia and the Adjoining Areas — RMineralogie
data

The major components of ores are: sphalerite, galena, marcasite,
pyrite, .greigite, pyrrhotite associated —in negligible amounts — with
chalcopyrite usually contained by sphalerite Ilmenite, rutile and leuco-
xene, and scarce magnetite, occur sparsely in sulphldes (ilmenite) or in
the matrix of sandstone\\, fine graphite lamellae are very sparse. There
are some differences of mineralogic composition (Tab. 1) among the three
occurrences studied (Argintari brook, Bostina brook and ,,sub Migurid”
area) and therefore they are to be presented independently. The occu-
rrence in the Argintari brook differs from the other two ones owing to the
type of ore deposit and mainly the stratigraphic position.

The occurrence in the Bostina brook and gallery 3. The ore is re-
presented by fine impregnations in sandstones, difficult to note macro-
scopically, generating irregular veinlets perpendicular to the bedding;
these veinlets become sometimes thinner within the sandstone layer un-
related to the marly-clayey interlayerings, which are usually barren. Mar-
casite, sphalerite and galena are the most frequent minerals; pyrite is
scarce, while greigite occurs in places. Ilmenite, rutile, leucoxene, scarce
titanite (on biotite cleavages) and magnetite are spread in the sands-
tone matrix ; biotite is relatively frequent, even abundant in places, heing
represented by curved or U-shaped lamellae. Sulphides constitute irrvegu-
lar aggregates, usually of reduced size; they are mostly present in the
sandstone matrix and only rarely show the tendency of substituting or
corroding the detrital components (especially pyrite). Marcasite usually

constitutes radial aggregates consisting of lamellae which start from a
greigite core; it is juxtaposed to the other sulphides with which it asso-
ciates only rarely. Sphalerite and galena are often intergrown or may
form monomineral aggregates ; sphalerite is nonuniformly coloured, point-
ing to composition] variations.! Pyrite is represented by subhedral grains
contained by tlie sandstone matrix or by sphalerite. Greigite forms irre-
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TABLL 1

M ineralogic Composition of the Occarrences in ile Jilia and Adjoining Arcus

: , M » Arginatri e
Bostina brook| Sub Magups | Srsind Vintileasa
’ brook
pyrrhotite w0 -
pyrite *% (1) *(F) #k% (1) ®
melnicpvite pyrite %
marcasile Ed% W% EE0 ok
greigite *x * *
sphalerile Hdk Rk k *okk
galena ook LEE ™
chalcopyrite * 1 * 1 %1
ilmenite * *
rutile ) %
titanite * 2
leucoxene ® ® *%
graphite *
magnetite * ®
hematite %3
gliconite ¢ i *
*¥x . frequent mineral 1 exclusively as inclusions in sphalecite
**  _ present % on biotile cleavage, associated Wwith
. pyrite
¥ — scarce 3 as exolutions in ilmenite
(F) — framboidal 1 yielded by thiu sections

gular, sometimes ellipsoidal patches surrounded by marcasite or pyrite.
Usually it is hardly polished. The colour of greigite and of pyrrhotite is
the same, the former being isotropic; it is one of the few magnetic sulp-
hides ; owing to this characteristic, a magnetic fraction was obtained from
one of the samples (SC-22) and after binocular selection it was X-ray analys-
ed. The sample diffractogram, representing a mixture (the greigite pat-
ches do not exceed 200 —300 microng), exhibits the main diffraction
peaks of greigite (d 2.97) and the main peaks of pyrite (d 2.69), sphalerite
(d 3.12), calcite (d 3.02) and feldspar and/or quartz (d 3.35). As this mine-
ral is usually metastable, its alteration into other iron sulphides is easy,
a8 proved by the available samples ; besides the marcasite rims, the cen-
tral zone of greigite patches contains frequent marcasite grains or fine la-
mellae ; owing to topotactic transformation the whole mass is slightly
anisotropic.

Ilmenite constitutes small size grains (50 —100 microns), usually
unrounded ; sometimes it is included in sphalerite. Some grains exhibit

fine hematite exsolutions accounting for its source in metamorphiem
is seldom rutilized, more often leucoxenized.

Other features of the Bogtina mineralization are : (1) pyrite and ti-
tanite occurrences on biotite cleavages : (2) the presence of foraminifera
shells moulded by sphalerite; (3) fine pyrite or marcasite veinlets in the
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detrital grains. This last feature is due to the fact that these two sulphides
are not primary, syndepositional, but have resulted during diagenesis, at
the expense of preceding greigite. The sulphide, mainly galena, veinlets
perpendicular to the sandstone bedding might be of the same age as the
diagenesis ; in sedimentary environments with ,,sulphide mud’’ deposition,
sulphides are the last to crystallize, sometimes during diagenesis, and mi-
grate along short distances, even on fissures resulted during sediment lit-
hification.

The occurrence in the ,,sub Migura” area. Situated on the same
stratigraphic level with the one in the Bostina brook and assigned to anot-
her structural unit, the mineralization in the area ,,sub M#gurd” shows
the same mineralogic characteristics ; however, galena seems to be the pre-
vailing metalliferous mineral. There are circular or quasi-circular spha-
lerite and galena aggregates, rutile inclusions in the irregular sphalerite
patches. Pyrite, greigite and ilmenite display the same mode of occurrence
as the mineralization in the Bostina brook. The marcasite amount is sli-
ghtly reduced. Pyrite is framboidal in places. The relations among sulphi-
des are usually mutual, of juxtaposition type; galena tends to infiltrate in
sphalerite. The latter shows composition variations marked by internal
reflections and ,,opacity degree”.

The occurrence in the Argintari brook. It is situated at a stratigrap-
hic level inferior to that of the occurrences described above (Fig. 2). This
mineralization also has other specific features: it is represented by
mineralized rock fragments contained by the salt breccia, its most relevant
feature being the massive pyrrhotite aggregates; framboidal pyrite
is rather abundant, and marcasite often constitutes globular aggregates,
while the collomorphic structures — partly ,,frozen” in places — contain
pyrite, i.e. melnicovite-pyrite and alternating ,,radial’” pyrite and sphale-
rite bands. Marcasite amounts are reduced as compared to the other two
occurrences, being much more ,,aggressive” to the detrital grains which
they frequently penetrate along fissures; this results in the filigree-like
marcasite. The rocks bearing sulphides are of very different types, while
sulphide occurrences are equally different: dense ore clusters, rock frag-
ments with extremely fine sulphide veinlets, very fine sulphide bands
parallel to the rock bedding (clayey marls). Titanium minerals are scarce
and mainly represented by irregular leucoxene masses. The different mor-
phologic characteristics and the pyrrhotite occurrences point to the he-~
terogenetic nature of this mineralisation, with a long time ,,evolution’;
this last feature is also proved by the complex relations among sulphides,
the distinct sequence, the substitution, ete. The samples studied do not
contain greigite. '

The occurrence at Vintileasa, Bisericii brook. Mareasite, of {prisma-
tic-lamellar type, is the only mineral macroscopically visible in a sample
collected by eng. M. Popa. Under the microscope the lamellar marcasite
aggregates exhibit isolated pyrite or irregular greigite aggregates, also
present at the periphery of marcasite lamellae. Some characteristic micro-
scopic features are shown in Figure 2 and Plates I —III.
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FRig. 2. — Microscopic féatures of ores in the Jitia area.

a, framboijdal pyrite structure together with lamellar marcasite (ma). Argintari brook; b,
greigite (grg) surrounded by pyrite (py) Bostina brook, gallery 3; ¢, greigite (grg) surro-
unded by lamellar marcasite (ma). Bostina brook, gallery 3; d, greigite (grg), pyrite (py),
marcasite (ma) assemblage. ,,Sub Magurd” ; e, titanite and pyrite (py) on biotite cleavage (b),
Bostina brook, gallery 3 ; f, greigite (grg) and marcasite (ma) aggregate in calcite (ca) associa-
ted with galena (gn), Bostina brook, gallery 3 ; g, calcitized (ca) foraminifer shell cemented by
sphalerite (sph). Nearby, quartz (g). Bostina brook, gallery 3; h, detrital ilmenite grain (ilm)
with hematite (hem) exolutions, partly cemented by sphalerite (sph). Bostina brook, gallery 3 ;
i, rutile (ru) partly included in sphalerite (sph), ,,Sub Miguri”.
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Geoehemiecal Data on the Jitia Ores
Minor elements

The data obtained from spectrographic analyses of bulk and mono-
mineral sulphide samples usually show reduced contents corresponding
to the low mineralization degree and the type of mineralization. The bulk
sample analyses (mineralized sandstones — Table 2) yield major com-

TABLE 2

Minor Elements of Bulk Samples {mineralized sundslones)

D

E Location |Pb|Cu} Zn |Sn [Ga|Mo|Ni|Co|Cr| V|{Sc| Y|{Yb{La|Be| B| Ba | Sr |Zr

&
SC-20 {G— III, m315{160} 222000 —{ ~-} 6] 16| 8 —| 16} —| —| —| —| —| — | 140] 220] 25
SC-25 |G- 111, m360| 70| 22| 460 —|7.5) —| 17} 7} 25| 34} 6| 19{1.3| 32] —| 35} 220 330170
SC-32 | Vintileasa 14| 8} 220| 2|5 24 131 4| 12| 10| —| 10 —| —{ —| 37{1000}{3000} 70
SC-35 | G—3, m274| 65| 911000} —|{11 | —[ 16] 7| 25| 32} 6; 13|1.3] —| 1| 40|1600f 380|125

Note: In all the tables: — wvalues below the detection limit

ponents of low concentration. Excepting some lithophile elements (Ba,
Zr, Sr), only Mo contents are somewhat higher, but varying. Both pyrite
and marcasite (Tab. 3) are also lacking in minor elements; Mo and TI
occur in constant amounts, Ag and Cd are yielded only by the sample
collected from Paltin, while the Ni:Co ratio is supraunitary pointing to
an exogene ore deposition; Mn contents are relatively constant. Galena

TABLE 3

Minor elements of pyrile and maicasife samples

Sample Location Cu {Pb|Zn { Ag|Cd| Tl {Mo| Ni|Co|jTi|Mn| V
U—721 Jitia 5 — B I T IR e A s —{ 540| —
SC—6 Paltin 630 1500{ 1900| 2.7; 200! 10| 340; 160{ 44 (1000] 410|19
SCG—17 ,,Sub Mdagura”; 14 340 900| — | — 65 — 70{ 11 | 260; 54 —
SC— 301 Vintileasa 17.5{ 38 200} — | — | — | — 10 — | — 10] -
SC—311 G—III, m 515 | 75 |8000; 650} — | — | 900f 20{ 11| 6 | — | 245] —
SC— 321 Vintileasa 13 1200 124 — | — | — | 13 9 — | — 11} —
U—1046 Téamasa 2 38 26; 390} — | — | — 48] 55| 15 | 50 |1400] —
U—996 Balta Sirata 3 | 95 130/ 38032 — | - 20] 185| 37 | 550:4800i 14
Detection limit 1 30 | 10 10 3 3 10 10

1 marcasite

2 pyrite concretions in the Cetate Beds
3 small pyrite concretions in Pannenian lacustrine sedimentary deposits
Elements below the detection limit: Sb (100 ppm), As (300), Bi, Sn (10), Cr (30)
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(Tab. 4) is much more strikingly lacking in minor elements ; a single sam-

ple yields Tl1; Mn and Cd — proceeding from sphalerite intergrown with

the galena — occur in all the samples analysed, but their contents are
TABLE 4

Minor elements of monomineral galena samples

Sample Localion Cu Zn Cd T1 Sb As Mn
SC~—12 Sub Méigura 7 1600 52 30 — — 44
SC—16 Sub Maguri 30 1700 85 — - - 30
SC—23 G— 111, m 274 6 4700 85 — — — 3
SC—24 G— 11 3 3000 74 - — - 4
SC—26 G— I, m 515 3 520 — — — — 3
SC—27 G—1II1, m 515 8.5 [ 4100 85 — — — 3
U— 1732 Bleiberg — | 4800 — — — 440 7.5
U-— 736 Mezica — | 1600 320 — —
Detection limit i 30 10 ( 100 300 3

Elements below the deiection limit: Ag, Ni, Co(10 ppm), Ga, Sn(3 ppm.)

commonly close to the detection limit. Sphalerite (Tab. 5) shows only Cd
abundances, while Mn correlates inversely to the iron contents.

The analysed samples are marked by small amounts or by the lack
of ,,volcanic” elements (Ag, Bi, etc.); there are relatively constant con-

TABLE 5

Minor elements of mencmineral sphalerite samples

Sample Location Cu | Pb Cad Ag Tl | Ge Ni | Mn Ti Fe
U-974 | Bostina brook 10 6700] 12000} — 10.5] 7 — 44 — 3%
SC—24 38 | 16500 7000f 1.4 4 g 14600 | 150 1.6%
U— 732 | Bleiberg — 380] 7500{ — — — — 900
Detection limit 1 10 3 3 3 10

Elements below the detection limit: Sb(100 ppm), As(300), Ga, Sn, in, Bi, Mo,
Co(3 ppm.)

tents of elements typical of low temperature sulphides; T1 and Mn oceur
in both pyrite and galena or sphalerite. Mo occurrences arc worth noting
as a geochemical feature of sedimentary pyrites;in view of comparison,
the tables also include contents yielded by sedimentary sulphides of diffe-
rent age from all over the country and abroad; the pyrite contents
presented for comparison are yielded by ,,purely sedimentary’’ occurrences
lacking in volcanic supply (Cetate Beds in Transylvania — T#masga, Pa~
nnonian lacustrine deposits at Balta Sdrati-Caransebes); these samples
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exhibit relatively constant, high manganese contents. The lack of Ag
from galena and of Cu from sphalerite, which has Cd abundances both
in the sulphides in Jitia area and in other occurrences, might be consider-
ed & characteristic feature of low temperature mineralizations, probably
saoaveleanic”, or, with very reduced igneous supply.

Isolope composilion of sulphur

Besides the analyses presented by Bith et al. (1983), new analyses
have been made on sulphide and gypsum (one analysis) samples collected
from gallery 3 Bostinii brook, ,,sub Migard” area, Vintileasa and Paltin
{one analysis) (Tab. 6). Counsidering that sulphides are either closely inter-

TABLL &

8MS palues reporled for sulphides and sulplules

- Mineral Iocation 83 §( %) Refercnce Sample
| marcasitc gallery U1, Bostina - 31.85 SC—31A
i marcasile Vinlileasa —23.54 SC—30

marcasile Vintileasa | —-23.31 SC- 32
galena Argintari — 8.54 Bita et al. (1985)
galena Bostina — 7.90 Bitd et al. (1985)
galena gallery- 111, Bostina — 5.50 SC—26
galena Bostina — 5.57 Bi{a et al. (1985)
~galena Bostina — 1.41 Bi{a et al. (1985)
! sphalerile ¥ata Cerbului . -~ 0.64 Bita et al. (1985)
| galena gallery 111, Bostina + 0.84 SC—24
{ sphalerile Bostina 4+ 2.60 Bifa et al. (1985)
sphalerite gallery ITI, Boslina 4+ 4.83 SC—24
pyrite Jitia — 5.22 U—721
pyrile Arginlari — 3.54 Bifd et al. (1985)
pyrite Paltin — 2.87 SC—6
pyrite Argintari — 2.64 Bita el al. (1985)
pyrite Argintari — 2.02 Bi{d et al. (1985)
| pyrite Argintari 4+ 5.59 Bif{a et al. (1985)
pyrite Sub Miguri + 7.38 SC—17
| galena Sub Mdiguri -+ 8.72 SC—12
galena Sub Méagurid —+4-13.37 SC—16
gypsum gallery II, Bostina +13.47 SC—31A

grown or isolated, ouly one wpair of analysed sulphides (SC-24) was
obtained ; one sample yielded intergrown marcasite and gypsum bands
{SC —31/A).

At first, it is to note the 338 values ranging from —31.85%/,, (marca-
site from gallery 3 — Bogtinii brook, sample SC —31/A) to 4-13.37%y, (ga~
lena from ,,sub Migurd” area, sample SC—16); the variation interval
increases slightly according to the content yielded by the gypsum sample,
ie. +13.47,.

On the whole, the 88 values account for normal isotope fractiona-
tion of sulphides (excepting marcasite), represented by gradual enrichment
in the heavy isotope of the estimated sequence : galena-sphalerite-pyrite.
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The sample yielding two sulphides (sphalerite/galena) shows normal frae-
tionation. However, pyrite is characterized by a large variation range,
mostly superposed on galena and sphalerite ranges accounting for diffe-
rent %ulphur sources in pyrite genesis. In the ,,Sub Migurd” area galena
differs from the occurrences in gallery 3 — Bostinel brook and in the Ar-
gintari brook, enriched in the heavy isotope; these galena occurrences are
isotopically heavier than pyrite, which point to the different sulphur
source of the different sulphide occurrences and even of sulphides of the
same occurrence.

Taking into account the calculations and the experimental data,
isotope fractionation is considered normal (for simultaneous deposition
of both sulphides and sulphates) for 3%S sulphide/sulphate ratio approxi-
mates 20. This applies to the samples collected from Jitia only to a less
extent and to isolated samples. However, at temperatures below 250°C
the isotope equilibrium is hardly reached or it is even absent (Schroll,
1983). The most striking feature is the difference of 45%,, (sample SC —
-31/A) which informs on simultaneous processes that generated the two
minerals.

Paleogeographie Environment of the Subecarpathian Miocene
Deposits and the Genetic Model of Related Ores

The retrotectonic picture of the Subcarpathian Nappe associated
with the lithologic features characteristic of the three main formations
under discussion — the Salt Formation, the Red Formation (Tescani and
Migiresti beds) and the Grey Formation with gypsum — and the cha-
racteristics of the sedimentation environments inform on the genesis of
Miocene mineralizations.

A first feature to be considered is the initial width of the basin. Pa-
linspastically defolded, the area corresponding to the Subcarpathian
Nappe is of ca 60-—70 km, exceeding three times the present folded one.
It is also worth mentioning that the Subcarpathian area was the outer-
most one of the whole Lower and Middle Miocene sedimentation realm
in the Bast Carpathians, innwards involved in the Marginal Folds Nappe
area and bounded outwards by an emerged zone, affected by erosion and
supplying detrital material.

The three formations under discussion do not exhibit different:
areal distribution, excepting perhaps the Salt Formation. According to
the model valid in the Tazliu Subcarpathians, north of the Trotus Valley,
one may consider that the Salt Formation lacks from some areas of the
Pietricica digitation, due either to non-deposition or to subsequent erosi-
on ; therefore, some palinspastic sections point to the absence of the Salt
Formation below the Birsesti Conglomerates (Fig. 3).

The Red Formation and the Grey Formation with gypsum show
similar areal development. The base of the former is replaced outwards
by conglomerates with green pebbles.

In the Subcarpathian area, a shallow or very shallow deposition
environment should be considered with respect to the Red Formation (in
order to account for the widespread mammal and bird footprints at the
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top of arenites). A somewhat deeper depositional environment is o be
supposed for the Grey-Formation.

With respect to the transversal extension of those formations ba-
ring base metal sulphides, the following are worth mentioning :

— the occurrences reported from the Salt Formation bdoncr to the
Migiresti-Perchin  (Paltin) digitation and to the salt planing ,shce (Argin-
tari brook) assigned to the Marginal Folds area;

— the ocenrrences of the Red Formation are reduced in the Mi-
giregti Beds (Cerbu brook) and also in the Migiresti-Perchiu digitation ;

— the occurrences from the Grey Formation with gypsum (Vinti-
leasa, Bostina brook, Sub Miguri) are reported to the Migiresti-Perchin
digitation.

It is easily noted that (1) at least so far there are no mineralizations
related to the Pietricica digitation, in the outermast area of the Subeaz-
pathian Nappe respectively, and (2) according to age distribution most
of the occurrences are known in the Grey Formation with gypsumn, the
most relevant ones (Bostina brook) at the level of the Stufu Gypsum.
Then follow the Salt Formation and the Red Formation.

Taking into account the data presented above, the genetic model
of the lead-zine mineralizations related to the Subcarpathian Miceene
implies the discussion of the metal supply, its transport and concentra-
tion types.

As regards the metal supply it is to state from the very beginning
that the magmatic activity cannot be considered as far as:

— all over the Moldavidian nappes area, the Subearpathian Nappe
included, and in the outer foredeep, any pr oof of Miocene or younger ig-
1neous a.ctivity is absent;

— tuffs and/or tuffite interlayerings in the Lower Miocene depo-
sits are fine and very fine pointing to aerial transport on relatively long
distances, excluding the possibility of a simultaneous transport of meta-
llic components ;

-— hydrothermal alteration lacks even within the feldspar grains of
the mineralized sandstones.

Thus, the only possible metal cources may be represented by the
. emerged areas which bordered the sedimentation realm of the Miocene
formations. Outwards, in the Carpathian foreland areas, the main forma-
tions which might have generated metals by levigation during erosion are
the greenschists and/or the metamorphics of Altin-Tepe type. This rource
is mainty related to the accumulations reported to the Salt Formation and
the Red Formation (Migiresti and Tescani Beds).

Innwards the Lower Miocene sedimentation area, the metal sources
could be 1'0p1ebented by the motfunmphlc fmmamon.s which constitute
the Central Kast Carpathian Nappes and their equivalents in the Scouth

Carpathians. Cretaceous fmd/ox Paleogene detrital formations containing
old metamorphic and/or igneous rock fragments reworked during the M]o—
cene could also be considered. The sulphlde accumulations associated
with the Grey Formation with gypsum should be related to the inner
source.

The transport ways of metals from their source to the sedimentation
area might be the following :
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— a8 organo-metallic components, with the metals chemically
related to the organic matter; '

— a8 mefals adsorbed by some clayey minerals ;

— ag lithic fragments containing metallic minerals ;

— as fragments originating in Miocene algal mats which usually
concentrate metallic ions.

These transport ways do not exclude each other, supplying diffe-
rent metal amounts o the deposition area. .

The concentration of sulphides should be considered by taking into
account the genetic models of sedimentation. From this point of view,
most of the sulphide occurrences are assigned to the evaporite formation :
the Salt Formation and the Stufu Gypsum Complex (the occurrences
reported from the Red Formation in the Cerbu brook and from the Grey
Formation in the ,,Sub Miguri” area are excepted). Their association
with evaporites 4 not aceidental at all-and results in defining the concen-
tration genetic' model. It is thus considered that in case of a restrictive
circulation and a certain metal content, the sulphate reduction facilitates
the sulphide precipitation. This process starts with the initial deposition
of greigite (Fe,S,;), a metastable component subsequently transformed
into marcasite and pyrite. The lead and zine sulphides (galena and spha-
leribe) are considered to have crystallized later from the sulphide-bearing
mud, as also proved by their mode of occurrence compared to pyrite and
mareasite (groundmass of detrital fragments or veinlets and clusters
related to the fissures of the host rocks).

As already mentioned, the occurrences investigated show different
composition and stratigraphic position. On the whole the sulphide assem-
blages arc however similar, excepting the Vintileasa occurrence marked
by iron ~ulphides only and the one in the Argintari brook where greigite
is absent, but containing pyrrhotite. The structures are syn- and diage-
netic, wodtly similar, secounting for the non-synchronous crystallization
of sulphides and their local differential mobilization. The pyrrhotite
amounts of the occurrence in the Argintari brook might be due to some
loea! conditions (iron excess, sulphur deficit) of the initial deposit. Massive
pyrrhotite, partly integrown with pyrite as decimetric concretions, is
reporied from the Schela coal-bearing formation in the South Carpathians,
proved of syndiagenetic character (Udubaga, 1984). Considering the me-
so- and microscopic features of the minevalization in the Argintaii brook
and the sulphur isotopes data one may speak of different sources of the
maineralized components of the salt breceia. Usually the mineralizing pro-
cess is syngenetic as proved by the framboidal structures and the pattly
frozen collomorphie textures of pyrite. The relative abundance of marca-
site in all these occurrences shows the acid deposition environrent, which
accounts also for the minor sulphide accumulations.

According to Cioflica et al. (1986) the mineralizations in the Argin-
tari hrook are epigenetic, originating in those of Bostina type due to
L halotectonic” mobilisations. The circulation of brines through evaporite-
~rieh structures could be easily taken into account even after the cessation
of lithification, although it would be more appropriate to speak of peri-
diapir halokinetic remobilisations ; the more so as the remobilization of
sulphides oceurred mostly as fragments of mineralized rocks and less (or
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none) by dissolution, transport and redeposition in the salt breceia. Consi-
dering the metal supply as exogenic and the deposition model as essentia-
lly syngenetic the Jitia mineralizations might be considered syngenetic-
-exogenic on the whole (according to Amstutz, 1959), with local remobili-

sation effects.
Two sedimentation realms could be taken into account with respect

to the model presented : ,sabkha’ and ,,evaporite pan” types.

The ,,sabkha’” type is less acceptable because of the following rea~
sons :

— it requires in thie case of the deposits containing sulphides, both
in the Migiresti-Perchiu digitation and in the Marginal Folds Nappe, a
transitional area between Lhe mainland and the open sea which cannot be
recognized in the paleogeographic reconstruction;

— it implies a substratum consisting of oxidized clastics of red-beds
type which lacks from both the Salt Formation and the Stufu Gypsumn
Complex.

The only level poxs1bly of ,,sabkha” type is partly represented by
the Perchin Gypsum Complex (zee the preceding chapters) which so far
lack in sulphide accumulations. _

The ,,evaporite pan’ type seems to be much more appropriate to the
paleogeography of the Snhcarpathian Miocene, the lithostratigraphic
position of the evaporite levels and the location of related ores. It is to
mention here that the evaporites related to most of the mineralizations
have been generated by concentration - and precipitation from some ba-
sins of varying size, time limited and recurrent. There was a relative com-
munication between these hasins and a weak one with the open sea.

Tlie genetic model of ,,evaporite pan” type is also to be considered
owing to the association of the Salt Formation and of the Stufu Gypsum
Complex with chaiacteristic carbonate rocks (dolomites and laminated
limestones). Co

The vertical distribution and the frequency of sulphide ores seem.
to be due to the following factors:

— the conditions most favourable depositionally and crenetlcaﬂly
were during the sedimentation of the Salt Formation and of the Stufu
Gypsum . Complex ; '

— the presence of montmorillonite in the argillaceous fraction of
the Stufu Gypsum in contrast with its absence from the Salt Formation
probably favoured the transport of higher metal amounts. Unlike the ot-
her argillaceous minerals, montmorillonite has a greater capacity of me-
tal adsorption;

— the two sources (external in the case of the Salt Formation and
nternal in the case of the Stufu Gypsum Complex) supplied different me-
tal amounts, relatively higher with respect to the internal source, but on
ithe whole small in both cases.
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PALEOGEOGRAFIA MIOCENULUI SUBCARPATIC $I MODELUL
GENETIC AL MINERALIZATIEI DE TIP JITIA.

(Rezumat)

Ocureniele de sulfuri cunoscute in depozitele sedimentare miocene
din zona de curburid a Carpatilor apar la mai multe nivele stratigrafice ale
Miocenului inferior gi sint localizate in unitéfile cele mai externe ale Mol-
davidelor, i.e. pinza subcarpaticd (in special) si pinza cutelor marginale
{subordonat).

Litostratigrafia  Miocenului tnferior

Primul reper litostratigratic de corelare a depozitelor miocene din
unitafile sus mentionate este reprezentat de nivelul menilitelor superioare,
acoperit de formatiunca de Goru-Mising. In suecesiune urmeazd formatiu-
neg cu zare de virstd burdigaliani, care este constituiti dintr-o brecie
cu malrice argiloasd si elemente predominante de sisturi verzi de tip
dobrogean. Sarea $i gipsurile se dezvoltd discontinuu, sub forma unor cor-
puri lenticulare, in care se gisese numeroase intercalatil de argile. Tor-
matiunea cu zare este acoperiti de o gresie arcoziani — gresia de Condor.
In pinza de Tarciu, mai internd, formatiunea cu sare este foarte subfire,
nivelul evaporitic fiind reprezentat in special prin ,,gipsurile inferioare’.

Deasupra depozitelor evaporitice litologia Miocenului este mulf
mai diversificatd si aratd frecvente schimbiri laterale de facles. In partea
externid g pinzel subearpatice se gisesc conglomerate (de Pietricica), bogate
in elemente de gisturi verzi, care {rec lateral §i spre partea superioard a
secventei spre o formatiune grezoasd rogie ce poartd denumiri locale (Tes-
cani, Migiresti, Hirja cte.) in diferitele unititi. Limita superioard a for-
matiunii rosii cste diacrond, migrind in timp spre exterior.

Formatiunea cenusie cu gipsuri este cunoscutd in special in pinza
subcarpaticd si constd din marne, gresii 81 nisipuri, in care la diverse nivele
se intercaleazd gipsuri, dintre care gipsurile de Perchiu i cele de Stufu
sint cele mai importante ; sub acesta din wrmd se plaseazd limita Miocen
inferior/Miocen mediw.

Observalit  lilogenetice

Arenite gt rudite. Elementele detritice din depozitele sedimentare
grosiere — In special din formatiunea cu sare i din cea rosie — sint
reprezentate in special prin sisturi verzi de tip dobrogean, fiind prin
wrmare specifice unei surse externe (estice). In contrast, formatinonea cenu-
gie congine elemente detritice caracteristice unel surse interne (vestice),
apartinind ariel carpatice. Cele doud surse de material nu se exclud com-
plet, dar materialul detritic furnizat se deosebeste prin distantele de trans-
port 81 adincimes de sedimentare : mai mici in cazul materialului din sursa
exbernd si mai mari in cazul celui din sursa internd. Mincralele grele din
aceste formatiuni sugereazd in general aceleagi surse majore.

Rocile argiloase. Fractia argiloasd din deporzitele miocene (8. Rédan,
in Sdndulescu et al., 1878, 1980) aratd de asemenea unele diferente mine-



23 MIOTCENE PALEOGEOGRAPHY AND THE GENETIC MODEL OF THE JITIA ORES 101

ralogice, dependente de sursele de material. Astfel, sursa externi a furni-
zat In special illit-+clorit in timpul depunerii formatiunii cu sare, a forma-
tiunii rogii «i a gipsului de Perchiu, materialul argilos ariitind un grad
redus de maturitate. Sursa internd a fost activi in timpul depunerii forma-
tlunilor mai noi decit gipsul de Perchiu, furnizind mai ales montisoril-
lonit.

Gipsurile. Structurile observate in complexul mp%mllm tle Perchiu
(chieken-wire, noduli discoidali, noduli dislocati) sugereazi o adincime de
sedimentare redusd, la limita subacvatlic / subaerian, in concordanti cu
indicatiile date de urmnele de pisdri §i mamifere asociate cu ripple-marks.
Evaporitele din cadrul formatiunii cenusii s-au format in zone plate, cu
mici depresiuni caracterizate de ecirculatie restrictivi, in care s-an depus
gipsuri masive stratilicate.

PFormagiunea cu sare. Masivele de sare din Miocenul inferior sint in-
tercalate intre depozite marine (la partea inferioari) si neritice, fluvio-
lacustre (la partea superioarid). Paleobazinul Miocenului inferior a fost
relativ ingust, spre nord comunicind cu marea liberd, iar spre vest si est
fiind leoa'b cu aria ca.rpmhc{x respectiv cu vorlandul. Sarea <«1/sau sdrurile
de pomsm s-au acumulat in lagune cvasiizolate, fu care se ajungea la hi-
persalinizarea apet si depunerea sdrii ; perfodic, in asemenea lagune — in
special in cele marginale —se acumula gi material detritic.

Mineraiizatiile

Componentii majori al mineralizatiilor de tip Jitia sint sfaleritul
(blends) sirac’ in fier, galena, marcasita, pivita, greigitul (prima mentio-
cnare in aceastd zond), pirotina si cu totul subordonat ealcopirita, sub
formi, de incluziuni qpomdice in sfalerit. Ilmenitul, rutilul, magnetitul &
grafitul apar local, fie in asociatie cu sulfurile, fie in masa Ofl‘e%ulor repre-
zentind minerale detnbwc intre diversele ocurente existd unele dlfercn’re
de compozitic mineralogicd, (Tabelul 1), notabili fiind relativa abunde.nt, a
a pirotinei in ocurenia de pe pirfnl Argintari. In general, sulfurile formea-
7z impregnatii fine, cuiburi, lentile sau vinisoare mai ale\ in gresiile cenu-
wii feldsp(u,lu.\. Intu'e.sanfe th agregatele de sulfuri de fier, in care grei-
gitul (fin granular) aleituieste zona centrald, inconjuratd de agregate pris-
matice de marcasitd cu dispozitie radiard sau de piritd granulard. Sfaleri-
tul si galena apar sub forina unor plaje sau granule neregulate, dispuse in
matricea gresiilor, de care apartin din punct de vedere -al momentului de
formaxe. bfalerlml muleazd uneori cochilii de foraminifere (p Bostinei).
Remarcabild este prezenta constantd a piritel framboidale in toate ocu-
rentele, care reprezintd — aldturi de greigit — primul moment de for-
mare a sulfurilor. Structuri colomorfe ale a(rregaielol de sulfuri — In spe-
cial de pirits si macrasitd — apar din abundentd in ocurenta de pe piriul
Argintari, unde este foarte frecventd si pirita framboidald. La Vintileasa
(pirful Bisericii) marcasita apare sub forma unor cuiburi decimetrice, in
asociatie eu gips. :

Gipsul apare frecvent in asociatie cu sulfurile, cu care este deseori
intim concrescut. Cioflica et al. (1986) mentioneazad de asemenea dolomit,
calcit, anhidrit §i celestind, care apartin in mare mdsurd matricei gre-
siilar.
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Date - geochimice

Mineralizatiile de tip Jitia sint sirace in elemente minore. Unele
elemente litofile (Ba, Zr, Sr) apar la continuturi constant ridicate, iar
Mo, T1 si Mn sint prezente doar in unele probe de sulfuri (tabelele 2 —5).

Compozitia izotopicd a sulfului din sulfuri si sulfaﬁgi se caracterizeazy
printr-un larg interval de variatie, 3%S avind “valori intre — 31,859, si
~+13,47%/49, sugerind in primul rind surse diferite de sulf. In ansamblu, frac-
tionarea lzotoplca, pare normald, desi numéirul de analize pe perechi de sul-
furi (din aceeasi prob#) este prea redus (Tabelul 6) pentru a putea genera-
liza o astfel de concluzie. :

Modelul genetic al procesului de mineralizare

In descifrarea conditiilor de formare a mineralizatiilor de tip Jitia
este important de mentionat faptul ci ldtimea bazinului-de sedimentare
in timpul Miocenului inferior a fost de cca 3 ori mai mare (cca 60 —70 km)
decit litimea actuald a formatiunilor cutate. Distributia areals a forma-
tiunii cu sare, a formatiunii rosii si a formatiunii cenusn este in"general
81mlla,1a, exceptind forma,t;lunea cu sare, care llpseste in unele- sefrmente
ale digitatiei de Pietricica.

Raportind ocurentele de sulfuri la umta,tlle ‘tectonice ce contm depo—
zi te apartinind Miocenului inferior se constati urmstoarele : (1) Ocuren-
tele din formatiunea cu sare apartin atit pinzei cutelor marginale (piriul
Argintari), cit si pinzei subcarpatice — digitatia Migireyti-Perchiu
(Paltin) ; aceasta din urms este de importantd reduss ; (2) In forma,i;,lunea
rogie este cunoscutd o singurid ocurentd mai semnificatlva (piriul Cerbu),
situatd in digitatia Migiresti-Perchiu; (3) Cele mai importante o'éureni;e
sub aspectul extinderii si continuitdtii (piriul Bostina, Sub Miguri) se afly
in formatiunea cenusie, la nivelul glpsulul de Stufu, din digitatia Migiresti-
Perchiu.

Din cele de mai sus rezultd ci nu se cunosc, cel putin ping in prei
zent, ocurente de sulfuri in digitatia Pietricica — reprezentind cea ma-
externd unitate a pinzei subcarpatice.

In privinta sursei de metale trebuie ficute urmitoarele preciziri :
(1) in intreg arealul de dezvoltare a Moldavidelor nu existi dovezi pentru
a sustine existenta unei activititi magmatice in timpul Miocenului infe-
rior gi nici ulterior; (2) tufurile si tufitele intercalate in depozitele sedi-
mentare sint foarte fine, sugerind transportul aerian al materialului, pe
distanté relativ mari, ceea ce exclude posibilitatea transportului simul-
tan de metale. Sursele de material si implicit de metale trebuie astfel ciu-
tate in zonele emerse de la interiorul si exteriorul bazinului de sedimen-
tare, i.e. zona carpaticd si vorlandul sdu. Aceste zone au furnizat succesiv
material detritic in tlmpul depuneril formatiunii cu sare si al formatiunii
rogii (vorlandul) si in timpul depunerii formatiunii cenusii (sursa interns
carpaticd). Modahtaﬁglle de transport al metalelor sint multlple, sub formi
de compusi orwano-meta,lici, ca metale adsorbite pe minerale argiloase, ca
minerale metalifere incluse in fragmentele litice, ca fragmente din p#turi
algale (algal mats) ete.
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Modelul de depunere a sulfurilor de tip ,,tipsie evaporitici’ (evapo-
rite pan) pare s4 fie cel mai adecvat pentru a explica particularitiitile mi-
neralizatiilor de tip Jitia ; evaporitele cu care se asociazd sulfurile contin
§i secvente carbonatice ; precipitarea evaporitelor a avut loc in microba-
zine de diverse dimensiuni si cu dispozitie aleatoare in cadrul bazinului de
sedimentare. Montmorillonitul este cunoscut pentru capacitatea sa mare
de adsorbtie a metalelor in comparatie cu alte minerale argiloase, ceea ce
explicd In mod suplimentar relativa abundentsd a sulfurilor in ocurentele
asociate complexului gipsului de Stufu.

Acumularea sulfurilor s-a realizat astfel in microbazine, in care for-
marea evaporitelor alterna cu aport de material detritic purtitor de me-
tale ; sursa de sulf este asiguratd de reducerea sulfatilor, accidental gi
de sulfurile existente in fragmentele litice, ceea ce explics spectrul larg al
valorilor 3%8 din sulfuri si sulfati. Depunerea sulfurilor poate fi imagi-
nati ca derulindu-se in mai multe etape : (1) formarea greigitului, a piri-
tei framboidale si a pirotinei (probabil sincron cu depunerea sedimente-
lor); (2) aparitia marcasitei —in mare misurd pe seama greigitului si
pirotinei (diagenezd timpurie); abundenta marcasitei in majoritatea ocu-
rentelor — sugerind un mediu usor acid — explicd In parte amploarca
relativ redusi a acumulirilor de sulfuri; (3) cristalizarea sfaleritului i
galenei din miluri cu sulfuri, mentinute ca atare probabil pind la instala-
rea proceselor diagenetice tardive, implicind litificarea sedimentelor, apa-
ritia fisurilor transversale pe stratificatie (in esentd fisuri de contractie),
pe carc au migrat sulfurile de plumb gi zine.

EXPLANATION OF PLATES

Plate 1T

Fig. 1. — Biotite (black) exhibiting greigite on cleavage; greigite (porous) is associated with
subhedral marcasite grains (white). Polished section (SL), oil immersion, x 350.
Bostina brook, gallery 3.

. — Bent biotite within the mineralized sandstone matrix. SL, oil immersion, x 350.
Bostina brook, gallery 3.

Fig. 3. — Semi-rolled ilmenite grain (light grey) contained by sphalerite (grey). SL, oil immer-

sion, X 350.
Bostina brook, gallery 3.
Fig. 4. — Foraminifer shell partly cemented by sphalerite (white) ; quartz and/or feldspar grains
(of grey colour). SL, x 250.
Bostina brook, gallery 3.
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Plate III

Fig. 1, — Sphalerite (white) as anhedral grains or as component of the sandstonc argillace-
ous matrix. SL, oil immersion, x350. ,,Sub Migurd‘.

. — Pyrite (white) cementing the angular detrital components of the sandstone. SL,
oil immersion, x350. ,,Sub Magura‘‘.
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Fig. 3. — Pyrite (white) containing subhedral sphalerite grains (grey) and cementing the
sandstone components (black). SL, oil immersion, x350. ,,Sub Magurd‘.

Fig. 4. — Lamellar marcasite aggregate. SL, x250. Vintileasa.

Plate IV

Fig. 1. — Greigite aggregate (grey, fine-grained, in the middle) with marcasite (white) on bor-
ders. Towards the photograph margins — galena (white). SL, x 250. Bostina brook,
gallery 3.

Fig. 2. — Lamellar marcasite (white) — greigite (white, porous) assemblage. SL, oil immersion,
X 350. Bostina brook, gallery 3.

Fig. 3. — Rhythmic deposition of galena (white, soft) — pyrite (white, in relief) — sphalerite
(grey) with extremely fine chalcopyrite inclusions — galena (white). SL, oil immersion,
X 350. ,,Sub Magurd’.

Fig. 4. — Lamellar marcasite aggregate. SL, X 250. Bostina brook, gallery 3.
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2. ZACAMINTE

EVOLUTION OF BANATITIC MAGMATISM IN THE APUSENI
MTS. AND ASSOCIATED METALLOGENESIS

BY

AVRAM STEFAN 2, | CONSTANTIN LAZAR|2, ION BERBELEAC 3,
GHEORGHE UDUBASA 2

Banatite. Melallogenesis. Calealkaline magmalism. Igneous processes. Pyromelasomalic
mineralisation. Vein hydrothermal mineralisation. Zonalily. Neogene. Apuseni Mis — Neo -
crelaceous — Paleogene magmatiles.

Abstract

Evolution of banatitic magmatism in the Apuseni Mts. and associated metallogenesis.
Banatitic calcalkaline magmatism (Post—Lower Maastrichtian—Palecogene) is widely develo-
ped in the Apuseni Mts. and represents the result of an eruptive activity which had two cycles :
st cycle mostly generated lava flows, sometimes accompanied by pyroclastics as well as superfi-
cial subvolcanic bodies ; 11"? ¢ycle is characterized by important bodies of intrusive. hypabyssal
and plutonic rocks, the last ones being deeply developed. Magmatic banatitic activity in the
Apuseni Mts. ends with dykes of basic rocks which prevail in the Bihor Mts. and follow and
partly overlie in time late alkaline vein differentiated of granodiorite-granitic magma. The
metallogenesis is associated with the I12% cycle being characterized by pyrometasomatic minera-
lizations (which are not so widely developed in comparison with those from Banat) and vein
hydrothermal mineralizations, which occur independently or overlapp the pyrometasomatic
mineralizations., The geochemical spectrum of banatitic mineralizations in the Apuseni Mts.
{Bi, Mo, Pb, Zn, Cu, B, Fe, W, Co, Ni, As etc.) is considerably different from those from
Banat (Cu, Fe, Bi, Zn, Pb, W, Mo, Go). The metalliferous accumulations outline a regional
zonality which is clearly centered on the zone of Bihor Mts. and asymmetrically developed;
they especially follow the development of holocrystalline-equigranular rocks. Eastwards, the
intensity of mineralizing processes decreases at the same time with the reduction of magmati-
tes outcrop areas; presumably in the depth there are, however, unidentified mineralized struc-
fures.

1 Received on November 19, 1986, accepted for publication on November 19, 1986,
communicated at the mecting on November 23, 1985

2 Institutul de Geologie si Geofizica, str. Garansebes nr. 1, R 79678, Bucuresti 32.

3 JPGG, Bucuresti, str. Caransebes nr. 1, R—79678, Bucuresti 32.
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Résume

Evolution du magmalisme banalitique des monts Apuseni el la melalogénése associe. Le

magmatisme chalcoalcalin banatitique (Maestrichtien supérieur—Paléogéne) a une large dévelop- ]

pement dans les monts Apuseni et représente le résultat d’une activité éruptive manifestée par
deux cycles : le premier cycle (I) a généré des écoulements de laves, parfois accompagnés de
pyroclastites et (souvent) des corps subvolcaniques. Plusieurs variétés d’andésites, dacites et
rhyolites ont été mises en place successivement ; le deukiéme cycle (1I) est caractérisé par la

. wvkd

mise en place d’importants corps de roches intrusives, hypabyssales et plutoniques, ces derniéres.

avec un large développement en profondeur. Des intrusions de quartz-diorites sont suivies par
des granodiorites et granites doublés par leurs variétés porphyriques. L’activité magmatique
baunatitique des monts Apuseni s’achéve par la formation des dykes de roches basiques, trés
abondantes dans les monts Bihor; ces roches sont partiellement contemporaines aux produits
filoniens alcalins tardifs de la différenciation du magma granodioritique-granitique. La métalo-
genése est. associée au deuxiéme cycle étant caractérisée par des minéralisations pyrométa-
somatiques (plus réduites que celles de Banat) et filoniennes hydrothermales, indépendentes
ou superposées aux minéralisations pyrométasomatiques. Le spectre géochimique des minéra-
lisations banatitiques des monts Apuseni (Bi, Mo, Pb, Zn, Cu, B, Fe, W, Co, Ni, As etc).
différe sensiblement de celui des minéralisations de Banat (Cu, Fe, Bi, Zn, Pb, W, Mo, Co).
Les accumulations métalliféres indiquent une zonalité régionale clairement exprimée, centrée
dans la zone des monts Bihor, et développée asymétriquement ; elles sont spécialement associées
aux roches holocristallines-équigranulaires. Vers l’est, I’intensité des processus de minérali-
sation diminue parallélement 4 la diminution des aires d’affleurement des roches granodioriti~
ques-granitiques ; mais on suppose que dans la profondeur on peut trouver des minéralisations
non identifiées encore.

This paper presents the evolution of the banatitic magmatism and
associated metallogenesis for the whole area of the Apuseni Mts ; we also
added here benton1t17ed rhyolites from the Chioarului Valley.

Not considered here are the granitoids from S#virsin, Cerbia, Pie-
troasa-Cizanesti, Dealul Mare-Podele and Ampoita (Metaliferi Mts) as
they belong to an early magmatic activity, Lower Cretaceous in age.
These rocks cut the ophlohtes and the relations with the sedlmentary
rocks as well as the K-Ar datings indicate that their age does not fit the
banatites one. In addition, the granitoids have different petrologic featu-
res (Stefan, 1986). Savu et al. (1986 ) suggest these magmatites belong to
the products of an island arc voleanism..

The volcanics in the southern part of the Metaliferi Mts. described
by Borcos et al. (1984) as belonging to the banatites are not included here
as well. Their space distribution is still incompletely known and conse-
quently not represented on geological maps.

This paper contains only few petrochemical data; however, on the
geological map (Plate I), there are QAP diagrams for each group of bana-
tites in order to point out the petrotypes and teo suggest the magmatic
evolution.

The origin of the banatitic magmas was already discussed in rela-
tion to the subduction processes in the Carpathians (Rddulescu, Sindu-
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lescu, 1973); as no supplementary data have still appeared, this problem
is here no longer treated. Although in the last decade there were obtained
numerous results of isotopic analyses (Pavelescu, et al.,, 1975, 1985;
Bleahu et al., 1984 ; Russo-Sindulescu et al., 1984), their bearing on the
evolution of the banatitic magmatismin the Apuseni Mts. was not included
because of some uncertainties concerning the interpretation such as: 1)
the measured values are often discrepant both regarding the rocks’ age
within a certain magmatic body and/or in relation with the field data con-
cerning the succession of magmatites ; 2) just where the succession of
magmatites’emplacement is very well known and the distribution area
is the largest one, we have very few and unconvincing data of isotopic
ages.

Previous data

There are rather numerous review papers concerning hanatitic mag-
matic rocks, products of magmatic metamorphism and associated meta-
llogenesis in Romania and/or in the Apuseni Mts. (Giusca et al., 1966

Yioflica, 1967 ; Cloflica et al., 1973, 1980, 1985 ; Ciotlica, Vlad, 1973, 1934 ;
Tanovici et al., 1969, 1976 ; Ridulescu, 1984 ; Ridulescu et al., 1981).

Among the papers dealing with the study of banatitic magmatites
and post-magmatic products, we mention those regarding: Vlddeasa
eruptive massif (Giuscd et al., 1969 ; Istrate, 1978 ; Stefan, 1980); Budu-
reasa massif (Istrate, Udubasa, 1981); Fagului Valley (Udubasa et al.,
1980); Bihor massif (Jude, Stefan, 1967; Cioflica, Vlad, 1968, 1970,
1979 ; Cioflica et al. 1974, 1982 ; Proca, Proca, 1972 ; Giuscd et al., 1973,
1976 ; Lazir et al., 1982); Bucea-Cornitel-Borod (Berbeleac et al., 1932);
Mezes-Chioarului Valley (Stefan et al., 1986); Giliu (Borcos, Borcos,
1962 ; Gheorghitescu et al., 1979 ; Lazdr et al., 1972 ; Stefan et al., 1935);
Trasciu (Bordea, Dimitrescu, 1966 ; Russo-Sindulescu, Berza, 1975;
Russo-Sindulescu et al., 1976 ; Nicolae, 1983); Migureaua Vatei-Birti-
nului Valley (Jude et al., 1973 ; Stefan et al., 1982) and Almasul Mic-Me-~
taliferi Mts. (Berbeleac, 1975).

Evolution of banatitic magmatism

The banatitic calecalkaline magmatism (Post-Lower Masstrichtian-
Palaeogene) which is widely developed in the Apuseni Mts., tock place
within two important cycles unequally 1epresented from one zone to anot-
her ; the most northern occurrence of such magmatic products can be met
in the Chioarului Valley (Pl. I, Fig. 1).

The first cycle is characterized by lava flows (Vliddeasa, Gildu) so-
metimes accompanied by pyroeclastics (Vlddeasa, Mezey-Chioaruluni Va-
lley) ; simultaneously superficial subvoleanic bodies have been emplaced
(Vlideasa, Gildu, Bihor); in some zones, the first cycle of magmatites has
not been identified yet (Trasciu).

Within the second main cycle there have been emplaced hodies of
intrusive rocks, generally hypabyssal as well as plutonic ones which are
widely developed in the depth (Proca, Proca, 1972 ; Cioflica et al., 1932).
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Succeeding or oveilying in time the late alkaline vein differentia~
tion products of granodiorite-granitic magma, there have been emplaced
dykes of basic rocks (very abundant in Bihor) which end the banatitie
magmatism in the Apuseni Mts. _

Well represented especially ‘in the VIideasa massif and to a lesser
extent in Giliu Mts. and Mezes-Preluca, Post-Lower Maastrichtian vol-
canism (Istrate, 1978 ; Stefan, 1930 ; Stefan et al., 1982, 1985)of the first
cycle of banatitic magmatism hegins with lava flows of quartziferous an-
desites (bearing pyroxens and lhiornblende or only hornblende to which
sometimes adds hiotite). Rather abundant in the Vlideasa (occupying
15 —209, of the outcrop area of banatitic rocks), andesites have been ge-
nerally emplaced at the margin of the eruptive massif, along some fractu-
res which bordered VEideasa graben (Stefan, 1930); the lava flows occupy
relatively reduced areas. Subvolcanic bodies of small size as well as ande-
site lava flows which have been emplaced within the same I cycle, are
found in the Giliu Mts. In the Bihor Mts. andesites form sills and dykes
small in size (Jude, Stefan, 1967); lava flows are not found.

In comparison with the Necogene andesitic voleanism (of central
type) the banatitic andesitic volcanism (of linear type) in the Apuseni
Mts.? is not accompanied by pyroclastic products.

In the Vlideasa massif, andesites ave followed by dacites, which
cross and include them as xenoliths. Dacites constitute intrusive nappes,
dykes or lava flows which cover the Upper Coniacian-T.ower Maastrich-
tian deposits.

In Gildu, Trasciu, Metaliferi and Drocea Mts. dacites from the It
cycle of banatitic inagmatism are lacking and in Bihor, they occur only
within a few subvoleanic bodies of small size.

In Bihor, better vepresented ave the rhyodacites; in the western
part of Biharia massif, they form numerous sills and irrvegular bodies,
both in the crystalline schists of the Biharia series and especially in the
phyllites of the Pdinseni series. Rhyodacites also occur in the Gildu Ms.
near NE border of the massif, forming dvkes, sills and irregular bodies. In
all the other regions of the Apuseni Mts. rhyodacites are lacking or for the
time Dbeing they have not been drawn up on the issued geological maps.

The typical development area of the first cvele voleanism — the
Vlddeasa Mts. — contains the greatest volume of rhyolites forming the
volcano-plutonic massif of Vlddeasa (Giuscd et al., 1969). The rocks of
the Vlideasa main eruptive body cut and include andesites, dacites and
two older rhyolite rock types producing as well contact breecias with
them. Although the Vlideasa rhyolites represent subvoleanic bodies, they
exhibit ignimbritic features (Stefan, 1930).

The (ignimbritic) rhyolites displaying ignimbritic features repre-
sent massive rocks, sometimes with eutaxitic structures, welded tuff and
rarely rocks with vitrophyric structures (west of the Iadului Valley);
they end the banatitic igneous activity of the first cycle in the Vlideasa
mas=if. However, the latest rocks of the first cvele are the banded biotite-
-rhyolites developed only on the western border of the massif (Istrate,
1978).

Rhyolites of ignimbritic characters similar to those in the Viideasa
are et NE of Zaliu in the Migulicea hill and represent together with
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those from Puguiorul hill olistolith (near Moigrad), the northern occu-
rrences of this type (Stefan et al., 1986).

¥ eycle 1hyolites forming exluswelv subvoleanic bodies, intrusive
nappes, blHq dykes are well represented in South Bihor and less in Gildu ;
in the Trascéu Mts. such rocks have not been identified. It ix hardly diffi-
cult to ascribe the Borod rhyolites to the fiist cyele voleanisin although
they are quite similar to those occuiring in the Bihor and Giliu Mts. An-
desitic, dacitic and 1hyolitic volcanics on the margin of Budureasa and
Pietroasa intrusive massifs in fact belong to the VIideasa eruptive massif.

In the Metaliferi Mts., rhyolites as well as some varieties of andesi-
tes of Upper Maastrichtian-Paleocene age (Boicos et al., 1984), which
generally coriespond to the products which wele pr (‘\1011\1) ascribed to
the 1 cycle of Neogene volcanism (Ianovici et al., 1976), seem to have a
wide distribution; however, their distribution is as yet incompletely
known, the relationships between rhyvolites and andesites are still uncer-
tain as well as their morphology. That is why they have not been inclu-
ded on the map (Pl I).

Vitroclastic rhyolites intensively bentonized from the Chioarului
Valley dyke, have a special mineralogical and chemical composition ;
they are richer in Na,O than the other mentioned 1hyolites (Stefan et al.,
1986).

The voleanics and the near-suiface subvolcanic rocks belonging to
the first cycle rarely produce contact phenomena. However, there exist
andalusite hornfelses formed at the expense of some metamorphic rocks
near the Mirgiuta dacite dyke at Chicera Hill in North Vlideasa. In addi-
tion, all the xenoliths are nearly completely digested and transformed to
hornfelses reaching the pyroxene facies.

The products of hydrometasomatic metamorphism are rather abun-
dant in the rhyolites of Vlddeasa main body ; epidote and sometimes zeo-
lites are very well represented. Generally the hanatitic voleanics and es-
pecially rhiyolites are autometammphlca]lv changed or by a late contri-
bution of hydlothelmle solutions ; excepting pyute which is very rare,
they are not accompanied by metalliferous nminerals. There where such
mineralizations are met in the volcanics themselves or sedimentary rocks,
they should be associated to some magmatites of the II" cyele probably
granodioritic-granitic in composition, situated in the depth (for instance:
Ciripa zone in the basin of the Driganului Valley, Vlideasa).

Banatitic volecanism in the Vlddeasa massif certainly ends before the
Cuisian, because blocks of andesites, dacites and rliyolites similar to those
in the eruptive massif, are included as elements in the conglomerates at
the base of the lower red clays complex (Paleocene-Ypresian) from Mor-
laca. An apparent isotopic age of 6143 mil. vears (Bleahu et al., 1984)
seems very close to real age of rhyolitic volcanisni.

The second main cycle of hanatitic magmatism contains a great deal
of quartz-dioritic rocks and especially granodiorite-granitic ones accom-
panied and preceded in crystallization succession hy thelr porphyritic
varieties which are placed at the periphery of plutonites both as marginal
facies of big bodies and as their apophyses ; herein other types of subvol-
canic bodies which aie not o close to plutonites, can be added. Swarms of
subvoleanic bodies of porphyritic, quartz-dioritic, granodioritic or granitic
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rocks which are drawn on the map, are supposed to be associated to some
profound plutonic bodies ; such a supposition which is on account of geop-
hysical data was confirmed by deep drillings, which were done in the area
of Hilmigel-Valea Seacd pluton (Cioflica et al., 1982). The presence of
some more profound intrusions -in the spring zone of Crisul Alb river, in
the Trasedu, Giliu, Mezes Mts. as well as Borod or Fagului Valley, has
not been proved yet, but there are geological premises sypporting such
an idea ; this fact is also suggested by geophysical anomalies in most cases.
Nature and abundance of rock types in the satellite bodies which precede
the big intrusions, indicate the relative depth of pluton and its composi-
tion.

Banatitic magmatism of the II®* cycle begins with quartziferous
diorites and their porphyritic varieties (porphyritic microdiorites, diorite
porphyres-quartziferous andesites), which, on the Toha Valley south of
Ariesul Mic river, in Bihor, cross the rhyolites of the I8 cyele (Jude,
Stefan, 1967). In the southern part of the Bihor Mts. at H#lmigel and
Obirsa, quartziferous diorites are crossed by granodiorite-granites and at
Stinisoara, porphyritic rocks of dioritic composition in the subvolcanic
bodies are thermally changed into the contact aureola of granodioritic-
-granitic body. In the Gildu Mts., in the Vadului Valley and at Baisoara,
such rocks of dioritic composition constitute the marginal facies of the
rock bodies of granodioritic composition.

In the Bihor Mts. diorites and their porphyritic varieties are displa-
yed at the periphery of the granitic pluton or in its cover, starting from
Hilmaigel and Obirsa, at south, in the Géina Mt., at east and up to Valea
Seacd at north. In this last zone, magmatites have a quartz-monzodioritic
composition, being similar from this point of view with those from M3gu-
reana Vatel-Birtinnlui Valley body, which is the southernmost occu-
rrence of banatitic magmatites in the II** cycle of the Apuseni Mts.

In Pietroasa, Budureasa and Western Vlideasa massifs, quartz-
dioritic rocks occur either as some independent bodies or at the periphery
of granodiorite-granitic-monzogranitic rocks; in fact, they are included
here as xenoliths. Porphyritic microdiorites are also met in the northern
extremity of eastern Vlideasa eruptive massif, north of Crisul Repede
river, at the periphery and in the cover of granodiorite porphyry dyke;
in the dyke itself as well as everywhere in the rocks of granodioritic com-
position there are numerous xenoliths of porphyritic microdiorites.

In the Gildu Mts., south of Béiisoara, there are rather continuous
transitions from the granodiorites and quartz-diorites (sometime with
monzodiorites characters) to their marginal counterparts. In this region,
bodies of porphyritic quartz-andesitic rocks up to mierodiorite-porphyres
are widespread, but the R#cdtdu quartziferons diorites and especially
those from Iara are not so extended, on account of small-sized hypabyssal
granodioritic body.

Bodies of porphyritic microdiorites in the Borod zone as well as
those of quartziferous andesites-porphyritic microdiorites from Mezes,
Gilau, Trasedu, Bihor and Migureaua Vatei-Birtinului Valley, which are
generally automorphically changed, caused no important phenomena of
contact metamorphism and are barren, excepting some isolated pyrite
impregnations.
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In the central part of the Metaliferi Mts. (Almasul Mic —V3ilisoara),
there occur dykes of quartziferous diorites passing to gabbro-diorites and
monzodiorites, placed according to a system of fractures ENE —WSW
oriented ; a series of veins of andesitic composition add to these rocks.

On the products of contact metamorphism associated to diorites
and generally to Laramian magmatism in the Apuseni Mts. already de-
seribed by Cioflica et al. (1980), we do not insist reminding only that the
most intensive thermal changes of surrounding rocks were caused by quart-
ziferous monzodiorites from Migureana Vatei —Birtinului Valley, gene-
rating hornfelses which correspond to pyroxenic facies.

Skarns often accompanied by magnetite concentrations occur almost
everywhere at the contact between dioritic and carbonate rocks, some-
times base metal sulphides associate with the skarns (Fig. 1). So, at
Migureaua Vatel skarns of a very rich paragenesis (gehlenite, spuivite,
tilleyite, garnets, pvroxens, wollastonite, vesuvianite) are associated to
Fe 4+ Ba metasomatic mineralizations in the western extremity of quairtz-
monzodioritic hody and sulphide veins in the eastern extremity of the
magmatic body, where prevail granodiorite-granites. On Martin hill at
Sirbi —Hilmigel, in the aureola of dioritic body, which is crossed by gra-
nodiorites, there occur iron oxides and sulphide mineralizations. Magne-
tite associated with banatitic magmatites are also found at the spring of
Ariegul Mic, Valea Seacé and Budureasa; in the last two zones, weak sul-
phide mineralizations overlie this kind of mineralizations as well. It is
obvious that the iren oxides mineralizations are mostly associated to dio-
ritic, quartz-dioritic and monzodioritic rocks ; even in the zone of Iara —
Biigoara from Giliu Mts., granodioritic rocks to which associate the well
known iron mineralizations, pass to quartz-monzodiorites (see QAP dia-
gram in PL. I).

The Hilmsigel and Obirsa quartziferous diorites as well as those from.
Gaina cross Maastrichtian sedimentary rocks intensely hornfelsized ;
this fact pleads for their Paleogene age.

Dacites-granodioritic porphyres and porphyritic microgranodiorites
as dykes, sills or apophyses of profound granodiorite-granitic bodies are
sometimes thermally influenced by the latter one. These porphyritic rocks
cross and include quartziferous andesites-porphyritic quartziferous micro-
diorites which are emplaced at the beginning of the II** cycle. Around
such rock bodies sometimes better developed, took place weak thermal
contact phenomena (up to hornfelses of the albite-epidote facies) and are
often accompanied by hydrometasomatic products, which are sometimes
associated with weak mineralizations especially pyrite-bearing (Bihor,
Viideasa, Gildu, Trasciu, upstream of Crisul Alb river).

Granodiorite-granites in the same magmatic stage constitute main
mass of banatitic bodies in the Apuseni Mts.; although they outcrop
on small areas, as we already mentioned their development in the depth
was proved (in the Bihor and partly in the Gildu).

The granodiorite-granitic rocks to which the main sulphide minera-
lizations are genetically connected, cross quartziferous diorites and por-
phyritic microdiorites which are often found as xenoliths at the periphery
of granodiorite-granitic bodies (Budureasa, Pietroasa, Vlideasa, Gildu,
Southern Bihor).
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Around big bodies of granodiorite-granitic composition, took place phe-
nomena of thermal metamorphism which sometimes extend on 1500 m as in
the Bihor, round the granitic pluton (Cioflica et al., 1974). Although products
of thermal metamorphism are widely spread in the Bihor, excepting some
intensely hornfelsed xenoliths (where sillimanite prevails) intensity of
thermal metamorphism reached only the facies of hornblende hornfelses.

Under geologically favorable conditions, i.e. in the contact aureola
of the granodiorite-granites plutons, Fe-, B-, Bi, Mo bearing skains have
been formed, locally overlapped by %ulphide mineralizations, sometimes
mdependentlv de\'eloped, such as the vein occurrences with Cu— Zn- and
Pb- sulphides at Valea Seacd, Valea Maie —Budureasa cte.

Subvoleanic bodies of microgranitic rhyolites, granophvres and
perphyritic mierogranites which form dykes and irregular bodies (in
Viddeasa, Bihor and Borod probably belong to the same magmatic epi-
sode; they are sometimes accompanied by weak sulphide mineraliza-
tions (Eastern Vlddeasa, at Scrind -—Réchitele; Borod).

Granodiorite-granitic and diovitic rocks which cross the Lower
Maastrichtian sedimentary deposits and as in the VIideasa and Budureasa,
I* cycle volcanics at Gildu —Iara are discordantly covered by striped clays
from the lower complex. This fact reduces a lot the emiplacement interval
of banatitic magmatites in comparison with that resulted from isotopic
ages (Russo—Sindulescu et al., 1984 ; Réidulescu, 1984).

The II* cycle of banatitic magmatism ends with alkaline diffe-
rentiates rich in Si0, and K,O; they form veins of aplites, microgranitic
and/or micropegmatitic rhyolites, porphyritic microgranites etc. In the
Bihor and Budureasa —Vlideasa Mts. such rocks form NNW —SSE tren-
ding dykes with extension varying between hundreds of meters to some
(few) kilometers. The dykes of similar composition in the Mezes, Gildu
and Trasciu Mts. do not show prefeiential orientation. Such rocks did
not generate products of theimal metamorphism to be significant and are
not accompanied by mineralizations (Istrate, Udubasa, 1981).

It is likely that the isotopic age of these rocks, i.e. 47 —31 m.y.
(Istrate et al., 1976) is their real age.

After the consolidation of the granodiorite-granitic magma, basaltic
andesites, basalts and lamprophyres have been emplaced on deep frac-
tures ; they come from a different, moie deeper situated magmatic source.
These basic rocks are nearly synchronous with the later differentiates of
the granodiorite-granitic magma (as in the Gildu Mts.) or they are much
later emplaced simultaneously with the circulating hvdrometaysoma’cic
solutions associated to granodiorite-granitic plutons, e.g. Bihor Mis. The
lamprophyre dykes, typmally developed in the Bilior Mts. have a similar
trend, i.e. NN'W —SSE, to that of differentiation products of the grano-
diorite—granitic magma (rich in 8i0, and K,0); the former cut the alka-
line differentiates.

Banatitic metallogenesis.

Occurrences and ore deposits which are genetically associated to
banatites in the Apuseni Mts. belong to (Laramian) banatitic metallo-
genetic belt which extends on about N —S direction from north of the
Crisul Repede up to the south of the Danube.
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From genetical point of view, we distinguish mineralizations asso-
ciated to skarns (especially B, Fe, Bi, Mo, W and Cu concentrations) and
hydrothermal concentrations in which impregnation and substitution
processes played a subordinated part. Hydrothermal mineralizations are
much more diversified in comparison with pyrometasomatic ones which
they often overlie.

Metallogenesis associated to banatites in the Apuseni Mts. has dis-
tinet features in comparison with that from Banat. Firstly, in the Apuseni
Mts. skarns are not so developed; secondly magnetite mineralizations
are only locally developed (Béisoara zone); thirdly, the main metals in
the ore deposits are more diversified than in Banat ; their major geoche-
mical spectrum includes Bi, Mo, Pb, Zn, Cu, B, Fe, W, Co, Ni, As etc.
while in Banat, where according to the importance there is another series
of metals : Cu, Fe, Bi, Zn, Pb, W, Mo, Co. Therefore, it is suggested a
metallic differentiated potential for the two major zones of banatites’
development in Romania, which also have a different origin in relation
with the models of plate tectonics (R#idulescu, Sindulescu, 1973 ; Sin-
dulescu, 1984). Various regimes of formation and evolution of the bana-
tites and of the associated metallogenesis are in fact reflected in the appa-
rition of porphyry-copper systems, which are known up to now only in
Banat (Cioflica, Vlad, 1980).

In the Apuseni Mts., representative bodies of skarns of very diffe-
rent forms and sizes are known in the Bihor —Budureasa, Gildu massifs
and Méigureaua Vatei (Fig. 1); for the time being, skarns are not known
in the Plopis, Mezes, Trasciu Mts. and in the Eastern Metaliferi Mts. as
well. Skarns generation was controlled both by the circulation ways oc-
curred near the banatitic plutons and by the paleosome nature. The li-
mestones and dolomites both from the crystalline series and Mesozoic
deposits prove to be very favorable to the substitution processes.

Regarding the types of skarns which occur, we remark on one side,
prevailing infiltration skarns in relation with the contact ones (which
are more characteristic for Banat), on the other side, prevailing apocarbo-
natic skarns in relation with aposilicate ones; caleic skarns are more
developed than magnesian ones.

Mineralizations of iron oxides occur in the Apuseni Mts., especially
in B#isoara —Magca —Cacova Teril district (Lazir, Intorsureanu, 1982),
at Mégureaua Vatei, Martin Hill (Hilmigel), spring of Ariesul Mic and
Valea Mare (Budureasa). They associate spatially and maybe genetically
either to some intrusive dioritic or monzodioritic bodies or to some basic
envelopes of some granodioritic bodies. To granodiorite-granitic plutons
(ex. Biaita —Dedes valley pluton, Bihor) are associated obviously poly-
metallic mineralizations, which consists mainly of sulphides and sulpho-
salts, more rarely sulphoarsenides and arsenides of Fe, Ni and Co.

Hydrothermal mineralizations are widely spread in the Bihor massif
(Riul Mic, Brusturi —Luncgoara, Valea Vacii, Sipot brook, Valea Mare
(Poiana), Izvorul Bihorului, Gruiul Dumii, Biita Bihorului, Valea Seaci
etc.), as well as in Budureasa, Vlideasa massifs, at Julesti —Valea Fagului,
in Plopis Mts. (at Bucea —Cornitel), in Giliu Mts. (Valea Lita, Biisoara),
on the Birtinului Valley and at Cizinesti and Almagul Mic, in the Meta~
liferi Mts. too.
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The hydrothermal minerals are frequently spatially associated with
skarn and high temperature minerals (such as magnetite, ludwigite, ilvaite,
scheelite, molybdenite, bismuthite, pyrrhotite) and generally succeed the
skarn stage of postmagmatic mineral formation. The hydrothermal ore
minerals build up mainly veins and hydrometasomatic bodies; locally
‘there are impregnation bodies, stockworks or simple nests.

The ore veins are related to breccia zones or along fractures and
their trend (especially in the Bihor Mts.) is mostly NNW —SSE, that is
the same as the trend of the lamprophyres dykes closing the banatitic
magmatic activity. The size of the ore veins is quite variable : hundreds
of meters in length and some few meters in width. Their vertical exten-
sion varies from some tens of meters (Julesti —Valea Fagului) to 100 —200
m (Almasul Mic, Bucea, Cornitel) and, more rarely 300 —500 m (Biita
Bihorului, Brusturi-Luncgoara).

In the Bihor massif, the ore veins have the following characteristics :
(1) both the ore vein and a lamprophyre frequently occupy the same
fracture space; (2) the veins are obviously inhomogeneous as regards the
distribution of the voids alternating with impregnation and substitution
zones, i.e. there is a ,,vein zone’”, a nawme frequently used by the mineis
themselves ; (3) the ,,vein zone” include ores with various struectures:
massive, parallel, sometimes banded (symmetrical and asyvinmetiical),
breccious, impregnation, with mineralized caves etc. but the most common
and typical are the composite structures; (4) the main fracture vein is
often accompanied by veinlets and mineralized fissures, joined or not
with the main veins; (3) the ore deposition was accompanyied and follo-
wed by movement along the veins, a fact proved by breccious structures
and especially by longitudinal and cross-cutting faults hosting non-metal-
liferous minerals; (6) the vein width varies directionally ; its maxima is
commonly reached in the median zone; (7) there are either isolated veins
or vein groups with parallel or ,,en echelon” distribution ; (8) there exist
mineralogical and chemical composition (both qualitative and quantita-
tive) on the vertical and horizontal scale.

Some ore deposits have an obvious vertical zoning. A characteristic
example is Brusturi —Luncsoara ore deposit, which was opened by means
of mining works at about 350 m depth. At the upper levels, there is a
lead-zinc mineralization, while at the lower levels, cupriferous character
of the mineralization becomes more obvious. This modification of Cu/Pb -+
Zn ratio is accompanied by an increasing amount of skarn and iron oxides
minerals.

Impregnation and/or substitution bodies can be sometimes lenti-
cularly developed, being very long and flattened. They are often parallely
oriented with the regional system of fractures (NW —SE), rarely about
E —W (ex. Bucea —Cornitel, acc. to Berbeleac et al., 1982).

Processes of metasomatic metamorphism which influenced both
cerystalline formations ‘and Pre-Paleogene sedimentary rocks and bana-
tites are very widely spread; therefore, their products are everywhere
found. The aureola of hydrothermal metamorphism is much more exten-
ded than thermal and/or pyrometasomatic metamorphism, which it some
times overlies.
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* It is quite difficult to establish the appurtenance of minerals to the
mineral associations andjor parageneses formed in the convergence zones
of various factors controlling the development of the metasomatic pro-
cesses ; that is true especially in the marginal parts of the main plutons
or in their cupolas. The contact metammorphic aureola of the granodio-
rite-granitic pluton in the Bihor massif has the greatest extension; on
the vertical scale it reaches 2 000 m or more (Lazér et al., 1982). The alte-
ration processes are described in numerous papers, e.g. Gherasi, 1969;
Cioflica et al., 1974, 1982 ; Giuscd et al., 1976 ; Ionescu, Berbeleac, 1971 ;
Lazdr et al., 1982) and typical minerals of K-feldspar-, propylitic-, serici-
tic- and argillitic alteration zones have been depicted; some alteration
minerals occur in vugs, e.g. quartz, carbonates, feldspars, epidote, chlorite,
clay minerals, zeolites, accompanying the ore ininerals.

The Apuseni Mts. banatitic metallogenesis is centered on the Bilior
Mts. zone with a maximum complexity in the Biita Bihor ore deposit.
An obvious horizontal zoning appears around this important ore deposit
(Fig. 2). The internal zone contains Co, Ni, Mo, Fe, Bi, Ag, Au mine-
ralizations, the most typical being the Gruiul Dunii ore deposit, including
the whole zone between the spring area of the Crigyul Negru, Ariesul Mic
and Ariesul Mare rivers. It follows a discontinuous zone with iron oxides
{magnetite, hematite) and base metal sulphides; the typical ore deposit
belonging to this zone is that at Brusturi (Dolii Hill). The external zone
contains Pb —Zn and pyrite ores. All the zones may contain gold occur-
rences but they are typical of the external zone.

The regional zoning is however, incompletely developed and the
zones show towards east uncertain boundaries. Therefore, the metallo-
genesis cannot be ascribed to a single magmatic body but to several ones
with simultaneous mineralizing activity. The most important is the Cen-
tral Bihor pluton, in whose apical zone there are a lot of mineralized strue-
tures with skarns and subsequent polymetallic mineralizations. Periplu-
tonic zoning of the Bihor Mts. mineralizations was established both by
means of metallic minerals associations and geochemical data (Lazdr et
al., 1982 ; Cioflica et al., 1982). Northwards, the superficial pluton (Hoch-
pluton) Budureasa —Fietroasa —Vlideasa iz accompanied by weaker
mineralizations which are placed southwards. East of the Apuseni Mts.,
a similar pluton, the Gililu —Biigoara zone, had a metallogenetic iron-poly-
metallic activity at the end of its evolution. .

The most peripherical zones (Migureaua Vatei, Borod —Cornitel,
Mezes and Trascau) associate with some small-sized intrusions (iron mine-
ralizations in skarns and polymetallic vein ones) or with some hidded
intrusions very small in size in the depth.

Mineralized structures are displayed within an asymmetrical zoning
so that western zone is much richer than eastern zone. Otherwise, in the
west, on a N —S alignment, there is the great part of holocrystalline-equi-
granular rocks, to which the mineralizations are connected. Such an asym-
metry can be associated both to a position or an asymmetrical form of
central pluton and to geological structure, which is different westwards
and eastwards too. It is possible that eastwards, mineralized zones whose
boundaries remain opened to continue in the depth, this region becoming
thus a perspective zone (eventually for the second depth stage).
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Banatitic metallogenesis is characterized by ores containing IFe,
B, W, Mo, Bi, Co and Ni as major elements; on the contrary Neogene
metallogenesis contains significant concentrations of Au, Cu and Te. Geo-
chemical aspects of banatitic mineralizations are given by the analysis
of the distribution of minor elements in sulphides. A few examples of
associations of minor elements are given in Fig. 2.
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Fig. 2. — Regional distribution of the mineralization types in the Apuseni Mountains. 1, ba-

ritine occurrences ; 2, brucite occurrences ; 3, pyrite occurrences with or without gold; 4, poly-

metallic occurrences (Gu, Pb, Zn); 5, occurrences with Go, Ni, As, Bi, Ag ore; 6, Bi, Mo,

W, B, Cu, Pb, Zn occurrences ; 7, Fe + Cu occurrerces ; 8, minor elements characteristic (down-

wards) in pyrite, sphalerite, galena; 9, outcrop areas of holocrystalline-equigranular rocks ;
10, zones contours ; 11 geophysical anomalies.

¢ We do not share Russo-S#ndulescu, Berza (1976) opinion on the presence of agglome-
rates and of a volcano-sedimentary formation at Izvornl Muntelui in the Trasciu Mts.
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EVOLUTIA MAGMATISMULUI BANATITIC DIN MUNTII
APUSENI SI METALOGENEZA ASOCIATA.

(Rezumat)

Magmatismul calcoalcalin banatitic (post-Maastrichtian superior —
Paleog ene) are o largd dezvoltare in Muntii Apuseni (pl. I) si s-a mani-
festat in cadrul a doud cicluri importante, dar cu distributie inegald. Ciclul
I a generat curgeri de lavg (Viddeasa, Gﬂau) uneori 1nsoi;,1te de piroclas-
tite (Vlddeasa, Mezeg —Valea Chioarului) gi corpuri subvulcanice s uper-
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ficiale (Vlideasa, Gildu, Bilor); magmatitele acestui ciclu n-au fost recu-
noscute in Muntii Trasciu. Ciclul IT a generat roci intrusive, hipoabisice
si plutonice, acestea din urng fiind larg dezvoltate in profunzime. Magma-
tismul banatitic din Muntii Apuseni se incheie cu punerea in loc a unor
dyke-uri de roci bazice, abundente in Muntii Bihor, care succed i se supra-
pun in timp (partial) peste diferentiatele filoniene alcaline tirzii ale magmei
granodiorit-granitice din care s-au diferentiat magmatitele ciclului IT.

Ciclul T debuteazd prin curgeri delave andezitice (andezite cuartifere
cu piroxeni si hornblendd, cu sau fird biotit), dezvoltate din abundentd in
masivul Vildeasa, unde ocupéd 15—209, din suprafata de aflorare a rocilor
banatitice. Corpuri subvulcanice se intilnesc in special in Muntii Gildu, iar
in Muntii Bihor andezitele formeazi sill-uri si dyke-uri de dimensiuni
reduse.

In succesiune urmeazi dacite (pinze intrusive, dyke-wri, curgeri de
lavd) in masivul Vlddeasa, riodacite (sill-uri, dykeuri, corpuri neregulate)
in Muntii Bihor si Gildu. (Fig. 1). Ciclul I se continui cu importanta masa
de riolite, in parte cu caracter ignimbritic, din masivul Vlideasa ; echiva-
lentele lor din Muntii Gildu, Muntii Bihor si din cea mai nordicd ocurentd
dealul Migulicea de la NE de Zaldu an arii mai reduse de dezvoltare si for-
meazé sill-uri, dyke-uri ete. ; la Valea Chioarului sint intens bentonitizate.

Vuleanismul banatitic din masivul V1ddeasa se incheie in mod sigur
inainte de Cuisian, intrucit blocuri de andezite, dacite si riolite se gisese
in conglomeratele din baza complexulni argilelor virgate inferioare
(Paleocen-Ypresian) de la Morlaca.

In legiturd cu magmatitele ciclului T se cunose iviri modeste de cor-
neene, mai abundente in xenolite (Vliddeasa), iar produsele metamorfismu-
lui hidrometasomatic apar reprezentate mai ales prin epidot si zeoliti,
‘rareori insotite de piriti.

Ciclul I1I, principal, include un mare volum de roci cuart-dioritice
si mai ales granodiorit-granitice, insotite sau precedate de varietitile lor
porfirice ; acestea sint localizate la periferia plutonitelor, ie ca faciesuri
marginale ale corpurilor magmatice mai mari gi apofize ale acestora, fie
sub forma uwmor corpuri subvulcanice gvasi-independente. Roiurile de
corpuri subvulcanice de roci porfirice (cuart-diorite, granodiorite, granite)
precum si anomaliile geofizice sugereazi prezenta unor intruziuni profunde,
de naturd plutonici, in zonele Halmigel-Valea Seacd, in zona de izvoare a
Crisului Alb, in Muntii Trascéu, Gildu, Mezes,la Borod si Valea Fagului
etc; plutonul Hilmégel-Valea Seacsi este singurul pind acum confirmat
prin foraje (Cioflica et al., 1982).

Ciclul IT debuteaz# cu diorite cuartifere gi varietdtile lor porfirice,
care pe valea Toha (Ariesul Mic) stribat riolitele primului ciclu. La Hil-
mégel si Obirsa (sudul Muntilor Bihor) dioritele sint stribdtute de grano-
diorit-granite, iar la Stinigoara rocile dioritice porfirice sint transformate
termic in aureola corpului granodiorit-granitic; uneori asemenea roci con-
stituie faciesurile marginale ale corpurilor granodioritice. Existd numeroase
cazuri cind se poate constata trecerea gradaté de la rocile granodioritice
la cele cuart-dioritice (Bdigsoara etc.)

Corneene corespunzitoare faciesului piroxenic sint cunoscute la
Migureausa Vatei, asociate monzodioritelor cuartifere, iar skarne — de
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reguld insotite de concentratii ferifere — apar la Migureaua Vatei, Valea
Seaci, Budureasa, Ia,ra,-Bmsoa,ra ete.

Masa principald de magmatite din ciclul IT este reprezentaty de
rocile gra,nod1or1t-crran1t1ce care, desi afloreazd pe suprafete restringe,
formeaz& corpuri de mari dimensiuni in adincime, in special in Muntii
Bihor si Gildu. Asociate lor se intilnese, sub formé de dyke-uri, sill-uri
sau apofize, dacite-porfire granodioritice si microgranodiorite porfirice ;
ele inglobeaz} rocile andezitice cuartifere puse in loc anterior, iar in cazul
unor corpuri mai mari se observi fenomene de contact termic gi slabe
mineralizatii piritoase (Bihor, Vliddeasa, Gildu, Trasciu ete.)

Xenolite de diorite cuartifere i microdiorite porfirice se gisesc
deseori, in special in pértile periferice ale corpurilor granodiorit-granitice
(Budureasa, Pietroasa, Vlddeasa, Giliu, Bihorul de sud). :

Desi extinderea produselor de metamorfism termic atinge uneori
1500 m (Bihor, in jurul plutonului granitic; Cioflica et al., 1974) intensita-
tea transformirilor n-a depisit faciesul corneenelor cu hornblendd, astfel
cd picul transformérilor termice din arealul de dezvoltare a banatitelor
din Muntii Apuseni se plaseazd la Migureaua Vatei, unde apar corneene
in faciesul piroxenic §i skarne cu gehlenit, spurrit, tilleyit ete.

In legiturd cu corpurile granodiorit-granitice au luat nagtere mase
importante de skarne si principalele concentratii metalifere de naturd
pirometasomaticsd (Fe + B, Bi, Mo) si/sau hidrotermal-filoniene (Cu, Pb,
Zn etc.) din Muntii Apuseni.

Aceluiasi episod magmatic apartin corpurile subvulcanice de riolite
mlerogramtlce, granofire svmicrogra,nite porfirice (Vlideasa, Bihor, Borod),
formind dyke-uri i corpuri neregulate; cu ele se asociazd mineralizatii
slabe de sulfuri (Vlddeasa de est, Scrind-Réchitele ; Borod).

Rocile granodiorit-granitice si dioritice stribat depozitele sedimen-
tare Maastrichtian inferioare gi vulcanitele primului ciclu (Vlddeasa, Budu-
reasa) si sint acoperite de argilele virgate din complexul inferior, ceea ce
restringe mult intervalul de punere in loc a magmatitelor banatitice in
comparatie cu cel rezultat din virstele izotopice (Rédulescu, 1984 ; Russo-
Sindulescu et al. 1984).

Ciclul IT se incheie cu diferentiate alcaline filoniene, reprezentate
prin aplite, riolite mlcrowamtlce, riolite micropegmatitice, microgranite
porfirice ete, formind dyke-uri extinge pe sute de metri.

Dupi consolidarea magmei granodiorit-granitice, pe fracturi adinci,
dintr-o alti sursi magmaticd, mai profundd, s-au pus in loc andezite
bazaltoide, bazalte gi lamprofire, in mare parte concomitent c¢u diferentiaele
alcaline sus-amintite si cu solutiile postmagmatice asociate masei prin-
cipale de magmatite din ciclul IT.

Metalogeneza banatiticd din Munfii Apuseni cuprinde mineralizatii
diversificate asociate skarnelor (B, Fe, Bi, Mo, W, Cu) sau filoniene-hidro-
termale (Cu, Zn, Pb, As ete), care in parte se suprapun structurilor piro-
metasomatice. Skarnele au o dezvoltare mai redusd in comparatie cu strue-
turile similare din Banat, unde si asociatia de metale este diferit# : Cu, Fe,
Bi, Zn, Pb, W, Mo, Co, si unde exist#, in plus, numeroase structuri porphyry
copper (Cioflica, Vliad, 1980). Potenfialul metalifer diferentiat al celor dou#
arii majore de dezvoltare a banatitelor din Roménia este astfel evident,
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acordindu-se cu regimul diferit de formare a banatitelor in cele dou# zone
in raport cu modelul tectonicii globale (Ridulescu, Sindulescu, 1973;
Sindulescu, 1984).

In cadrul diferitelor zicfiminte au fost evidentiate zonalititi verticale
bine exprimate (cazul cel mai tipic: Brusturi-Luncgoara), dar este
de subliniat in special zonalitatea orizontali regionald (Fig. 2) majord,
in cadrul cireia se inscriu structuri zonale locale. Zonalitatea regionald este
insd asimetricd, fiind centratd pe extremitatea vesticd, pe zona Muntilor
Bihor, unde se inregistreazd si punctul de maximé complexitate metalo-
geneticd. Spre est limitele zonelor sint mai greu de trasat, unde de altfel
si ariile de aflorare a magmatitelor sint mai reduse; aici se poate presu-
pune existenta unor mineralizatii in profunzime, in continuarea celor
cunoscute sau ca entitéiti gitologice separate.

In incheiere se poate remarca suprapunerea mineralizatiilor celor
mai bogate, situate pe un ,,aliniament’ nord-sud, pe aria unde apar cele
mai multe roci holocristaline-echigranulare (Fig. 2).

~
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2. ZACAMINTE

REMARKS ON THE RELATIONSHIP BETWEEN THE

SPATIAL DISTRIBUTION OF THE COAL COMPLEXES

IN THE OLT—-JIU SECTOR AND THE @TRUOTURAL—

GENETIC FACTORS?
BY
NICOLAE TICLEANU 2, ION ANDREESCU 32, CORNELIA BITOIANU 2, SIMON PAU-
LIUG 8, GHEORGHE NICOLAE 2, VIORICA NICOLAE 2, ANTONIU POPESCU 2,
TOMA BARUS % | TIBERIU' PISLARU |2, GHEORGHITA GRIGORESCU 2, MIRCEA
TICLEANU 2

- QCoal seams. Lignites. Pliocene. Spatial distribution.Structural-genetic factors. Lithostrati-'
graphy. Biostratigraphy. Sedimentary processes. South Carpatiians — Southern Subcarpa-
thian area — Subcarpathians between Olt and Jiu rivers. Gelic Plateau — Olief Platform.

Abstraect

The authors delimited three lithostratigraphic units in the Dacian-Romanian deposits
of the Olt-Jiu sector from Oltenia. Each unit contains a coal complex consisting of 1 —8coal
beds. The spatial development of these coal complexes revealed the existence of two structural-
genetic types of coal generating areas : the first type belongs to the Carpathian Foredecp, while
the second one is specific for the Moesian Platform. A close correlation exists between the thick-
ness of the coal complexes and their structural position, the optimum thicknesses being found
on the outer and inner flanks of the foredeep. Another correlation has been established between
the maximum thicknesses of the coal bed V and the thickness interval of 80—~100 m of the
Motru coal complex. It has also been established that a migration in time of the zone of opti-
mum accumulation of the phytomass necessary for the coal formation took place. The differ~-
ential subsidence is the main factor controlling the quantity and quality of carbogenesis through
the water depth which determines the type of coal generating vegetal association.

1 Received on May 232, 1985, accepted for communication and publication on May 22,
1985, presented at the meeting of May 26, 1983.

2 Institutul de Geologie si Geofizicd, str. Caransebes 1, R 79678 Bucuresti 32.

2 Facultatea de Geologie si Geograflie, B-dul Nie. Bilcescu 1, Bucuresti.
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Résumeé

Observations concernant les relations entre la distribution spatiule des complexes charbonneux
du secteur Oll-Jiu et les facteurs siructural-génétigues. Dans les dépots dacien-romaniens de
I'Oltenia, le secteur de 1'0Olt-Jiu, les auteurs ont délimité trois umités lithostratigraphiques,
chacune comportant un complexe charbonneux, dans la composition duquel entrent de 1 a
8 couches de charbon. On a analysé le développement spatiale de ces complexes charbonneux
et on a déterminé ’existence de deux types structural-génétiques d’aires carbo-générateures :
le premier appartient a I’avant-lfosse carpathique le deuxiéme a4 la plate-forme Moesienne.
On observe, dans l’avant fosse, une étroite corrélation entre I’épaisseur des complexes.
charbonneux et leur position structurale, les épaisseurs optimum étant disposées sur les flanecs
intern et extern de celle-ci. Qu a ohservé aussi une corrélation entre les épaisseurs maximum de la
couche V de charbon et Dintervalle de 80 & 100 m d’épaisseur du coniplexe charbonneux de-
Motru. On a établi aussi qu'il a eu licu une migration en temps de la zone d’accumulation
optimum de la phytomasse nécessaire a la formation des charbons. La subsidence différentielle-
représente la cause principale tant pour le contrdle quantitative de la carbogenése que pour celui
qualitatif aussi, a I'interméde des profondeurs de Veau qui détermine le type de ’association
végétale carbogénérateure.

1. Introduetion

The investigations of the Pliocene coal deposits from Oltenia have
been carried out for over a century. The special interest aroused by the
study of these deposits is mainly due to the presence of some important
coal deposits (lignites).

The knowledge of the coal accumulations in this region has recently
considerably increased by the investigations through boreholes, by complex
studies and by coal extractions in quarries. Several aspects regarding the
genesis and spatial distribution of the coal beds have been pointed out by
Rézegu and Bitoianu (1967) Enache (1981), Ticleanu et al. (1982), Paulive
and Barus (1982), Andreescu et al. (1984), Andreescu (in press), Ticleanu
et al. (1984, 1985).

2. Geological Setting
2.1. Lithostratigraphy

In the Dacian—Romanian coal deposits of the Olt—Jiu region three
formations have been separated by Andreescu and Ticleanu (in Andreescu
et al., 1984), Andreescu et al. (1985) (Fig. 1):

— Berbesti Formation

— Jiu—Motru Formation

— Cindesti Foiomation

The Berbegti Formation, which is lithologically characterized by the
predominance of the arenitic fraction, includes sometimes siltic sand,
siltic clays and coal intercalations.
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The faunal content indicates that it is mostly Lower Dacian in
age, being characterized by associations typical of the Getian (Pachvdacna
beds). The white and yellowish sands situated in the terminal part of the
formation ccntain several mollusc species indicating the Upper Dacian
(Parscovian) age (Andreescu et al., 1985). (Fig. 1).
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Olt-Jiu sector

According to the data available, in the Motru—Danube area, the
upper part of the Berbesti Formation includes the coal beds I—1IV charaec-
terizing the Valea Visenilor coal complex (Andreescu et al., 1985). In the
Olt—Jiu sector, in the foredeep domain, this complex is less developed,
being represented by 1—2 decimetric coal beds over a restricted area (Bis-
trita Valley —Cerna Valley). Previous researches (Andreescu, in Andreescu
et al., 1984) showed that the Berbesti Formation does not include any
important coal beds on the platform avea, east of the Jiu Valley.

The Jiu— Motru Formation overlies seemingly conformably the
Berbesti Formation and is charvacterized by the predominance of fine

A
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facies (pelites, siltites) with arenitic intercalations and coal beds (V—XI1I).
This formation varies in thickness within wide limits, from about 350 m
in the foredeep maximum sinking area to less than 15 —20 m in the southern
part of the platform. The thickness of the Jin—Motiu Formation is strong-
Iy reduced also in the northemn sector of the foredeep, where its upper
terms have been frequently eroded.

The lower part of the Jiu—Motiu Formation, namely the interval
between coal beds V—VII, belongs to the Upper Dacian. Thus we remind
that the elay pile underlving the coal bed V (bed I in the local nomencla-
ture used for the Olt— Gilort sector) includes molluse associations indicat-
ing the Parscovian age (Pauliuc et al., 1981 ; Panid et al., 1981 ; Andreesrcu
in Andreescu et al., 1984); Andreescut and Pand in Ticleanu et al., 1985 ;
Andreescuet al., 1985). The same age is supported for the interval situat-
ed between the beds V—VII by the magretostratigraphic study carnied
out in the Lupoaia quarry (Andreescu et al., 1984).

Biostratigraphic and magnetostratigraphic investigations showed
that the coal beds VIII—XT are of Lower Romanian age, while bed XIL
belongs to the lower part of the Middle Romnanian (Andreescu et al., 1984).

Within the Jiu—Motin Formation the Motiu ccal complex (beds
V—XTIT) was separated, whose development valies depending on the sedi-
mentation area.

Cindegti Formation (Cindesti Beds; Mrazec, Teisseyre, 1901). Field
observations showed that the coal bed XT1IT is often unconformably over-
lain by a sequence of cross-bedded medium-grained, coarse sands and
tiny gravels. This coarse detrital sequence reaching 60—80 m in thickness
in the foredeep area vepresents the lower part of the Cindesti Formation.
Towards its median part, the Cindesti Formation includes a pile of deposits.
in which the coarse fractions ave vedueed, heing giadually replaced by an
alternation of sands, siltites, clays and ~andy clays with coal clay inter-
calations or coal beds. This complex, which comprises the coal beds XIIT—
XVIII, bhas been named the Bilcesti coal complex (Andreescu, Ticleana
in Ticleanu et al., 1985).

The upper part of the Cindesti Foamaticn develops prevailingly in.
ruditic facies (Petoiu jebbles).

2.2, Structural Arrangement

The structural arrangement of the Dacian—Romanian depcsits
varies depending on their location in the Carpathian Foredeep or the Mee-
sian Platform areas.

According to Sandulesen (1985), the foredeep comprises an internal
zone (the northern epirogenic flank) situated north of the Pericarpathian
line (Bibesti—Tinosu line) and an external one (the epiplatfoim, southern
flank), separated from the Moesian Platform by a flexure line, nortlr of
which the platferm sinks by steps and the Neogene deposits are obviously
thicker,

The Pliocene deposits on the northern flank of the foredeep generally
strike south and south-east. Tlhiese deposits are involved in folds witl
flanks dipping gently (5—160°), striking approximately east-west.



* 5 THE SPATIAL DISTRIBUTION OF THE COAL COMPLEXES IN THE OLT—JIU SECTOR 219

* - .On the whole the Pliocene deposits on the southern flank of the
foredeep strike northwards, several less pronounced folds being distin-
guished here too, striking approximately in the same direction as those
on the northern flank. -

In the western part of the investigated area a marked depression
zone, transversal with respect to the foredeep structure is noticed, extend-
ing along the Daia — Capul Dealului alignment and continuing also on
the platform towards tlhe Terpezita—Bailegti localities. The greatest
thickness of the Neogene deposits in this zone {over 5 000 m) indicates the
@ xistence of a maximum subsidence area.-

The Dacian—Romanian deposits on the platform are not so thick
a8 those in the foredeep and a series of structures sketched by them repre-
sent in fact compaction structures on the vestiges of the pre-Neogene
relief.

Some unconformities were noticed inthe Dacian—Romanian depos-
its represented by the absence of the Upper Dacian and/or the Lower
Romanian. But this does not affect the entity of the Jiu —Motra Forma-
tion, which is unitary over most of its developing area. This may be the
vesult of the platform uplift as a consequence of the intra-Dacian and
‘Wallachian orogenetic movements. A fluviatile network, formed during
the glyptogenesis of the Middle Romanian — ? Upper Romanian interval
in the emerged zones of the platform, led to the partial removal of the
Romanian deposits and in places also of the Upper Dacian ones, the coals
inclusively. Such an example is the Biilesti—Negoiu deposit situated in
the south-western zone of the platform.

3. Distribution of the Coal Complexes

3.1, Valea Vigsentlor Coal Complew

This complex was drilled in the western part of the Olt—Jiu sector,
being represented by the coal beds I—IV. Ghiuzeli et al. (1978) state that
the beds I—IIT in the Pesteana area are discontinuous, while the bed IV,
reached by all the boreholes, varies in thickness between 0.05—1.2 m.

The arcal extension of the beds helonging to the Valea Visenilor
coal complex shows that it is formed of lenticular beds in zones of great
thickness of the Berbesti Formation, that is in the western and eastern
parts of the Olt—dJiu region.

3.2. Motru Coal Complex

The specification of the stratigraphic position of the Motru coal
complex and of its boundaries allowed the drawing out of an isopach map
{P1. I) showing the correlation between its thicknexs and structure.

Two distinet coal-geperating aveas corresponding to the two major
structural units, the Carpathian Foredeep and the Moesian Platform res-
pectively, could be easily noticed. The boundary between the two coal-ge-
nerating areas coincides with the flexure between the platform and the
foredeep.
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Each coal-generating area shows characteristics specific for two
structural-genetic types of carboniferous basins (according to Derokhine,
1967) : the type of premontane depression of the geosyncline group, the
depression subgroup, and the erosive-tectonic platform coal basin respec-
tively. This classification allows a more correct estimation of the coal
potential of the Pliocene deposits in the investigated area.

3.2.1. Foredeep Coal Generating Area

North of the flexure the Motru coal complex steadily thickens along
the Doba—Motoci—Breasta alignment, reaching the maximal thickness
of over 300 m in the maximal sinking zone of the foredeep, on the Calo-
parn—Sipotu—Fircasu—Bilcesti— Usurei alignment — which approxi-
mately corresponds to the Pericarpathian fault. The thickness of the coal
complex decreases north of the axial zone; this decrease is more rapid
in the western part of the Olt—Jiu sector, where the synsedimentary
rise of the Socu anticline seems to have plaved an important role.

The isopachs of the coal complex are on the whole parallel on the
northern flank of the foredeep, except thosc in the Hilingesti — Gridistea
direction where a disturbance occurs, which was probably caused by the
pre-Neogene relief. The change in the aspect of the isopachs from the

Mihdita—Isalnita and Otetelesu— Susani zones on the outer flank of the
foredeep, seems to be due to the same fact ; here the isopachs of the coal
complex are approximately parallel to the platform flexure.

An important change in the aspect of the isopachs of the Motin coal
complex (Pl. T) occurs in the western part of the Olt—Jiu sector which
affects both the axial zone and the external flank of the foredeep, being
connected with the evolution of the Capul Dealului—Terpezita— Bdﬂeatl
depression zone.

A gradual decvease of the thickness of the coal complex ig recorded
eastwards in the foredeep area: T0—100 m close to the Gilort Valley, .
while on the Otdsiu Valley it reaches less than 10 m. Another obvicus.
example of thickness decrcase of the complex in the west-east direction
is provided by the foredec]p axial zone, where, at Briinesti, between the
Jiu and Gilort Valleys, a thickness of over 300 m is 1@001ded while to
the east, at C(ilina, it reaches only 90—100 m.

The superposition of the 1\0pach map of the Motru coal complex
(PL. I) upon the isopach map of bed V (P1. II) shows that the greatest
thicknesses of this bed corresponds to an interval ranging between 20-—100
m in thickness.

The existence of & correlation hetween the thickness of the coal beds
and that of the coal complex is pointed out in the case of this type of
coal-generating arcas as well as in other zones (Rulin, 1967).

The main factor inducing the spatial distribution of the coal complex
thickness within the foredeep is the subsidence, whose rate varied from
one zone to anocther.

It is known that the accmmnulation of the phytomass takes place on
condition that tlhe accumulation rate (V..) be equal to the sinking rate
(Vs) of the bottom of the coal generating swamp (Vi. = V,). In this case
the sinking rate is optimum for the coal generation. The maintenance of
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the equilibrium between V. and V; leads to the formation of a coal bed
whose thickness is directly proportional to the duration of this relation.
In the case when V,. << V, the coal generating swamp is flooded, and a
lacustrine facies sets in. On the other hand, if V.. >V, the swamp becomes
emerged, the organic material being subjected to rotten and erosion.

The researches carried out by Pauliuc and Barus (1982) and An-
dreescu (in press) show obvious differences in subsidence rates both be-
tween the two coal-generating areas and among the various areas of the
foredeep.

A review of the sinking rates in the foredeep shows optimum values
on the flanks and higher values in the central zone. The high values in
the central zone caused the increase of the thickness of the coal complex,
the digitation of the coal beds and the thickness increase of the arenitic
and/or lutitic sequences.

Great sinking rates east of the Roesti—Fumureni alignment led to
the thinning of the coal beds and to the reduction of the coal complex.

In this area the coal generating swamp facies has been replaced by a lacu-
strine one.

In order to follow the evolution of the coal complex the thickness
map of coal beds exceeding 1 m has been drawn out (P1. III). By compar-
ing it with the isopach map of bed V (Pl. IT) it was found that in the
northern flank of the foredeep there are more beds exceeding 1 m in
thickness than in the southern flank. Consequently one can conclude that
their evolution in time underwent some modifications. Thus, beside the
bed V, the beds VI and VII, more rarely the bed VIII (M1ha1ta =Isalnita
area) develop on the external flank. On the northern flank, in addition
to the beds V=VII, the beds X, XI, and sometimes the bed XII in
some zones, show important thicknesses. It follows that the optimum sink-
ing rate was maintained during the Lower Romanian only on the internal
flank of the foredeep.

The thickness distribution of the bed V confirms the conclusions
regarding the relation existing hetween its position in the foredep and the
thickness of the coal complex. Three, more or less parallel east-westward
sectors are distinguished, two of them coinciding with the two flanks of
the foredeep, w hele the bed V reaches maximum 5.87 m in thickness on
the northern flank and 5.65 m respectively on the southern one. In the
central sector hed V is 1.5 m thick except for two boreholes where the
thickness reaches 2.95 m (at Bilcesti). This is due to the great sinking
rate in the axial zone of the foredeep which determined the digitation of
the bed.

The suhsidence rate determined not only the thickness of the coal
beds but, indirectly, it also influenced the qua,hty of coal. It is known
that the various coal gnerating associations form ecologic series in a swamp
depending on the water depth but this depth dependx first of all on the
sinking rate of the basin. Each vegetal association in a coal generating
swamp gives rise to a certain coal petrographic type which is ‘charactet-
ized by its physico-chemical properties.

The impact of some synsedimentary uplift zones may change the
water depth, causing the rise of the coal generating swamp to the surface.
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Such an instance is the axial zone of the Socu anticline in the northern
part of the Jupinesti area. ' ‘

On the contrary, the more rapid sinking brings about changes in
the depth regime which may lead to the superposition of a type of vegetal
association upon another. Several vegetation types are superposed in the
succession of a coal bed by repeated sinkings and uplifts, constituting a
genetic series. At least four types of maceral associations can be identified
in such a genetic series, corresponding to a certain type of vegetal associa-
tion. In general two of these associations occupy over 509, of the thickness
of the cogl bed, a reason why they have been named main associations
(Ticleanu et al., in press), the other two playing only a secondary role.
The binary groups of associations may be dominated by one of them;
this is why they are defined in the order of the percentage of various
macerals indicative of the original phytocenoses. Based on these data the
sketch of the humitogenic map has been drawn out at the level of bed
v (Pl IV),

An analysis of the humitogenic map shows that the binary. Glypto-
strobus-Phragmites group, which generated coal of the best quality,
overlaps the Rovinari area, continuing towards the east with the Ticleni—
Capul Dealului area (northern sector), then the Jupinesti— Musculesti arvea
and the Cipeni—Halingesti zone up to east of Tetoiu, where it passes to
a low productive zone with Phragmites and aquatic plants.

Therefore it is found that the best quality group covers the internal
flank of the foredeep, namely the zone of optimum sinking rates, as indi-
cated by the thickness of the beds. The central zone of the foredeep is
dominated by the Phragmites-Glyptostrobus group which is almost as
important as the previous group. Farther south on the platform, in addi-
tion to the Phragmites-Glyptostrobus group, Saliz is also present, a
taxon which generally occurs in the final part of the evolution of a coal
generating swamp.

3.2.2. Coal Generaling Area of the Platform

This coal generating arvea is marked by small thicknesses of the coal
complex (maximum 40 m), being frequently reduced to a single coal bed
of 1—2 m in thickness.

Another characteristic of the thickness distribution of the coal com-
plex in the platform area is the presence of some thickening zones. A fre-
quent coincidence of maximum thickness of coal beds with the axes of
depressions of the pre-Neogene relief is noticed. This fact appears from
the superposition of the map of the pre-Neogene relief, drawn out by
Osman et al. (1978) on the isopach map of the coal bed V. Thus the maxi-
mum thickness of the coal bed V (2.0—2.4 m) is found in the axis of the
Bratovoiesti couloir ; the same bed reaches up to 1.5 m in thickness in the
axis of the Caracal couloir and in the Cimpul Pirului Couloir. Concomi-
tantly the coal bed V is more reduced in thickness (0.2—0.6) in the paleo-
relief more uplifted aveas, as in the case of the Redea-Caracal promontory.

In our opinion this can be explained by the knowledge of the way in
which ‘the sinking of the coal generating swamps took place on the plat-
form area.
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It is admitted that the subsidence is of tabular type in the platform
zone (Sandulescu, 1983), exhibiting approximately equal rate values
thiroughout the zone.

In the depression areas of the pre-Neogene relief, prior to coarbo-
genessis, pelitic sequences have been generally deposited. Lithostatic
pressure subsequently led to a more pronounced sinking of these deposits.

It follows that the general subsidence background of the platform
along with the compaction rate gave rise to optimum sinking rates of the
bottom of the coal generating swamps in some depression zones. The
compaction rate depends mainly on the thickness of the pelites and impli-
citly on the arecal development of the depression zone.

In addition to the paleogeographic and lithological factors several
depression zones of the platform might be the result of the differential
subsidence of some compartments delimited by faults.

3. 3. Bdlcesti Coal Complew

This coal complex, typically developed in the Bileesti zone, has been
separated within the Cindesti Formation ; it includes the coal beds XIV-
XVIII, marked by a discontinuous areal development.

The thickness of the Bélcesti complex may exceed 110 m in the maxi-
mum sinking zone of the foredecp (Fumureni borehole), gradually decreas-
ing  northwards and southwards. In the northern part of the foredeep the
complex is surely developed in the Jiu-Gilort area. East of the Amaradia
Valley, in the outcropping zone of Middle Romanian deposits, no coal beds
have been identified.

As in the case of the Motru complex, in the platform area, the thick-
ness of the Bileesti complex decreases, being often represented by a
single coal intercalation of 0.05—0.15 m or may lack altogether.

The spatial position of the Bilcesti complex suggests a southward
migration of the coal generating facies in respect of the optimum devel-
opment area of the Motru coal complex. We think that this migration
was caused by the pronounced growth of the uplift rate of the source
area, which gave rise to a large amount of coarse detrital material, deter-
mining the southward retreat of the shoreline.

Against the background of rapid warping of the circumbasinal zones
there existed certain intrabasinal areas where the subsidence was propi-
cious to the coal generating process. This is the case of the Bilcesti and
Vladimiru zones. '

4. Conelusions

The analysis of the factors determining the spatial distribution of
the coal deposits in Oltenia showed the existence of a close correlation
between the thickness of the coal complexes and their structural position.

The greatest thickness of the Motru coal complex is found in the
axial zone of the foredeep, the thickest coal beds being present on the
flanks. Thus, on the inner flank the beds V—VII and X—XIT show a
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remarkable development, while on the outer flank, beds V--VII are more
-devcloped, which points to a migration in time of the optimum accumula-
tion zone of the phytomass.

A correlation between the maximal thicknesses of the coal bed
'V and the interval of 80—100 m of the Motru coal complex was noticed
in the foredeep.

The zonal distribution of the thicknesses of the coal complex is due
to the differential subsidence which controlled not only the amount but
also the quality of the coal seams.

Finally, we consider that the results obtained in the study of the
interdependence of the factors that participated in the Pliocene coal
genesis constituite a basis for a more judicious guiding in the future pros-
pection and exploitation works for coal in eastern Oltenia.
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OBSERVATII PRIVIND RELATIILE DINTRE DISTRIBUTIA SPA-
TIALA A COMPLEXELOR OARBUNOASE DIN SECTORUL OLT-
JIU SI FACTORII STRUCTURAL-GENETICI

(Rezumat)

Succesiunea depozitelor dacian-romaniene din Oltenia, sectorul
Olt-Jiu, cuprinde, dup# autorii lucriirii, trei unititi litostratigrafice :

— formagiunee de Lazu, de virstd getian-parscovian inferioari este
predominant psamitiedl, devenind mai peliticd in partea supericard si con-
tine complexul cérbunos de Valea Visenilor aledtuit din stratele de cdr-
bune AD i I—-IV;

— formafiunca de Jiu-Ilotru, principala formatiune productivi
din Oltenia, este predominant peliticd 1 cuprinde complexul cirbunos de
Motru constituit din stratele de cirbune V —XIT;

— fmmaﬁunm de Cindesti, de virstd romanian-medie — pleistocen
inferioard, este initial predominant detritic-grosierd, apoi in partea me-
diand pelitic- pqannuca contine comple\ul carbunos de Bileestl (stratele
XIII —XVIII), iar partea superioard este predominant ruditica.

Din punct de vedere structural sectorul cercetat se incadreazd in
Avanfosa Carpaticd si Platforma Moesici.

Comple\ul carbunos de Valea Visenilor este mai bine dezvoltat intre
Valea Jiului si Valea Gilortului, unde apar discontinuu, lenticular stratele
de ciarbune I —III, iar stratul IV prezintd grosimi variabile de 0,05 —
—1,2 m. O altd zoni de aparitie a acestul comple\ apare in estul sectoru-
lui, pe valea Aninoasa, unde au fost intilnite stratele 111 1 IV cu grosimi
sub 0,5 m.

In ceea ce priveste complexul cirbunos de Motru, acesta are o largsd
dezvoltare pe intreaga suprafatd a sectorului Olt-Jiu. Analiza distributiei,
pe orizontald si verticald, a complexului cirbunos de Motru a permis x4 =¢
constate existenta a doud arii carbogeneratoare, diferite din punct de
vedere structural-genetic, separate prin linia de flexurd dintre cele dou#
unititi tectonice cirora le corespund.

Prima arie carbogeneratoare se suprapune Avanfosei Carpatice i
reprezintd un bazin de tip depresiune premontans iar cea de a doua re-
prezinti un bazin de tip eroziv-tectonic de platformi.

In aria carbogeneratoare a avanfosel s-a remarcat dispunerea grosi-
milor complexului cirbunos in functie de pozitia in cadrul acesteia, grosi-
mile cele mai mari inregistrindu-se in zona axiali, unde are loc §i digita-
rea stratelor. Grosimile optlme ale complexului carbunos se afli pe flancu-
rile avanfosei, intervalul de 80 —100 m. grosime fiind optim pentru stratele
de cirbuni eu grosimile mari, in spemal cele ale stratului V.
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Factorul principal care determing distributia spatiali a grosimilor
complexului cirbunos in aria avanfosei il constituie subsidenta diferen-
tiald. Prin intermediul controlului pe care aceasta il exercitd asupra adin-
cimilor apei din mlastina carbogeneratoare, ea determing tipul de asocia-
tie vegetald si, implicit, calitatea cirbunilor.

In aria platformei grosimea complexului eirbunos se reduce, facto-
rii care au determinat acumularea fitomasei sint in primul rind, paleo-
geografiei si litologici (tasare diferentiald) asociati insi si cu o subsidenté.
diferentiald, dar cu pondere scizuti. .

Complexul cdrbunos de Bélcesti are o dezvoltare tipicd in zona axi-
ald a avanfosei, de unde trece si pe platform#. Este redus ca grosime, cel
mai frecvent fiind constituit doar dintr-un singur strat. In raport cu com-
plexul cirbunos de Motru se constatd migrarea spre sud a zonei de dezvol-
tare optimid a acestuia.

Stabilirea unor corelatii intre diferite aspecte calitative si cantita-
tive ale carbogenezei dacian-romaniene din Oltenia permite conturarea
zonelor de perspectivi, ierarhizarea acestora in ¥unctie de importantd s+
orientarea lucririlor de cercetare geologici.



PLT

MOTRU COAL COMPLEX

OPACHYTES MAP OF THE

the Cogl Complexes in the Olt-Jiu Sector
N/

patial Distribution o

~ NJICLEANU et al.: The

., ——20—— |sopachytes

e betwe

e e =t Flexur

en platform and foredeep

e~ —— Pericarpathion fault

timite of the Balcesti coal

complex within the Cindesti formation

extension

Probable

{ complex

of the Mofru coal

extension

~v v waee Limit of southern

imprim.Atel.{nst.Geol . Geof.

INSTITUTUL OF GEOLOGIE ST GEOFIZICA Dari de seama 12-78./2




_ N.JICLEANU et al.: The Spatiol Distribution of the Coal Complexes in the Olt-Jiu Sector H . PLI
| 74 X .

ISOPACHYTES MAP OF THE
FIFTH COAL BED

bd
Valea Rea

s=—2p— Isopachytes
ode e ob Flexure between plaMorm and foredeep
__._ Pericarpathion fault

" ww’ss mn o Southern extension limit of the Motru coal complex

o Lorabia

INSTITUTUL DE GEOLOGIE §1 GEOFIZICK  Dari de seamg 72-73 /2 imprim.Atel.inst.Geol. Geof.



PLIIL

%

ISOLINE MAP CONCERNING
" CUMULATED THICKNESSES
" OF THE BEDS>1m

——37 —— Isolines of cumutnted thicknesses

= — —t~ Fiexure between platform and foredeep

——— — Pericarpathian foult

INSTITUTUL DE GEOLOGIE 1 GEOFIZICA Dari de Se.ﬂ."\ﬁ B/ et tul Geolargic al Roma3niei Imprim.Atel. Inst. Geol. Geof.
INSTITUTUI! UeOol0gl Al ROmaniel



PLIV

ASH CONTENTS (A-ANH) MAP
'AND THE SKETCH OF HUMITO-
GENETIC MAP FOR
THE FIFTH COAL BED

[} 8 16 km
e ———
4
Valea Rea
© Slatina

|
|
&'
N/
3 Br. coyeni /

— 3 Iso‘unes for ash
———-——. Probabie limitamong the main vegetable groups
Gly Forest suump.vlfh Glyptostrobus
Ph Reed marsh with Phragmites
S Bush moor with Byttneriophylium end Salix
ag Water pionts marsh

T e e e e A St
INSTITUTUL OE GEOLOGIE $I GEOFIZICA Dari de sedind 92-73 /2 Imprim.Atel.Inst.Geol. Geof.



b

D. 8. Inst. Geol. Geofiz., xrbl. 72 —73/2 (1985 ; 1986), 1988, pag. 227244
2. ZACAMINTE g

CONSIDERATIONS ON THE DEVELOPMENT OF PLIOCENE
COALY COMPLEXES IN THE JIU-MOTRU SECTOR (OLTENIA)
BY

NICOLAE TICLEANU 2, ION ANDREESCU 2

Coal seams. Coal maps. Pliocene. Dacian. Romanian. Structural conlrols. Paleogeographic
controls. Subsidence. Bdlcesti Complex. South Carpathians — Southern Subcarpathian
area — Subcarpathians between Jiu and Danube rivers. Gelic Platean — Sirehaia Plal-
form. ’

. Abstract
P

The authors present the analytic result of the coaly complexes development inside
the Dacian-Romanian deposits between the Jiu and Motru Valleys. The analysis was done by
means of the contour maps drawn up on account of existing drilling data : average thickness
of coaly complexes; average thickness of main beds and maximal thickness of component coal
layers. It was also taken into consideration the structural aspect of the investigaled arca. De-
velopment of the Viseni Valley coaly complex seems to-have been conditioned first by paleogeogr-
aphic factors and then by tectonic ones. The tectonics importanceis pointed out by the maximal
subsideuce area which overlies that of optimal subsidence. Within the Motru complex, it is noti-
ced the zone of optimal subsidence constantly placed on the northern flank of the foredeep,
while the maximal subsidence zone is situated in the axial zone of the foredeep. It was also
remarked the existence of a direct relation between areas with high thicknesses of main coal
beds and zones where coaly complexes have thicknesses between 80 and 140 m. Bilcesti coaly
complex shows a reduction of coal-generating area as a result of the basin clogging.

Résumée

Considérations concernant le développement des eomplexes charbonneux pliocénes du sectenr
Jiu-Motru. Les auteurs présentent le résultat de ’analyse du mode de développement des com-
plexes charbonneux des dépots dacien-romaniens d’entre la vallée du Jiu et la vallée du Motru.

1 Received on May 13, 1986, accepted for publication on May 13, 1986, communicated
in the Meeting on May 23, 1986.
¢ Institutul de Geologie si Geofizicd, str. Caransebes 1, R 79678 Bucuregti 32.
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On a utilisé les cartes' de contour réalisées selon les données de forage existentes pour les

éléments : épaisscur moyenne du complexe charbonneux, épaisseur moyenne des couches prin-

cipales et I’épaisseur maximum des bancs qui entrent dans leur composition. L’aspect structurat
dela zone investiguée a constitué un élément i)rincipal pour l’interprétation.

Le développement du complexe charboneux de Valea Visenilor parait étre influencé
premiérement par des facteurs paléogéographiques suivis de ceux tectoniques. La tectonique
est évidentiée par le chevauchement de l’aire de subsidence maximum sur celle de subsidence
optimum.

Dans le complexe de Motru on constate la permanence de la zone de subsidence opti-
mum sur le flanc septentrional de I’avant-fosse ; la zone de subsidence maximum est située dans
la zone axiale de I’avant-fosse. On a constaté l'existence d’une relation directe entre les aires
a épaissewrs grandes des couches principales de charbons et 1es zones ot le complexe charbonneu\
présente des épaisseurs de 80 a 140 m. - = TR :

Le complexe de Balcesti corresponde 4 la diminution de V’aire carbogénérateure condi~
tionnée par le processus de colmatage du bassin.

1. Igtroduetion

1t

In Oltenia, Pliocene deposms “especially those on the internal flank
of the foredeep, are characterized by the presence of numerous coal bed
among which some are often more than 2 m thick, being interesting from
economic point of view. Because most of these coal bed% in the Jiu- VIotru
sector overlie the actual erosion base, they constitute the subject of some
exploitations. This sector has been more and more known in comparison
with other sectors of Oltenia, as a result of numerous geological investi-
gations and mining works.

Starting with 1954 for the Jiu-Motru qector there have been elabo-
rated numerous works, references’ with -reserves estimations, ‘geological
reports and synthesis studies about different existing mining zones or re-
ferring to the whole: $sector : M. Chiriac (1954), V. Popovici (1956, 1959),

Carac (1959); Liteanu, Feru (1964, 1967), Gh. Enache et al.:(1968), Zberea
et al. (1970), C.-Enache (1974), Gologan (1974}, Gologan et -al. (1974),

Teodorina Stinescu et al. (1974), Ghiuzeli‘et al. (1975), Pani et al. (1981),
Papaianopol et al.. (1981, 1982), Pauliuc et al. (198L),- Andreeseu et a,l
(1983), and Ticleanu:et al. (1985, 1986). = - -» - &

As a'vesult of the  investigations -of Ticleanu et -al. (1985 1986),

Andreescu et al: (1985) and Ticleanu - (in- prlnt) there have been‘separated:
three coaly complexes 3 within the Dacian-Romanian deposits of Oltenia :
Viseni Valley complex, Motru complex and Bilcesti complex This paper
proposes to analyse those three complekcb development in the Jin-Motru
sector. .

. 2. Stratigraphic haekground

. ,ACCOI‘dll]O' to Andreescu et al. (1985) and Ticleanu et ‘al., (1985,
1986) the’ Dacmn—Romaman deposits in Oltenia can be divided 1nto three

formations : Berbesti formation, Jiu-Motru formation and” Cindesti for-

mation.

e

e v
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Berbesti formation of Lower Dacian age is characterized by pre-
vailing arenitic facles and 1ncludes six coal beds® (A,B and T T eoal
beds). * | - STV

Initially, within the Vlsenl Valley coaly compléx, there were inclu-
ded only the I —I'V coal beds. Subsequent analyses of the facies where occur
coal beds in the Berbesti formation and of their areal development deter-
mined iis to include in ‘the Vigeni Valley complex, the A and B ‘coal beds
as well ; we should also consider that the TV coal bed has to be alloted to
the Motru complex.

- Jiu-Motru formation of Upper Daclan ‘Middle Romanian age is con--

stituted of an alternance of pellito-psammitic deposits with ten coal beds
(V—XIIT coal beds).
' In comparison with the initial content of the Motru complex (V —
—XII coal beds) and on account of recent data, it resulted the necessity
to include also here the XIII coal beds, because beneath the IV coal
bed begins the pellito-psammitic series which characterize the J iu-Motru
formation.

Cindesti formation of Middle Romanian-Lower Pleistocene age
.~ begins with prevailing psammo-psephitic facies which overlie the XTIT
coal bed ; it contains in the middle part a pile of pellito-psammitic depo-
sits with coal intercalations (XIV —‘{VIII coal heds) which represent the
Bilcesti coaly complex. /

3. Development of eoaly eomplexes -

~

For estabhshlnﬂ the development Way of coaly complexes, there
have been drawn up contour maps of their ‘average thickness and of main |
coal beds for maximal thickness of coal layers and average: thickness of .
coal Dbeds. - N

The contour maps have been drawn up dividing the area into geo-
metrical figures, rectangles for choice, having mammal area of 12 km? and
thinking at a more unlfoxm distribution of observation points.

On account of existing data, for each geometrical figure, there have ‘.
been determined average values, these values resulting from the arith-
metical mean, relating them to the total-number of mformatlon poirts
(drillings) on a certain area. These values have been inscribed in geome-
. trical centres of the delimited figures. Afterwards, there have been drawn

- the isolines for each coal bed and for maximal thickness.of.coal layers and.
average thickness of, coal .beds. ' i

In order to distinguish the relation between struetul al arranoement
and coaly complexes development on the contour maps has been drawn
the-line:-of the. Peucalpathlan fault according .to. Stefanescu, et al.. (1986)
interpretation. = R EO PRt ; TS N an

- 31. Visens ValleJ coalJ complex

Placed at ithe: western end ‘of the Dacic Basin where it. erops out
(Husmeloal a-Livezile zone), Vleem Valley..complex has: thicknesses . ran-
ging between 50 and 100 m (fig. 1) and 1neludes only the I - —IV coal beds.

Lt
o
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The bed A was notlced only in a few dI‘lllan'S placed at western part and
has thicknesses of 0.6 —1.5 m. ALlsT 1L
Within the Jiu-Motru sector, Vigeni Valley comple*c ‘develops on
SW-NE direction and has maximal thickness (100 m) in axial zone of the
foredeep between Floresti and Horidsti. In comparison with the axial zone,
it is noticed that the complex has a smaller thickness both to NE and to
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Fig, 1 — Contour map for average thicknesses of Viseni Valley coaly complex ;.1, isolines of -
average thickness ; 2, fault; 3, Pericarpathian fault.

SW. South-eastwards, the thickness becomes smaller and smaller, so
that starting with the Murgilesti-Rosia de Jiu alignment, the complex
contains only one coal bed (I bed) which has general thlckness less than
one Imeter.

Among those four coal beds (I —IV) which constitute the Viseni
Valley complex in the Jiu-Motru sector, the bed I is the most constant
and is the thickest one, maximal value of average thickness (3.6% m) being
noticed NE of Plostina. Contour map for average thickness of the I coal
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bed (fig. 2) shows that the area inside-the 3 m isoline is extended on
SW-NE direction. Although the average thickness has small values
(0.07 —0.6 m), the axis of the highest values zone is also SW-NE oriented.

. In the investigated region, the III coal bed reveals an unequal deve-
lopment. Three areas having average thickness more than 1 m could be

Cirbestio

0 2. b &km

» ]
e

Pestezna-liu

oSamar'xne%i
Murgilesti

Cosystea

Fig. 2. — Contour map for average thicknesses of the I, II, III coal beds: 1, isolines of the,
1 coal bed ; 2, isolines of the Il coal bed ; 3, isolines of the I1I coal bed ; 4, fault ;5, Pericarpathian’
fanH.

¥

distinguished : the first area is located between Citunele and Plostina;
the second one and the most important im length and average thickness
(up to 2.3 m) has the axis SW-NE oriented on the Miculesti-Cirbesti align-
ment. The third area has the bame dn-ecmon and %amts at Neoomlr conti-
nuing. towards. «vNE iy i :

The three: areas Wlth mammal average ’ehlckness are. placed inside a
background of 0.25 to 0.8 m. thickness, the. most: frequent one is 0.4 m.
This statement and the fact that the axis of the second area Wwith average

= thlckness more than 1 m conmdes with the axis of the area showmo thlck-

J x U |
e [
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nesses of more than 3 m in,the I eoal bed led us suppose that in’ the
Miculesti-Cirbesti area, the I bed has been mlseorrelated with  the III
coal bed. . . a0 S0 i

The hypothesis on the mlseorrelatlon of the I and III coal beds also
" agrees with the large development of the I coal bed in the whole western
part of Oltenia.

Regarding the areas position with maximal -values for average
thiekness of the I and IT coal beds related to the Pericarpathian fault, it
is noticed that they are placed in the north on the internal flank of the
foredeep, where for this level there were the most favorable subsidence
speeds during the coal genesis.

Sudden thinning of the coaly complex, SE of the B[ulg‘lle§t1—RO§la;
de Jiu alignment, beyond which, in our opinion, occurs only the I coal
bed, the III bed having an insular development, seems to be related to
the paleogeography of the territory, on which, eo%l-ﬁenelatmg SWamps
developed, namely up to here the freshening has been felt owing to the .
western - fluviatile waters. While the I eoal bed deposition, fresh water
occupied the largest area during the Lower Dacian.

Concerning the relation between maximal thickness of Viseni Valley
complex and average of the I and II coal beds, a superposmon of these. ;
values could be 1nferred indicating a eomeldenee of the zone of maximal |
subsidence of the eoal-freneratmo basin' during” the Lower: Daela;n with'
that of the most favorable submdenee i

Distribution of the average thickness of the IV coal bed (fig. 4) shows.. :
that the direction of the axis of the highest values area changed, the area’
inside the 2 m isoline being oriented about W-E has the axis on the Lu— - af
poaia-Braditel-Rosia a,hfrnment ] o A i k

b

.d.\

3.2. Motru complex

This complex corresponds to the widest development interval of
) eoal—generatingv areas during the Upper Dacian and ‘Middle . Romanian.
7" The contour map (fig. 3) for-average thickness of Motru coaly cem-
plex shows that the isolines of the average thickness ars generally SW-NE
oriented towards the Braditel- Drafrotestl—Rael alignment; then'they are
W-E.-oriented similarly to the: Perlearparthlan fault a,hgnment -and -with
that of the sedimentation basin. ‘Modifications. of the isolines trend seem
to. be caused ‘by paleogeographic factor, reflecting pr edepoxltlonal morp-
hologic configuration. of coal-generating. basin. The contour map shows
11nportant ehangee of the alignments Briditel- D1 a,ffote,stl-Raol “and
Tehomir-Horsisti. As. concerns, the first, alignment, it is posslble the teoto—
nie factor. should take part in these . ohanges as Well '
3 In relation with- the position of the Perloarpathlan fault, 11; is. Iemar—
ked a higher thickness of .coaly complex:towards SE,. showmtf 2. dmigra-
tion in thls direction of maximal subsidence zone in eomparlson Wlth the
Viseni Valley complex. e e

In comparison: with the - development of the beds.in the lower eoaly,
oomplet besides the changes of the direction of the area axis with the
highest thickness, there is also an obvious width of the areas with ave-
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rage thickness of more than 1 m, representing a prelude of maximal ex-
tension of coal-generating basin at the level of the V coal bed.

b The V' ¢oal bed knows a wide development in Oltenia and 1epiesert
one of the most important eoal beds from thickness and‘quality pcint o
[view./'Th‘e area inside the 3 m isoline with ‘maximal thickness of “ccal "¢y a1
AThgee i C . A g ! | : F . ]
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Fig. 3 — Contour map for maximal thickness of the IV coal bed t 1, isolines of maximel thick-
ness; 2, fault; 3, Pericarpathian fault.

(fig. 5) covers almost the whole region of the investigated sector ; it is WE
oriented and is obviously developed towards E and SE.
_ Inside the 5 m isoline area, there are sometimes insular zones of
moré than 7 m and also”other zones “with less than 2.2 m thickness. This
tact could be explained by involving the paleogeographic but also tectonic
factors, related to the local uplifting -and sinking synsedimentary zones.
The following two coal beds (VI and VII) have also a wide extel}—
sion ; the axis of their average thickness area with the highest values is
. placed north of the Pericarpathian fault suggesting the extension towards
"'SE too in the Raci-Plopgoru zone. This accounts for the presence of the
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VII and VI coal beds together with the V bed on the external flank of the

. foredeep in the Mih&ita-Predesti-Isalnita zone and in the depressionary
zone Biilesti-Terpezita-Capu Dealului, whose southern half overlies the
Moesian Platform (Ticleanu et al. 1986). In comparison with the V coal
bed values, south of the Pericarpathian fault, it is noticed an obvious sma-
ller average thickness of the VI .and VII coal beds.
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Fig. 4 — Contour map for average thicknesses of Motru coaly complex ; I,Z‘isolines of average
thickness; 2, fault; 3, Pericarpathian fault. °

The fact that during the V —VII coal beds accumulation, the coal-
generating basin had a similar evolution, results from the existence of
some zones where those three coal beds either joint (Tismana zone) or

_group, especially the VI and VII coal beds, as in the Pinoasa zone.

The VIII-and IX coal beds have zones of maximal thickness on nor-
thern flank of the foredeep, but they are mining in a less degree in com-
parison with the V —VII coal beds. As a matter of fact, upper layer of
the IX coal bed reaches the external flank of the foredeep having but
Aery small thicknesses.
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Another important coal-generating phase is placed at the level of

the X coal bed (fig. 6) which has a large extension and high values of maxi-
mal thickness of coal layers, reachmfr up 6 8:80 m in the Miculesti-Mata-
sari zone. The area inside the 4 m isoline -is W-E oriented and is placed
north of the Perlcarpathlan fault. The'2 m isoline is s1tuated 1mmediately
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Plg 5 —_ Contour map for maximal thlckncss of the V coal bed: 1, isolines of maximal]
tluckness, 2, fault 3 Pericarpathian fault.
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south of the Per1carpath1a11 fault on‘ the Muro11e§t1—ArtaJnu-Plop§oru

alignment. .
Starting with the XTI coal bed, an obvious reduction of the develop-

‘ment areas of coal beds and of their thickness do occur. The XTI coal bed
shows three small areas where maximal thickness coal of layers is more
than.2 m ; Lupoaia-Plostina, [Hordsti-Tehomir and Urdari-Plopsoru, then
the values range between 0.1 m and 1.65 m.

The XIT coal bed (fig. 7) exhibits more than 2 m maximal thickness
of coal layers, only on the internal flank of the foredeep and the area inside
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the 3 m isoline has the axis on the alignment Plogtina-M#tisari-Rosia de
Jiu which is oriented SW-—-NE. Y S P AN
The last coal bed in the Motru coaly complex is the XIII bed and
it is not so thick, seldom showing more than 1 m and being ununiformly
“developed. T e : ' : =SS

! - - R )
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Fig. 6 — Contour map for maximal thiékness of the X coal bed : 1, isolines of maximal thickness ;
2, fault; 3, Pericarpathian fault. ,

4 Out of the aforesaid data, it results that during the formation of the
Motru coaly complex, in the Upper Dacian-Middle Romanian time span,
there were two more important coal-generating phases : the first one co-
rresponds to the V —VII coal ‘beds and the second one is placed at the
‘level of the X coal bed. Although the temperature progressively lowered
during the Dacian-Romanian, it is obvious that the main factor which
determined small thickness of the VIII, IX, XI —XITII coal beds, was not
caused by the climate. Decisive factors which led to the diminishing thick-

ness of the VIII, IX, XT and XIII coal beds have been both tectonic and
paleogeographic. During these beds formation took place the modification
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of subsidence regime proved by the reduction of optimal subsidence areas
and of coal-generating swamps implicitly. ' 4

In the Jiu-Olt sector, N. Ticleanu (in Ticleanu et al. 1985) pointed
out the existence of a connection between the thickness of Motru coaly
complex and that of coal beds. This relation becomes obvious now in the
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Fig. 7 — Contour map for maximal thickness of the XII coal bed; 1, isolines of maximas
thickness ; 2, fault; 3, Pericarpathian fault.

Jiu-Motru sector as well. Thus, the 3 —7 m thicknesses of the V and X

03l beds correspond to a thickness of the coaly complex ranging from 80

. to 140 m and especially from 80 to 100 m. This fact is well illustrated by

the dispersion diagram of the relation between the complex thicknesses

and those of the V coal bed (fig. 8), and by the histograms of the same

. relation concerning the V and X coal beds (fig. 9). This relation is caused

by optimal subsidence for the accumulations of coal-generating phyto-

mass in the zones of coaly complex which are between 80 and 140 m thick,
demonstrating once again the importance of tectonic factor. '

Regarding the relation between the position of optimal subsidence

zones and that of maximal subsidence (of maximal thickness zones in the
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coaly complex), it can be noticed that they do not overlie each other as
in the case of the Vigeni Valley complex. Areas of optimal subsidence
(fig. 10) are eonstantly placed north of the Pericarpathian fault, while
the zone of maximal subsulenee oecurb in the south. Exceptlnd the V—
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—VII coal beds, which in~lude the most part of optimal subsidence areas
north of the foredeep axiai <nne, some of them are placed on the external
flank too, which shows they are very widely developed. In the zone of
maximal subsidence, the coal beds contain several coal layers and their
thicknesses become lower and lower.

3.3. Bidlcesii coaly complex

In the hill zone between Jiu and Motru, there were found the XIV —
—XVIII coal beds which belong to the Bélcesti coaly complex (Ticleanu
et al. 1985) being 10 —40 m thick in the Hordsti-Mitisari-Samarinesti
zone and 20 —80 m thick in the Dragotesti-Valea cu Api — Artanu zone.

For the presentation of the relations between the Motru complex
and the Bilcesti complex, there was drawn the contour map of average
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Fig. 10 — Distribution map of the axes of maximal thickness areas of the IV, V, X, XII’

XIV and XV coal beds ; the axes of maximal thickness areas of the coal beds : 1, IV coal bed ;

2, V ceal bed; 3, X coal bed ; 4, XII coal bed; 5, XIV coal bed; 6, XV coal bed ; 7, Pericar-
pathian fault.
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thicknesses between the XIIT and XIV coal beds (fig. 11). Analysing the
map, it is noticed that westwards and north-westwards, the thickness
between Motru and Bilcesti. coaly complexes reduces from 80 m in the
Raci- Plopqoru zone to 20 m in the Motru-Pinoasa zone, showmcr the trans-
gressive tendency of the Cindesti formation.
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Fig. 11 — Contour map of averages thicknesses 'for the interval between the XIII and XIV
coal beds ; 1, isolines for average thickness; 2, fault; 3, Pericarpathian fault.

The most important bed of the Bileesti coaly complex are the XIV
beds, the other three (XVI —XVIII) being only locally well developed-
Contour map for maximal thickness of the XTIV coal bed (fig. 12) indica~
tes its thickening up to 4.0 m at Mitasari and up to 3.0 m at Horisti
while the area of maximal thicknesses of more than 2 m appears to be
more restricted, suggesting the diminution of the coal-generating environ-
ment to the end of the Romanian stage.

Similar state of affairs is shown by the XV coal bed, whose maximal
thicknesses reach less than 4 m. Contour area for maximal thicknesses o-f
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coal layers with more than 2 m extends on ENE-SSW direction, between
Negomir, Tehomir and Hor#gti with a jonction to Miculesti-Matasaii.
The XVI —XVIII coal beds rarely occur, because either of the non-
deposition, or of subsequent erosion and are seldom moxe than 1.5 m
thick, most of the cases havmg less than 1 in.
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Fig. 12 — Contour map for maximal thickness of the XIV coal bed; 1, isolines for maximal
thickness ; 2, fault; 3, Pericarpathian fault.

If in the 1nve<t1trauted area, maxnnal thicknesses areas of the Bil-
cesti coaly complex aie placed north of the Pericarpathian fault, east-
wards in the Bilcesti zone they are situated in the foredeep axis because
of the clogging trend of the coal basin.

4. Conelusions

From the above mentioned data results the leading part played by
both -tectonic and paleogeographic factors, which acted in dissimilar
ways in various regions during the Dacian-Romanian time interval.

3

16 — c. 565
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+

The development of the Viseni Valley complex seems to be first
conditioned by paleogeographic factors (the presence of rivers rich in
fresh waters and of a favorable predepositional relief). Its area extends
towards the western extremity of the Dacic Basin, where on a backgro-
und of paralic facies occurs an alternance of brackish fresh water environ-
ments. Stages of the basin waters freshening, by the rivers in the neigh-
bourhood are the same with those where déveloped coal-generating vegeta-
ble associations. At the same time with the fresh water moving off, coal-
generating facies gradually diminished. Tectonic factor is reflected by
the position of maximal thicknesses areas of coal beds and coaly comple-
xes ; it was remarked that maximal subsidence areas overlied those of op-
timal subsidence while coal-generating phytomass accumulation.

Motru coaly complex has maximal extension at the level of the
V—VII and X coal beds and its areas trend is W-E.

Excepting the basic part, below the V coal bed, which is of paralic
type, bearing a last brackish reccurrence in the Jiun-Motru sector, the ot-
her parts of the main coaly complex developed into a lacustrine-deltaic
environment.

The area of optimal subsidence constantly maintained north of the
Pericarpathian fault in the internal foredeep, while that of maximal sub-
sidence migrated towards south of this fault or coincided with the fore-
deep axial zone. The influence of tectonic factor was noticed in the incre-
ase of coaly complex thickness of the foredeep axial zone concomitantly
with the increase of coaly intercalations as a result of coal beds digitation
and reduction of their thickness. North of the Pericarpathian fault, opti-
mal subsidence led to coal beds thickening while the number of compo-
nent coal layers is reduced. Consequently, in northern area of the fore-
deep the most favorable zones of the coal beds fiormation, having consis-
tent thicknesses, correspond to those of 80 to 140 m thickness in the coaly
complex.

Bilcesti complex shows a reduction of coal-generating area as a re-
sult of the basin clogging.

3 We give the name of ,,coaly complex” a gitological meaning, corresponding to a pile
of coal beds which developed on a certain areal and having distinct structural-genetic charac-
teristics. .

4 We use the notion of ,,coal bed” according to the Romanian-geological literature which
accepted the meaning of simple bed or composite bed which includes several layers separated
by dirty intercalations.

.
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CONSIDERATII PRIVIND DEZVOLTAREA COMPLEXELOR CAR~
BUNOASE PLIOCENE DIN SECTORUL JIU-MOTRU

(Rezumat)

Lucrarea prezintd rezultatul analizei modului de dezvoltare al com-.
plexelor cirbunoase cuprinse in depozitele dacian-romaniene dintre Valea.
Jiului §i Valea Motrului. Analiza a fost efectuatsd pe hértile de contur, in-
tocmite pe baza datelor de foraj existente, pentru elementele : grosimea.
medie a complexelor cirbunoase, grosimea medie a principalelor strate de-
cirbune si g1osimea maximy a bancurilor ce le compun. Dezvoltarea com-
plexelor a fost raportatd la pozitia acestora in cadrul avanfosei, flancul
intern sau cel extern, in functie de falia pericarpaticd.

in ceea ce priveste complexul cirbunos de Valea Visenilor (stratele-
A-B si I—TIV), dezvoltarea acestuia pare s& fie conditionats in primul
rind de factori paleogeografici ce au determinat existenta unui aport im-
portant de apéd dulce. In conditiile unui relief predepozitional favorabil, .
creat desigur prin actiunea factorului tectonic, a Spst posibild formarea
unor mlastini de apd dulce in care s-au instalat asociatii vegetale carbo-
generatoare. Rolul factorului tectonic este evidentiat si de suprapunerea: .
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ariilor de subsident¥ maxims, situate in Jumatatea sudvesticd a perime- -
trului, cu cele de Subs1denta optimi pentru acumularea fitomasei carbo-
generatoare.

' Oomplexul de Motru (straﬂ:ele V —XIII) se caracterizeazé prin ex-
tinderea maxim la nivelul stratelor V —VII si X si modificarea aspectu-
lui ariei de dezvoltare care are o orientare generald est-vest.

Aria de subsidentd optimi pentru formarea cdrbunilor s-a mentinut
constant la nord de falia perlcarpatca, in avanfosa internd, in timp ce
zona de subsidents maximi a coincis cu traseul faliei pericarpatice, zona
axial a avanfosel, sau & migrat spre sud de aceastd falie. Controlul fac-
torului tectonic s-a materializat prin cresterea grosimii complexului cir-
bunos in zona axiali a avanfosel, concomitent cu cresterea numirului de
intercalatii cirbunoase ca rezultat al digitdrii stratelor cu scéiderea cores-
punzatoare a grosimil stratelor si bancurllor de carbune si dezvoltarea in
grosime & intercalatiilor de steril.

Pe flancul intern al avanfosei s-au realizat conditii de subsideni;,é,
optim4 ceea ce a determinat formarea unor strate cu grosimi mari (peste
2 m), in special stratele V —VII gi X, care sint constituite dintr-un numir
redus de bancuri de cirbune, comparativ cu zona axiald, datoritd coma-
séril intercalatiilor cérbunoase. Tot pe flancul intern al avanfosei se con-
statd o relatie evidentd intre intervalul de grosimi de 80 —140 m pentru
complexul cdrbunos de Motru §i grosimea mai mare a stratelor de cirbune.

Complexul de Balecesti (stratele XIV —XVIII) corespunde unei re-
duceri a ariei carbogeneratoare condifionatd de procesul de colmatare al
bazinului. Zonele cu subsidentd optimi sint reduse ca suprafatd si situate
de asemenea la nord de falia pericarpatici.
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DRAWING UP TWO TYPES OF HUMITO-GENETIC MAPS FOR
NEOGENE COAL DEPOSITS IN THE BOROD BASIN
(EAST OF ORADEA) AND IN THE MIHAITA-PREDESTI ZONE
(OLTENTIA)?
BY
NICOV.AE TICLEANU 2, CORNELIA BITOIANU?

Coal deposits maps. Neogeﬁe. Humilo-genetic’ maps. Physicochamical' features. Isopachyte
maps. Xylite. Petrology — coal. Apuseni. Mits — Neogene depression — Borod. Getic

- 'lplafeau — Strehaia Platform. it o 3 5 :

RO i
‘Abstract © '
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-** " The authors present two t);pes of huinito-geneticimaps, the first one.'being used for
‘the study of the II seam of coal in the' Sarmiatian.deposits of the ‘Borod basin and
‘the second one regards the 'V seam of coal within the Upper Dacian deposits from Mihdita—
Predesh (Oltema) Starting from the- fact already known of the connection 'between. . coal- -
generatmg 'vegetable groups and petrographical types ‘of coals, . whlch they determine, the
authors notxced ‘that on the vertical of a coal seam’in a- point of observation within® the
) genetlc senes, 'there are always two ];)revalhna petrograplncal types whxch reﬂect vegetable
‘groups called accordmg ‘to' the percentage part101pat10n, main and secondary groups. ‘The
hum1to-genetlc map resulted from Jommg the' pomts of ohservatlon with the same pereentage
¥ values. The second type of map considers ‘the fact - ‘that ° coal—generatmg vegetable . groups
contnbutEd to a great e\:tent to determme “the Iilam coal physico- chemlcal features :
thackness, xyhte content ete. It resulted through a'’ successwe superposmon of the contour

waps for each element
Hlias; p . 4 . [t &) t i

' . ! Bésumé 4 o
Elaboration de deux fypes de carfes humzto-genetzques concernanf les dépdts néogénes @

¢harbons du bassm de Borod (E Oradea) et la zone de Mihdifa— Predesti ( Oltenia ). On présente
deux types nouveaux de cartes humito-génétiques, le prenuer appliqué 4 I’étude de la couche II

2 Recelved on May 13, 1986, accepted for pubhcatlon on May 23, 1986, presented at
o Meeting on May 23, 1986. !
2 Institutul de Geologie $i Geofizicd, str. Garansebes 1, R 79678, Bucuresti 32.
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de charbon des dépots sarmatiens du hassm ge & Borod le (leu\leme concemaut la couche V de
charbon, trou\ ée dans Ies dépots (hcxen supeuems éc “lhdltd—PI‘CdeStl (Oltema)
carbogénérateurs et les Lypes pétrographiques des charbons déterminés par ceux- ci, les auteurs
ont constaté que sur la verticale d’une couche de charbon, dans un point d’observation, dans
le cadre de la série génétique, il y a toujours deux types pétrographiques prédominants, re-
flétant les associations végétales, principale ¢t secondaire, en rapport avec la participation
quantitative. De I'union des points d’observalion aux méme valeurs gquantilatives a résulté la
carte humito-génétique.

Le deuxié¢me type'de carte est fondé sur le fait que les associations végétales carbogéné-
rateurcs ont contribué cn grande mesure 4 la détermination des caracteustxques pr111c1pa1es
physxco chimiques des charbons : épaisseur, tcneur en xyllte, Aanh Sl . Par la superposi-
tion successive des cartes de contour, pour chaq‘ue element susmentionné a résulte le deuxiéme
type de-carte humito-génétique. f ’

1. Introduction

In-agreement with the ever increasing demands for power resour-
ces, the geological investigations keep on with establishing the develop-
ment criteria for coal formations, owing to which it would be possible to
outline some new prospect zones. _

Concerning the distribution criteria of the coal deposits, one of the
numerous objects of investigation is represented by their genesis.

. In Romania, the genesis of Neogene coals has been lately studied.
In the beginning, the problem of coal genesis constituted only an inciden-
tal concern being related to the petrographic study of coal. So there are
some genetic remarks in the papers about the Pliocene coal petrography
from Rovinari (Oltenia).( Cornelia Bitoianu and Smirindita Ilie, 1967)
-and about the Sarmatian ones from the Comane$t1 basin (Smarandl’sa Tieand
-Cornelia- Bifoianu, 1970). Presently, the coal genesis .of Neogene
deposits -has also been studied:- from other pomts of view : paIeobota,ny,
-lithologys;. sedlmentoloay and tectonics. -Concerning this, we mention  the
- papers written by Givuleseu .(1974), Petrescu and Felencz (1979), Preda
et -al.~(1981), Pauliuc and Barus (1982), Tlcleanu et al. (1982, 1985), Pe-
trescu and Kolovos (1983), Micu et al. (1984) Andree’seu (1986) Tlcleanu
(1986, a,b), Ticleanu (in punt) : :

Besides the published papers, = Cornelia, B1t01anu and \T Tlcleanu
supplied data about the genesis of coal fields in various coal basins inclu-
ding them in several oeolomcal reports, namely : Marinescu et al. (1981),
Pap&xanopol et al. (1981 1982) Micu et al. (1982), Andreescu et al. (1984),
-Ticleanu et al. (1984, 1985, 1986)

. . After studylzncy the Borod i)asm, N. Ticleanu and Corneha Bitoianu
have drawn up the .first humito-genetic map for the second. coal seam of
the Volhynian deposits. Then the same authors drew up the humniito-ge-.
‘netic sketch map for the V coal seam. of Oltenia Dacian deposits (Ticleanu
et al. 1985, 1986). At the same time, they drew another humito-genetic

" B . : il ks
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map for the Mihiita-Predesti zone (Oltenia), which gives us a better
image about coal-generating swamps and also makes possible to establish
the qualitative and quantitative development of the coal seams.

2. Humito-genetic map of the II eoal seam in the Borod Basin (east of
Oradea)

The Sarmatian deposits in the Borod basin constituted the object
of numerous geological investigations, their results being presented in va-
rious geological reports, have been synthesized by Papaianopol (in Papa-
ianopol et al., 1984). Considering the present subject, the authors do not
want to treat in detail the lithology of Sarmatian deposits ; it is to mention
that they are constituted of a great variely of rocks : clays, sandy clays,
clayey silts, marly clays, marls, marly limestones, limestones, organoge-
nous limestones, white vacuolar limestones, tuffites, tuffs, tuffaceous
marls, diatomites, sands, gravels and coal intercalations. There are various
facies types too, from typical brackish facies to typical freshwater facies.

The age of the presented deposits has been very much debated;
we mention only that Papaianopol (in Papaiancpol et al., 1984) considered
it to bhe Volhynian. o '

Concerning the coal content of the Volhynian deposits in the Borod
basin, there are two coal seams : I and IT one which are numbered accor-
ding to the stratigraphical sequence. The 1I seam is the most extended
and the thickest one. In the Cornitel area, this seam is constituted of
3 —4 coal layers, 0.2 —1.4 m thick and in the Beznea-Valea Neagri area,
it has two layers, 0.8 —2.3 m thick. Because of its development, this seam
was considered when drawing up the humitogenetic map.

In the Borod basin, the Sarmatian deposits have a rich paleofloristic
content studied by : Givulescu (1951), Istocescu and Givulescu (1977),
Ticleanu (in Marinescu et al., 1980 and Papaianopol et al., 1984) and Givu-
lescu and Ticleanu (in print).

From paleovegetatior. point of view, in the Volhynian coal-genera-
ting swamps existed at least 5 vegetable groups, namely : Sequoia forest
swanyp ; Myrica bush moor, which can be partly replaced by deciduous
forest swamy (Acer tricuspidatum andfor Liquidambar  ewropaewm);
Glyptostrobus forest swamp which is important for the coal genesis;
Phragmites swamp and water plants group, where its depth was more
than 2 m. All these vegetable groups included one or several phytoceno-
ses, the spatial distribution of which was controlled by the water depth,
forming at a certain time iore or less complete ecological series.

The microscopic analyses of coal point out that the IT seam is cons-
tituted of macerals which belong to huminite, liptinite and inertinite
groups. Among these, only huminitic macerals prevail, namely humo-
telinite (ulminite) and humodetrinite (densinite). Besides these, mineral
components have been determined : clay, pyrite and others. The investi-
gated seam is also constituted of gelinite, sclerotinite and cutinite.

The petrographical composition indicates an advanced gelifica-
“tion of the second seam; this fact being also confirmed by the abundant
glossy coal rich in ulminite, gelinite and densinite.
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As it is known (Stach et al., 1982), every coal-generating vegetable
.group determined a_certain pet100‘1 aphical type, of coal On account of
the hthotype pexcentage analysis, we may reconstitute the succession in
time of various vegetable groups (O"enetlc series) for a coal seam in a cer-
tain point of obselva‘rlon (dnllmg, mining, outcrop) and by joining seve-
ral points of observation in zones with the Same evolutlon feature%, one
gets the humlto—O‘enetm map. Y

Petr ovraphlcal analyses in 16 points' of obsexvatlon on the second
seam in the.Borod basin, show that each of them has four distinct petro-
_graphical | types, which cone'%pond to the - vegetable groups : Glypiostro-
. bus swamp, th gmites maysh, Myriea moor and the water plants zone.
The absence.of the . petrovraphlcal type characterlstlc of Sequom moor
shows its erosion and its minor importance to coal genesis.

. In each point of observatlon, the four petrographical types are re-
presented by various pelcentaoe conuents However, we notice that al-
ways two of them represent 68 —889%,. These two types indicate the coal-
-generating vegetable groups, which we call maini and secondary group,
accordmg to the percentage content.

By joining the observ@tmn with , the same type of binary associa-
“tion of vegetable Sroups, we drew up the humito-genetic map. For the
drillings with no petrographical analyses, besides’ the data we had from
closer dr1llmgs, we also considered the thckness of coal seams, knowing
that high thlckness was caused by the Glyptostrobus- swamp. For delimi-
ting the area of the Myrica moor, the authors take into account the percen-
tages for the petrographical type which characterize this association re-
ported from the drillings. For the Sequoia forest, the paledfloristic data
collected from’ drillirigs “and outer ops are taking: into’consideration that.
the ecological series started with this vegetable group. p

It is interesting to remark that the largest areas of -interest are co-
vered by three types of binary comblnatlons of vegetable groups where
Glyptostrobus is always present. At the same time, Pkmgmztes occurs in.
“three' types of binary groups (P1..1).¢

In our opinion, the way how binary combinations are placed east.
of Borod basin, namely Glypfosirobus-Phragmites group to; the basin
margin and - Phragmites-Glyptostrobus to the. center, constitutes an im-
portant argument to support the idea that this map is the real image of
the Volhynian in the Borod basin.

. « By, plotting probable and possible contours of development: areas
for .various coal-generating vegetable groups, we see that this coal field
may extend as faﬂ as the SW of tlm baﬂm and the north of Alesd as well..

3. Hurmto-genetm map f01 the Mlhalta~Predestl zone: (Oltema)

Mxhalta-]?mdestl zone is s;ltuated on the external flank of the Car-
pathian foredeep at about 20 km N'W of Craiova town. The lithological
composition of the Dacian-Romanian deposits consists of an alternance:
-of clays, argillaceous silts, sandy clays, coal clays, sands, argillaceous.
sands and seldom gravel mte;calatlons at upper side. Wlthm thl\ coal
pile are known seveml coal seams which Ticleanu et al. (1986) correlated
with the V —VIII seams in the \Iotm—Rovman zone. The main seam.

r
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ecurs at the base.and is often conbtltuted of t\yo eoal layem sometimes
the seam is more than 5 m thick. The upper ‘seams are thmner generally
less than 1 m and have no economic importance. In order to draw up the
humlto-oenetlc map, we chose the V' seam because,of ‘its uhiform deve-
lopment and we had enough data retrarchno the phymco—chemlcal features’
of coal.

Concerning the main vegetable Group% ‘which contrlbuted ‘to ‘the Da-
cian -coals forlmtlon, there are enough paleofloristic data which indicate
the existence of the following coal-@eneratlng vegetable groups : Glyplo-
strobus forest swamp, Phragmit_es marsh, Bmun'ia forest swamp, Saliz
bush moor and water plants zone. These vegetable groups contained in-
terpenetration zones, a convincing example being the frequent associa-
tion between Glyptostrobus and Braunie species.

The existence of coal-generating vegetable groups was confirmed
by the petrographical analyses of eoal because each of the main vegetable
associations which contributed to the coal genesis, has a certain maceial
group which iy identified in the coals. For instance, huminite and inerti-
nite groups came from the same woody material but under special condi-
tions. The initial mateiial belongs to big-sized trees bearing strong roots,
represented by remains of bark, trunks branches all rich in llfrnm cellu-
lose and tannin. Most of them come from trees of G. europaeus type,
which through diagenetic and later biochemical decomposition, under
anaerobie, hvdrmon rich conditions, gave rise to huminitic macerals, es-
pecially tD\tlmte and ulminite. The same remains changed into fllblnltlc
macerals under aerpbicé oxygen rich conditions.

Besides the montlongd vegetable remains, coals also resulted .from
pallustrine monocotyledons (Phragmites, Typhu, Arundo etc.), which ge-
nerated Huminitic macerals attrinite and densinite. . -

Spores, resins, fats, waxes oxiginating in ﬁungl and ferns (spores)
and Glyptostrobus. reqpechvely (resm&, £ ats) gave rise to liptinitic mace-
rals by biochemical processes. .

The main vegetable groups Whlchncontrlbuted to coal formation,
were 1ot umformlv distributed within the sedimentation basin, mainly
in accordance with the.  water depth. Becau%c, within the sedimentation
basin, the water.level had frequent .oscillations. cansed by a lot of factors,
the various groups of an ecological series ,presented modifications in their
horizontal display ~while vertically vail\ous coal-generating vegetable
groups come 0 overlie each other, foxmmo a wenehc series. These O‘enetlc
series are confirmed by petrographical analvse\ which point to variable
content of macerals in the coal seams mvestmated

In comparison with the Borod basin; mhele we had the possibility
to collect samples in order to determine coal petrographical features, in
the Mihiita-Predesti zone, because of advanced mining works, this was
but pfu'tlv poqnble Here, we have numergus data reoardlno the main
physmo chermnical features of the'V -coal seam.” "By .processing : these data,
wé' dreéw np thesecond type of humlto—ﬂenetlc map. -

Starting from the fact that maceral associations reflect the vegeta-
ble a\soclatlonb of origin, we supposed that it has to be a connectlon het-
ween coal chemical composmon and physical features, on one side, and
vegetable associations of origin, on the other side.
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In order to verify this hypothesis, we chose a zone with enengh data
regarding petrographical, physico-chemical, thickness and paleobotanic
features We considered Mih#ita-Predesti the best zone Decause here mi-
ning works were finished.

Owing to our data, we drew up contour maps for the variation of
the,followmo elements : A™, Vi, QP, seam’s thickness and quantity
of Wwood mass (xylite 4 ulmmlte). Cumulating all these contour maps, a
new type of humito-genetic map resulted.
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Fig. 1 — Contour map for AR of the fifth coal bed (lower coal pxlc) — \hhilta zone : 1, dl‘ll-v
hng for which AR (per cent) was detmmlmd 2, isolines ; 3, mmlmal areas; 4, ma\lmal areas
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Superposmo the contour map for t&“‘“‘ (Fig. 1) with that for V* (vo-
2), it results that, mlmmal ash zones. are displayed on
in, most cases. For instance,

north of Predesti, outhnes a zone with A“““ =16.2%,. which overlies a
zone with V! = 30 %, SW of Mihiita to 15. 9% ash and corresponds to
35%, volatile matter. We mention that ash varies from 13.8 to 39.7% and
volatile matter {rom 20.9 to 38.69,. This situation is explained by the
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Fig. 2 — Contour map for V1 of the fifth coal bed — Mihiita zone : 1, drilling with V1 content

=

(per cent) ; 2, isolines ; 3, minimal areas ; 4, maximal areas.



252 N. TICLEANU, C. BITOIANU g

faet that the volatile matter COIIleb from bituminous eoal belng genera—
ted by resins, fats, waxes, cutine, sporine, these elements belnv frequent
in the compos1t10n of G—lyptostrobus ‘association. Regarding the low ash
content, it also occurs in the’ Gl?/ptostrobus, assomatlon beeause in this
swamp, mineral terrigene. subgtances were stopped by marginal vegetable
associations : Saliz bu'ih moor and' Phragmites marsh. At the same time,
low ash content is explained’ by a Iot of vevetable biomass supphed by the
respeetlve assoclatlon
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ks ¥ 1
The same situation is also noticed by superposmg the contour map
for Qi (Fig. 3) and the map with A®*™ (fig. 1), to a low ash content it co-
rreponds a high calorific value. Concerning this, ‘we have examples in the
zone NE of Predesti where Qf = 3595 Kecal/kg. Othermse, the A Q!
relation is known for a long time, presently ex1stmg nomograms to de-
termine through ash the calorlflc value. e T E R 1 G
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Fig. 4 — Contour map for xylite of the fifth coal bed (lower coal pile) Mih4ita zone : 1, drilling
* for which xylite percentages were determined ; 2, isolines ; 3, minimal areas ; 4, maximal areas ;
.5, coal sector used for, the power-stations. ) r
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n .Bec@ill's'é ’._,of/,"fe\\; in:f‘(')1;m@tion about coal wood mass from Mihgita,
the contour map for this element (Fig. 4) has an informative character.
However, we’can notice that xylite zones correspond a lot to those where
ash is a little present and volatile matter often occurs. The explanation
-of this superposition results from the fact that the main xylite source is
constituted by Gluptostrobus forest and the main eoal-generating asso-
ciation. '
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Fig. 5 — Map with the fifth bed isopachytes (lower coal-pile) — Mihdifa zonc : 1, thicknesses
in the drilling; 2, isopachytes; 3, areas of minimal thickness ; 4, arcas of maximal thickness.
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Knowing that very thick coal seams have Glyptostrobus swamps,
we drew up the map with isopachytes (fig. 5) for the lower layer of the V
coal seam, noticing that very thick seams correspond to high ash contents
in most cases. For instance, 5.8 m thick seam north of Predesti has
20.99%, ash and 8.55 m thick seam has 26.59, ash. :

Superposing successively the five contour maps for the above ana~
lysed elements, we drew up the humito-genetic map for the Mihgita zone,
where we separated areas with Glg/_pfostrobus, Phragmites and water
plants vegetable associations (fig. 6). :

©Cotofenii din Dos

oMihaita

Gly L [

L-EGENDA

@ Asociatii vegetale in care predomind Glyptostrobus

!{sociagii vegetale in care predomind Phragmites

Asociatii vegetale in care predomind plantete acvatica
3 o )

b

Fig. 6 — Humito-genctic map issued by correlating of the _elements : A‘“111 , Vi Q5, thickness

of bed and xylite percentages; 1, vegetable associations in 'which™ prevalls Glinostmbuv'

2 vegetable associations in which prevails Phragmites; 3, Veﬁctal)lc associations in' which
prevail water plants :

P
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4. Humito-geneti¢ maps are drawn. taking: mto con%1de1 ation Lhat the
main veoetable groups from'a coal-generating swamp determined a certa-
in type of coal maceral and certain physico-chemical features and quanti-
tative characteristics (thicknesses) as well. Starting from this: fact, it is
possible. that through qualitative and quantitative petrographical analy—
ses ‘and correlating them with the results of paleofloristic investigations,
to delimit on the maps the contours of vegetable groups which contribu-
ted to coal formation and to reconstitute the aspect of tlie swamp where
the coal genesis took place.

The flrst type of humito-genetic map was drawn by compa)rmo data
about coal petrography with those about paleofloristic content of coal
deposits. The second type of humito-genetic map considers the fact that
coal-generating vegetable groups determmed certain physico-chemical
features of coals : aqh volatile matter, calorific value, xylite content and
thickness of coal seams.

The successive superposition of contour maps for the elements men-
tioned above results in a humito-genetic map which can be used to inves-
tigate the Mih#ita-Predegti coal deposit.

Humito-genetic maps, which have been drawn up to now, represent
only a stage liable to be improved by us, through coal petrographic, pa-
leobotanic and physico-chemical analyses and computing as well. Using
humito-genetic maps, we can obtain clearer images on coal formation in
various basms and easily establish prospects zones on aecount of the
teﬁdencxes to develop coal seams.

: " 3. AR — a5h gt 105°C, \\/'1 = content in volatile matter (%) related to initial test,
Q‘% = calorific value rejated to initial test.
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ELABORAREA A DOUA TIPURI DE HARTI HUMITO-GENETICE
PENTRU DEPOZITELE NEOGENE CU CARBUNI DIN BAZINUL
BORODULUI (E ORADEA) SI ZONA MIHAITA-PREDESTI

(OLTENTA)

(Rezumat)

Lucrarea prezintd doud tipuri noi de hirti humito-genetice a ciror
esentd constd in conturarea pe plan a principalelor grupéri vegetale carbo-
generatoare care s-au succedat in formarea unui strat de carbune.

Primul tip de hartd humito-genetici a fost aplicat stratului II de
cirbune cuprins in depozitele sarmatiene din bazinul Borodului (NW-ul
Romaniei). Elaborarea acestui tip de hartd a pornit de la constatares,
cunoscutd deja, ci fieedrei grupdri vegetale din mlastinile carbogenera-
toare ii corespunde un anumit tip petrografic Dispunerea, mai mult sau
mai putln concentried, a gruparllor vegetale in cadrul mlagtinii, in primul
rind in funcfie de adincimea apei, determind o serie ecologied. in tlmp,
oscilatiile nivelului apelor au condus la succesiunea mai multor grupéri
Vegetale pe verticala stratului, determinind o serie genetici.

17 — c. 565
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‘Prin analiza petrografici s-a constatat ei la aleituirea unei serii ge-
netice participd 2 —4 tipuri petrografice, reprezentind tot atitea grupiri
ecretale, din care doud detin intotdeauna mai mult de 60 9, motiv pentru
care, in functie de participarea procentuala au fost denumite : principaly
§i respectiv secundari.

Din reprezentarea pe un plan a suprafetelor care au grupiri vegetale
cu valori procentuale aseminitoare rezultd harta humito-genetici. Uneori,
acolo unde cea de a treia grupare vegetald se apropie procentual sau este
egald, caz mai rar, cu gruparea secundard se pot contura si suprafete cu
trei grupéri vegetale. Fiecare grupare vegetaly este denumitd dups ele-
mentul predominant.

Cel de-al doilea tip de hartd humito-genetici, apheat pentru studinl
stratului 'V de cérbune din depozitele dacian-superioare de la Mihgita-
Predesti (Oltenia), a fost elaborat pornind de la acelasi principiu ca si
in cazul anterior : corespondenta dintre tipurile petrografice de cirbuni
si grupédrile vegetale din care provin, adz“mgind constatarea cid aceastd co-
respondentd se reflecté, in suficientd méisurs pentru a f1 sesizatd si mésn-
ratd, §i in unele proprietdfi fizico-chimice : A®™; 5 Qs contlnutul in
xylit §i grosimea stratului de cirbune. Astfel, de pllda, gruparea vegetald
a pidurii de Glyplostrobus este cea care a partlclpat la formarea carbu—
nilor cu cea mai redusd cantitate de cenusa, cu substante volatile in canti-
tate mai mare, continut mare in xylit si determing gr0s1m11e cele mai mari
ale stratelor de cirbune. In contrast cu aceasta, gruparea vegetald a plan-
telor acvatice a produs c#drbuni cu continuturi mari in cenuﬁa, cu xylit
putin §i grosimi mici, #3r4 importantd economici.

Pentru fiecare dintre proprietitile fizico-chimice luate in considera-
tie au fost intocmite hirti de contur, din care prin suprapunere succesivi
si ajustare a rezultat harta humito-genetici.

Cele dound tipuri de hirti humito-genetice reprezint¥ evident un sta-
«iu incipient, ele fiind Susceptlblle de imbunititiri ulterioare. Aceste harti
permit obtinerea unei imagini mai clare asupra form#rii cgrbunilor. si fa-
ciliteazs stabilirea zonelor de perspectlva pe baza studinlui tendlntelor de
dezvoltare, sub raport cantitativ si calitativ, ale stratelor de’ e&rbum '
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A SHEAR-ZONE RELATED Cu-Au ORE OCCURRENCE :
VALEA LUI STAN, SOUTH CARPATHIANS!
BY :
'GHEORGHE UDUBASA ?, HORST PETER HANN 2

Gold mineralization. Cu, Precambrian. Au, m‘ezlqniorphics. Shear zon;z. Structural control.

Tectogene mineralization. Sulfur isofope analysis. South Carpathians — Gelic and Supra-
' getic crystalline domains — Lotru and Cdpdfina Mts. Gelic and Supragetic sédimenla'ry

demains — Valea lui Stan— Gdlinesti Zone. ‘

Abstraet

The Cu—Au mineralization from Valea lui Stan is considered to be genetically connect-
ed to an important shear zone in the Precambrian metamorphics. The arguments in favour of
the tectogene origin are as follows : (1) the location of the quartz gold lenticular bodies exclusi-
vely within the shear zone ; (2) the orientation of the ore lenses in the mylonitic foliation plane ;
(3) the relatively simple mineralogical association of the ore bodies (quartz, gold, pyrite, arseno-
pyrite, chalcopyrite 4 sphalerite, galena, pyrrhotite) ; (4) the great dispersion of the 83S values
within sulfides (=-5.09 ... +23:269/,0); (5) the relatively high gold contents of the presumed
gold protore, represented by the amphibolic rocks of the Sibisel Group ; (6) the existence of some
“geochemical bridges” between the rocks and the ore’; ' (7) the lack of magmatic bodies in the
vicinity of the mineralized structure as well as the lack of the hydrothermal type altqratlons

.in tHe host rocks of the ore bodies etc. The paper deals also with some general aspects of the

genesis of the ‘“tectogene mineralizations’” connected to shear planes showing a critical dip.

.y it
i

Résuiné

M inéralisations feclogénes de Cu—Au de Valea lui Stan, Carpathes Méridionales. Géné-
‘tiquement, la minéralisation de Valea lui Stan est considérée liée 4 une importante zone de
cisaillenient dans des métamorphites précambriens. Les arguments en faveur de I’origine tecto-
géne sont les suivants : (1) la localisation exclusive des corps lenticulaires de quartz aurifére
dans la zone de cisaillement ; (2) ’orientation des lentilles de minerai dans le plan de la folia-
lion mylonitique; (3) I’association niinéralogi'que relativement simple des corps de minerai

< i X it

"1 Received Nov ember 20, 1986 accepted for publication ‘\lovember 20, 1986, presented

‘at the meeting of Novewnber 23, 1985.
2 Tnstitutul de Geologie si Geofizicd, Str. Caransebes 1, R 79678, Bucuresti 32.
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(quartz, or, pyrite, arsénopyrite, chalcopyrite 4 sphalérite, galéne, pyrrhotine); la dispersion
grande des valeurs 8%4S dans les sulfures (—5,09 ... +23,26°/O~0) (5) les téneurs assez élevées
en or du protore aurifére représenté par les roches amphiboliques du groupe de Sibige!l; (6) la
présence de quelques ,,ponts de liaison géochimique’’ entre les roches et le minerai; (6) I’ab-
sence des magmatites dans la proximité de la structure minéralisée et des altérations de type
hydrothermale dans les roches-hdte des corps de minerai etc. On met en discution aussi quel-
‘ques aspects importants de la genése des ,,minéralisations tectogénes” liées aux plans de cisaille-
ment 4 une pendage critigue.

The study of the gold mineralizations hosted by the ecrystalline
schists was generally based on the epigenetic concept, these mineraliza-
tions being considered ““old gold veins” and variously named. It was un-
derlined that they occurred almost exclusively in older metamorphies.
Only during the last decades the genetic concepts allowed other interpre-
tations especially due to the lack of the associated magmatic bodies as
well as of the hydrothermal alterations, their constant association with
greenschist belts, in which there are iron ores of itabiritic type (or BIF)
and their coexistence with shear planes.

The non-hydrothermal nature of the gold mlmrahzatmns from
Valea lui Stan has been partly demonstrated since 1976 (Udubasa et al.,
1976); the present paper provides additional arguments in favour of this
genetic hypothesis based on a better knowledge of the metamorphic for-
mations involved in the mineralized structure.

Previous Researches

The presence of gold in the alluvial deposits from this zone was first
pointed out in 1903 by Radu Pascu, but it was only in 1907 that the pri-
mary gold source was identified in the form of gold quartz lenses in the
metamorphics from the left slope of the Stan Valley (Preotesiu et al.,
1973). The old exploitation functioned with many breaks until 1950;

the works were later resumed without notable results (Stavarache, 1960 ;
Trifulescu, Dragomir, 1969 ; Preotesiu et al, 1973 ; Balabas, 1976). The
investigation of the zone pointed.out an extended vein-like structure,
with discontinuous mineralizations of hydrothermal post-magmatic na-
ture, revealing also some effects of the deformations undergone by the ore
minerals (Stavarache, 1960).

Petrulian (1936) underlines the peculiar character of these minera-
lizations, stating that ‘‘the deposit is not vein-like” and would be asso-
ciated with pneumatolytic and hydrothermal phases of the eruptive cycle
of the Cozia Gneiss. Ghika-Budegti (1938) connects the formation of the
mineralizations to the perimagmatic events subsequent to the appear-
ance of the granitic Cumpina “dyke’ and the formation of the Cozia
Gneisses, phenomena contemporary with the regional dynamic metamor-
phism. Trifulescu and Dragomir (1968) state that the mineralizations

SN o .
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show a discordant injection character and are generally linked with the
porphyric granites from the Ulii Valley; in their opinion, the ores are
located in vein-like pegmatite as veins, impregnations or stockworks.

Geological Strueture of the Valea lui Stan Zene

The recent data obtained by the investigation of a larger zone,
extended along the Olt River (Balintoni et al., 1986 ; Hann, Balintoni,
1987), indicate an extremely complicated structure involving metamorphic

-and sedimentary formations of various age (Fig. 1). The most important
lithostratigrpahic units involved in the formation of the mineralized struc-
ture are the following : Cumpdna Group, Sibisel Group, Cilinesti Forma-
tion and Cipitina Group which i,clong, in the terminology used by Balin-
toni et al. (1986) to the Sebes-Lotru multigroup (Cumpina, Cdpitina,
Cdlinesti) and to the Negoi multigroup (Sibisel); the Sibisel Group is the
most significant as it represents the equivalent of the greenstone belts
from the zones with simmilar mineralizations in the world.

Cipdfina Group

The petrographic background consists of biotite and muscovite para-
gneisses in which there are conformable intercalations of micaschists,
amphibolites, migmatites and numerous unconformable bodies of pegmatites.
The metamorphics of the Capédtina Group are of Proterozoic age ; the meta-
morphism took place in the almandine amphibolite facies (Barrovian type).
Hartopanu (1982) demonstrated the polymetamorphic character of the
wlole Sebes-Lotru Group, with a last retrograde phase, that resulted in
the chloritization of biotite and garnets and deformations that gave rise to
crenullation planes and microfolds.

The metamorphics of the Cépédtina Group underwent an intense
dynamic metamorphism close to the tectonic contact (overthrust plane)
with the Sibisel Group (Fig. 2), whereby the rocks rich in phylosilicates
got a phylonite-like aspect, while the quartz-feldspathic ones under-
went cataclasations, which initially showed a breccified aspect and further
a general mylonitic foliation. The cffects of this metamorphism in peg-
matites manifested by the cataclasation of the minerals and the boudinage
of the rock bodies. The effects of the dynamic deformation decrease in
intensity as the distance from the overthrust plane increases.

Sibigel Group

The metamorphics of this group are intensely compressed in the
Valea lui Stan zone, where they form a narrow strip varying in thickness



Fi‘g'. 1 — Structural Map of the Brezoi-Ciineni-Perisani Region (South Carpathians): 1, al-
luviu:(Holocene); 2, conglomerates (Neogene-Paleogene, Post-Latlce Laramian Cover); 3, brec-
cias, conglomerates, marls (Lower Maastrichtian ,Post-Early Laramian Cover); 4, Rotalipora
marls (Cenomanian-Post-Mesocretaceous Cover) ; 5, Cumpina Group (Sébe§~Lotru Multigroup
— Boia Nappe — Early Laramian, overthrust nappes); Lotru Nappe : 6, inarls, conglomerates
(Santonian-Coniacjan, Vasilatu Formation — Lotru Nappe); 7, Valea lui Stan sedimentary
Series (Triassic-Permian) Mesocretaceous lectonic units; Ciineni Nappe with Cidlinesti Scale;
8, Ciineni Formation (Proterozoic Sebes-Lotru Multigorup) ; 9, Caliuesti Formation(Proterozoic
Sebes-Lotru Multigroup); 10, Sibisel Group (Negoi Multigroup, Uria i\’ap'pe, Proterozoic) ;
11, Capajina Group (Proterozoic, Sebes-Lotru Multigroup, Getic Nappe). Conventional signs :
i2; Mesocrclaceous o\*erthrust; 13, Mesocretaceous, presumed pl‘e-Larémian Lectonic planc;
“14, Early Laramian overthrust (overthrust plane of the Boia Nappe); 15, Late Laramian tec-
tonic plane; 16, fault; 17, transgression; 18, general geological boundary.
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Fig. 2 — Geological Map of the Stan Valley Basin. Cipitina Mountains — South Carpathians :
1, actual and subactual alluvia (Holocene); 2, polymictic conglomerates, massive sandstones,
marls (Maastrichtian-Campanian) ; 3, polymictic conglomerates, marls, sandstones, organo-
genous gritty limestones, marly-sandy sandstones and clays (a), (Coniacian-Santonian); 4,
organogenous marly limestones (Werfenian) ; 5, red-violaccous polymictic conglomerates (Wer-
fenian-Permian) ; 6, Cozia augen-gneisses With paragneiss intercalations (Cnmpéna Group,
Sebes-Lotru Multigroup ; 7, slightly regionally retromorphoscd, partly intensely dwnamically
retromarpliosed biotite and muscovite paragncisses, with amphibolite levels (CAlinesti Fofn'_}a—
tion, Sches-Lotru Mulligroup); 8, paragneisses, amphibolites, i‘\n‘tens"‘ely regionally and' dyna-
micali3' rctrém_orphosed crystalline liniéstbnc (mylonift‘es‘ up to‘ rettll'o"myl‘onite_s)‘, cryétalline
limestone houndines (c), (Sibisel Group, Negoi Multigroup) ; 9, intensely migmatized and peg-
matized paragneisses, intensely mylonitized at the contact with the Sibisel Group (Cédpélina
Group, Sebesg-Lotru Multigroup); 10, gold-sulfide mineralizations; 11, Austrian overthrust
nappe; 12, Laramian gxéithrust nappe; 13, vertieal fault (a), wrench fault (b); 14, general
geological boundary ;~15, transgressit b BEdhtaty (56 GitheBbead bdnARERE 17 2dallery ; 18,
IGR7 position of geological sections.
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between 30 —50 m and 500 m (Fig. 3) and bounded by two tectonic planes,
through which it contaets the Cipétina Group (to the west) and the Cili-
nesti Formation (to the east). The metamorphics of this group were initially
considered an independent series (the Valea lui Stan Series) of Cambrian
age, in unconformable and transgressive position with respect to the
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3, laminated chlorite greenschists (retro-
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Sebes-Lotru Series (Savu et al., 1977 ; Gheuca, in Lupu et al.,, 1978).
However, Hann and Szasz (1984) demonstrated that this series represents
in fact the southward continuation of the retrograde Sibigel Series (group)
that underwent an additional dynamic metamorphism along an over-
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thrust plane, through which it thrustsover metamorphics of the Sebes-Lotru
Series (Cépdtina Group), forming the Uria Nappe. The Sibigel Group
-consists of a leptyno~amph1bol1t10 formation and a gneissic one (Hann, in
‘Stefinescu et al., 1982 ; Hann, Szasz, 1984). The repeated metamorphic
deformatlons, accompamed by mmera,looqca,l reorganizations, led to the
appearance of some aspects that at first sight suggest rocks of low grade
metamorphism ; however, this aspect is not uniform, old minerals and
structures often coexisting with the new ones. '

The Sibigel Group is marked by the amphiqolite + white quartz
feldspathic gneisses + crystalline limestone association at the base and
quartz and micaceous paragneisses at the top, which are generally sub-
jected to retrograde transformations. The amphibole schists contain acti-
nolite, chlorite, epidote, magnetite ; the other rock types macroscopically
resemble chlorite and ser101te quartz schists -+ relict garnet or sericite-
chlorite schists, the greenschists locally plevalhn Actlnohte with green
hornblende nueclei, ohcrocla,se with albite rims as well as the biotite chlori-
tization indicate, along with the intense laminations, the effects of a retro-
grade regional metamorphism. This conclusion is also supported by the
amphibole digestion by plagioclase, the appearance of magnetite as a new
mineral through the retrograde deferrization of hornblende and biotite,
the pseudoocelii from the quartz-feldspathic rocks which represent in fact
porphyroclasts ete. The initial, probably Proterozoic metamorphism, achi-
eved in the almandine amphibolite facies, was overlapped by a retrograde
greenschists facies metamorphism, probably of Hercynian age. The local
mylonitization and phylonitization of these rocks are likely of Alpine age.

The lithostratigraphic succession of the Sibisel Group is fragmentaf}
in the Stan Valley basin, most of the petrographic entities being lenticular.
The very strong and repeated laminations gave rise to blackish ultramylo-

nites that macroscopicallay resemble the graphite schists, encountered as
a rule in the zones where the compression on the whole sequence was the
strongest.

Cdlinesti Formalion

The petrographic constitution of this formation is represented by
micaceous paragneisses, sometimes with albite-oligoclase porphyroblasts ;
there are massive amphibolites or amphibolitic gneisses, augen gneisses
interbeds varying in thickness (Fig. 4). A slight retrograde metamorphism
manifests in the rocks of this formation through the chloritization of biotite
and garnets; mylonitization phenomena of varied intensity take place
in the vicinity of the overthrust plane.

Cumpdana Group

The metamorphics of this group develop southwards, overthrusting
the Coniacian-Santonian and Permo-Triassic sedimentary deposits. They
are represented especially by ocular gneisses with microcline augen. The

18 — c. 565
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paleosoma of these ophtalmitic migmatites is repressented by biotite
paragneisses. The metamorphism grade corresponds to the almandine
amphibolite facies. Contrary to the previous statements that the mineralized
quartz lenses from Valea lui Stan-are found exclusively in the augen (Coziay
Gneisses (Ghika-Budesti, 1938), it is proved that the metamorphics of this
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group were the least involved in the formation of the mineralized structure
and ‘the mineralization indices within the Cozia Gnelsses are on the whole

extremely sparse.

Major Structural Elements

In the Olt Valley two regional overthrust nappes were identified,
which were emplaced during the Early Laramian; they consist in tmn
of several Alpine, pre- Laramlan (Mesocreataceous), tectonic units. The
upper nappe, which thrusts over the Vasilatu Formation (Coniacian-Santo-
niagn) and is transvresswely overlain by the Brezoi Formation (Campama,n-
Maastrichtian), is named the Boia Nappe. In the Valea lui Stan region
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the Boia Nappe includes only the Arges Nappe, of lower grade, represented
by the Cumpéna Group, forming east-westward trending structures. The
lower nappe, named the Lotru Nappe, consists of the Getic, Uria and
Clineni (with the Célinesti Scale) Mesocretaceous tectonic units. The
Getic Nappe consists of the metamorphics of the Cipitina Group, the
Uria Nappe of the metamorphics of the Sibigel Group, and the Ciineni
. Nappe of the Cilinesti Formation. North of Valea lui Stan, under the
overthrust plane. of the Cilinesti Scale there are Middie-Upper Cenoma-
nian sedimentary deposits. The same plane is overlain in the Stan Valley
by Coniacian-Santonian sedimentary deposits, which indicates that the
overthrust is post-Cenomanian and pre-Coniacian, i. e. Turonian in age.

The complicated geological structure from Valea lui Stan is trans-
gressively and unconformably overlain by Coniacian-Santonian sedimen-
tary deposits (southwards) and cut by the Brezoi Fault (to the north), the
metamorphic formations and the Permo-Triassic sedimentary deposits
involved in the overthrust structures contacting the mentioned Cretaceous
deposits (Fig. 2).

Ore Ocecurrenees

Several ore occurrences are known aleng the Stan Valley, situated
especially on its left slope and hosted prevailingly by the metamorphics
of the Sibigel Group, rarely by those of the Cilinesti Formation and of the
Cépitina Group (Figs. 2 and 5). There are numerous quartz bodies varying
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Fig. 5 — Geological section through the Valea lui Stan mineralized structure

(southern part) (Observational data acc. te Preotes@u et al., 1973, revised)., 1, maris

.and conglomerates of the Vasilatu Formation (Santonian-Coniacian); 2, organo-

genous marly limestones, red-violaceous polymictic conglomerates of the Valea

Jui Stan sedimentary Series (Triassic-Permian); 3, Cilinesti Formation ; 4, Sibisel

Group ; 5, Cdpifina Group; 6, cataclasation and mylonitization zone; 7, lens-
shaped ore bodies; 8, boreholes.
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in size; they lie either conformably or unconformably but always within
strongly mylonitized metamorphics. The sulfide amount is of about3—59%,
of the quartz lens volume. The identified ore minerals in the order of their
frequency are as follows: pyrite, arsengpyrite, chalcopyrite, marcasite,
sphalerite, galena ; sporadically there occur pyrrhotite (as a rule included
in arsenopyrite), gold (included in arsenopyrite andjor chalcopyrite) and
‘secondary minerals (covellite, malachite, anglesite, cerussite, scorodite, .
hydrogoethite). Itabiritic, i.e. quartz rocks with magnetite and/or hema-
tite were found in places, with which pyrite is sometimes associated.

The mentioned minerals show a relatively uniform distribution in
the occurrences from Valea lui Stan; galena shows, however, a higher
concentration towards the north, while an increase of the sulfide amount
is recorded towards the south; as a matter of fact, the traces of the old
exploitation can be seen at the confluence of the Stan Valley with the
Valturul Brook. '

Pyrite and arsenopyrite are often fissured or broken and partly ce-
mented with the other sulfides, a gradual transition from unfissured,
euhedral grains to intensely broken, partly autocemented compact masses
being noticed. Part of the pyrite probably represents an older, pre- or
synmetamorphic ‘‘generation’’, forming almost monomineral bands;
this pyrite is very poor in minor elements. Chalcopyrite is often associated
with arsenopyrite ; the most characteristic association mode is given by
the cementation aspects of the fissured arsenopyrite through chalcopyrite,
representing the preferential concentration loci of the gold ; locally spha-
lerite can be also noticed in such fine intergrowth structures. The gold-
chalcopyrite-sphalerite assemblage, hosted by arsenopyrite, represents
a typical paragenesisfor the Valealui Stan ore. Sphalerite is in all the cases
oversaturated with chalcopyrite exsolution-like bodies, which are some-
times replaced by covellite ; this peculiarity of the sphalerite grains deter-
mines @ false anisotropy ; thisis why sphalerite was mistaken for stannite
(Petrulian, 1936). The microlaser analysis of such grains pointed out only
the presence of Zn, Cu and Fe, tin being situated below the detection limit
of the emission spectrography method (Udubasa et al., 1976). Beside the
above-mentioned characteristic assemblage gold also occurs as fine inclu-
sions in chalcopyrite, in massive arsenopyrite, rarely in pyrite, acciden-
tally in the goethite and hydrogoethite colomorphic masses, which some-
times contain also copper (0.25%,) and zinc (0.409%,). A few microscopic
aspects characteristic of the ore from Valea lui Stan are presented in
Plates I and IT and in Figure 6.

Sy

Geochemical Data

R i ]

The processing of the existing data for the amphibolitic rocks from
Valea lui Stan zone shows that these are metamagmatites (Tatu in
Udubasa et al., 1985). The results of the chemical, spectrographic and
neutron activation analyses carried out on rocks have been plotted on
the diagrams from Figure 7, which show a positive correlation between
Au and Fewt, & negative correlation between Au and the alkaline
iemengs,]? ak,) positive one between Au and Cu, and a negative one between

u an . :
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Fig. 6 — Mesoscopic (A—D) and microscopic (E) aspects of the ore. Abbreviations : po, pyr-
rhotite ; cp, chalcopyrite ; py, pyrite ; apy, arsenopyrite ; gn galena; cv, covellite;
: ' q, quartz.

Some significant chemical elements of the rocks and ores were plot-
ted on the ternary diagrams from Fig. 8; the overlapping parts of the
plotting fields of the rocks and ores may be interpreted as ‘‘geochemical
bridges” from the rocks to the gold-copper ores.
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tina Group): 73, mylonites formed at the cxpense of paragneisses (Sibisel Group).

The Co/Ni ratio in pyrite is supraunitary with a single exception,
while the absolute values — especially those of Co — are relatively high,
reaching 1.200 ppm. The As contents are high and very high due to the
very fine pyrite and arsenopyrite intergrowths. Phe gold contents within
pyrite decrease north-southwards in the direction of the increase of the
total sulfide amount of the mineralized quartz. It is worth noting the occur-
rence of thallium within the pyrite present as veinlets in the crystalline
limestones of the Sibigel Group, in a zone devoid of other ore minerals,
The other spectrographically analysed elements indicate variable contents,
partly due to the impurification with other sulfides (Table 1).

The data presented in Table 2 show that the mineralizations from
Valea lui Stan are characterized by the Au— Cu— As association as well as
by contrasting or subordinated Zn, Pb, Ag, Bi, Ni, Co values. The fine-
grained pyrite (two samples) that occurs as nests or lenses in the catacla-
sation zone affecting the rocks of the Cipitina Group in the Piscoaia
Valley basin (north of Valea Iui Stan), are generally poorer in minor ele-
ments, except Ti, for which a significant increase was recorded.
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TABLE 1
Minor elemenis in sulfide monomineral samples (ppm)
No. Mineral | Cu [Pb | Zn Aﬂ Au| Tl | Bi| As | Mo |Mn| Ni| Co Ti
& / i P -
1 (2)* | Pyrite 210| 26{<100| 75| 65|<30[ 19i>39%|<10! 48| 410|>3000| 310|
2 (11)** Pyrite  [18000| 950| 1300} 79| 60[>30| 19} 2600{<10{<10}| . 30 15) <30
3(9) Pyrite 2500| 135 15007 72| 36{«10| 105! 3%|< 10| 105| 110| 1500| <10
4 (8) Chalco-
pyirite 48| —| 5200| 280j< 8]<10{<10| 2500{<10| 67|< 3|j< 3 | <10
5 (13) | Pyrite 6500| 16| 360| 30|<30j<30|<10| 3500] 16| 18| 200] 260| <30}
6 (14) | Pyrite 185] 70(<100| 33{<30{<30| 13]<<300{<10| 450{ 140{ 1100} <30
7(3) Pyrite 90| 2001100 51<30| 70| 10} 300|<10| 120{ 160 24| <30
8 Pyrite 7500)2400|>>300| 300|<30;< 30| 180| 2800| 60} 13| 70 190 13
9 (6) Pyrite 800 44>>100] 59, 48/<30] 11} 1300{<10|<<10] 19| 2400| <30
10 Pyrite 210011200|<<100| 29]<30|<30| 22i24000{<10{<<10} 22| 950| <30}
11 (1) Pyrite 33| <10|<100j<< 1]<30|<30{<10, 300{<10|<10| 13| < 10| 140
12 Pyrite 530} 550'<100] 121<30/<30] 60| 1400|«<10) 17| 310 650) 105
13 (5)*** Chalco- — 5| 780| 300] | —| —| 2700 —| —i — —_ —_
pyrite
14x*** | Galena - = —| 850/ —| —(<16 - - 9 — - —

##% It contains also 22 ppm Sn and 20 ppm In; bdl: Co, Ni,

* The numbers in brackets correspond to those from Table 3.
*% Tt contains 48 ppm Cd; the other samples: Cd < 30

K It contains also 1050 ppm Sb; bdi: As, Te.

TABLE 2

Results of the sulfur isotope analyses (8%'S %)

Mn, Ti, Bi, TI

No. | Analysed mineral Location 84S
1 pyrite (py) ! Pascoaia Valley, cataclasation zone —17.83
2 Py Vulturul Brook waste dump — 2.81
3 py 2 Podul Brook — 2.43
4 sphalerite Rudiriilor Hillock — 0.51
bJ chalcopyrite :
(cp) Tomus 13 dump — 0.44
6 Py Tomus Gallery + 2.26
7 cp Stoianu Gallery waste dump -+ 4.01
8 cp Stefan Gallery waste dump -+ 4.65
9 py Stefan Gallery waste dump + 4.76
10 arsenopyrite 3 Rudariilor Hillock + 4.79
11 Py Stefan Gallery waste dump + 4.90
12 cp lancu zone + 9.17
13 py Stoian Gallery waste dump +10.16
14 py ? Stoian Gallery waste dump +15.22
15 py Domide 15 dump +23.26

2

3

Nests within black mylonites (Sibisel Group)
4 Pyrite nests within magnetite amphibolic rocks (Sibisel Group)

Fine impregnations within gneisses (Calinesti Formation)

Fine-grained pyrite (centimetric lenses) in cataclasites (Capatina Group)
2 Nests and veinlets within limestones (Sibisel Group)
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Sulfur Isotopes

The range of the 3%S values for all the analysed sulfides (Table 2)
is extremely wide, from —17.83%,, to -+ 23.26%,. The two extremes
are represented by samples collected from different environments; the
negative maximum is found in the pyrite sample from the cataclasites on
the Péscoaia Valley, while the positive one — in a sample in which pyrite
.appears as & fine impregnation in cataclased gneisses of the Cilinesti For-
mation ; relatively high values, with a rather excessive amount of the hea-
vy isotope (S52%%), is recorded in some samples in which pyrite is associated
with magnetite from rocks of (sub)itabiritic character (sample no. 14).
'The values of the other samples range within more restricted limits (—5.09
... 4 10.16%,,), which are, however, wide enough for not expressing a.
;unitary character of the isotopic abundances of the sulfides from the Valea
lui Stan mineralized stiucture. Owing to the dispersion of sulfides in the
samples examined, only in two cases analytical data for pairs of sulfides
could be obtained (pyrite/chalcopyrite, samples 8/9 and 7/12 respecti-
vely). The differences between the 8§%S values ave in both cases either
‘too low or too high in respect of the normal isotopic fractionation. This
suggests that the sulfides are not in isotopic equilibrinm ; as a matter of
fact the microscopic observations indicate textural re-equilibration pheno-
mena manifested by intense cataclasations, corrosion relationships among
sulfides, local mobilization on mechanical discontinuity planes etc.. Such
aspects are obviously induced by intense deformation processes. Thus it
is not possible to use the isotopic geothermometer or to estimate the iso-
topic composition of the total (primary) sulfur. It might be admitted that
the great dispersion of the 3%%S values is inherited from the pre-existing:
mineralizations, probably of different genesis.

Some Data Regarding the Gold Geochemisiry

The primary gold source within the Earth Crust is represented by
the mafic and ultramafic rocks, generally by the Precambrian greenstone
belts, from which gold was subsequently remobilized (Anhaeusser et al.,
1969). But not all the rocks of this type may be considered as gold p_ro-
tore, there existing significant regional geochemical differences (Saager
et al., 1982). In addition, there are difficulties related to the optical iden-
tification of gold in suchrocks duetoeither the very advanced dispersion and
the very small dimensions. In such cases it is more correct to speak of
“analytical gold”, dosed through physico-chemical methods (atomic ab-
" sorption, neutron activation ete.).

The gold contents in various rock types from the Valea lui Stan
mineralized structure are presented in Table 3 ; relatively great differences.
are noticed between the gold contents from rocks of various petrography
and belonging to various lithostratigraphic units. The relatively high con-



16

274 ) . G UDUBAsA, H. P. HANN

tents within the amphibolic rocks are significant, their role as protore
in the formation of the mineralization from this zone being confirmed.

TABLE 3

NAA of some samples from the Valea lui Stun zone

Au (ppm)
No. Sample type . i
whole rock magnetic concentrate
1 | Amphibolite, Sibisel Group 0,0337 =
2 | Garnet amphibolite, Cépétina Gr. 0,0446 —
3 | Amphibole gneiss, Sibisel Gr. 0,0075 0,0081
4 | Amphibolite, Sibisel Gr. 0,0035 0,0041
5 | Mylonite, Sibisel Gr. 0,0037 ° =
6 | Bedded gneiss, Cilinesti Fm 0,0025 —
7 | Biotite gneiss, Cipatina Gr. 0,0075 =
8 | Migmatized gneiss, Capéitina Gr. . 0-,0019 —
9 | Micaschist, Cépdlina Gr. 0,0037 —
10 | Alluvial material, V. lui Stan 0,0013 0.0374
i

Analyst : S. Anastase, Institute of Geology and Geophysics, Bucuresti

Interpretation of Data. Genetic Model of the Valea lui Stan Deposit,

One of the authors of this paper (Udubaga et al., 1976) has shown
since 1976 that the mineralizations from the Valea lui Stan zone cannot
be considered as postmagmatic hydrothermal veins, representing in fact
a “non-hydrothermal’ genetic type which may be defined now as “‘tec-
togenetic mlnerahza;tlom”. The arguments supporting this kind of genesis
are as follows: (1) the preva,ilingly lenticular shape of the mineralized
quartz bodies (a fact noticed by Petrulian (1936)), which are situated in
the mylonitic plane foliation (a remark made by us now); (2) the lack of
some eruptive massifsx in the vicinity of the mmelahzed structure ; the
“Valea Ulii Granites’ (Trifulescu, Dra,oomlr 1969) represent in fact trramtlc
gneisses (Savu et al., 1977 ; Gheueca, in Lupu et al., 1978); (3) the restrlct—
ed geochemical spectrum ot the mineralization, quahtatﬂ*elv cmnparable
Wlth that of the host rocks; (4 ) the mlneraloomal variability of the main
metallic elements (Au, Cu, Pb) in the mlnera,hzed exposures, often coinei-
ding with a congruent va,r1a,t10n of the same elements in the rocks prevail-
ing close to the ore occurrences ; (5) the negative correlation between Au
and K within the ore, reversed in respect of the hydrothermal gold depos-
its, such as those in the Baia Mare mining region; (6) the la,ck of hydro-
thermal alterations in the surrounding rocks The observed transforma-
tions are due in fact to the mylonitiza,tion processes (chloritization, carbo-"
natation — on fissures, sericitization). ,

Instead of a supposed magmatic source, the gold source is to be
found in the amplnbohtlc rocks, “with which thm itabiritic beds.are asso-
ciated. There is a certain geochemical affinity between iron and gold,
expressed by the appearance of some backgr ound econtents of 0.1— 0 01
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ppm Au, with local concentrations up to 7 ppm Au in the itabiritic iron
ores (Sawkins, Rye, 1974); the analytical data presented by Moiseenko
et al. (1971) indicate a speecial affinity of gold for the magnetite within the
Tocks in respect of the other minerals.

The 33*S values for the Homestake deposit from North Dakota
show a relatively great distributien which supports the multiple sulfur
source from this deposit for which Rye, Rye (1974) admit a similar, i.e.
non-hydrothermal (in the classical sense) genesis. The occurrence of the
" mineralizations in the shearing. zones is discussed by many authors :
Ghosh et al. (1970) for the gold mineralizations from the Ramagiri mining
field, Andhra Pradesh, India; Ghosh (1972) for the Cu and U deposits
from the great Singhbum shear zone ; Petrov (1974) for the gold minerali-
zations from the Yenissey River region. Rye, Rye (1974) shows that the
Homestake gold deposit consists of “conformable substitution bodies in
dilatating zones of the strongly deformed Homestake Precambrian forma-
tion”. The metal source for the “metamorphogene-hydrothermal” deposits
is considered to be represented by the volcanic green rocks or the coaly
sedimentary ones (Buriak, 1983). Significantly, Bonnemaison (1986) con-
siders “the gold quartz veins as a particular care of the gold shear zones’.

The Cu —Au mineralizations from Valea lui Stan can be thus
affiliated to a complex metallotect with two components: a passive
component, represented by the high gold values of the amphibolic rocks
from the Sibisel Group and the Cilinesti Formation and an active, compo-
nent (the revealing metallotect, in Routier’s sense, 1977), represented by
the intense shearing of the rocks from the Sibisel Group and the Cilinesti
Formation in the double overthrust zone; this overthrust brought about
a strong dynamic retromorphism, which determined the circulation of
some fluids capable of concentrating the gold dispersed in the amphi-
bolic rocks. The concentration of guartz and gold took place in the dila-
tation zones of the shearing system, which explains the lenticular shape
of the mineralized gquartz bodies as well as their disposition and orienta-
. tion in the plane of the mylonitic foliation. The two components of the
Valea lui Stan type metallotect overlapped in an extremely favourable
way in the Valea lui Stan zone; the diagonal-directional position of the
shear planes with respect to the gold protore led to the growth of the shear
amplitude and of the volume of rocks affected by shearing and the dyna-
mic retromorphism and to the formation conditions of the dilatation zones
— traps for the silica and metal accumulations. )

Silica is a “residual” component of the retrograde metamorphism
processes, whereby a “basification” of the rocks is recorded, as a compen-
 sation of the silica elimination from the system (Iancu et al., 1980). Beside
the metamorphic differentation, by which the formation of the quartz
concentrations is generally accepted, Sraith (1958) shows that the forma-
tion of the quartz concentrations may begin concomitantly with the me-
tamorphism. If a sedimentary rock, which is relatively rich in quartz,
is metamorphosed at 500°C and loses cca 29, of its weight in the form of

aqueous solutions saturated in silica (the real loss of silica of the initial
rock being of only 0.019%), a quartz body of cca 200.000 t may occur in
1 km? rock (Smith, 1958).
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: The Yellowknife gold deposit from Canada occurs in a shear Zone
affecting amphibolites and consists of lenticular quartz-carbonate bodies ;.
the calculations made by Boyle (1959) indicate that the metals existing
in the amphibolic rocks are in sufficient amount to lead, through . the
mobilization determined by mylonitization, to the formation of the gold
ore. “Thus it seems very likely that the major constituents of the shear
zones result from the rearrangement and introduction of the material from
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Fig. 9 — Diagram of a shearing 7one with approximate position of the ore deposition zone

(according to Fyfe and Henley, 1973). The arrows indicate the motion direction of the water

originaling from the dehydratation reactions. Compare Fig. 5 for location of shear and the
associated ore occurrences.

the surrounding rocks” (Evans, 1984). Such a mode of oceurrence of the
gold concentrations is supported for the Morro Velho deposit in Brazil
(Fyfe, Henley, 1973); these authors generalize the idea of the minerali-
zations connected to the shear zones, deducing by calculations: also the
probable ore deposition zone (Fig. 9). Helgeson and Garrels (1968) show
which is the actual way in which some gold quartz accumulations with
15 g/t Au form, through the extraction of gold by acid solutions from
the rocks with only 0.001 —0.05 ppm Au; the leaching of some oxidic
beds, in our case the itabiritic beds associated with the amphibolic rocks,
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leads to the growth of the oxygen fugacity in solutions, which become
capable of extracting gold from the rocks and transporting it towards the
dilatation zones of the shear systems at temperatures of about 300°C.
The temperature increase on shear planes is supported among others by
Oelsner (1960), who points out the possibility of the temperature increase
by 100°C as function of the plane dipping, and by Secliman, HArtopanu
(1985), who show that in extreme cases the temperature increase determi-
ned by the retromorphic reactions may be of about 500°C.

Quantitatively the calculations made by Fyfe, Henley (1973) for
the Morro Velho deposit indicate an about 30 km? volume of rocks capable
of providing the gold and silica amount from this deposit, starting from a
mean of 30 ppb Au in the initial rocks. Calculations made by Udubasa
et al. (1976) for the Valea lui Stan region indicate an about 1 km3 volume
of amphibolic rocks necessary for the ‘‘tectogene processing’ and the
appearance of the known mineralizations, starting from an initial gold
content in amphibolites of about 0.05 ppm Au.

Conelusions

‘ The Cu—Au mineralizations from Valea lui Stan are considered to
be of tectogene nature, having appeared as a consequence of the almost
ideal overlapping of the two components of the Valea lui Stan type metal-
lotect. The relatively high gold contents (as compared to the rest of the
rocks) within the amphibolic rocks of the Sibigel Group and of the Cili-
nesti Formation were activated by two shear planes superposed in diago-
nal-directional position on the amphibolitic gold protore. Gold quartz
lenticular bodies formed in the new mylonitic plane of the shear system.
The rocks were affected by an intense retrograde metamorphism ; the
gold concentration took place by its levigation from the rocks by the ‘‘re-
tromorphic solutions’ which are partly mixed with meteoric. waters,
through diffusion or even gravitational concentration. The mineralization
grade of the shear zone is also connected to the intensity of the tectonic
compression of the rocks; the mineralization enriches southwards as the
compression grade of the Sibisel Group rocks increases ; this Group shows
the most reduced thickness in the southern part of the zone and of the
mineralized structure as a whole.

The above statements show that there may occur mineralizations
which are neither syngenetic in a classical sense, nor epigenetic in a post-
magmatic sense. The mineralizing process is synretromorphic-synmylo-
nitization, associated with an intense shear zone, probably of long evolu-
tion and repeated movement. The efficiency of such a mineralizing process
is connected with the optimum superposition of the two components of
the metallotect. Moreover, it should be noted that the shear planes do not
represent an a priori metallotect. Their metallogenetic efficiency depends
on the dip of the shear plane or planes; a too small dip prevents or
makes difficult the circulation or movement of the substance, so the possi-
bility of occurrence of dilatation zones being reduced; a too great dip
(of the type of normal or reverse faults) leads to the formation of too large
“free” spaces that make inefficient the transport mechanism of the sub-
stance (prevailingly diffusive in the case of the teetogene mineralizations) or
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it produces a too great dispersion of solutions, which leads sooner to the
dispersion rather than concentration of the ore components. The “miner-
alizing flux” of the shear zones differs in respect of quantity from that
of some hydrothermal systems, supplied by a magmatic source that ensures
a “massive import” of components. Therefore the presence of the protore
is as indispensable as the movement of the shear planes with a critical
dip (probably optimum at 43°C); the directional position of the shear
plane adds to the efficiency of the mineralizing process. In conclusion,
the tectogene mineralizations do exist, but their formation conditions are
quite restrictive.

The most typical, but not the only one, representative in Romania
is the deposit from Valea lui Stan; the deposits or occurrences from
Somesul Rece, Jidostita and Viliug, the latter being probably magmati-
cally regenerated by banatites i.e. Paleocene granodiorites), seem to be
similar by their general structure, mineral assemblages and geochemical
features.
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MINERALIZATIILE TECTOGENE DE Cu—Au DE LA
VALEA LUI STAN, CARPATII MERIDIONALI

(Rezumat)

Mineralizatiile de Cu —Au de la Valea lui Stan sint considerate de
naturd tectogens, apirute ca urmare a suprapunerii aproape ideale a celor
doud componente ale metalotectului tip Valea lui Stan; pe fondul unor
. continuturi relativ ridicate de aur (fatd de restul rocilor) din rocile amfi-
bolice ale grupului Sibisel si ale formatiunii de Cilinesgti, s-au suprapus
doud plane de forfecare cu pozitie diagonalj-directionals pe protorul auri-
fer amfibolic. In sistemul de forfecare au luat nastere corpuri lenticulare
de cuart aurifer, dispuse in planul milonitic nou creat. Rocile afectate au
fost intens metamorfozate retrograd; concentrarea aurului s-a putut
realiza prin levigarea acestuia din roci de citre ,,solutiile retromorfe”,
partial amestecate cu ape meteorice, prin difuzie sau chiar prin concen-
trarea gravitationald. Gradul de mineralizare al zonei de forfecare este
legat si de intensitatea procesului de comprimare tectonicd a rocilor;
mineralizatia se imbogiteste spre sud in paralel cu cresterea gradului de
comprimare a rocilor grupului de Sibisel, care in partea sudicd a zonei
$i a structurii mineralizate in ansamblu are grosimea cea mai reduss.

Argumentele in favoarea originii tectogene sint urmitoarele: (1)
localizarea corpurilor lenticulare de cuart aurifer exclusiv in cuprinsul
zonei de forfecare; (2) orientarea lentilelor de minereu in planul foliatiei
milonitice ; (3) asociatia mineralogici relativ simpli a corpurilor de mine-
reu (cuart, aur, piritd, arsenopiritd, calcopirity -+ sfalerit, galend, piro-
tind) ; (4) dispersia mare a valorilor 8 #S din sulfuri ( —5,09 ... +23,26%),
(5) continuturile de aur relativ ridicate din protorul aurifer reprezentat
de rocile amfibolice ale grupului Sibisel; (6) existenta unor ,,punti de
legturd geochimics” intre roei si minereu ; (6) lipsa unor corpuri magma-
tice in apropierea structurii mineralizate si a alteratiilor de tip hidrotermal
in rocile gazds ale corpurilor de minereu ete.

Datele recente obtinute prin cercetarea unei zone mai extinse situate
in lungul riului Olt (Balintoni et al., 1984 ; Hann, Balintoni, 1985) arati
o structurd extrem de complicatd, in care sint implicate formatiuni meta-
morfice si sedimentare de diferite virste (Fig. 1). Mai importante pentru
crearea Structurii mineralizate sint urmitoarele unititi litostratigrafice :
grupul Cumpina, grupul Sibisel, formatiunea de C#linesti si grupul Cipi-
tina, apartinind in terminologia utilizats de Balintoni et al. (1984) multi-gru-
pului Sebes —Lotru (Cumpina, Cipitina, Chlinesti) si multi-grupului
Negoi (Sibigel); grupul Sibisel are o semnificatie deosebits, reprezentind
iachiva,lentul centurilor verzi din zonele cu mineralizatil similare din
ume.

_ Grupul Sibigel, reprezentind protorul aurifer —se caracterizeaz
prin asociafia amfibolite 4+ gnaise albe cuarto-feldspatice +- calcare cris-
Ealine, la partea inferioars, si prin paragnaise cuartitice si micacee la partéa
superioard (Fig. 3), In general intens transformate retrograd. Peste meta-
morfismul initial, probabil proterozoic, realizat la nivelul faciesului amfi-
bolitelor cu almandin, s-a suprapus un metamorfism retrograd, probabil



23 A SHEAR ZONE RELATED Cu-Au ORE OCCURRENCE 281

de virstd hercinics, la nivelul sisturilor verzi. Milonitizarea si filonitizarea
locald a acestor roci este probabil de virstd alpini.

Succesiunea litostratigraficd a grupului Sibisel apare numai frag-
mentar in bazinul Viii lui Stan, majoritatea entitdtilor petrografice avind
aspect lenticular. Datoritd lamindrilor extrem de puternice si repetate au
luat nastere ultramilonite negricioase, care macroscopic seamini cu sis-
turile grafitoase, intilnite de reguld in zonele unde comprimarea intregii
secvente a fost cea mai puternici.

In lungul Viil lui Stan se cunosc mai multe ocurente de minereu,
concentrate in special in versantul sting si localizate preponderent in
metamorfitele grupului Sibisel, mai putin in cele ale formatiunii de
Cilinesti sau ale grupului Cépidtina (Fig. 5). In general este vorba de corpuri
de cuart, de dimensiuni extrem de variabile si cu pozitie fie concordants,
fie discordanti, totdeauna localizate In metamorfite intens milonitizate.
Cantitatea de sulfuri este -de cca 3 —59%, din volumul lentilelor de cuart.
In ordinea frecventei mineralele metalifere identificate sint urmitoarele :
pirita, arsenopirita, calcopirita, marcasita, sfaleritul, galena; sporadic
apar pirotina (de reguli inclusid in arsenopiritd), aurul (inclus in arseno-
piritd si/sau calcopiritd) si minerale secundare (covelingd, malachit, anglezit,
ceruzit, scorodit, hidrogoethit). Local au fost intilnite roci cu caracter
itabiritic, i.e. roci cuartitice cu magnetit si/sau hematit, cu care se asocia-
z& uneori pirita.

Prelucrarea datelor chimice existente pentru rocile amfibolice din
zona Valea lui Stan aratd ci este vorba de metamagmatite (Tatu, in Udu-
basa et al., 1985). Rezultatele analizelor chimice, spectrale §i prin activare
cu neutrom efectuate pe roci au fost proiectate in dlaoramele din Fig. 7,
din care rezultd o corelatie pozitivd intre Au si Fewr, negativi intre Au
si elementele alcaline, poz1t1va intre Au si Cu si negativi mtle Au si Ph.

Selectind citeva elemente semnificative din anahzele de roci xi mine-
reuri si proiectindu-le in diagramele ternare reproduse in Fig. 8 se cons-
tatid suprapuneri ale cimpurilor de proiectie ale rocilor si minereului, supra-
puneri care pot fi interpretate ca ,,punti geochimice” intre rocile gazdi
si minereul aurifer-cuprifer.

Analizele izotopice pentru sulf pun in evidentd un interval larg de
variatie a valorilor & 3%S, de la —17,83%y, la + 23,26%,; rezultatele
obtmute aratd lipsa echlhbrulul 1zotoplc intre perechile de sulfuri, indusi
de puternica deformare a minereului; reechilibrarea texturald a mine-
reului este de altfel usor de remarcat si prin analiza microscopica, fiind
vorba de cataclazare intenss, relatii de coroziune intre sulfuri, mobilizarea
locals pe plane de discontinuitate mecanicd ete.

in locul unei surse magmatice presupuse, Sursa de aur este de gisit
in rocile amfibolice, cu care se asociazf uneori nivele itabiritice bubt,:m
Intre fier §i aur existd o anumitd afinitate geochimicd, exprimatéi prin
aparitia unor continuturi de fond de 0,1 —0,01 ppm Au, cu concentra-
tii locale pind la 7 ppm Au in minereurile de fler itabiritice (Sawkins, Rye,
1974) din datele analitice prezentate de Moiseenko et al. (1971) rezulti
0 afmltate deosebitd a aurwlui pentru magnetitul din roci in raport cu
alte minerale.

Din cele expuse mai sus rezultd cf In anumite conditii este posibil
s% apari mineralizafii care nu sint nici singenetice in sens clasic, nici
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epigenetice in sens postmagmatic. Mineralizarea este sin-retromorfi-sin-
milonitizare, asociatd, unei zone de forfecare de intensitate mar e, pro-
babil cu eve )Iu‘rle indelungatd si cu miscare repetatd. Eficienta unui ase-
menea proces de mineralizare este direct contr olatd de suprapunerea optimi
a celor douii componente ale metalotectului. In plus, trebuie subliniat un
fapt la fel de important: planele de foifecare nu reprezintd apriori un
metalotect. Pentiu a avea aceastii calitate este extrem de importanti
inclinarea planului sau a planelor de forfecare ; inclinarea prea mics cli-
ming sau ingreuneazi circulatia sau miscarea substantei si reduce posibili-
tatea aparitiei zonelor dilatante ; inclinarea prea mare (de tipul unor talii
normale san chiar inverse) creeazd spatii ,,libere” prea mari, care fac ine-
ficient mecanizmul de transport al substantei, in cazul mineralizatiilor tec-
togene predominant difuziv, san se realizeazit o dispersie prea mare a solu-
tiilar, ceea ce duce mai degrabd la dispersaiea colnponentilor utili decit
la, concentrarea lor. ,,Fluxul mineralizant” al zonelor de forfecare este
cantitativ deosebit fatd de cel al unor sisteme hidrotermale, alimentate
de o sursa maunatlm ce asigurd un ,,import” masiv de componenti.

EXPLANATION OF PLATES
Plate I

Fig. 1. — Subhedral arsenopyrite grains (white) associated with primary marcasite bands.
Tomus Gallery (median part of mineralized zone). Polished section (PS), N II, x 200.

Fig. 2, — Pyrite porphyroblast (?) in a chalcopyrite and line-grained pyrite matrix. Stoian
by
Gallery (median part ol mineralized zone). PS, N II, x 200.

Fig. 3. — Gold (white, “porous”), associated with chalcopyrite (white-grey) in fissured arseno-
pyrite. Tomus Gallery. PS, N\II, oil immersion, x 500.

Fig. 4. — Euhedral arsenopyrite (white), lissured and cemented wilh chalcopyrite intergrown
with sphalerite (white-grey, respectively grey). Waste dump of the Stefan Gallery
(northern part of minecralized zone). PS, N II, x 200.

Plate IT

Fig. 1. — Sphalerite (light grey) with numerous chalcopyrite inclusions, developed also as vein-
lets (white). On the margin of the pholo — a pyrite grain (white). wrapped in sphale-
rite. Stoian Gallery, PS, N II, oil immersion, x 500.

Fig. 2. — Same image, N-; false anisotropy effects of sphalerite and twins of polysynthetic
type are noticed.

Fig. 3. — Gold (white) included in sphalerite (grey), associated with chalcopyrite (grey white),
all included in arsenopyrite.. Waste dump of the Stefan Gallery. PS, N 11, x 200.

Fig. 4. — Same image, with N4 ; in the position of not perfectly crossed nicols gold hecomes
evident, the effects of anisotropy of arsenopyrite being noticed, as well.
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THE METAMORPHOSED COPPER —NICKEL MINERALI-
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Abstraet

The CGu—Ni mineralization is hosted by Precambrian polymetamorphic rocks including
a lenticular gabbroic rock sequence. The mineral assemblage is compleX, comprising about 20
ore minerals, among which pyrrhotite, chalcopyrite and pentlandile prevail, while cobalipent-
landite, tochilinite and millerite are found in small amount. The transformations within the ore,
on the whole correlable with the metamorphic deformations, are marked especially by the
pyrrhotite pyritization and pentlandite violaritization. Graphite, zoned spinels, ilmenite and
rutile arc found both in the gabbroic rocks and within the ore. A last mineralization phase,
represented by pyrite and calcite, differs from the regionally metamorphosed ore, by the morphe-
logical, geochemical and isotopic characteristics, being probably formed in connection with
late solution circulations on fractures. The sulfur isotopes indicate a wide range of the § S
values (+2.09 ... +23.590/00) depending on the variable regime during the metamorphic defor-
mations and on the stratigraphic location of the analysed samples.

Résumé

Les minéralisations de Cu— Ni metamorphisées de la valée Vilsan, monts Fagdras. La mi-
néralisation /de Cu—Ni est localisée en des roches polymétamorphiques précambriennes, com-
portant une séquence de roches gabbroiques 4 développement lenticulaire. L’aassociation des
ninéraux est complexe et comporte approximativement 20 minéraux métalliféres, dont la pyro-
tine, la chalcopyrite et la pentlandite sont domiinantes, tandis que la cobaltpentlandite, la

: -
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1 Received on QOctober 29, 1986, accepted for comunication and publication on October
29, 1986, presented at the Meeting of May 16, 1986.
2 Institutul de Geologie si Geofizicsi, str. Garansebes 1, R 79678, Bucuresli 32
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tocilinite et la millérite sont des minéraux trés rares. Les transformations qui ont lieu dans le
minerai, corrélables en grandes partie avec les déformations métamorphiques, se earactérisent
spécialement par la pyritisation de la pyrotine et la violaritisation de la pentlandite. Le grap-
hyte, les spinelles zonés, I'ihménite et le rutile apparaissent tant dans les roches gabbroiques
que dans le mineraj aussi. Une derniére phase de minéralisation, représentée par la pyrite et la
calcite, s’individualise dans le minerai métamorphosé régionalement, étant engendrée proba-
blement par les circulations tardives de solutions sur les fractures. Les isotopes du soufre indi-
quent une dispersion assez grande des valeurs 338 (42,09 ... 423,59 O/00) par rapport au régi-
me variable pendant les déformations métamorphiques et & la localisation stratigraphique diffé-
rente des échantillons analysés.

There are few occurrences of nickel minerals in Romania, most of
them being found in Precambrian, Paleozoic and Alpine ultramafic rocks
(Southern Banat, Poiana Ruscd —Vadu Dobrii, Eastern Figiras Moun-
tains, Ciungani ete.). They appear especially as disseminations, rarely
nests or short veinlets. Nickel minerals occur also in the Leaota Moun-
tains as part of some complex, pentametallic mineralizations, genetically
differing from the above-mentioned ones. The only nickel occurrence
identified so far in metamorphosed gabbroic rocks is the one from the
Vilsan Valley, which exhibits also the most complex mineral assemblage.
These mineralizations will be dealt with in the present paper.

Previous Investigations

The mineralization from the Vilsan Valley has been known since
1965 as pyrite occurrence in amphibolites, being very discontinuous and of
limited development in the old mine. Its investigation was resumed after
the identification by Pitulea, Arion (1966) of nickel pyrrhotite and frag
ments of mineralized amphibolites in the Cheia Valley (Fig. 1). The work
carried out by IPEG Arges since 1984 have outlined the mineralizatio
over several hundred meters, although over the first tens of meters only

Fig. 1. — Geological sketch of the southern slope of the Fagiras Mountains
between the Arges Valley and Riul Doamnei Valley (I. Gheucd, 1. Dinicd).
1, Sedimentary formations (Upper Cretaceous-Quaternary); 2—9, Pre-
cambrian metamorphic formations; 2—6, Cumpéana Group : 2, Topolog
Formation (paragneisses, ocular gneisses, amphibolites, micaschists); 3—

5, Cumpina Formation : 3, Iedu Subformation : Lespezi gneisses ; 4, Mun-
tele Licsor Subformation; Bolovanu Valley amphibolites, paragneisses,
ocular gneisses: 5, Colfii Cremenii Subformation: linear gneisses; 6,
Cozia Formation: ocular gneisses, paragneisscs, amphibolites; 7-—9,
Leaota Group ; 7, Yezer-Papau Formation : micaceous paragneisses, mica-
schists ; 8, Mioarele Formation: biotite paragneisses, ocular gneisses,
amphibolites; 9, Vidraru Formation : white linear gneisses, amphibolites,
paragneisses ; 10, overthrust plane; 11, fault; 12, lithostratigraphic

boundary; 13, transgression boundary; 14, ore occurremces.
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the unmineralized and intensely tectonically fragmented host formation
had been intercepted (Fig 2). The data on the exploration works provided
by the geologists I. Popescu, I. Pascu, Constanta Caravefeanu and I. Si-
taru —IPEG Arges indicate that the mineralization is discontinuous,
varying in thickness and metal contents. The mineral assemnblages, which
are very complex and in most cases non-paragenetic, forined during sever-
al stages that can be partly related to thie main moments of metamorphic
deformation ; the studies made by the authors of the present paper are
concerned with such aspects attempting at the rame time to depict the
premetamorphic features of the host rocks.

Strueture and Lithestratigraphy of the Metamorphies in the Vilsan Valley
Zone

Lithostratigraply

As regards the late (Neozoic) tectonics the metamorphics from the
Ghitu massif belong to the Cozia horst. They have Leen so far assigned
either to the ““Cozia Crystalline” (Streckeisen, 1934) or, more recently,
to the Cumpéna Series (group) (the last time in Balintoni et al., 1986 and
in Dimitrescu et al., 1985, by H. Hann). Gheuca (unpublished data) attri-
butes these metamorphics to the Leaota Group based on lithological and
lithostratigraphical arguments and on structural considerations. The de-
seription of the formations will e made accordingly. Dimitrescu (1978 a,
1978 b) separates for the first tiine at the base of the Leaota Group the
Mioarele paragneiss complex and the Iezer—DPdpdu micaschist complex.
After the delimitation of the tectonic boundary between the Cumpidna
and Leaota Groups in the Rinl Doainnei Valley (Balintoni, Hann, Gheuca
in 1983) as well as west of the Arges River (Gheuca, unpublished data),
it has been pointed out that the leucocratic gneisses assigned by Dimi-
trescu (in Dimitrescu et al., 1978) to the Cumpidna gneiss complex, belong
in fact to the Leaota Group, for which the name of Vidraru is proposed
as lithostratigraphic unit. The relationships with the sedimentary deposits
as well as the retromorphism manifested throughout thiz group lead us
to the idea of a normal pile in which the lithostratigraphically lower meta-
morphics extend north-westwards (Figs. 1 and 2).

Fig. 2 — Geological map of the zone belween the Arges Valley and Vilsan
Valley (I. Dinjed, I. Gheucd). 1, Quaternary (terrace deposits, alluvia);
23, Lower Miocene: 2, conglomerates, sands: 3, Sdrala Gypsum (gyp-
sum, marly clays, sandstiones); 4, Ypresian-Paleocene : conglomerates: b,
Upper Scnonian (limy sandstones): 6—9, Precambrian metamorphic for-
mations (Leaota Group); 6,Iezer-Piapdu Formation : micaschists, micaceous

paragneisses; 7-—8, Mioarele Formation : 7, biolite paragneisses, amphi-
bolites (2), whitle gneisses ; 8, ocular gneisses ; 9, Vidraru Formation : linear
gneisses, amphibolites (a), paragneisses, ocular gueisses; 10, fault; 11,
lithostratigraphic boundary; 12, boundary of Cualernary formalions;

13, transgression boundary 14, gallery; 13, ore occurrence.
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Vidraru Formation. This formation, which is the deepest part of
the Leaota Group, develops between the Vilsan and Arges Valleys on the
northern slope of the Ghitu massif. It comprises in its basal part (Lupu
Brook dam) a band of ocular gneisses, followed by plane-parallel para-
gneisses and amphibolites. Next come granular or linear leucocrate gneisses,
in places with smoaky bluish quartz, called in Dimitrescu et al. (1985)
the Coltii Albinei gneisses. They make up a few hundred meters long
band, which is frequentlv interbedded with amphibolites, amphlbohc
ornemsm or biotite paragneisses. They develop in the Arges Gorges bet-
ween the confluence with the Stan Valley and the Poenari fortress (of
Vlad Tepes) and extend eastwards displaying a few dextral slips up to
the northern end of the Vilsan Gorges. Phe assemblage of white (linear)
banded gneisses, amphibolites and biotite paragneisses overlying the
sedimentary deposits of the Lovistea Depression is found again in the
Cernat Valley.

Mroarele Formation. There follows a plane-parallel sequence of para-
gneisses (plagiogneisses) with biotite (4-) amphibole, with oriented minerals
that give a characteristic linear aspect to the rock. Hann (in Dimitrescu
et al., 1985) calls them Ghitu paragneisses, attributing them to the Cum-
pana Group. The amphibolite intercalations they contain are metric in
size, so that only a very detailed mapping might provide information
on their continuity. The mineralization from the 2 Vilsan Gallery is asso-
ciated with an amphibolite band whose continuity over a several hundred
meters interval has been proved in this way. There follow small-sized white
gneisses or augen gneisses that overlie these paragneisses (plagiogneisses).
The whole sequence is only slightly (and irregularly) affected by retromor-
phism phenomena,.

Iezer Pdpdu Formation. This formation has been separated also by
Dimitrescu (1978), consisting of garnet micaschists with rare thin amphi-
bolite interbeds. These micaschists often contain also albite porphyro-
blasts (pointed out by Manilici since 1955), which constitutes an addi-
tional argument in favour of their assignation to the Leaota Group.

We assign (with a degree of uncertainty) the micaceous paragneis-
ses and micaschists cropping out in the southernmost part of the Vilsan
Gorges to this series. These rocks are generally blackish as a result of
retromorphism and of an advanced chloritization respectively. They often
contain plagioclase or garnet porphyroblasts, the latter being frequently
chloritized. The rocks of this formation, especially the micaschists, exhibit
a characteristic crenulation lineation. The amphibolite and crnelﬁs inter-
calations are subordinated.

Tectontes

According to the new interpretation, the metamorphics from the
Ghitu massif form part of the Dimbovicioara Nappe (Sindulescu, 1976 ;
Balintoni et al., 1986). The metamorphics form an ENE—WSW trendlng
monocline, hlcrhly inclined southwards. A fault system striking NW—SE
affects both the metamorphics and the Upper Cretaceous —Paleogene sedi-
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mentary deposits. This fault system can be correlated over the Lovistea
Depression with the Cumpenita— Scara Fault, figured in the Cumpidna
Sheet (Dimitrescu et al., 1985) with a dextral slip of about 4 km.

On the northern slope of the Ghitu massif Lower Miocene sedimen-
tary deposits — Sirata gypsum, then conglomerates, overlie transgres-
sively both strongly tectonized metamorphics and (immediately north of
the Ghitu Peak) Upper Cretaceous sedimentary deposits (limy sand-
stones) trending northwards. This situation may be interpreted admitting
that the Cozia Fault (figured so far in the north of the Ghitu massif) is
Upper Paleogene in age and therefore overlain by Miocene sedimentary
deposits.

Metamorphic Evolution of the Amphibolic Rocks in the Zone of the
2 Vilsan Guallery

The amphibolic rock body on the Vilsan Valley which hosts the
copper-nickel mineralizations shows a remarkable continuity towards the
east, being exposed directionally through the main gallery. Phe adjacent
metamorphics are monotonous, showing a unitary lithology and having
no index minerals.

The metamorphic rock sequence on the Vilsan Valley represents
a tectonite characterized by a well-marked foliation (through planes of
mechanical discontinuity or planes of lithological banding) and another,
more attenuated foliation, visible only in incompetent rocks that gene-
rates together with the former foliation an intersection lineation or, some-
times, crenulation folds. Some rock types (stromatito-ophtalmites) do not.
exhibit & visible S and even when this planeis evident it does not represent.
a mechanical discontinuity.

On a mesoscopic scale amphibolites show conformity relationships
with the other formations, mechanically differing from them by the varied
competence degree and implicitly the different penetrability of the S
planes that formed during various deformation periods. When more mica-
ceous, plagiogneisses preserve the textural record of two deformation
stages : a principal S plane, which is quite visible, and the above-mentioned
crenulation plane, Whosej position differs from that of the older plane.

Like the amphibolites, the ophtalmitic migmatites often exhibit a.
characteristic massiveness, that can be explained by the strong syn- and
postkinematic blastesis of the potassium feldspar. The massiveness of the
amphibolites is due to some more complex causes. First of all, it is due
to the non-penetrability of the principal S planes which do not seem to
have acted in such cases of competence degree; secondly, it is due to a
possible amphibole neoblastesis. The polyphase character of the evolution
of the rocks in the zone is difficult to establish probably because of a strong
adaptability of the component minerals and because of the long period
of time in which the structural and mineralogical re-equilibration of the
rocks involved could have taken place.

Phe mineralogical composition of the amphibolic rocks is rather
constant, being represented by amphibole (green hornblende), chlorite,
biotite, plagioclase 4 quartz, zoisite + carbonate + garnet and accessory
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minerals such as sphene, apatite, ilmenite, rutile, zircon. Pyrrhotite and its
associated sulfides may sometimes be prevailing minerals within the rock.

The texture is massive or foliated, the grain arrangement bef’r@'
often isotropic or nematoblastic.

Amphiboles appear as large crystals; they can rarely form a micro-
crystalline structure, displaying small-sized grains. In most cases the
central zone of the amphibole erystals is full of inclusions, being hounded
by a clear border. The inclusions show sometimes a regular, parallel
disposition, marking a paleotexture (S,) which is unconformable with
respect to the foliation plane. There seemns to be a succession relation bet-
ween the central zones with inclusions and the marginal ones, as in some
cases a difference in the position of the extinetion angles (about 5°) may
be noticed.

The relationships between amphibole and the other minerals within
the rock are represented by equilibrinm textures which, as a matter of
fact, mask the succession relations existing among various minerals. Ho-
wever, amphibole corrosion by quartz can be easily observed. The relation-
ships between amphibole and sulfides seem to be of synchronous formation,
which might suggest synchronous reerystallization. As amphibole inclus-
ions were noticed in the sulfide aggregates or sulfide inclusions in the
amphibole aggregates, it mnay be assumed that one or the other of the
two minerals formed previously.

Biotite appears as small crystals as compared to amphibole or chlor-
ite, being associated with the latter. It contains orthite or other undeter-
minable fine-grained radioactive mineral inclusions that generate a pleo-
chroic aureole and may include clinozoisite. The cleavage planes of biotite
are often pointed out by the opaque minerals.

Chlorite usually appears as large crystals associated in bands or
nodules, but may be also unassociated, coexisting with amphibole or bio-
tite, joined to them or in an unconformable position with respect to the
orientation of the crystals. It is uniaxial or biaxial with very small 42V,
with a grey-olive first order birefringence colour. These optical character-
istics are similar to those of the magnesian chlorites. The chlorite dimen-
sions generally exceed those of biotite, its amount prevailing in most cases.
Like biotite, chlorite includes very fine crystals of radioactive minerals
with pleochroic aureoles, which might demonstrate its origin from the for-
mer minerals. Chlorite sometimes contains also sphene or zoisite, Chlorite
shows mueh more rarely an anomalous (bluish) birefringence colour char-
acteristic of penine.

Chlorite also ozcurs as veinlets generally penetrating the less com-
pact or more incompetent rocks. A characteristic example is that of chlor-
ite veinlets within carbonate, which would demonstrate the previous
formation of the latter or more exactly the long period of chlorite growth.

The laboratory exparimsents are in agresment with the field observation
a3 to the existence of a large interval of chlorite-quartz compatibility,
-especially in the lower metamorphism grades.

Unlike the other minerals of amphibolic rocks, chlorite is the only
one showing signs of deformation (except for quartz) in the form of kin’k
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folds. It is supposed either that chlorite is the only mineral which was
atfected by tbe deformation that determined the S crenulation or that
it was autodeformed by the growth in an imposed environment.

Zoisite (clinozoisite) iz present in the amphibolic rocks either ag fine
needles included in the newly formed minerals, or as large crystals close
to amphibole in size. It may also appear as small conformable lenses
associated with quartz. Sometimes a zoisite crystal group exceeds the
present limits of a crystal including this group. This is the proof of a
remarkable recrystallization of the rock in solid state, leading to the change
of the former textures. It is the case of the formation of a quartz-feld-
spathicmosaic over a former crystal outline represented by an agglomera-
tion of zoisite crystals. The miineralogical and structural neoformation of
the rock may indicate the recuirence of metamorphic phases.

Carbonate is often found, but in small amounts, appearing as bands
in the amphibole. Sometimes the banding is achieved by the alternation
of the carbonate, chlorite and amphibole bands. Finally theie ale cases in
which caibonate replaces zoisite or constitutes the border of the chlorite
nodules.

Plagioclase of andesine composition is polysynthetically twinned or
diffusely zoned. The zoning may contain either an acid term or a more
basic term towards the margin of the crystal.

Gainet is quantitatively suboidinated and it is not found in the mas-
sive amphibolites, but only in the marginal amphibolic plagiogneisses
that might be considered an amphibolic term contaminated with the
neighbouring crystalline. Implicitly gairnet is execlusively metamorphic,
being formed simultaneously with neoformation amphibole and chlorite.

Mineralization from the Vilsan 2 Gallery and Adjacent Zones

This mineralization iz hosted by the above derciibed sequence of
metamorphics (Fig. 3). It forms tabular or lenticular bedies varying in
gize. The concentration degree of the metalliferous minerals is extiemely
non-uniform. Macroscepically pyiihctite and pyiite, scmetimes chalco-
pyrite, were obzerved within the ole, the latter Leing visible especially
when it appears as unconformable millimetiic veinlets. The fi1st two sul-
fides form both compact masses and ditreminatlicn zcnes, often found
also in the gneissic rocks. The relatively homcegerccus aspect of the min-
eralization, which is as a 1ule conformally disposed with 1espect to the
S plane in the prevailingly amphibolic metameirhic 1ccks, is distualbed
sometimes by the cccuizence of scme unconformable decimetiic carbo-
nate and pyrite bodies, in which ccckade stiuctmes are often observed.
As will be further shown, pyirite of there unconformable hedies differs
from the pyrite of the stratifoim ore both as regards the minor element
content and the 'sulfur isotopic composition. The compact ore includes
sometimes also some mm thick pyrite veinlets of limited extension which
do not differ geochemically and isotopically from the pyrite in the ore
bands parallel to the metamorphic S.
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Mineralogical Composition of the Ore

The microscopic study of a great number of polished sections (about
100) proves that the mineralization is diverse, but the microscopic com-
Ponents are present in various amounts. On the whole the minerals may
be grouped as seen in Tabie 1.

TABLE 1

Identified ore minerals

chalcopyrite

pyrrhotite major primary components

ilmenite present both in the mineralized levels and at those devoid
rutile of sulfides
sphene

chrome-spinel
pentlandite less frequent primary components
graphite

pyrite
violarite
millerite minerals formed at the expense of primary components by
mackinawite transformation or exsolution

bravoite
marcasite
magnetite

cobaltpentlan-
dite

molybdenite rare, partly primary, minerals of uncertain position within

gold the succession

tochilinite

mineral C secondary nickel-bearing minerals
goethite

Beside these, some other small-sized sporadic (only one grain) min-
erals were noticed, which could not be specifically identified; one of
them seems to belong to the platinum group.

The distribution of the main minerals (pyrrhotite and pyrite) is non-
uniform. The compact ore contains prevailingly pyrrhotite, while pyrite
prevails in the dissemination zones. It should be noted that pyrite does
not represent a primary component of the (initially magmatic) parage-
nesis, being formed at the expense of pyrrhotite, probably during meta-
morphism. The main argument is based on observation and consists in
the presence of numerous pyrrhotite and magnetite relicts within pyrite
(a general situation, except for pyrite within the mentioned carbonate
and pyrite veins); in such mineralizations, formed at magmatic tempera-
tures, pyrite cannot form directly, being unstable at temperatures ex-
ceeding 743°C — critical thermal point of pyrite—above which it dis-
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appears incongruently; the pressure growth leads to the increase by only
a few degrees of the pyrite stability field.

Pyrrhotite forms compact aggregates consisting of lamellae which
are sometimes twinned ; as a rule it is associated with pentlandite ; lamel-
lar marcasite develops frequently on the pyrrhotite cleavage; ovoidal or
euhedral pyrite grains form further on such aggregates. Within the massi-
ve ore pyrrhotite often containg pentlandite grains, more rarely cobalt-
pentlandite grains (which differ from pentlandite by their higher reflecti-
vity and less pronounced cleavage). The pyrrhotite: pentlandite ratio
ranges round 8 :2, this value being also found in the grains included in
the amphiboles from the weakly mineralized zones; this ratio may be
thus considered to represent the composition of the initial monosulfide
solid solution by the crystallization of which pyrrhotite and pentlandite
formed.

Granular pentlandite rarely remains as such, being transformed intco
violarite quasi-simultaneously with the pyrrhotite marecasitization and
pyritization ; in such cases the exsolution pentlandite, present as flames
in the pyrrhotite mass, remains unchanged ; but it disappears when pyr-
rhotite changes into pyrite.

Spinels usually appear as euhedral, often zoned grains, dispersed in
silicates or included in pyrrhotite; but their occurrence is not constant,
being found especially in the zones with compact ore. The relationship
with pyrrhotite is generally of juxtaposition : spinels are included in pyr-
rhotite, but may also contain pyrrhotite inclusions. Substitution effects
can only be observed when spinels contact directly pyrite, which some-
times penetrates the fissures. Spinels seem to be more strongly zoned
when they are associated with sulfides. Numerous spinel grains contain
fine rutile inclusions (associated in a few cases with ilmenite) formed
through exsolution from an initial titaniumrich spinel. The optical proper-
ties (dark grey colour, lower reflectivity than that of magnetite, brown-
-reddish internal reflections) suggest that they belong to the chrome
spinel group.

The titanium minerals (ilmenite, rutile, sphene) are very frequent
in most samples examined, although they are non-uniformly distributed ;
ilmenite lamellae or grains, with or without sphene rims are as a rule found
in the slightly mineralized barren rocks; the ilmenite frequency decreas-
es close to or in the mineralized zones themselves, the ilmenite-sphene
aggregates being replaced by sphene-rutile aggregates; the latter replace
ilmenite within the sphene aggregates or grains. Pyrrhotite inclusions are
sometimes observed within ilmenite, which remain sometimes also in the
rutile mass. Besides granular aggregates of titanium minerals, especially
rutile and sphene, acicular inclusions of the same minerals are almost fre-
quent in the amphibole mass, suggesting their formation through exsolu-
tion from the initially rich-titanium silicates.

Graphite was noticed in most samples examined, both in rocks
without sulfides, where they appear as fine lamellae showing normal op-
tics, and in the mineralized zones, as almost isometrie aggregates, in which
the lamellae show sometimes a regular disposition imitating the cross ex-
tinction. From the morphological point of view such aggregates resemble
the graphite paramorphoses after diamond described from the garnet
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pyroxenites (Slodkevieh, 1982). The presence of graphite is in fact known
in numerous mafic or ultrabasic magmatic coniplexes, being preferential-
ly concentrated in the cummulates of the layered plutons (Bushveld,
Stillwater, Osirabetsu; Boyd, Mathiesen, 1979). The graphite at Valea
Vilsanului is closely associated with the sulfides, seemingly cemented by
them ; the graphite optics is generally slightly modified, especially in the
last mentioned cases, when brown-reddish tinges and dark yellow aniso-
tropy colours appear; considering the graphite ehemical stability, it is
possible that these slight anomalies be due to some submicroscopic impu-
rities ; it is also possible that some fine lamellae, showing an anomalous
optics, should represent a mineral from the valeriite group (minerals with
layered lattice), characterized by the alternation of the sulfide layers/
subnetworks with the brucite type layers/subnetworks; in the present
case the presence of haapalaite is presumed, a mineral having the formula
of the type Cu,NinFe, (Mg, Fe) (OH),. -
Pyrite is a2 major component of the mineralization, being present in
various amounts —in most analysed samples ; pyrite distribution shows
a compensatory character with respect to pyrrhotite, at the expense of
which it forms. Pyrite contains as a rule pyrrhotite and/or magnetite in-
clusions, in most cases of microscopie size ; locally the intermediate trans-
formation pyrrhotite-pyrite product (the so-called Zwischenprodulkt or
intermediate product) was also noticed, through which pyrrhotite grades,
by the increase of the sulfur fugacity and the setfing of aslightly oxidiz-
ing environment, to the more stable compound under such conditions —
pyrite ; during this transformation magnetite may occur as intermediate
reaction product, being as a rule intergrown with pyrite; it is a secondary
magnetite, present in most ores containing pyrrhotite (Herja, Tibles,
Rodna ete.). Pyrite within the unconformable veins contains also pyrrho-
tite relicts and secondary magnetite inclusions, thus suggesting that they
formed through the local mobilization of pyrrhotite, which was subse-
quently pyritized through migration in solid state. The pyrite within the
discordant carbonate--pyrite bodies is an exception to this rule, being
characterized also by the scarcity of minor elements and especially by
the sufur isotopic composition, clearly distinguished from the stratiform
rite.
by Violarite occurs frequently, its formation being connected with the
pentlandite transformation, which is more frequent in the portions with
poorer ore (of dissemination type) or in the zones in which pyrrhotite
changes into marcasite and/or pyrite. The transformation takes place grad-
ually, violaritization beginning from the periphery of the grains or from
the cleavage planes of pentlandite. Violarite is brown-reddish with slightly
violaceous shades, and the hardness is close to that of pyrrhotite. Viola-
rite is sometimes associated with small millerite patches (light yellow, in-
tensely anisotropic). Extremely fine mackinawite lamellae occur very
rarely in the violaritized pentlandite mass (with strong bireflection and
intense anisotropy effects), that formed by éxsolution from pentlandite.
Violarite is generally inhomogeneous due to the subsequent transforma-
tions, manifested first of all by the occurrence of some pyrite grains or
short lamellae, which sometimes form skeletal crystals, marking the for
mation of pyrite or bravoite ; the matrix of these micrograins or lamellae
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gradually changes into a grey-brownish mass of amorphous appearance,
probably representing a secondary nickel mineral {mineral C); this trans-
formation stage is as a rule reached when the whole pyrrhotite mass is
pyritized. The violarite identity was checked by the X-ray diffraction
{Table 2).

TABLLE 2
X — ray powder dala for violarite™®

Diffractomer, Culkioc radialion, Ni filler

Violarite Pyrrhotite Violarite Bravoite Pyrite
Vilsan Valley ASTNM 20—-535 | ASTM 11—95 | ASTM 2—850 | ASTAM 6—0170
d(A) 1 d (&) I d (4) I d (&) I d (&) 1

5.85 vw ? — — — —
- — 5.47 20 — —
4.70 vw 29 — —_ — —
3.90 vw ? — — — —
3.36 w — 3.35 30 — —
- — — 3.22 10 —
- - — — 3.12 35
- — — 3.09 10 —
2.98 s 2.98 40 — — —
2.86 W — 2.85 100 — —
— - — 2.78 100 —
2.71 w — — — 2,71 85
2.64 WS 2.65 60 — - —
— — — 2.49 50
2.43 W — — —_ 2.42 65
2.33 A4 — 2.36 50 —_ —
- — — 2.27 25 —
2.215 w - — — 2.22 50
2.055 s 2.07 100 - — —
- — — 1.97 25 —
- — — — 1.91 40
— — 1.82 60 — —
1.74 w ? — — — —
1.718 s 1.72 20 — — —
1.670 w - 1.674 80 1.68 75 —
1.630 w — — — 1.63 100

* The analysed material contains both pyrrhotite and violarite or violaritized pentlan-
dite. However, no peaks typical of bravoite do occur.

? Peaks attributable to pentlandite

?? Peaks attributable to chrome spinel.

The identifiable bravoite has been noticed in association with py-
rite, mostly with that from the discordant veinlets, in which there oceur
brown violaceous zones, parallel to the pyrite crystal faces. The presence
of bravoite is assumed also in the fine-grained aggregates developed. at
the expense of violarite, but it is not identified with certainty due to its
small dimensions. - L
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Marcasite obviously occurs in two distinet stages of the ore evolu-
tion ; the first stage is represented by the formation of the marcasite la-
mellae more or less directly at the expense of pyrrhotite ; the second stage
is characterized by the formation of marcasite at the expense of pvrite,
in which lamellar marcasite occurs sometimes — often with polysynthetic
twins — being irregularly disposed.

Magnetite is a minor component, forming exclusively as an inter-
mediate reaction product in the process of transformation of pvrrhotite
into pyrite; it was observed only as micronic inclusions in the pyrite
mass, being associated or not with pyrrhotite relicts.

Cobaltpentlandite, molybdenite, native gold and tochilinite range
among the rare minerals from the Vilsan mineralization. The occurrence
of thexe minerals is restricted to a few grains (cobalt-pentlandite) or small
grains concentrated in a single polished section (gold) or to isolated oceur-
rences of a single lamella (molybdenite and tochilinite).

Cobaltpentlandite occurs close to, but not associated with pentlan-
dite as euhedral grains but usually it does not show transformation phe-
nomena. Unlike pentlandite, the cobaltpentlandite is maiked by higher
reflectivity and the lack of cleavages.

Molybdenite was noticed in a single polished section ; it is not asso-
ciated with other metalliferous minerals. Within the same polished section
tochilinite was also noticed, a mineral of the formula n. FeS(Mg,Fe) (OH,)
included in pyrite alongside with chalcopyrite as lamellae of 100 x 235 mi-
crons in size; it differs from the minerals of similar optics (valeriite,grap-
hite ete.) by its optical properties : bireflection in grey-pink to grey-bluish
tinges, with intense anisotropic effects in white-yellowish to dark grey-
~blackish nuances. Although 1rare, as iz also cobaltpentlandite, tochilinite
was recorded in similar formations, especially in the USSR, where it was
deseribed for the first timne; molybdenite is also known from the Norilsk
type mineralization, where it occurs as accessory mineral.

Gold was identified in a single polished section as micronic grains,
disposed alongside with mayecasite on the pyrrhotite cleavages or on the
fissures between them.

Among the secondary minerals mineral C and goethite are worth
mentioning ; the former is relatively widespread, especially in the zones
of advanced pyrrhotite pyritization. As in the case of violaritization, the
initial pentlandite contours ave preserved. In this transformation stage vio-
larite is replaced by a grev-brownish matrix, isotropic in reflected light,
in which micronic pyrite and/or bravoite grains can be distinguished. It
is probably a secondary nickel mineral which could not be identified for
the time being. Goethite wax observed as veinlets cutting the ore; under
the microscope it appears as fibrous aggregates, sometimes radially dis-
posed, which penetrate and partially replace the violarite transformed in
the mineral C. It is presumably a Ni variety of goethite.

' The other two unidentified minerals, mineral A and mineral B, re-
present primary components. Mineral A occurs in an ore sample consisting
of thin pyrite and chalcopyrite bands, as an isolated grain (100 X 50 mi-
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crons) in the amphiboles. Tt polishes well, is white-c1eam coloured, isotro-
pic, with slightly pronounced cleavages; under great magnification irre-
gular lamellae may be observed within the grain, which seem slightly ani-
sotropie. Being the only grain encountered and not having any direct con-
tacts with other sulfides, it can only be stated that mineral A has a high-
-mean reflectivity and probably belongs to the sulfospinel group.

Mineral B : a single grain, almost circular in section, 10 miecrons in
diameter. It occurs as inclusion at the pyrrhotite/chalcopyrite boundary ;
it has (very) high reflectivity, is yellow, anisotropic, has a higher
hardness than that of pyrrhotite and chalcopyrite and may represent a
mineral of the platinum group.

Geochemical Data
Chemical and Spectrographic Analyses of Rocks

In view of obtaining additional data supporting the initial nature
of the rocks hosting the mineralizations 10 complete chemical analyses
(Table 3), representing amphibolites (8 samples) and amphibolic gneisses

TABLE 3

Chemical analyses on lhe amphibolic rocks from the Vilsan 2 Gallery

Oxides

Sam- | SiO, |TiO,| A0, F0203#Fe0 MnO| MgO | Ca0O [K,0[Na,0 |P,0.|11,0{CO, S | Fes | Total
ple

4089 [46.600.70{20.80 1.71,6.23‘0.13 8.68( 7.47/0.58| 3.02|0.14{0.98(2.41{ 0.57] 0.50{100.52
4072 |47.40]1.61{17.65] 1.43(8.06,0.18| 8.64| 9.19;0.58| 1.68|0.25[1.75|1.31} 0.19} 0.17|100.08
4080 164,60/0,76!16.93] 1.23;2.38:0.05 2.20] 5.12/0.54| 3.60(0.32/0.60{1.05]{ 0.44| 0.38{100.20
4078 [29.4011.08) 6.35| 4.026.43,0.10| 5.09} 2.93/0.33| 0.34[0.05 21.90(19.08| 99.90
4069 [49.25(0.64121.07; 1.3 ‘4.9810.11 7.70| 7.37(0.79} 3.3010.14|1.95(1.32] 0.15} 0.13{100.25
4074 150.00{1.02{11.25] 0.66 8.39.0.16{12.73} 9.64{0.46] 0.80(0.10(1.77|1.92] 0.36} 0.31| 99.57
FV75144.00(1.49(15.49} 3.82|7.14i0.14( 7.27| 6.41{1.42] 2.22{0,20(1.49{1.06]{ 4.30{ 3.75] 99.30
4125 [55.30(1.24i18.30| 1.70(6.04{0.16] 3.35| 6.13!0.78| 3.82(0.52|0.40|.19] 0.24| 0.21(100.46
4122 150.4011.38]20.38] 0.33/6.54/0.12] 6.07; 8.4610.53} 3.13|0.16/0.99]1.49] 0.19] 0.17[100.34
4116 [49.60]0.73{19.28} 0.83|5.4910.12] 7.11;10.4010.36; 3.95|0.16]0.72/{1.38] 0.22] 0.19{100.54

4

Analyst C. Vlad, Enterprise of Geological and Geophysical Prospections.

(samples 4122, 4116) as well as 13 quantitative spectrographic analyses
(Table 4) were carried out. For lack of some isotopic data (Sr) or of analy-
ses of rare earths, we used some eclassical diagrams in order to define the
ortho- or paracharacter of those rocks (Figs. 4 —8). In most cases the ana-
lysed amphibolic rocks plot in the ortho-ficld, there existing a positive
Cr/Ni and Co/Ni correlation, characteristic of the magmatic rocks. The
chemistry and mineralogical composition of the rocks suggest the gabb-
roic character of the presumed magmatic rocks. Some deviations from
this character may be connected to the metamorphic and postmetamorp-
hic transformations, or to the sulfidization processes which may alter the
relationships among the elements ; in such cases the iron mobilization takes
place, being connected with ifs transfer from the silicates to the sulfide
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TABLE 4
Minor elemenls in the amphibolic rocks from the Vilsan 2 Gallery

Element | o, ¢y zn [Ga| Ni | co | ¢ |V [se| Y [Lalnb| zr| Ba| s
Sample L c - r al S
¥V75 9 | 1500 78 | 17 | 6200 280/ 3000{ 280} 32 113 | 30 | 10 | 130} 520| 280
4069 8.5 6] 48 | 14 | 210 30] 450 110] 20 | 8.5] 30 | 10 | 115 290| 570
4072 68 11] 100 | 15 160 47\ 450| 300| 58 | 46 30 | 10 | 200| 285| 460
4074 2 4| 100 | 11 220 38| 1100{ 210| 50 [13 | 30 | 10 571 175| 150
4078 2 | 1500| 150 | 12 |1.89%| 1000| 2800| 120{ 10 | 5 | 30 | 10 | 42| 120 38
4080 4.5 46| 38 | 14 155 18; 520| 85} 11 | 1.6 30 | 10 | 550| 420| 850
4099 4 110| 75 | 14 | 1100/ 80| 850| 180| 23 | 6.5| 30 | 10 35[ 245| 650
4093 2.5 | 2300; 65 | 13 | 7000| 460| 3800| 220{ 18 | 5 | 30 | 10 32| 200] 280
4094 13 | 6500] 160 | 12 {1.6%! 800| 6500] 115] 18 5030 | 10 | 36| 190| 34
4104 3 620 46 | 11 38| 3.5] 160| 22| 3 5/ 30 | 10 | 125} 330| 220
4116 9.5 121 72§ 15 210 30] 175; 135) 36 | 12| 30 | 10 70| 190| 650
4122 2.5 35| 80 | 14 115 22| 130| 160{ 28 | 13 | 30 | 10 55 270| 670
4125 5 19/ 100 | 18 76 16 55| 180 21 [ 21 | 30 | 10 | 200y 700{ 700

Sn <« 2ppm in all the samples
Be < 1 ppm; in sample 4125— 1,2 ppm
Yb < 3,2 ppm in all the samples
Analyst C. Udrescu, Institute of Geology and Geophysics
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structure. Another significant feature is the presence of euhedral spinels,
in which the subsequent transformations manifested especially by the
occurrence of an obvious zonality and/or the occurrence of some rutile,
more rarely ilmenite exsolutions.

Minor Hlements in Sulfides

As expected, the nickel and cobalt contents are relatively high, as
a consequence of pentlandite, violarite, cobaltpentlandite, bravoite inclu-
sions within pyrite and pyrrhotite (Table 5). The chrome contents are
significant, especially for the samples in which spinels were identified
under the microscope, which confirms their chromiferous character. The
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TABLE 5

Quantitative spectrographic analyses on sulfide samples

Determined elements (ppm)
Analysed sulfide 7 ) y - i
Cu | Pb| Zn| Ag| Ni | Co | Ti | 3 | V| cr

1 | pyrite (py) 780 15 | 100 | 2.2 |>3000| 1100 500 250 30 160

2 | py* 1200 13 { 100 | 1.3 {>3000| 1400 800 450 36 210

3 | py 3690 10 | 100 | 2.7 |>3000{ 1100 300 220 13 85

4 | py** 2200 71100 { 1.8 |>3000{ 700 | 2300 | 1000 85 480

5 | py 420 | 380 | 110 | 1.4 [>3000| 700 90 80 10 65

6 | py 620 10 | 130 | 1.3 {>3000| 1100 | 6000 | 1000 | 320 |> 3000

7 | py 1100 28 | 100 | 1.9 [> 3000} 1300 | 1000 560 65 800

8 | pyrrhotite*** 600 30 | 100 1 {>3000; 460 | 4200 900 | 220 2600

g | py**** 1450 | 150 | 100 | 4.2 700| 420 140 78 — —
10 | py 100 10 | 100 | 1 > 3000| 1050 10 175 — —
11 | py#*#xwsx 10 10 | 130 | 1 90 9 10 11 10 30
12 | py®***2 10 10 { 100 | 1 9 3 10 60 10 30
13 | py****x* 10 10 { 300 | 1 120 15 95 300 10 30
14 | pyrrhotite 80 10 70 | 3.1 |>3000; 1400 | 1600 420 90 |> 3000
15 | py*#***xx= 24 16 | 440 | 1 >3000| 530 300 90 12 1100

Analyst : Alla Z&marcd, Institute of Geology and Geophysics, Bucharest

* The sample contains also 12.5 ppm T1;

** Pyrite concentrate

**=% Pyritized pyrrhotite concentrate :

**%% The sample contains also 180 ppm Mo ;

*#*#%% Pyrjte from the discordant veins (see Figure 9);

**x%%% Pyrite formed at the expense of pyrrhotite (sample 14), within which it appears

as millimetric veinlets or lenses.

analysed sulfide samples generally show rather uniform minor element
contents except for late pyrite in discordant veinlets in which cockade
structures were noticed (Fig. 9). It is interesting that this pyrite also has
a contrasting sulfur isotopic composition (samples FV 74 and EV-78
and B), which suggests once more that its genesis differed from that of
the sulfides from the stratiform ore.

Sulfur Isotopic Composition

The results of some sulfur isotope analyses are presented in Table
6 ; the dispersion of the 8%S is relatively high, but the high positive ones
prevail, which are comparable to the &3*8 values obtained on sulfides
from other regionally metamorphosed deposits of Romania (Table 7).
The positive 334 values range within wide limits, which might be explained
by the different stratigraphic position of the samples; such variations
are often recorded in stratiform deposits, being considered to be primary
(Stanton, 1972). A different sulfur source may be assumed for pyrite with-
in discordant veinlets (Fig. 9), for which 33*S shows great negative val-
ues. The small number of available analyses does not allow an ampler
discussion on the significance of these results which should be regarded
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e

a8 informative and the interpretation suggested as preliminary. The ore
underwent intense mineralogical transformations, characterized especial-
ly by the primary pyrrhotite pyritization, a phenomenon which might
have been accompanied by echanges in the sulfur isctopic compositioﬁ_:,

Fig. 9 — Pyrite-calcite association within the discordant bodies with

respect to the metamorphics foliation, Vilsan Vallcy gallery 2.

1, chloritized amphibolite fragments : 2, pyrite bands moulding the amphi-

bolite fragments (cockarde structure); 3, calcite matrix; 4, geodes filled

with calcile; A and B mark the location of the spectregraphically and
isotopically analysed pyrite samples.

TABLE 6

Istolopic composilion of pyrite and pyrrholile from

the Vilsan Valley deposil

Analysed mineral ! 338 (%)

6* pyritized pyrrhotite ** +23.59
1 pyrite -+20.80
3 pyrite -+-18.00
7 pyrite +12.65
2 pvrite + 2.18
5 pyrite 4 2.09
12 pyrite*** — 9.03
11 pyTite*** —18.73
13 pyrite *¥* —25.15

* The numbers correspond to those from Table 5

#* ca 30—409

**% See Figure 9

Analyst : Filofteia Gaftoi, Institute of Geology and Geophysics, Bucharest.
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TABLE 7

Isotopic composition of the sulfides from some melamorphosed
syngenelic mineralizalions from the Romanian Carpalhians

Analysed mineral 3S (%/49) Deposit
pyrite * 4-4.88...4-21.74 Harlagia*
pyrite +10.19 Boita-Hateg**
pyrite +15.51 Novicior*
chaleopyrite --16.41 Béilan*

pyrite +32.47 : Sibigel**

* Metamorphosed syngenetic deposits from the Tulglies Series (Lower Cambrian), East
Carpathians.

** Metamorphosed syngenetic deposits from the Sehes—Lotru Group, (Upper Precam-
brian), South Carpathians.

Analyst : Filoftcia Gaftoi, Institute of Geology and Geophysics, Bucharest.

these changes seemingly manifested through an impoverishment of the
heavy sulfur isotope, which may be correlated with the regressive charac-
ter of the latest metamorphic phase that affected the host rocks of the ores.

Transformation Sequenee within the Rocks and the Assoeiated Minerali-
zations

The first event which can be followed back is the crystallization and
recrystallization of the main minerals of the rocks and ores, i.e. the am-
phibole and pyrrhotite. These minerals are ‘‘compressible” within a wide
PT interval preserving, however, the textural equilibrium. The recrystal-
lization of pyrrhotite might have been accompanied by the migration in
solid state, by simple gliding on the (0001) planes. The other primary min-
erals, pentlandite and chrome spinels, do not generally show deformation
effects, suggesting that in this stage such migration processes were subor-
dinated (Fig. 10).

An important phenomenon is that which accompanied the major
deformation that determined the regional deformation ; this led to the
recrystallization and recovery of pyrrhotite, determining the appearance
of the nematoblastic and plane-parallel textures; changes in the pyrrho-
tite composition may be assumed, however not demonstrated as yet. The
pentlandite exsolution (as flames) from pyrrhotite took place prior to
this deformation moment; locally, visible remobilization effects of pyr-
rhotite and chalcopyrite oceur synchronously with deformations, often
resulting in the appearance of variously oriented veinlets in the amphibo-
lites ; subsequently most of the pyrrhotite was pyritized, an effect pos-
sibly due to either an increase of thesulfur fugacity in the system or the
settling of a slightly oxidizing regime.

In a next stage the chloritization of biotite and amphibele takes
place, giving rise to the release of titanium and the formation of sphene
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and rutile, which are often observed on the silicate cleavages; the exso-
lution phenomenon within the spinels (rutile4-ilmenite) may have oc-
curred also at that moment. The formation of zoixite at the expense of the
caleium released through the amphibole decomposition also takes place;
this would explain the constant association of chlorite with sphene and
zolsite or even the inclusion of these two minerals within chlorite. The
ixolated grains within the amphibolic rocks, initially represented by ilme-
rite, gradually change into sphene, al<o at the expense of the caleinin avail-
able through the trausformation of amphibole — in which ilmenite often
remains as nuclei; the process continuex with the total replacement of
ilmenite by rutile, which also occurs as islands in the sphene aggegates ;
the deferrization of the initial titaninm mineral (ilmenite) is a manifes-
tation of the sulfidization process, which has been relatively frequently
observed in this mineralization type. The mackinawite exsolution from
pentlandite may have also previously occurred, being a usual phenome-
non whicl, from the ehemical point of view, consists in the removal of a
certain iron execess from pentlandite. The large scale transformation of
pyrrhotite into pyrite, especially in the weakly mniineralized zones is no-
ticed ; in the case of massive pyirhotite instead, the maircasitization on
cleavages or along fissures is observed ; insuch cases the marcasite associa-
tes sometimes with gold. The violaritization of granular pentlandite (pent-
landite asx flames from the pyrrhotite mass is prererved) fcems to be con-
temporaneons with these transtormations; niillerite occurs alongside
with violarite in the nickel-rich zones, probably depending on the initial
composition of pentlandite. The tochilinite formation is difficult to spe-
city, this mineral being observed only ax isolated lamellae within pyrite ;
but it is likely that it formed quasi-concomitantly with the pyirhotite
pyritization.

The amphibole decomposition under near surface conditions entails
the formation of carbonate which may substitute also zoisite. Chlorite
continues forming either at the expense of gainet or at the expense of
the other minerals within the rock or even by the reorganization of the
old chlorite under absent stress (static) conditions or under conditions in
which a fissuring of a brittle environment enables the chlorite remobili-
zation in veinlike forms. The formation of the chlorite veinlets within car-
bonates can be explainied in thix way. The more or less simultaneous trans-
formation of ore minerals consists in the substitution of the relatively
homogeneous violarite by fine-grained aggregates of pyrite and/or bra-
voite displaying different colour shades; still more typical forms of bra-
voite may be observed also in the compact pyrite, the bravoite occurring
as fine bands varying in colour, situated especially at the periphery of the
pyrite grains. A last stage is characterized by the pyrite marcasitization ;
the transformation of the bravoitized or pyritized violarite into the min-
eral C takes place simultaneously or successively, the latter being likely
to form directly upon violarite. Locally, i intense circulation zones, there
oceur goethite (probably nickel-bearing) veinlets that affect pyrite, bra-
voite or mineral € to the same extent.

A late stage in the ore mineral formation, represented by pyrite
associated with carbonate (calcite) in the form of discordant bodies, should
be related to remacbilization or mineralization phenomena that oc-
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curred inzones affected by faults. As we have already shown, this pyrite
has a peculiar geochemical character ; it possesses low Cu, Pb, Ni, Co, V
and Cr contents as compared with the rest of the monomineral samples ;
it shows an excessive enrichment in the light sulfur (832%) isotope — which
is difficult to explain only through the effect of the remobilization
process.

Ore Genesis and Related Problems

The nickel occurrences from Romania inelude sporadic occurrences
in the form of disseminations, nests or veinlets within ultramafic rocks
associated with some Upper Precambrian, Paleozoic or Mesozoic rocks.
The Precambrian occurrences are located in the South Carpathians and
generally contain restricted mineral assemblages : pentlandite (ptl), pyrr-
hotite (po), chalcopyrite (cp) and mackinawite (the oceurrences from the
East Fagidras Mountains, Venelu Brook, Bardas Brook); ptl, po, ¢p and
millerite (mil) (Dealu Negru and other smaller ultramafic bodies from the
Sebes Mountains), ptl, heazlewoodite and awarnite (Vadu Dobrii, Poiana
Rusecd Mountains), po, ptl and mil (Piscoaia, Cibin Mountaing). The min-
eral assemblage in the Paleozoic ultramafics from South Banat is richer,
consisting of po, ptl, cp, millerite and heazlewoodite. The nests and vein-
lets consisting of po, ptl and bravoite are described by Petrulian (1943)
and Socolescu (1944) in the Mesozoic peridotites at Ciungani, in the Me-
taliferi Mountains. The allochthonous Mesozoic ophiclites from the Rariu-
Highimag syneline contain also serpentinized ultramafic bodies with po,
ptl, millerite, maucherite and hzw disseminations (Russo-Sindulescu et
al., 1982). In contrast with these nickel-bearing occurrences, the minerali-
zations from the Vilsan Valley are hosted by metamorphosed gabbroie
rocks and show a muech more complex mineralogical composition. The
sequence including mineralizations of the Mioarele Formation from the
Precambrian Leaota Group (Figs. 1, 2) contain, in addition to metagab-
bros (massive amphibolites), also hiotite schistose amphibolites, amphi-
bolic gneisses, micaceous gneisses ete. The mineralization is preferentially
located in metagabbros ; the other types of rocks host enly sporadic sul-
fides, in which pyrrhotite prevails.

The initial aspect of the magmatic complex from the Vilsan Valley,
which is probably of ophiolitic type, was greatly changed during the
prograde (possibly polyphasie, within the limits of the amphibolite fa-
cies) and retrograde (greenschist facies) metamorphism. Due to the long
metamorphic history and recurrent deformations cne may suppose that
the ultramafic terins of the magmatic complex were removed trom the
succession as a consequence of their remarkable mobility. Most of the
initial textures of the rocks and ore were obliterated due to the develop-
ment of several sets of penetrative foliations accompanied by mineralogi-
cal reorganizations. The appearance of sulfides also in the gneissic rocks —
characteristic of the non-magmatic cover of metabasites — may suggest
etther the existence of some independent mineralizations, therefore of a
different genesis, or the secondary migration of the ore minerals during

the deformation processes (Fig. 10). Both hypotheses would thus support
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the relatively high dispersion of the 3%S valuesfrom the stratiform ore
(4-2.09 .... +23.59 ).

The genetic model may be only partly reconstructed, the existence
of a liquid-magmatic (or synmagmatic) mineralization being admitted,
whose initial eomposition consisted of pyrrhotite, pentlandite and ehalco-
pyrite as well as ilmenite and chromespinels. Graphite, noticed both with-
in the rocks and ore, shows some optical anomalies in the latter case,
which indicates the possible existence of some interbedded structures,
possibly with minerals fromn the valeriite-haapalaite group. The chrome
spinels occur only locally, but in relatively great amounts, suggesting the
more complex nature (not mere gabbros) of the sequence of ore-bearing
rocks. The post-prograde metamorphism transformations are complex,
affecting the rocks and ore to the same extent. Due to the possible con-
vergence phenomena and the lack of direct relations between the phases
within the rocks and those from the ore (in many cases) the evolution of
the processes is only assumed in the sketch on Figure 10, especially in
respect of their simultaneity. Some phenomena which have been noticed,
such as the exsolution ones, take place also in the unmetamorphosed ores,
but, in our case, they may be correlated with some deformational
moments.

As the tectonic regime of the Precambrian greenstone belts is not
yet easy to establish, it is difficult to introduce the mineralizations from
the Vilsan Valley into the classification proposed by Naldrett and Cabri
(1976) ; anyway their association with komatiitic suites is out of the ques-
tion as these have a distribution restricted to the Archaic (at least so
far). Based on the magnesium contents of the host rocks, the Ni:Cu
ratio and the 3 %8 value of sulfides, Godlevski and Lihacev (1979) divide
the magmatic formations containing Cu-Ni sulfides in three groups (Ta-
ble 8), the mineralized complex from the Vilsan Valley belonging to the
medium teraperature group. The only inconsistency refers to the Ni:Cu
ratio, which may be explained in two ways : (1) the selective migration of
chalcopyrite during the deformational processes and, probably, the par-

) TABLE 8
Classification of magmatic [ormations bearing Cu—Ni sulfide ores (Godlevski and Lihace
1979)
Io g [ Formation
MgO hcooslz t?gék‘;l the | Ni:Cu ratio 3345 temperature Examples
(%) in ores (®/a0) of magmatic ~Xampies
° rocks
1 15—30 (2--30): 1 + 1.4+ 5 high Kola,
Canada
Australia
2 10—-15 1(1-2,5) + 7...4+10 medium Norilsk
3 8—10 1:(3—4) +12...4+14 low Kureisk
) (Siberia)
Duluth
(Minnesota)
6—13 1:0,34 4 2...4+23 medium-low Vilsan V.

Notc : The PGE content decreases from 1 to 3 (according

tho the same authors).
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tial removal of copper from the system and (2) the initial mixed (?), i.e.
ultrabasic (type 1) and basic (type 3 from the table}) character of the
eruptive complex from the Vilsan Valley, which was probably dismem-
bered during deformations with the removal of the ultrabasic terms from
the succession. Based on the existing data we cannot support one of
these two alternatives which may have jointly contributed to the appear-
ance of this intermediate situation.

The above-presented data constitute a first step in the study of the
mineralizations from the Vilsan Valley, which are the only ones of this
type in Romania ; isotopic analyses will be further carried out for obtain-
ing a statistic stabilization of the variation intervals and observations
on the extension of the Mioarele Formation in the adjacent zones will be
also made. Microprobe analyses are being carried out for the knowledge
of the sulfide composition, the checking of the existence of troilite (only
assumed so far), the confirmation of the cobaltpentlandite existence, the
identification of the minerals A, B and C, the explanation of the optical
anomaly of the graphite within the ore ete..
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MINERALIZATIILE DE Cu-Ni, METAMORFOZATE, DIN
VALEA VILSANULUI, MUNTII FAGARAS

(Rezumat)

Mineralizatiile de Cu—Ni4Co, metamorfozate regional din Valea
Vilsanului sint gdzduite de roci gabbroice i au o compozitie mineralo-
gicd complexi. Secventa purtitoare de mineralizatii, apartinind Forma-
{iunii de Mioarele din Grupul Precambrian Leaota (Fig. 1 i 2) contine
aldturi de metagabbrouri (amfibolite masive) si amfibolite sistoase cu bio-
tit, gnaise amfibolice, gnaise micacee etc. Mineralizatia este localizati
preferential in metagabbrouri; in celelalte tipuri de roci existd numai apa-
ritii sporadice de sulfuri, in care predomin& pirotina.

Aspectul initial al complexului magmatic din Valea Vilsanului,
probabil de tip ofiolitic, a fost puternic modificat in timpul metamortis-
mului regional prograd (posibil polifazic, in limitele facieswlui amfiboli-
telor) i retrograd (faciesul gisturilor verzi). Datorit# istoriel metamorfe
indelungate i deformérilor repetate este posibil, in primul rind, de pre-
supus cd termenii ultrabazici ai complexului magmatic an putut fi indepéir-
tati din succesiune, ca urmare a mobilitdtii lor deosebite. Structurile ini-
tiale ale rocilor §i minereului au fost in cea mai mare parte obliterate prin
dezvoltarea mai multor seturi de foliatii penetrative insotite de reorga-
nizdri mineralogice. Aparitia sulfurilor si In rocile cu caracter gnaisic
—asimilabil invelisului nemagmatic al metabazitelor — ar putea sugera
fie existenta unor mineralizatii independente, deci cu alti genezi, fie mi-
grarea secundard a mineralelor metalifere in timpul deformirilor. Ambele
ipoteze pot astfel argumenta dispersia relativ mare a valorilor 3*8 din
minereul stratiform (42,09....423,59%,,). v

Modelul genetic poate fi doar partial reconstituit, admitindu-se exis- .
tenta unei mineralizatii lichid-magmatice (sau sinmagmatice), a céirei
compozitie inifiald a constat din pirotinid, pentlandit si calcopirits, la care..
se adaugh ilmenitul si spinelil cromiferi. Grafitul, observat atit in roeci
cit si in minereu, aratd in ultimul caz unele anomalii optice, care lasd si
se intrevadd posibilitatea existentei unor structuri interstratificate, even-
tual cu minerale din grupul valleriit-haapalait. Spinelii cromiferi apar
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doar local, dar atunci in cantitate relativ mare, sugerind natura mai com-
plexd (decit simple gabbrouri) a secventei de roci purtiitoare de minereu.
Transforméirile postmetamortism prograd sint complexe si afecteazd in
egald masurd vocile si minereul. Datoriti posibilelor fenomene de con-
vergentd si lipsei relatiilor directe intre fazele din roci si cele din minereu
(in multe cazuri) evolutia proceselor este doar presupusd in schita din Fig.
10, In special in privinga simultaneititii lor. Unele fenomeue observate,
cum ar fi cele de exsolutie, se realizeazd si in minereuri nemetamorfozate,
dar in cazul nostru este posibil ca ele < se coreleze si cu unele faze de defor-
mare, cel pufin ca moment, nu neapirat si ca interconditionare.

Intrucit regimul tectonic al centurilor de roci verzi precambriene
nu este (Ined) foarte lesne de stabilit, incadrarea mineralizatiilor din Valea
Vilganului in clasificarea propusi de Naldrett si Cabri (1979) este dificil,
oricum excluzindu-se asoclerea lor ¢u suite komatiitice, care au (cel putin
piug in prezent) o distributie restiinsi in Arhaic. Luind in consideratie
continuturile de magneziu din rocile gazdi, raportul Ni:Cu din minereu
¢ valoares, §°*S din sulfuri, Godlevski gi Lihacev (1979) impart formati-
unile magmatice cu sulfuri de Cu-Ni in trei grupe (Tabelul 8), complexul
mineralizat din Valea Vilsanului fiind asimilabil grupei de temperaturd
medie. Singura neconcordantél se inregistreazd la raportul Ni:Cu, care
poate avea doud cauze; (1) migrarea selectivi a calcopiritei in timpul pro-
ceselor de deformaie i, probabil, iegirea partiald a cuprului din sistem (2)
caracterul initial mixt (?),i.e. ultrabazic (tipul 1) si bazic (tipul 3 din
tabel) al complexului eruptiv din Valea Vilsanului, dezmembrat probabil
in timpul deformirilor, cu indepirtarea termenilor ultrabazici din succe-
siune. Pe baza datelor existente nu se poate face o optiune fermi pentru
una din cele doud alternative, care ar fi putut de fapt si si concure la
aparitia, acestel sitnafii cu caracter intermediar.

EXPLANATION OF PLATES

Plate I
Fig. 1. — Chalcopyrite and pyrrhotite veinlets (both : white) variously oriented in amphibolite.
Polished section (PS), x 200.
Fig. 2. — Image similar to Figure 1, but the veinlets consist of pyrite (white), formed at the
expense of primary pyrrhotite, coexisting as relicts within pyrite. PS, x 200.
Fig. 3. — Pyrrhotite (white) with pyrite and mareasite along fissures, giving the comb-like aspect.
PS, x 200.
Plate 11
Fig. 1. — Euhedral spinels (light-grey coloured, included in pyrrhotite (white) associated wilh

violaritized pentlandite (shagreened aspect). At the top — pyrrhotite (white) in a
eoncentric rutile texture (grey) and leucoxene (grey-blackish). PS, x 200.

Fig. 2. — Zoned spinel (various shades of grey) with a rutile inclusion (grey), included in partly
mareasitized pyrrhotite (white). PS, x 200.
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. 3. — Pentlandite flames within pyrrhotite. PS, oil immersion, N--, x 450.
. 4. — Partly violaritized, enhedral pentlandite (whitish) in pyrrhotite (white-greyish). The

scratch on the left side points to the difference in hardness between pvlrhotlte and
pentlandite. PS, oil immersion, x 450.

Fig. 5. — Violaritized pentlandite (grey-whitish) in which bravoite is individualized (skeletal
bands or crystals); everything is included in pyrrhotite (white). PS, oil immersion,
X 450.
Plate II1
Tig. 1. — Pyrite (white, high relief) partly included in an intergrowth ol violarite 4 millerite.
PS, oil immersion, x 450.
Fig. 2. — The same image with N+ ; the intense millerite anisotropy is noticed.
Fig. 3. — Molybdenite lamellae with kink type bands. PS, oil immersion, x 450.
Fig. 4. — Tochilinite lamellac (strong bireflexion) ineluded in pyrite. PS, oil immersion, x 450
Plate IV
Fig. 1. — Graphite lamellae (with kink bands), associated with sphene, PS, oil immersion, x 450.
Fig. 2. — Graphite aggregate with hexagonal section (in which lamellae are radially disposed,
included in grey violarite, shagreen surface), associated with pyrite (lisht grey). PS,
oil iinmersion, N1, x 450.
Fig. 3. — Graphite aggregate (in which marginal zone consists of {ine lamellae, perpendicularly,
oriented on the aggregate margin), included in pyrrhotite (white). PS, oil immersion
X 450.
Fig. 4. — Same image, with N 4.
Plate V
Tig. 1. — Complete violarite pseudomorphosis alter a euhedral pentlandite grain, associated
with chalcopyrite (white). Round the ¢euhedral” violarite — finc intergrowth of
“decomposed’” violarite and geothite (blackish). PS, oil immersion, X 450.
Fig. 2. — Violarite alteration (grev-whitish) continues by the appearance of some goethite vein-
lets ; limonitization is pervasive at the periphery ol the violarite aggregate (at the top).
PS, x 200.
Fig. 3. — The complete alteration of violarite results in the appearance of the “mineral C”.
(see text), in which pyrite relicts are preserved. PS, oil immersion, X 4350.
Plate VI
Fig. 1. — Violarite alteration results in some cellular aggregates consisting of pyrite and/or
bravoite (whitish) with matrix of the “mineral G (blackish). PS, oil immersion,
X 450.
Fig. 2. — Gold (white) associated with marcasite formed at the expense of pyrrhotite (grey-whi-
tish). PS, oil immersion, x 450.
Fig. 3. — Pyrrhotite (white) with pentlandite in the amphibolites from the right slope of the

‘\\“&\A\&\SQ

Vilsan Valley, outside the mineralized zone. PS, oil immersion, x 450.
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