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MINERALOGIE

CHEMICAL INHOMOGENEITY OF SPHALERITE
FROM BAIA DE ARIES.
AN INVESTIGATION WITH THE ELECTRON MICROPROBE !

BY

CONSTANTIN LAZAR? NICOLAE FARBAS?®

Electron microprobe. Chemical inhomogeneily. Minor elements. Sphalerite
Lead-zinc deposit. Replacement ore. Neogene metallogeny. Apuseni Moun-
tains — Neogene eruptive — Baia de ‘Aries. district.

Abstract

The authors proved by aid of the electron microprobe thai an optical
homogeneous sphalerite grain from Baia de Aries lead-zinc ore deposit showed
a microchemical heterogeneity. Within a single sphalerite grain there have been
investigated the linear distributions of iron, copper and cadmium. The areal
distribution of iron, illustrated by the counter map, exhibits an irregular zonal
arrangement with a mosajc-like picture. Concerning this question, our resulis
have been compared with the data obtained by ether authors.

Résumé

Hétérogenéite chimigue de la blende de Baia de Aries, une investiga-
tion a microsonde électronique. Les auteurs démontrent a Yaide de la microsonde
€lectronique que le grain de blende du gisement polymétallique de Baia de
-Aries, homogéne du point de vue optique, présente une hétérogénéité microchimigue.

Lia distribution linéaire du fer, du cuivre et du cadmium a éte étudide a
Tintérieur Q’un grain singulier de sphalérite. La distribution areale du fer,
illustrée sur la carte de mesurage (counter map) montre un arrangement zonaire,
irrégulier d’aspect mosaiqué.

Nos résultats sont comparés aux données obtenues par d’autres chercheurs
concernant ce probléme.

1 Received May 9, 1983, accepted for publication January 11, 1984, pre-
sented at the meeting May 27’ 1883.
2 institutul de Geologie si Geofizicd. Str. Caransebes nr. 1, R 79678, Bucu-

resti, 32. .
3 1.S.1.M., B-dul Mihai Viteazu nr. 30, 1900, Timisoara.
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Fig. 6. — Linear iron distribution within a sphalerite grain,

because of the presence of minute exsolution bodies of chalcopyrite ;
in this case, Figure 8§ illustrates the variation of copper content.

Taking into account the positive indications concerning +hn =rowintics
of the iron content of sphalérite, obtained by means of: prev:












13 INHOMOGENEITY CF .SPHALERITE FROM BAIA DE ARIES

e
©w

“The internal nature of the investigated area of the sphalerite has
been developed through structure etching. After removing the
carbon  coat, the polished section has: been etched with a mixture of
HEl -+ HNO; (solution in distilled water in a ratio of 1:3) durmg
‘15 minutes and then examined under the ore microscope.
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T}c main 1esults of the electron mlcloplobe investigation = are
given below.

X-ray scanning. plCtUIGb of the distribution of t‘le Zn, Pb, S, €a
.and Mg in the area selected for analysis (P1. II, Fig. 2, 3: PI. III, Fig. 1- -3)
confhm the determinations made by the 1eﬂocted light mic1oscapy

The line scan reveals that the variation curves for S, Zn and Pb
.plesent a minimum corresponding to the band which is placed be—
tween sphalerite and galena. At the same time, here it is noticed a
_ increasing of the Ca, Mg and Mn content. This fact gives us indi_ca—
" tions about the complex composition of the carbonate infiltrated be-
tween sphalerite and galena- aggregates The abundance of Ca and Mg
_in sphalerite is the same as in galena, whereas iron and manganese
"contents are higher in sphalerife than in the associated galena. The
_iron content of spnaleutc shows significant variations along the line
_ scan direction (Pl. I, Fig. 3).
. On the basis of the large spot size quahtatxve analysis one
indicate the presence of the followmg elements (divided mto i
- groups ' mentioned below): Zn and S (in applecnble amounts) ;
moderate amount); Na, Mn, Au;, Cd and Te (in small amoun“ts)
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the pressure of thice volatiles, by the viscosity and by the access ways.
According to the local conditions the intermittent migration might occur
suddenly (volcanic eruptions) or slowly (plutonism) and intermediary
magmatic chambers might be formed. The intermittent migration is
proved by both the field evidence on the succession of the roclk types
and thce radiometric ages (Russo-Sandulescu et al., 1983). Thus, it is
conclusive the fact that the Bocsa and Surduc banatitic plutons, made
up of successive intrusions, were emplaced during a wide time-span
(22 m.y. and 13 m.v., respectively). A}l these data indicate that the
magmas which generated the successive intrusions did not coexisted
only during one magmatic reservoir, as they would have consolidated
during a much shorter time-span, estimated at 107-10% years (Spera,
1980, fide Gill, 1981).

The mixture of magmas at different scales is very likely in the
subduction zones due to the progressive fusion of the lithosphere when
meltings with a different chemism may form which cannot migrate
immediately. Likewisc it is not out of question that in the deeper
zones of the Benioff plane deep-seated fractures might occur on which
primary magmas of the upper mantle might intrude and mix with the
secondary ones generated in the subduction zone.

Differentiation and crystallization are associated processes which
develop in the final stage of evolution. The petrographic products re-
sulted from magmatic differentiation arc subordinate (aplite veinlets,
schlieren texture); it points to a rudimentary differentiation under sub-
volcanic conditions (Giusca et al., 1966). Post-magmatic fluids, separated
from magmas during the consolidation, generated skarns -+ mineraliza-
tions (Cu--Fe) and porphyry copper concentrations (Cu-Mo).

Conclusions

In thie study zone the banatitic eruptive rocks formed from calc-
alkaline magmas, generated by the compression of an oceanic crust in
the W-WN dipping subduction zone, between the Moesian and the
Transylvanian microplates. The convergent movement between the two
microplates lasted about 150 m.y., beginning in the Upper Jurassic
and continuing up to now, with an active stage of collision. The as-
sociation of banatitic rocks, emplaced during four phases, is chiefly
explained by the intermittent migration of the banatitic magma formed
gradually or cyclically through the progressive melting of the sub-
ducted lithosphere. Lamprophyres resulting from magmas occurred
through the fusion of restites with a basic chemism, in deep-seated
zones of the Benioff plane, during the final stage of the banatitic
magmatic cycle. The magmatic differentiation processes had a rudi-
mentary character and their products are represented by schlieren tex-
tures and veinlets of granitic aplites.

3 Apalyses have been processed by the electronic ceomputer after CAPE,
FVUL ated CATA programmes by P. Anddr, to whom I am greatly indebted,

3 — ¢, 478
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PETROLOGIA ROCILOR MAGMATICE

AUREOLE DE CONTACT DU MASSIF ALCALIN DE DITRAU
DANS LA ZONE DE LAZAREA (CARPATHES ORIENTALES) !

PAR

SILVIA MINZATU 2 GYULA JAKABS3

; Alkali rvocks. Syenite. Tingucite. Bostonite. Diorite. Lamprophyre. Aureole.
Retrograde metamorphism. Hydrothermal processes. Pneumatolitic activity.
Tulghes Series. Rebra Series. Biotite. Rare earths. East Cearpathions —
Crystalline-Mesozoic Zone — Giurgeu hiountains.

Résumeé

Les aspects microscopiques mettent en évidence un contact thermique et
métasomatique du massif alcalin  de Ditrdu (zone de Lézarez) avec la
série cristallophylienne de Rebra (Rb, et Rb3). L’auréole est percée par des
filons de siénites, tinguaites, bostonites, diorites et lamprophyres; liées génétique-
ment au massif de Ditrdu. Les -activités superposées pneumatolitiques, de rétro-
morphisme et hydrothermales sont relevées par lapparition de mingraux spé-
cifigues et par leur transformation.

Les preuves sur l'existence des phénomenes de contact suggerent une
interprétation d’ordre tectonique, & savoir que le massif alcalin de Ditrdu a un
caractére intrusif, affectant au contact les séries cristallines de Tulghes et de
Rebra, de sorte que le charriage de ces scries, s’il existerait, pourrait éire réa-
lisé¢ avant la mise en place du massif de Ditrdu. ' )

Abstract

Contact Aureole of the Ditrdu Alkaline Massif in the Lazaerea Zone (Last
Carpathians). Micrescepic aspects peint out a thermic and metasomatic contact
of the Ditréu alkaline massif (Lazarea Zone) with the Rebra crystalline series

! Recue le 11 mars 1983, acceptée pour éire communiquée et publide le
10 mai 1983, présentee & la seance du 29 avril 1983. .
2 Institutul de Geologie si Geofizicd. Str. Caransebes mr. 1, R 79678, Bucu-
resti, 32. - _
3 IPEG-Harghila, sectia Gheorgheni. Str. Baii nr, 7, Gheorgheni, judetul
Harghita.
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(Rb, and Rby. The sureole is intruded by syenite, tinguaite, bostonite, diorite
and lamprophyre veins, genetically connected with the Ditrédu massif. The super-
posed retromorphic and hydrothermal pneumatolitic activities are reflected by
ihe occurrence of specific minerals and alteration of others. Lvidences related
to the existence of contact phenomena suggests a tectonic interpretation that is
the intrusive character of the Ditrau alkaline massif affecting, at the contact,
the Tulghes and Rebra crystallinc series, so that the overthrusting of these
series, if it exists, might have been achieved before the empiacement of the
Ditrau massif.

Au sud-ouest du massif alcalin de Ditrau, tout prés de la com-
mune de Ldzarea, on a mis en évidence par deux forages l'auréole de
contact du massif avec les formations cristallines de la série de Rebra.

I’existence des enclaves de calcaires cristallins de type Rebra
dans les roches siénitiques (VIII® galerie de Léazarea) a relevé l'exis-~
tence des phénomeénes de contact pyrométasomatique dans cetteé zone
(Jakab, 1976). '

Les forages ont traversé la série de Rebra aux caractéres princi-

palement terrigénes dans la partie supérieure — Rby (forage 142)
et carbonatés dans la partie médiane — Rbh, — (forage 141).

A la suite de l’étude microscopique on a observé quelques -trans-
formations épigénétiques de .la série de Rebra traversée a .la fois par
des filons de siénites, de bostonites, de diorites et de lamprophyres
appartenant au massif alcalin de Ditriu. :

Le forage 142 a traversé jusqu’a 1394 m de profondeur des roches
d’aspect microscopique monotone, 4 schistosité marquée, finement on-
dulées et injectées lit-par-lit. La poussiére fine, noire, graphiteuse est
fréquente dans ces roches. La présence de la magnétite finement gra-
nulaire confére aux roches des caractéres magnétiques {(Romanescu et
al.,, 1981). :

- Prédominent les micaschistes biotitiques, les micaschistes biotito-
muscovitiques-+grenat passant vers des roches & caractére phylliteux,
a séricite+biotite4-chlorite et vers des cornéennes micacées a ‘amphi-
boles et clinozoizite ou bien vers des cornéennes biotito-muscovitiques
a grenat. Des schistes et des quartzites—biotite—séricite-amphiboles
(pargasite a coté d'actinote) tout comme des quartzites noirs cornifiés
s'intercalent entre ces micaschistes. Les injections de quartz, de quartz--
feldspath ou de calcite sont associées ou non a la minéralisation et sont
concordantes, lentilliformes concordantes et discordantes. Les filons-de
siénites, de tinguaites, de diorites s'associent aux lamprophyres, mais
d'une maniére plus fréquente vers la base du forage.

Les micaschistes biotitiques et biotito-muscovitiques passent aux
schistes miicaccés et aux quartzites micacés a grenats de texture plane
schisteuse ou finement plissée. Le quartz pavimenteux est associé a
la biotite finement décailleuse englobant de la poussiére graphiteuse
dispos¢e lin¢atrement. La biotite. porphyroblastique (pl. I, figs.. 1. et 2)
a traces de graphite comprend des minéraux fins entourés d’auréples
pléocroiques. Elle = une orientation perpendiculaire a la schistosité. Les
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grenats aplatis ou fissurés sont rétromorphosés. La tourmaline verdatre
est finement cristallisée ; la pyrite hydrothermale est déposée le long
des fissures ou dlssemlnee en roche. Parfois, 'ilménite 4 une bordure
de leucoxéne.

Les schistes biotitiques & chlorite et séricite d’aspect phylliteux
contiennent de la biotite souvent chloritisée et des nlenats chloritisés,
rétromorphosés. Les solutions hydrothermales ont depose de la pyrlte,
de la chalcopyrite et des carbonates sur les plans de schistosité.

Les schistes biolito-muscovitiques & clinozoizite (cornéennes) con-
tiennént du clinozoizite ayant des couleurs a biréfringence anormale,
bleu-indigo. ‘

Les intercalations de schistes quartzo-feldspathiques & biotite et
muscovitet-grenat comportent de lzlbite maclée ou non. polysynthé-
tigue, pavimeuteuse, claire ou séricitisée et kaolinisce. La biotite cst
fréquemment chloritisée. Le feldspath en grande quantité vers la base
du forage confére a la roche un caractére gneissique. L’épidote et les
carbonates sphaeluhuques ont unec origine hydrothermale.

Les cornéennes biotito-muscovitiques & grenats contiennent de la
biotite fraiche ou chloritisée, des grenats fissurés et des nodules de
muscovite en paillettes disposées d’'une maniére radiaire, ¢n suggérant
un type différent de pseudomorphose d’aprés un minéx al complotement
remplacé (pl. I, fig. 3).

Les quar tzites & séricite et biotite intercalés a divers niveaux sont
cornifiés. Le quartz pavimenteux s’associe & séricite, biotite chloritisée,
zoizite, épidote et sphéne, tous imprégnés du graphite. Rarement le
quartzite renferme en exclusivité du quartz, allant vers decs quartzites
noirs dont la couleur est due au pigment graphiteux ou manganeux.
La Sé*'j(‘ﬁ'@ est associée a biotite verte et les carbeonates & la pyrite.
© " Les quarizites feldspathiques (a albite) constituent trés rarement
des -intercalations. La chlorite est sporadique, alors que la pyrite est
d*spel s¢e en roche ou elle remplie les fissures. .

‘Le forage 141 a travers¢ 1.100 m dans le complexe de Rebras,
caractérisé par une nature surtout carbonatée et d'une maniére subordon-
née terrigéne tout comme par la présence des orto- et des pairaamphi-
bolites. Dans sa partie supérieure apparaissent des calcaires schisteux a
talc.- Au-dessous de ces calcaires se développent des roches a caractére
terrigéne et a niétamorphisme plus accentué ayant des intercalations
d’aspect de cipolins et de skarns.

Les schistes de la premiére partie du forage contiennent de la
biotite brun olivatre tandis que les micaschistes a glenat—[—toulmehne—[—
sillimanite ont de la biotite brun rouge. Vers la base apparaissent des
cornéennes a biolite brun 1ouge—l~grendts+ep1dote sphéne.

“Les filons- lamprophynques et siénitiques sont en nombre réduit.

Les calcaires dolomitiques a phlogopite sont finement marmoréens.
La phlogoplte a teneur réduite en fer est brun pale jusqua incolore.
Sa plesence dans les calcaires de Ldzarea a été mise en évidence pour
la premiére fois par Minzatu et Ardelean (1980).

Suivent des schistes micacés biotitiques--amphiboles-Fmuscovite-
grehats semblables aux cornéennes. La biotite brun olivatre ‘est fine-
ment: écailleuse, tandis que la muscovite et "amphibole trémolitique ont
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un large développement. Bien que l'un des minéraux ¢énumérés puisse
prédominer, la bictite est.constamment brun -olivatre. Harker (1960),
Moorhouse (1959) et Tilley (1924) considérent que la biotite de cette
couleur est caractéristique pour l'auréole de contact thermique. Les
grenats aplatis sont fissurés perpendiculairement & la schistositeé.

Les schistes biotito-muscovitiques a amphiboles comportent en plus
calcite, quartz, épidote, apatite, sphéne et biotite vert olivatre & sagé-
nite. Cette association minéralogique suggére un matériel préexistant
d’origine basique (orthoamphibolites ?). Les dnjections hydrothermales
contiennent de 'épidote et de la pyrite. Le fond quartzithue des schistes
& biotite et grenats contient biotite brun olivatred-sagénite, muscovite
et abondamment apatite, magnétite, épidote et sphéne opacitisé et trans-
formé finalement en ilménite.

Les schistes quartzo-feldspathigques & biotite brun olivatre contien-
nent outre la biotite poikiloblastique de la muscovite. Le guartz hydro-
thermal ost associé avec de la pyrite le long des fissures.

Les micaschistes a biotite brun rouge--muscevite-f-grenats d’ asp
de cornéennes comportent de la biotite porphyroblastique, disposée par-
fois perpendiculairement a la schistosité, renfermant de la poussiére
noire graphiteuse et des fins minéraux radioactifs entourés des auréoles
1)1000101qucs. Les grenats sont parfois squelettiques (pl. I, fig. 4) sub-
stitués par le quartz; d'autres fois comportent de la méme poussiére
noire.

Les micaschistes a biotite brun rouge et les grenats semblables
aux cornéenuces contiennent de la tourmaline finement cristallisée’ et en
grande guantité par rapport & la facon habituelle d’apparition.

Les micaschistes & sillimanite sont une variété du type anté-
rieur. On remarque fréquemment que la biotite passe aux gerbes
de sillimanite. D’autres fois, la. sillimanite fibreuse est englobée dans la
muscovite (pl. 1I, fig. 1). Les grenats ont une bordure de magnétite
et de séricite.

Les gneiss A biotite brun rouge (cornéennes) ont de ia biotite a
structure poikilitique et d'abondants grenats.

Les calcaires skarnifiés constituent des zones minces irréguliéres.
Sur un fond carbonaté, le quartz, le sphéne, les amphiboles, 1(:% gre-
nats et la pyrrhotine se trouvent dans un désordre parfait. Tout proche-
des injections de quartz, les amphiboles sont ouralitisés. Les roches
contiennent aussi de la zoizite, d’autres fois c’est 'amphibole qui prédo-
mine. Le sphéne idiomorphe est associé au quartz et & l'apatite idio-
morphe, mais apparait également comme des inclusions en amphiboles.

Les. calcaires type cipolins apparaissent sporadiquement, ayant Ia
texture parallele, due & lorientation commune des granules aplaties de
dolomie et des paguets de muscovite. La chlorite vert pale est présente
seulement sur des fissures. :

Géncralement, les roches fﬂomennes es porphyres, les aplites
siénitiques, les tinguaites, les bostonites, les diovites et les lamprophyres
(camptounites, spessartites et vogésites) ont les minéraux composants
totalement transformés.

L’activité pneumatolitique est décelée par la présence des miné-
raux de néoformation caractéristique. L'introduction du bore a déter-
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min€é l'apparition de la tourmaline sous forme d’agglomérations le long
des plans de schistosité dans les cornéennes quartzo-biotitiques a silli-
manite. La couleur brun pale a disposition zonée indique un type plus
pauvre cn alumine et plus riche en fer. La biotite est remplacée par-
tiellement par la tourmaline, 'orientation ¢tant parallele & la schistosité,
ce qui deénote que les solutions pncumatolitiques ont suivies les plans
de reésistence minimum. La tourmaline des schistes micacés est idio-
morpne et provient probablement d'une tourmaline détritique recris-
tallisée sous l'influence d'un apport de bore. Dans une injection grano-
dioritique, la tourmaline a un aspect lobé-poikiloblastique. Le contour
tout a fait spécial suggére une genése liée également a Iintroduction
du bore (pl. I, fig. 2).

L’introduction du fluor est un processus faiblement représente.
La phlogopite apparait dans les calcaires métamorphosés de distribution
relativement uniforme, fait relevant que la pénétration du fluor ne s’est
pas faite par voies ocuvertes mais par diffusion et par substitution
moléculaire dans toute la masse de la roche.

Lintroduction du phosphore dans le processus pneumatolitique a
conduit a 'apparition de l'apatite. Celle-ci forme des agglomérations de
cristaux idiomorphes, clairs et incolores (si elle est associée au quartz
et au sphéne bien cristallisé¢) et des granules xénomorphes & arrondies
(si elle est en présence de 'amphibole). .

Effets du métamorphisme de contaet

Le métamorphisme de contact dans la zone de Lizarea est aussi
bien thermique (isochimique) que pyrométasomatique.

le meétamorphisme thermique est reconnu dans le cas du quartz
recristallise, de la sillimanite et du grenat, mais discutable dans le cas
du sphéne. Probablement la bictite porphyroblastique s’est développée
sous des influences thermales auxquelles s’est ajoutée une métasomatose
ferro-magnésienne (qui a aussi généré la cordierite).

La biotite porphyroblastique a souvent une disposition perpendi-
culaire & la schistosité. Harker (1960) et Pitcher et Read (1963) la consi-
dérent d’origine contact-métamorphique. Streckeisen (1968) affirme que
la biotite porphyroblastique de 1'auréole de contact du massif de Ditrau
avec la série de Bistrita-Barnar est plus jeune que la structure de base
de la roche et ses plissements.

Les auteurs de la présente note opinent pour l'origine de la bio-
tite ultérieure au métamorphisme reégional et aux déformations méca-
niques superpose¢es, mais liée au métamorphisme thermal, éventuellement
4 une métasomatose ferro-magnésienne. Nos arguments sont d'ordre
microscopique : les porphyroblastes ont une position transversale sur
les bandes a biotite finement cristallisée; ils ont renfermé au cours
de leur développement outre des inclusions graphiteuses linéaires ou
finement plissées, des granules d’apatite et des minéraux radioactifs. Nous
considérons que cette position de la biotite porphyroblastique & disposi-
tion transversale n'est pas redevable au plissement fin du plan S (plis-
sement mis en évidence par les inclusions graphiteuses linéaires fine-
ment froncées) mais &4 un processus de recristallisation ultérieure aux

FHTHE
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déformations tectoniques. En échange la biotite des nids et des agglo-
meérations linéaires le long des injections quartzo-feldspathiques a
probablement recristallisée durant le processus de ségrégation des solu-
tions qui ont circulé pendant les phases post-tectoniques.

La biotite porphyroblastique des roches du complexe de Rebrap
est plus rarement discordante et sa teinte varie de brun vert olivatre
a brun rouge. Selon Tilley (1924) la biotite brun rouge en grandes
paillettes caractérise la zone interne de l'auréole de contact thermique ;
selon Moorhouse (1959) les biotites olivatre et rouge ont une origine
thermale. ‘

Les arguments microscopiques sont corroborés aux arguments
chimiques. Les analyses chimiques (8) sur une biotite porphyroblastique
(épigénétique) et sur une biotite finement cristallisée (syngénétique du
métamorphisme régional) d’une méme cornéenne "difféerent par les te-
neurs en Si0y, Fe total, AlyO; et CaO (tabl. 1). La teneur en TiO, de
la bictite porphyroblastique (épigénétique) pourrait étre justiﬁé'e par
un apport de titane dans le magma 31en1t1que caracterme lui-méme par
une teneur grande en cet élément. '

‘TABLEAU 1

Tencur 2 oxydes de la biolite

) i o - . ; . .
SI0, | ALO, [ FesD,| Feoy | Ti0, | Ca0 | MgO [ Ma0 | Na,0 K0

l
i
]
(

H

|
l

1880 1.65 | 1.20 | 553 | . ! .33
l

attigue | 40,00 18.9g] 0,30
Biotite
synuénélique 32,470 10.84 23,15 011 245 | 6.181 0, 48 8,03
CAnatiste 1 0. Kalman, 1. P.E.G. — Miercurca Ciuc.

Les microéléments (7) & wvaleurs plus élevées pour Gu, Ni et V
en biotite épigénétique suggérent une source d’influence d’un magma
plus b'1s1que La teneur en Ba supérieure a 1%, est caractéristique pour
une biotite & baryum et la teneur élevée en Sr est en accord avec l'en-
richissement de cet élément dans le massif de Ditrdu (tabl 2).

TABLEAU 2

Teneur en microélémenis de la binfile

Lag [As{Co|Cr|Ge |Ga| Cu |Mn|Mo|Ni|Pb(Su|V|Zn {In] Ba | st

‘ 0,20 30| —| 30 —| 10[8000(250] {100 201_1 85(100| —| >10.000{2000
“epigéndticiie ’ I

Biotite ) ’

syngéadtique | 0,2] —| 107 207 5/ 31 2012500 —| 30] 200 3|25 g0l 2 8000 45

! l

Analiste : O. Kalman, LP.E.G. — Micrcurca Ciuec.
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‘Le comportement des lantanides Sm, Eu, Tb (8) en biotite épi-
génetique est le méme pour la biotite associée a la sodalite dans un
filon de la vallée de Ditréu, relevant une origine commune, mais diffé-
rente pour la biotite magmatique primaire des roches du complexe
essexite-hornblenditique du massif de Ditrdu (tabl. 3). L’absence de La,
Ce, Nb, Dy, ¥Yb ¢t Lu dans les deux premiéres biotites témoignela
mérme idée. . ' . :

TABLEAU 3

Tenenr en lanionides de lo biolite

grft “La Ce ™d Sim Eu Dy Th Yh f.u

Bjotite porphyroblasti-
que (épigenétique) L~

z7area — — — <2 | 0,15 — 0,8 — —
Biotite épigénetique val- ) . - .

lée Ditrau — — — <21 0,40 | — N —_ —
Biolite magmatique mas-|

sif Ditrau 27 [ bt 6,4 | 1,20 7 0,33 1,11 0,36

Analiste © M. Sﬂd"(’an 1.F.I.N., Bucuresti.

N

La muscovite dépasse rarement du point de vue quantltatlf la
biotite. L’aspect est porphyroblastique, poikiloblastique, a disposition
perpendiculaire cu mchnee 4 la schistosité de la roche.-La muscovite
largement ‘feuﬂlettee a disposition radiaire . constitue des nodules qui
semblent reproaontnr des pseudomm vhoses &’ apres andalousite. Un exem-

ple semblable est donné par Pitcher et Read (1963) poul 1e massrf
de Donegal. '

La cordiérite fraiche a des "nuances blevatres mais apparait aussi
pigmentée avec une supstance pulvérulente opaque, agglomérée au cen-
ire des granules,

La sillimanite se déweloppe dans les couches a biotite brun rouge,
sous forme des gerbes & orientation commune ou bien perpendlculaue
aux couches biotitiques. Chapman (1950) la considére comme repré-
sentant des ségrégations aux dépens de Ia biotite caractéristiqués pour
les zones du voisinage du contact. D’autre fois, les aiguill’es' de silli-
manite apparaissent d’une maniére isolée ou en gerbes noyées dans la
muscovite, fait signalé aussi par Harker (1969), Chapman (1950), Moor-
house (1959) et d’autres, et interprété comme le résultat d’'un haut degré
de metamorphisme thormlque.

Le sphene accessoire est parfois en grande quantité dans les cal-
caires - skarnifiés ou il apparait idiomorphe ou xénomorphe-arrondi. Sa
présence est redevable a l'influence thermique d’aprés 'opinion de Har-
ker (1960). Le sphéne des cornéennes s’est formé initialement dans les
conditions du métamorphisme régional.
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Le grenat d'une cornéenne micacée a amphlboles et clinozoizite
a la suivante composmon chimique (9): SiO; = 38,24%;; ALO; =
19,83% ; FeyOs = 3,20%; FeO = 12,20%,; TiO, = 0,60 /0, CGa0 = 14,60%;
MgO = 560/0, NaZO = 028/0, K)O = 012/0, MnO = 4:700/0

Selon Hsu (1960) les grenats des cornéennes de contact ont le
rapport Mn>Fe » Mg. Pour notre grenat ce rapport différe:

Mn=Mg<Fe et la composition normative est: grossulaire == 30,82%, ;-
almandin = 28,67Y%, ; pyrope = 18,98%, ; spessartine = 11,22%, ; andra-
dite = 10 31% en suggérant une double genése: formé initialement

pendant le métamorphisme régional. Il a recristallisé sous linfluence
du métamorphisme thermique provoqué par lintrusion du massif de
Ditrau. :
_ Les données Rx: a° = 11,64 (10) et 11,576 (11) comparables a

Miheev : a° = 11,607 et ASTM : a° = 11,60 indiquent une spessartine
vers grossulaire. Deer et al. (1965) citent une spessartine d'une skarn
de Devonshire a valeur de a° = 11.637 trés proche de la nétre. La dou-
ble gendse du grenat de l'auréole de contact thermique de Ldzarea re-
sulte aussi du diagramme (fig.) sur laquelle il se situe dans la zene de
la lacune de miscibilité entre les pyralspites et les grandites, zone qui

Mg3 Al (51047 3 . (H My, Mni3A12{$:0413

regAlgfs:o,;b ‘ Mn3A{Si04) 3 CazAl2 (Si0g]3 CayFer (5103
Diagrammes triangulaires des domaines de miscibilité des grenats pyralspifiques,
granditiques.

1, grenat — Ldzarea.

i

sépare les grenats formés durant le métamorphisme reglonal de ceux
formés pendant le métamorphisme thermal.
b

Rétromorphisme. Les aspects de rétromorphisme sont visibles dans
les roches de la série de Rebra 3. Les structures de glissement (pl. II,
fig. 3) observées microscopiquement sont provoquées- par les déforma-
tions tectoniques ultérieures -au métamorphisme régional et sont attri-
buées par Harker (1960) au processus de rétromorphisme. La chlorife
pseudomorphose les paquets de biotite, qui pendant le glissement, se
sont tournés de presque 90° en présentant une structure hélicitique.

Les grenats sont rarement frais. L’aspect squelettique -spongieux
est le résultat des réactions chimiques du processus de rétromorphisme.
Généralement, les grenats sont fissurés, envahis de biotite et de
chlorite et ont une bordure de séricitef-muscovite. Le mica blanc de



76}

AUREOLE DE CONTACT\ DU MASSIF DITRAU (LAZAREA) 77

la periphérie du grenat peut étre redevable aux processus hydro-
thermaux qui ont aussi provoqué la décoloration de la chlorite en méme
temps avec lintroduction de la pyrite sur les fissures de ce grenat.
Une telle transformation a été décrite par les auteurs de cette note
(1981) pour les grenats de la zone d’Aurora, au NE du massif de Ditrau.
On a imaginé un schéma d’évolution du processus de substitution de
grenat a muscovite :

grenat — biotite =35 chlorite — séricite
muscovite
(métamorphisme (métamorphisme (rétromorphisme) (activité
regional) de contact temperature hydrothermale)
thermique) plus haissée

Souvent la biotite est corrodée & la périphérie par la séricite
{pl. II, fig. 4). Certaines pseudomorphoses de séricite peuvent étre mises
aux dépens du disthéne ou de l'andalousite qui, au cours d'un stade
plus avancé, se transforme en muscovite largement développée a contours
{obés.

L’activité hydrothermale est représentée par des injections de
quartz et de carbonates, accompagnées ou non de pyrite et de chalco-
pyrite ; la chlorite en rosettes est associée a l’épidote et aux minéraux
ferromagnésiens qui se décolorent tout proche des fissures. Les grenats
sont substitués par le quartz et réduits & des squelettes (aspect discu-
table d0 probablement au rétromorphisme aussi).

La minéralisation de l'auréole se caractérise par deux types d'as-
sociation géochimiques : 'une, avec prédominance de la chalcopyrite
et de la pyrotine et avec les éléments sidérofiles {€o, Ni, Sr) légérement
élevés, est liée génétiquement aux roches basiques, respectivement aux
filons de roches dioritiques; l'autre, contenant de Ag, Pb, Zn, Mo-+-Y etc,,
apparait dans les zones de circulation hydrothermale est, probablement,
lide génétiqguement aux différentiés moins basiques. Une zone intensé-
ment circulée par les solutions hydrothermales a été identifiée par des
méthodes radiométriques dans le forage 142 (470 m) et peut éire égale-
ment liée au massif de Ditrau. :

REAOSP. o &

Conclusions

Les données de cette note complétent celles existantes portant sur
{e métamorphisme de contact autour du massif de Ditrdu. Les auteurs
ont déji signalé quelques aspects particuliers dis au contact thermique
et métasomatique dans la partie est du massif de Ditradu, dans la zone
d’Aurora (Minzatu et Ardelean, 198G ; Jakab et Minzatu, 1981).

Dans la zone de Lizarea, la série de Rebra (Rby et Rby) a été
influencée, au contact avec le massif de Ditrau, autant fthermique que
métasomatique, et traversée par des filons de siénites, tinguaites, bos-
4{onites, diorites et lamprophyres liées génétiquement au massif.

I’étude microscopique reléve dans les roches et les minéraux
quelques particularités qui sont rattachées a des phénomeénes essen-
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tiels : pneumatolitiques, métamorphisme thermique et métasomatique,
1etromo1 phisme et activité hvdrothermale

Les preuves concernant lexistence des phénomenes de contact
suggérent des interprétations tectoniques. Etant argumentée lexistence
de Tauréole de contact aussi bien a l'est du- massif (zone d’Aurora)
qu’au sud-ouest (zone de Lizarea) on peut affirmer que le massif alca-
lin de Ditrdu a un caractere intrusif, affectant les séries de Tulghes
et de Rebra-que métamorphose au contact; le charriage de la série de
Tulghes sur la série de Rebra, s’il existerait, s’est réalisé seulernent
avant la mise en place du massif de Ditrau.
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DiSCUSSIONS

1. Balintoni: Le fait que la série de Rebra a éié traversde par le massif
de Ditrdu est relevé par la présence des filons de siénites et de tinguaites dans
les forages. La maniére dont est envisagée I’association de minéraux rencontrée
dans les roches de la série de Rebra est toui a fait conftuse. Tous les minéraux
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cités en tant que minéraux de contact tels sillimanite, cordiérite, andalousite,
grenat, biotite et d'autres apparaissent dans la série de Rebra a de grandes
distances envers le massif de Ditrau et dans des conditions géologiques qui ex-
cluent leur attribution & un métamorphisme de contact posthercynien. Pour cela,
nous considérons que les minéraux attribués par les auteurs a l'influence ther-
mique du Ditrdu peuvent étre tenir pour des minéraux de meétamorphisme régio-
nal, alors que les vrais minéraux de contact thermique en relation avec le
Ditrdu n'ont pas été pris en considération par les auteurs. Ils n'ont pas eu’“en
vue linformation selen laquelle une paragenése de contact thermique peut étre
séparée par lew paragenéses de métamorphisme régional générées en des condi-
tions de tempirature comparables.

_AUREOLA DE CONTACT A MASIVULUI ALCALIN DITRAU
' IN ZONA LAZAREA (CARPATIL ORIENTALI)

(Rezumat)

Prin intermediul unor foraje a. fost pusd in evidentd, in partea
de sud-vest a masivului alcalin Ditrdu, o aureold de contact a acestuia
in seria cristalofiliand Rebra (Rby si Rbs), in zona Lazarea.

Studiul microscopic reliefeazd in roci si minerale, particularitati
pe care le raporteazd la fenomene esentiale : pneumatolitice, metamor-
fism termic si metasomatic, retromorfism si activitate hidrotermala.

Minerale specifice ale activitatii pneumatolitice sint: turmalina,
flogopitul si apatitul. Metamorfismul termic a produs pe lingd recris-
talizarea cuartwlui si sillimanit si granati. Originea biotitului porfiro-
blastic este legatd de metamorfismul termal si o metasomatozd fero-
magnezianid. Muscovitul porfiroblastic, radiar poate reprezenta pseudo-
morfoze dupd andaluzit. Cordieritul rdmine rareori proaspit. Sillima-
nitul este format pe seama biotitului, iar sfenul are o origine dubli:
termald in skarne si metamorfici in corneene. Analizele chimice si Rx
argumenteazd geneza dubld a unui granat din corneene. Aspecte de
retromorfism sint oglindite in structuri de alunecare, habitus scheletic la
granati, in cloritizarea granatilor si a biotitului — si in corodarea bio-
titului de catre sericit. Activitatea hidrotermald a afectat majoritatea
rocilor din aureola.

Se sugerenzd o interpretare tectonicd potrivit cédreia, masivul alca-
iin Ditrdu are caracter intrusiv si metamorfozeazd la contact seriile
de Tulghes si Rebra; in consecintd, sariajul seriei de Tulghes peste
seria de Rebra s-ar fi putut realiza numai Inaintea punerii in loc a
masivului Difréu.
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EXPLICATION DES PLANCHES
Planche I
Fig. 1. — Pérphyrob]astes de biotite & inclusions contourées d’auréoles pléo-
croiques et des traces de poussieére graphiteuse. 50 3¢, N |[[.
Fig. 2. — Biotite & inclusions radioactives contourées id’auréoles pléocroiques
noircies et & inclusions d’apatite (A); les porphyrohlastes sont déve-
loppées perpendiculairement a Jla schistosité de la roche, 756 3, N }L
Ilig. 3. — Muscovite secondaire a disposition radiaire. 20 X, N |}
Fig. 4. — Grenatls squelettigues substitués au guartz. 40 X, N ||
Planche II
Fig. 1. — Aiguilles de sillimanite (S). en mauscovite (M); biotite (B), granules
de magnétite (M). 80 X, N |I.
Fig. 2. — Tourmaline d’aspect lobé, poikiloblastigue, 15 >, W }{|.
Fig. 3. — Structure de glissement dans les schistes muscovito-chleritiques,

Fig. 4. — Biotite corrodée par la séricite (S). 27 X, N |l
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PETROLOGIA ROCILOR MAGMATICE

CONTRIBUTIONS A L’ETUDE DE LA DACITE DE DRAGOIASA
(MONTS CGALIMANI) — DISTRIET DE SUCEAVA'!

PAR

EUGENJA NITOI?

Dragoiasa Dacite. Lithofacies. Rhyodacites. Leva. Intrusive bedy. Petroche-

mistry. Magmaé differentiation. East Carpathians — Neogene @uatcrnary
eruptive — Cdlimani Mountdains.
Résumé

La dacite de Drigoiasa est située dans les monts Calimani du Nord a la
limnite entre la zone cristallino-meésozoique et éruptif néogéne. On a constaté gue
la dacite de Drigoiasa n’est pas une formation wunitaire, liée a une seule appa-
rition mais au moins 4 deux émissions qui s‘entrecroisent et localement se re-
couvrent P'une a l'autre. On a séparé dans cette formation trois types de faciés :
de corps, de coulée et bréchique. Ces faciés sont séparés & partir des critéres
structuraux, texturaux, de l'emplacement en espace et des caractéres pétrochi-
miques. La ,dacite de Dragoiasa" est représentée par des dacites et par des
rhyodacites emplacées différemment en -space, tout. en formant des corps inmtru-
sifs et des minces coulées de laves. '

Abstract

Coniributions to the Study of the Drdgoiasa Dacite (Cédlimani Mountains) —
Suceuava Districi. Drégoiasa Dacite lies in the northern €idlimani Mts at the limit
between the Crystalline-Mesozeic zone and the Neogene eruptive, It is not a
unitary formation related io one emission ; there are at Ileast two emissions
intruding each other and locally overidapping each other. Three facies types have
been distinguished within this formation — body, flow and breccious [lacies —

! Recue le 17 janvier 1984, acceptée pour étre communiguée et publide le
24 janvier 1984, présentée & la séance du 2 mars 1984.

2 Institutul de Geologie si Geofizicd. Str. Caransebes nr. 1, R 79678, Bucu-
resti, 32.
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line ; l'analyse modale (tabl. 2) montre la prédominance des phénocris-
taux par rapport & la masse fondamentale; les dimensions des mine-
raux sont de 2 & 3 mm, étant visibles a l'oeil nu. La roche présente
parfois d’intenses tectonitisations (vallée Neagra).

80

0ro% | ]
A |

Ab% 2 £l £9 50 fo. o0 A%
Fig. 1. — Composition calculée des feldspaths (A. Rittmann, 1973).

1, roches en faciés de coulée; 2, roches en faciés de corps; 3, roches
en faciés bréchique.

Le calcul de la norme Rittmann (fig. 1) permet la construction
d'un diagramme en vue d’apprécier la composition du feldspath de ces
roches. Il est & remarquer leur caractére bifeldspathique, quoiqu’a la
suite de I'étude optique ce ne soit que le feldspath plagioclase qui peut
atre déterminé (An = 25-30%). On a figuré sur le tableau 1 les com-
positions calculées des feldspaths suivant la norme Rittmann (1973) ainsi
que les indices de couleur. Un phénoméne a part observé dans les roches
du faciés de corps est la présence des feldspaths & contours idiomorphes
et a zonations fines, ,,développés” sur un noyau feldspathique préexis-
tant a contours arrondis. €e noyau représenterait, selon Rittmann (1969),
un ,,cristalloblaste fondu hérité des anciennes roches sédimentaires sou-
mises aux processus d’anatexie”. La biotite est présente sous deux as-
pects, Le premier (BI) est celui des feuillets primaires de biotite, formés
dans des conditions subvolcaniques, de teinte brun-rougeétre, dépenail-
Iés aux extrémités, corrodés par la masse fondamentale, sagenitisés, dis-
posés d'une maniére non orientée. Le deuxiéme aspect (BII) est celui
de gerbes a couleur verditre, formées aux dépens d’'un minéral pré-
existant (pyroxéne ?) dans des conditions de surface aprés la migration

[l
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du magma vers la surface. Gomme minéraux accessoires notons : mag-
nétite, apatite, zircon, hornblende, pyroxénes et grenat. L’existence
des petits cristaux de grenat, transparents, & confours hipidiomorphes,
renfermés dans des cristaux de Dbiotite en développement, réveéle que
la dacite de Dragoiasa a pris naissance dans le magma & une profon-
deur correspondant a la limite croQte inférieure/manteau supérieur
{Green, Ringwood, 1968).

TABLEAU 1

Composilion caleulée des feldspails depics lo neinie Ritlmani ef 'indice de couleur
des ducites el aes rlyodacites
No. échant. ludice de couleut M AB AN

17 C 8,56 44,66 37,27
0206 'V 9,97 49,84 22,97
AN34 15,32 46,17 20,00
1132 11,18 50,67 24,70
1131 4,73 51,00 20,37
3012 10,06 50,97 21,05
3038 8,20 49,26 23,17
3020 9,08 50,67 21,17
4 3013 7,47 50,93 29,20
m296 4,26 44,21 41,09
1122 8,85 - 50,83 19,13
3046. 8,59 49,67 22,29
301 6,17 48,47 24,29
1123, 7,16 52,48 . 21,64
3005 10,45 47,97 - 20,86
3004 8,18. 48,32 22,67
3033 4,93 51,59 26,85
3041 6,01 48,80 23,67
3006 7,28 42,73 - 18,55

Les roches en faciés de coulée forment des niveaux minces de lave
qui apparaissent dans les affleurements petits des wvallées de Stinceni
et de Tomnatec. Les principales caractéristiques sont: texture fluidale,
structure pilotaxitique ou de- dévitrification ; les minéraux de petites
dimensions de 0,50 & 1 mm sont visibles rien qu'au microscope. A titre
de minéraux principaux signalons : feldspath plagioclase (sur la fi-
gure 1 est illustrée la différence entre la composition de ces feldspaths
et celle des feldspaths des roches des faciés de corps et bréchique),
hornblende, biotite. Prédomine la masse fondamentale contenant beau-
coup de verre. Les roches en faciés de coulée sont accompagnés d'un
matériel ferrugineux (limonite, hématite, oolithes ferrugineuses) pro-
venu, probablement, des formations préexistantes.

-Les roches en faciés bréchique, rencontrées dans les vallées de
Curmatura, de Bolovinis et de Steji, ont une allure différente comme
morphologie et structure par rapport aux deux autres iypes de roches,
Leur surface d’affleurement a un contour presque circulaire. Nous
supposons l'existence de petits corps de roches acides, mis en place

dans une coulée ultérieure du magma le long d'une faille de direction
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SE-NO qui traversent les roches du faciés massif. Ces petits corps
sont intensément fragmentés; fissurés dans leurs parties inférieure et
. supérieure, acquérant un aspect bréchique. Sur ces fissures non orientées,
s'est déposé un matériel de composition plus acide que le précédent.
Il a imprimé a la roche un aspect tacheté, les fragments de roche
préexistante de teinte plus foncée (gris noirdtre) contrastant avec le
matériel injecté de couleur plus claire (blanchatre). Une autre caracté-
ristique de ces roches est la présence de nombreuses enclaves de roches
métamorphiques et sédimentaires, parfois de 0,30 cim de longueur, pro-
venues des formations traversées. Par suite de l'étude microscopique on
a pu déterminer quelques types de roches enclavées (la. nature réelle
de celles-ri est toutefois masquée, partiellement, des transformations
ultéricures thermiques auxquelles elles ont été soumises): quartzites
noirs, quartzites & muscovite, schistes noirs limonitisés, schistes quartzo-
feldspathiques, roches & sillimanite de néoformation, quartz roulés.

TABLEAU 2

Composition. modale des roches

Faciés de coulée | Facits de corps |Faeits bréchique

Feldspath plg. . 2,70—-3/50 | 60,80—61,70 -

A Bictite . C1,00—2,60 3,80 —5,60 —
* t Hornblende 1,00—1,90" 1,001,360 —
o] Masse fondamen- : 1
tale L 8%,00—-90,00 | 36,30—37,06 | 50,00—65,00
Enclaves 3,40~ 4,00 — " 40,00—35,00

3.1. Dans la vailée de Bolovinis, au-dessous des dépbts de roches
pyroclastiques du complexe volcano-sédimentaire, se développe  un ni-
veau mince de- tuffite grossiére, de teinte hlanc grisatre, constitué de

fragments arrondis et subarrondis de dacites et de roches cristallines
renfermées dans une matrice litho-vitro-cristallo-clastique. Cette mattice
contient des cristaux et des fragments de cristaux de plagioclase, bio-
tite, muscovite, hernblende, toutes fraiches.

4. Composition chimique

Quant 4 la dacite de Drégoiasa il ¥y a peu de données concernant.
ses caractéres. chimiques. Le nombre réduit d’affleurements ne nous
a pas permis de faire plusieurs analyses chimiques. Des données analy-
tiques employées, 12 analyses chimiques sont nouvelles et 6 sont em-~
pruntcées des ouvrages antérieurs (Mastacan, 1930 ; Seghedi _in' Balintoni.
et al, 1983). Afin d’affirmer que les {rois types de faciés séparés dans.
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la dacite de Drédgoiasa peuvent étre désignés sous le nom de ,dacite"
ou sous d’autres noms (rhyodacites ou bien rhyolites), nous les avons
représentés sur divers diagrammes basés sur une classification chimique.

2 0 & < Iz R e
|
3 i (% \
R \
XX | X
\ ¥ \ 3
30"}! \ LTy © s \
i ' ' \
i \ |
24 \ 2\

8 ) ) "ANGR

" Fig. 2. — Diagramme Q-ANOR (A. Streckeisen, R. W. Le
Maitre, 1979). 1, 2, 3, idem fig. 1.

Conformnment au diagramme Q -ANOR (Streckeksen,_Le Maitre, 1979)
besé sur.ides données de la norme CIPW les roches se situent dans des
champs des dacites et des rhyodacites {fig. 2).

Qi

b % o
N -

et et 1ah e e ot ot hm ik ot e o e

RHYODACITES

20
NN

a ‘ v . : P
Fig. 3. — Diagramme QAP (Streckeisen, 1967). 1, 2, 3, idem fig. 1.

Le diagramme QAP (fig. 3) (Streckeisen, 1967) localise les roches
acides de Drigoiasa toujours dans le domaine des dacites et des rhyo-
dacites (les roches du faciés de coulée se¢ situent dans le champ des
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dacites, celles des faciés de corps et bréchique dans celui des rhye-
dacites). Si on emploie le diagramme SiOy-K,Q (Peccerillo, Taylor, 1976),
il s’agit alors des dacites et des dacites riches en K (fig. 4).

$20%

Docites riches en K

3 Dacites -

S0 o "

%2

24 A3

(‘) . . ,
3 T T ) T- )

67 (1] 69 . 7 7. .7 si02

Fig. 4. — Diagroamme SiOp-K,0 (Peccerillo, Taylor, 1976). 1, 2, 3,
Jidem fig. 1.

La variation des principaux oxydes {tabl. 3) déncte une faibke
non-homogénéité du matériel initial d’oi ont engendré les dacites et
les rhyodacites de Drigoiasa (fig. 5). -

L'acidité des roches oscille entre 66,6%, et 70,41%; SiO,. Les va-
leurs des paramétres Niggli (tabl. 4) montrent une tendance'd’évolution du
magma dacitique vers des termes plus acides (fig. 6). Dans la figure 6
on remarque aussi I'allure légérement différente de la ligne d’évolu-
tion des roches dans le faciés de coulée. La tendance vers des termes
plus acides est évidente voire sur le diagramme FAM (FeO-+0,9
Fey03/NagO-FK.0/MgO (fig. 7); on y observe un faible enrichisscment
en alcalis pendant les stades plus tardifs d’évolution ainsi que la dimi-
nuaticn de la teneur en éléments ferromagnésiens.

La relation al-alk (fig. 8) situe les roches acides de Dréigoiasa
a la iimite du domaine des magmas alcaling avec ceux relativement
pauvres en alcalis. Sur le diagramme fm-al (fig. 9) les roches acides
appartiennent au domaine des roches saliques.
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CONTRIBUTII LA STUDIUL DACITULU! DE DRAGOIASA
(MUNTII CALIMANI} — JUDETUL SUCEAVA

{Rezumat)

Dacitul de Dréagoiasa, sitvat in muntii Cdlimani de nord, a fost
studiat si delimitat de Atanasiu (1898), Savul (1938), Toérok (1954).
In cadrul acestei formatiuni acide s-au putut separa, pe criterii fizio-
grafice si petrochimice, trei tipuri de facies: de corp, de curgere si
brecios. Ca forme de zacdmint sint intilnite corpuri intrusive si curgeri
subtiri de lave. Dacitul de Dréigoiasa std direct peste fundamentul cris-
talin si este acoperit de complexul vulcano-sedimentar. Punerea in loc
a acesteli formatiuni acide s-a facut de-a lungul unor falii situate in
estul si vestul zonei cercetate, falii & cdror directie este SSE-NNV.
Clasificarile, pe criterii chimice, ale celor trei tipuri de facies separate,
indicd existenta, in cadiul ,dacitului de Drégoiasa’ a dacitelor si a
riodacitelor.









. ». anst. Geol. Geofiz. vol. U—r1/1 (1983 ; 1984), 1986, pa
1. MINERALOGIE — PETROLOGIE — GEOCHIMI

PETROLOGIA ROCILOR MAGMATICE

PETROCHEMICAL STUDY
OF THE SURDUC BANATITIC MAGMATITES (BANAT)!
BY
DOINA RUSSO-SANDULESCU® TRINA BRATOSIN? CATRINEL VLADS?
ROSETTE TANC?

Sanalitic magmatiles. Cretuceous, Paleocenc. ntrusion. Maginas ifferentia-
tion. Subduction. Calc-allcali magmas. Granodioritic magmas. South Car-
pathians — Neocreleceous-Paleogene magmatites — Bocesa, Ocna de Fier —
Surduc. v

Abstract

The Surduc massif is a banatitic pluton resuiting from the cmplaceinent
ol twe intrusions ol different age : Upper Cretaceous Surduc 1 — and Paleo-
cene — Surduc 2, During the first intrusion occur nodules of gabbronorites and
anorthosites with cumulate structures, coming from the fractional crystallization
ef a basic magma. A new impulse of more potassic magma did not remelt all
the material accumulated in a deep-scated, intermediary magmatic chamber. This
material is represented by nodules or ceven crystals of cumulate type, within
schilieren of gabbroic, monzodioritic or guartz monzonitic rocks with a strong
potassic up to shoshonitic calc-alkaline chemism. The first intrusion, quite com-
plex at the present level of cemplacement, can suggest its appearance in a dis-
tension period. - The second intrusion (Surduc 2) — calc-alkaline — shows con-
spicdous cluracteristics of the granodioritic magmas related to subduction pro-
CRS80S,

Résumé

Eiude péirochimique des -magmatites banatitiques de. Surduc (Banat). Le
corps de Surduc ost un pluton banatitique constitue de deux intrusions d'age dif-
férent, a savolr crdétact supéricur pour Surduc 1 ot paléoctne pour Surduc 2.

Une nouvelle impulsion de magma plus potassique ne réussit pas a réfondre
tout le matérviel accumuld, qui présente a la suite de ce phénomeéne une distri-

L Received Mayv 9, 1983, accepted for  communication  and  nnhlinatian
Mav 14 1983, comumunicated in the mecting May 20, 1983,

P stitutw! de Geologie si Geofizied. Str. Caranscbes nr.
resti, 32,

+ Intrepriaderea  de Prospectiuni Geelogice si Geofizic
nr. 1, R 79678, Bucuresti, 32.
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be broadly regarded as equivalents of basalts. In terms of normative
constituents the group of gabbroic rocks includes nonsaturated olivine
tholelites with normative hy -+ ol (cumulates and gabbros 402, 407, 482),
tholeiites suprasaturated with normative g + hy (the rest of gabbros)
and nodule 244 — the only one with normative nepheline might be
considered as . alkali basalt.

Alumina, with very high fluctuations in cumulates and gabbros,
shows generally high values (except for the two mentioned nodules —
analyses 8 and Y) due to the accumulation of significant amounts of
basic plagioclase. As a matter of fact AlLO, is also variable (15-18",
predominantly 17-18%)- within the groups of monzodioritic and monzo-
nitic rocks. This fluctuation is considered by Jake§ and Smith (1970)

F 100

+1 @ -3 L4

Fig. 2. — FAM diagram (A = NayO 4+ K.O: F = FeO -+
0.9 > Fo,0,; M = MgO). Domains-T and II correspond to
the hypersthene serics and pigeonitic scries, respectively,
after Kuno. )
1, group ol gabbroic rocks and of cumulate nodules; 2,
group of monzodioritic and monzoenitic rocks; 3, group of
monzonites and of potassic syenitic segregations (1, 2. 3 —
Surduc 1 intrusjon) ; 4, monzogranites (Surduc 2 intruvsion).

as specific to potassium-rich calc-alkaline volecanic series and to
shoshonites.

FAM diagram (Fig. 2) points out a slight tendency of iron cn-
richment only of cumulates from nodules as well as some discontinuities
towards homogeneous gabbros and then to monzodiorites and quartz
monzonites. The group of monzonites and of syenitic segregations shows
a rapid increase of alkalies concomitantly with the iron decrease, a
tendency typical of the calc-alkaline differentiation.
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1, 2, 3, 24 see Figure 2,

syenitic segregations. In isolated nodules with cumulate structure Cr
and Ni decrease within a larger variation domain (22 ppm 1?% -~
for Cr and 37-105 ppm for Ni) as against Co and Sc which s

grouped values. The smallest values in these elements are
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inherited remnant crystals of cumulate type show a nonhomogeneous
internal distribution. The fractionation of plagioclase or of other crys-
talline phases might have occurred under the present location of the
body, and the bands, schlieren and the magmatic flow structures within
the actual Surduc intrusion would represent processes of chemical dif-
ferentiation of a more recent magma mixed with sequences .of earlier
cumulates, more or less resorbed. Thus the nodules with tholeiitic
chemistry are included in calc-alkaline rocks rich in potassium or in
those with a shoshonitic character ; this shoshonitic chemistry is visible
on Peccerillo and Taylor’s diagram (1976).

Although after some elements the calc-alkaline Surduc 2 intrusion
is similar with the potassic differentiates of the Surduc 1 intrusion
(imonzonites and syenitic segregates), which would point to similar
source materials, the Ky0O differences (Fig. 3) indicate nonhomogeneous
sources. .

Taking into account the similar K/Ar apparent ages (Russo-Sén-
dulescu et al, this volume) of the monzodiorites and potassic diffe-
rentiates of the S, intrusion, but older than those of the S; intrusion,
the matter is rather complicated. It is possible that the expulsion of
a volatile-rich magma (e.g. those of shoshonitic type) might lead to a

more basic resurgent magmatism, but the great time difference between
the location of the two intrusions at Surduc (Lower Senonian and
Paleocene, respectively) does not permit this interpretation.

Jake§ and White (1972) observed that where tholeiites occur in
association with cale-alkaline rocks and shoshonites, the latter are the

youngest. In the Surduc massif, within the same area these rocks are
associated, and the potassic differentiates of the S, intrusion are prior
to the calc-alkaline S, intrusion.

Ultrapotassic rocks are usually rare and occur in zones with an
extensional tectonics. Potassic syenitic ségregations of the S; intrusion
indicate on the variation diagrams their origin by the differentiation
of the monzodioritic magma. Associating these facts with the existence
of cumulates, which occur usually under conditions of relative absence
of lectonic siress, related with deep fractures, one might suggest that
Surduc 1 appeared in a period of distension as compared with Surduc 2
which mostly displays characters of a magma connected with subduction
processes. Spread on large areas in Bulgaria, a similar magmatism with
strong potassic characters of Upper Cretaceous age was also connected
with a period in which the distension processes predominated (Bocca-
letti et al, 1978).

All the above-mentioned considerations indicate that the different
ages of the two successive intrusions at Surduc correspond to different
geotectonic conditions. At the same time the source materials generat-

R A N R At SO Le~llo. . AL o XL Y- P .o 11
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STUDIUL PETROCHIMIC
AL, MAGMATITELOR BANATITICE DE LA SURDUC (BANAT)

(Rezumat)

Corpul de la Surduc este cea
afloriment din cuprinsul ,banatit:
Berza, 1977) care strdbat formatiunil
din Carpatii Meridionali.
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Un nou impuls de magmda, de data aceasta cu un caracter mai
potesic, nu reuseste sd retopeasca intreg materialul cristalizat ; acesta
prezintd acum o distributie internd neomogeni ca nodule sau doar cris-
tale de tip cumulat. Desi dupd unele elemente intruziunea Surduc 2 de
tip calco-aicalin seamand cu diferentiatele potasice ale intruziunii. Sur-
duc 1 (monzonitele si segregatele sienitice), fapt care ar conduce la mate-
riale surse similare, diferentele in KO (fig. 3), sugereazd surse neomo-
gene. Tinind cont atit de caractercle chimice discutate cit si de virstele
aparente K/Ar (Russo-Sandulescu et al., 1986) mat mari in intruziunea
Surduc 1 fata de Surduc 2 (Senonian inferior si respectiv Paleocen) se
poate conchide totusi ca cele doud intruziuni deoscbite in plutonul -
compus de la Surduc nu sint comagmatice si corespund probabil unor
conditii geotectonice relativ diferite. Intruziunca S; cu caractere puter-
nic potasice in care apar si roci cumulate s-a pus in loc intr-o perioadad
mai degrabd de distensiune fatd de S, care prezintd pregnant caracterele
unei mazme legatd de procese de subductie. ’
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2. Petrography of Banatitic Rocks in the Ocna de Fier-Dognecea Zone

Alpine magmatites in the study area are represented by a grano-
dioritic body cxtending N-S 15 km and reaching a maximum width
of 5 km, by small bodics of more basic rocks occurring independently
wvithin crystalline schists and by vein rocks younger than the grano-
dioritic massif. In somec places relationships were observed which per-
mitted the interpretation of basic rock occurrences as a previous in-
trusive phase. Their petrographic, mineralogical and chemical constitu-~
tion differs from that of the products of the stage with a potassic
tendency recognized in the western part of the Bocsa massif (B and B,
— Russo-Sandulescu et al., 1978) ; on the other hand they display strong
similarities with granodiorites, which uccounts for their interpretution
as an carly phase of the cale-alkaline stage that is B, phase 1. On
the Izvorul Negru Valley, nearby the contact with the crystalline schists,
granodiorites intrude a small body of black porphyrie quartz diorites. In
the thalweg of the valley there are zones richer in feldspar, disposed
at the border of the granodioritic intrusion, indicating centimetric in-
filtrations of the granodioritic magma (Fig. 1). Another outcrop lies in

Fig. 1. — Outcrop on the lzvorul
Negru Valley.
1, biotite granodiorites; 2, horn-
blende--biotite  porphyry quartz
diorites : a, high feldspar zone;
3, crystalline schists.

the left side of the Rirzava Valley, on the highroad connecting Docsa
Montand with Bocsa Romand, at about 200 m from the gas station.
Here, the crystalline schists penetrated by porphyric monzodioritic dykes
are intruded by the granodioritic body which, using the same access
way as nmonzodiorites. cuts monzodioritic blocks of different sizes -—
metric up to decimetric — identical with enclaves whose chemical and
petrographic composition will be described in the following chapters.

2.1. Eurly Bodies (Bocsa 3, Phase 1)

First described by Codarcea (1931) at Ocna de Fier and by Radu
Mercus (1962) at Dognecea, the Bj; bodies represent several small
outcrops west of the granodioritic body and more seld o
(P1). In spite of their reduced sizes (tens or hundr
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4, Formarea sistemului de falii Riul Mare, filonitizarea formatiunii de
Riusorul cu transpunerea unei sistozitdti mai vechi (S;) de citre una
mai recenta (Sy).

5. Sariajui, probabil alpin, al unititilor danubiene superioare peste
Danubianul infericr, cu intinerirea virstelor K-Ar (89 m.a. pentru for-
matiunica de Zeicani, 154 m.a. pentru formatiunea de Rof).

6. Evenimentele alpine mai tardive : bombare generald a Danubia-
nului cu aparitia ferestrei de eroziune a Danubianului inferior, priu
accentuarea antiformei Rof, precum si formarea faliei cave separd for-
matiunile cristaline de bazinul Hateg.

19— o. 478
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PETROLOGIA ROCILOR METAMORFICE

INTERSEGTING ISOGRADES — A POSSIBLE WAY TO FIND OUT
THE POLYMETAMORPHISM. AN EXAMPLE : THE SOMES SERIES*

BY
ION HARTOPANU ? PAULINA HARTOPANU ?

Isograldes melamesphism, Metamorphism cycle. Somes Series. Metamorphism
phase. Minerdiogic method. Mineral paragenesis. Biotite-chlorite. Kyanzbe+
stanrelite, Almandine-staurolite, Apuseni Mountains — Northern Apusem -
Gilgu  Mussif.

Abstract

On account of mineral crystallization succession and of the deformations
which are identified under microscope and mesoscopic. scale are traced meta-
‘morphism isogrades in the Somes Serics from the Gildu crystalline. Using the
notion of intersecting isograde withh a new meaning, it is shown that bictite-
_cidorite isograde belonging to new mietamorphic cycle intersects isogrades kya-
nited-staurolite-staurolite and almandine-stauroliter belonging to an old meta-
morphic ¢ycle. We conclude that the way we use intersecting isogrades notion
is a mcthod added to that of discovering mineral -generations in order to estab-
lish the position of an individual metamorphic event used ‘to distinguish phase
from cycle respectively. :

Résumé

Isogrades intersectants — wune possibilite potent_z"el.'le' de décélement -du
polymiétemorphisme. Un exemple: série de Somes. Compte tenu de la succession
de cristallisation minérale et des déformations identifiées au microscope et a
I'échelle mésoscopique on a tracé les isogrades de métamorphisme dans la série
de Somes du cristallin de Gilau. En employant la notion d’isograde intersectant
“en un sens inédit, on établit que l'isograde biotite-chlorit¢ appartenant a un cycle
métamorphique nouveau entrecroise les isogrades disthéned-staurotide-staurotide
et almandin-staurotide appartenant a-un cycle métamorphique ancicen. On conclut
qWen plus-de la découverte de nouvelles générations de minéraux, l'emploi ,des
. ..+ ! Reeeived March 31, 1984, accepted for communication aud publication
April 5, 1934 and presented at the meeting April 27, 1984, - o
: 2 Institutul. de Ceologle sl -Geofizicd. Str. Caransebes nr.- 1, R 79678, - Bucu-
‘lestl 32. : : - : P




992 " I. HARTOPANU, P. HARTOPANU o T 2

isogrades intersectanis” est une modalité complémentaire, en vue d'éiablir le
rang d'un événement métamorphique individuel, respectivement la difféerence entre
-phase el cycile.

Introduction

In the last decade, the study of polycyclic character of meta-
morphic formations became compulsory for each deep analysis of crys-
talline rocks. In spite of this fact, there are a lot of investigators who
avoid to discuss or tackle this subject. There are several reasons, but
we remark a few :

-~ lack of stratigraphical discordances iracking down among formations

belonging to various orogenic cycles ;

— difficulty to discover various generations of minerals and defor-
mations ; ‘

— non- 1dent1f1cat10n of basic conglomerates associated io discordances ;

— overlapping of various types of folds ;

— rejuvenations because of new metamorphic events modifying initial

isotopic composition.

Otherwise, we must show that numerous papers describe the poly-
metamorphism from a region without discussing its consequences either
from structural point of view or from the presentation and the dis-
tribution of metamorphic zones (in space), as when the rocks which are
implied, would belong to an unique metamorphic event.

This paper tries to discuss this last point namely it shows that
there is a correspondent in space for each metamorphic event, which
is vepresented in the field by individualized metamorphic zones. Two or
several metamorphic events are characterized by specific zones and
metamorphism intensity, which normally have not to coincide. There-
fore, these zones will overlap only partially and the planes appointing
isoconditions (metamorphism isogrades) will intersect.

The notion of intersecting isograde is already known from Car-
michael works (1970); we shall show its significance later on. In the
Whetstone Lake~Onta110 region, four isograde curves have been drawn
on account of the following reactions :
1. chlorite 4 muscovite —l— garnet= staurolite -+ biotite -} quai tz —,— H qO
2. chlorite —i— muscovite + staurolite - quali,z\— kyamte - biotite+ HZO
3. kyanite= sﬂhmamte :
4. staurolite -+ muscovite - quartz = sillimanite -+ garnet -+ biotite

- Hy0.
From this enumeration, we can see the following :
-— these isogrades order is ascending from the point of view of meta-

morphism intensity ;
—- three of these 1<oglades imply a fluid phase : H20 ; alt are de ydra—
tion reactions ;
— ithe rocks, w‘nch contain the above isogrades (ll‘l keeping w1th the
implied mineral associations) are metapellites.
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The {fifth isograde, drawn by Carmichael, intersects the others
and involves another fluid phase : GOy The characteristic reaction of
this isograde is the following : '

— biotite 4- calcite -4~ quartz == calcium amphybole -} K-feldspar
CO‘_; ——!— Hgo

The rocks of this reaction are carbonatic ones and the fluids are
water and CO..

Numerous investigations are interested in Carmichael’s intersecting
isogrades, especially because the intersection of the reaction curves in
T—Xy,0 and T—Xco, space respectively, shows with anticipation an in-
tersection in the field of corresponding isogrades. This fact is already
proved. ‘

Isogrades intersection is possible — as it was shown — because the
reactions are not isochemical and the fifth reaction is obviously different,
through its chemistry (and by implied fluid phases) from the other four
reactions. This affirmation, from our point of view, becomes a major
weak point of the theory of intersecting isogrades. Therefore, being ne-
cessary to consider only one lithological element from the whole meta-
morphic area, we are talking about — to say metapellites — in most
of the cases, the isogrades will circumscribe or succeed after quasi-
parallel planes. Thus, no notion of intersecting isograde will have a
content. But, on our opinion, there is a situation when isogrades can
intersect and mineral associations we are ialking about, are born on
an identical lithological basement. This situation represents the subject
of this paper.

Intersecting Isogrades from the Somes Series

The Gildu crystalline contains as its main component, a mesometa-
morphic series : the Somes Series. It is placed at west and cast of the
Muntele Mare granitic body and the zone, we are going to investigate,
is situated at east of the above granitic body. The most recent litho-
“ stratigraphy of this series was drawn within the Valea Ierii and Mun-
tele Mare maps (Hartopanu et al., 1982 a, b) and- appears as follows
(Fig. 1) = '

— Lower terrigenous formation (of micaschists and graphite quartzites)
composed of an environment with micaschists and garnets, plagiogneisses
with intercalations of amphibolites, crystalline limestones, graphite
quartzites and graphite schists, plagiogneisses with oligoclase porphyro-
blasts, etc. ' :
— Formation of quartz-feldspar gneisses (median) composed of quartz-
feldspar gneisses with intercalations of quartzites, amphibolites and
micaschists.
-— Upper terrigenous formation composed of micaschists and feldspar
quartzites is met only at west of the Muntele Mare granite, so it is not
in the area, we are. discussing here. ,
- Polymetamorphic character of the Somes Series was studied many
years ago and variable significances were found. So, Dimitrescu (1958,
1966) shows it through partial - chloritization of garnet porphyroblasts, Trif
(1961) through the overlapping of several metamorphism types (contact,
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Fig. 1. — Lithostratigraphic sketch and of metamorphism in the Somes Series,

Lithologic. entities. 1, Median- formation of quartz-feldspathic gneisses ;. 2, Lower
ferrigene formation ; 3, Muntele Mare granite. a-amphibolites, amphibolic gneis-
$0s : ms-micaschists ;.. mspgn-micaschists-plagiogneisses ; qt-quartzites ; qtgf-graphi-
tic qua_rtijios . -sqtm-quartzito-micaceous  schists ; gngf-quartz-feldspathic gneisses.
Isogrades of metamorphism successive cycles: 4, I cycle; 5, II cycle; 6, 11T cycle,

progressive regional ‘and retrograde). Giuscd et al. (1967), Marza (1989)
and Muresan (1980) also refer to the diaphthoresis when argue the: poly-
metamorphism of the Somes Series. .

; ‘More recently, Hértopanu et al. (1983} analysed the- polycyclic
character of metapellitic formations of .the Somes Series on- account of
the study of deformations, of textural relations and punctiform chemical
analyses on the zoned minerals: It'is also important to show that textural
study ef other formations.(plagiogneisses with oligoclase porphyroblasts,
amphibelites ete:), partially argue the polycyclic character ‘of this series:
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The Somes Series metapellites -are widely spread, either composing
the most part of the basic formation or as intercalations in the median
formation. They are mostly composed of plagiogneisses, micaschists and
quartz-micaceous schists - graphite, garnet, staurolite, kyanite, silli-
raanite.. At east of the Somes Series, metapellitic ‘complex has: charae-
teristic intercalations of graphite rocks — from quartzites to micaceous
schists with graphite.

The study of textural relations in the Somes .Series metapellites
points three cycles of mineral neoformation. The first cycle consists of
blastesis of garnet, kyanite and staurolite of the first generation in small
deformed, broken crystals, which are chaotically gathéred in polycrystal
and polymineral lenses. In the center of the garnet crystals, there are
fine, undetermined inclusions which also charact_erize the crystals of
kyanite and staurolite.. After this blastesis stage, takes place a strong
deformation as.a S plane with.a. very powerful penetrative ‘character.
At the. level of this plane takes place the:neoformation of micaceous
minerals, .of lentiliform quartz segregates, individualization of polycrystal
lenses of kyanite, garnet and staurolite as well as garnet synkinematic
rise. At the same time, were born bandings from amphibolic and quartz-
feldspathic rocks. Static component is represented by . neoformation of
the second generation kyanite and staurolite porphyroblasts.:

After D, deformational stage, developed on island areas, the silli-
manite, which rises in very different orientated neecdles, somct1mes
focussed on the first generation kyanite. :

Next deformation cycle D; is represented by a S plane {crenu-
lation fohatlon) with a variable penetrative character and accompanied
by a micaceous and/or chloritous mineral ncoformation. Static com-
porent is represented by the neofmmatlon of - blotlte ane’ chlollte w1‘ch
random orientations. :

'S, ‘annd S, "planes from D; and Dy deformation cycles are well
individualized. Sl plane is so penetrative that can efface old S, plane.
In comparison’ with S, plane big falls, Sy plane is- quablhorvontal '

Microscopic observations pointed out crystals zonings, among whmh
the garnet’s are the most obvious ones. To this optical zoning corres-
ponds ‘a kryptical chemical ‘zoning ‘which was pointed out through
punctiform analysis' by meadns of electlonlc microsonde. It was nhoticed
that the profile through a garnét shows'a severe CaO zoning, a profile
liké a bell at manganese. FeO, CaO and MgO have symmetrical com=-
plex: profiles because of dlsconunuous rise 'which characterizes the poly-
phase ‘metamorphism. Within transversal chemical profile,. there is a
low content in manganese in the same way as Fe content rises; this
is.equivalent to the rise of almandinic component to spessartinic de-
iriment which generally indicate intense physical conditions of meta-
morphisni and synchronous with static’ ones of sillimanite. The dimi-
niation of CaO content, #ccording to Réheim and ‘Green (1974) i
eoulvalent to a high tempelature and stat10na1y pressure which can
be. also couobolatec. with sﬂhmamte blastosls In a 51m11'u way, Hol—

lister (1969) showed that MgO/FeO relation. is rising with- the meta-
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morphism degree. B direction (Fig. 2) represents garnet's trise under
higher temperature conditions.

The map of metamorphism isogrades from the Somes Q,erles at
cast of the Muntele Mare granite points to our field considerations
mentioned above (Fig. 1). So, the first metamorphism cycle is repre-

"?-'.'n‘/an .
5.3 ff"
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4 g P Fig. 2. — MnO-MgO/FeO plot for
- / :., o i a garnet from the Somes Series.
43 [t v ? 1, Values for the center of a garnet
o / ,./ i crystal ; 2, Values for the margin
28 [ / ,5 of a garnet crystal (acc. to Harto-
“ //°/ ; : panu ct al, 1981).
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sented by isogrades of staurolite 4+ kyanite — staurolite and alman-
dine — staurolite which circumscribe themselves.

Static sillimanite rise is also represented by two small 1slands
outlined by this mineral isograde. Subsequent character of the second
cycle metamorphism, represented by sillimanite zone, is obvious es-
pecially by the hiatus caused by the lack of kyvanite zone in the first
cycle of metamorphism. .

At last, biotite-chlorite isograde means the third metamorphic
cycle with a similar subsequent position shown either by S; planes sub-
sequency (when form chlorite and/ or biotite) to Sy planes (with which
synchronically f01 m garnet micas but also with staurolite and kyanite
formed before or after S,) either through the intersection of biotite-
chlorite iscgr dde plane with almandine-staurolite and staurolite -+ kya—
nite-staurolite planes. o

Next table presents cvolutlon of main metamorphic minerals cr ys—
tallization in relation with deformation stages (Fig. 3). , :

. What problems appear. from intersecting isograde planes ?

a) First, certain personality of M; metamorphism with chlorite
and biotite whicl, has not to be considered as an usual retromorphism
but is & prograde 'nctammphlqm from chlorite zone to biotite one. The
urea of this mctamorphlqm crosses previous metamorphism, characteristic
indéx minerals for the last-one; therefore’ getiing "4 -relic character:
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IZOGRADELE INTERSECTANTE — O POSIBILITATE POTENTIALA
DE DEPISTARE A POLIMETAMORFISMULUL
UN EXEMPLU : SERIA DE SOMES

{Rezumat)

Pe baza succesiunii de cristalizare minerald si a deformarilor,
identificate la microscop si la scard mezoscopicd sint trasate izogradele
de metamorfism in seria de Somes, din cristalinul Gildului. Folosindu-se
notiunea de izograd intersectant intr-un sens inedit se aratd cd izogradul
‘biotit-clorit apartinind unui ciclu metamorfic nou intersecteazd izogra-
dele disten—+staurolit-staureclit si almandin-staurolit apartinind unui ci-
clu metamorfic vechi. Se conchide cd metodica folosirii izogradelor inter-
sectante este o modalitate complimentard aceleia a depistdrii genera-
tiilor de minerale, pentru stabilirea rangului unui eveniment metamor-
fic individual, respectiv in discernerea dintre faza si ciclu.
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Abstract ]

Tihe metamorphites in the northern side of the Locva massif can be
referred te three groups of formations : Precambrian, Lower Paleozoic and Middle |
Paleozoic. The Bocsita-Drimoxa Formation (Upper Precambrian) is a mostly’terri~’j
gene, polymetamorphic sequence, reactivated during the Caledonian or‘ogenesiél"
The Naidas Formation (Cambrian-Silurian ?) consists of basic and acid meta-
velcanics interlayered with metasediments of a continental origin, related to pre-'
or primovogene basic intrusions. It is a polydeformed formation,  with a poly-
stadial initial metamorphism (Caledonian) under conditions of the greenschists®
facies. The Zlatita Formation (Devonian-Lower Carboniferous) is represented by'!
clastic rocks related to basic and acid volcanics, affected by Variscan low-grade- '
metamorphism (stilpnomelane zone).

Résumé

Donnédes pétrologiques concernant les métamorphites du wversant septen-
trional du massif de Locva. Les métamorphites de cette zorie peuvent étre ‘rép'ar-
ties a trois groupes de formations: précambrienne (protérozoique), paléozoique in-
férieure et ‘paléozoique moyenne, La formation de Bocsita-Drimoxa (Précambrien
supérieur) est une séquence particuliérement terrigéne, polymétamorphe, réactivée

1 Received May 9, 1983, accepted for communication and publication
May 25, 1983, communicated in the meeting May 27, 1983.

? Institutul de Geologie si Geofizicd. Str. Caransebes nr. 1, R 79678, Bucu-
resti, 32.
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pendant lorogenése calédonienne. La formation de Naidas (Cambrien-Silurien ?)
est constituée des meétavolcanites basiques ct acides interstratifices par des méta-
sédiments de provenance continentale, associées aux inirusions basiques preéoro-
génes ou primorcgénes. Elle est une formation polydéformée, & métamorphisme
initial polyphasique (calédonien) dans les conditions du faciés des schistes verts.
La formation de Zlatita (Dévonien-Carbonifére inférieur) est représentée par
des roches clastiques associ¢es aux volcanites basiques et acides, affectees d'un
métamorphisme varisque de faible intensité (zone & slilpnomélane).

1. Introduction

This paper presents preliminary data on the metamorphites in
the northern side of the Locva massif. These data have been obtained
by detailed researches carried out on several reconaissance profiles.
The geological map scale 1:50000, drawn up by Maler (1974), repre-
sents the starting point of the researches.

According to Maier (1974) the metamorphic formatlons of the Locva
massif represent a Paleozoic succession within which two series can be
individualized : the Locva Series (Ordovician-Silurian) and the Lescovita
Series (Devonian-Lower Carboniferous). Palynological data have been
published later on (Maier, Visarion, 1976).

Several petrographical data, the relationships between minerals be-
longing to superimposed parageneses and the relationships between the
lithostratigraphic units with a different metamorphic and deformational
evolution are partly in disagreement with Maier’s opinion (1974) on the
individuality and appurtenance of the metamorphic series (Fig. a, b).

Three sequences have been individualized on the basis of the
ribove-mentioned criteria, as follows : the Bocsita-Drimoxa Formation
(Upper Precambrian), the Naidas Formation (Lower Paleozoic) and the
Zlatita Formation (Middle. Paleozoic).

The eastern part of the Locva Series (Ordovician-Silurian ; Maier,
1974) represents polymetamorphic Precambrian metamorphites. Both
lithologically and as regards the metamorphic evolution this series can
be compared with the Bocsita-Drimoxa Formation (Precambrian) in the
Bocsa-Carasului Valley zone (Codarces, 1931 ; Constantinof, 1980 ; Iancu,
1981). Ccnsequendy we shall refer to it as the “Bocslta—Drlmoxa For—
mation”. Maier (1974) considered this sequence as Ordovician-Silurian
in age with Caledonian metamorphism in greenschist facies.

Krautner, lancu (in Kréutner et al, 1981) and Jlancu {in Nasti-
seanu et al., 1981). have separated a part of the “Complex E;” as a
Precambrian sequence on the basis of the mineralogical and petro-
graphical description made by Maier (1974).

The majority of the pre-Devonian (Lower Paleozoic) metamor-
phites, which will be individualized as the ‘“Naidas Formation” and
assigned to the “Locva Group”, have been separated by Maier (1974)
within the Complex E; of the Lescovita Series - (Devoman—Carbomferous),
with Variscan metamorphism. €hitinozoans specific to the Silurian have
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been reported by Maier and Visarion (1976) in the eastern part of the
occurrence zone of these formations. The mentioned formations can be
correlated partially with the greenschists of the Valea €arasului Series
(Constantinof, 1980) and with those referred by Iancu (1981) to the
Vodnic Group (Lower Paleozoic) including acritarchs of Cambrian-
QOrdovician age (Visarion, Iancu, 1984).

The terrigene and volcanic formations — that occur in the western
part of the Locva massif and from which the palynological samples
pointing to the Devonian-Lower Carboniferous have been analysed
(Maier, Visarion, 1976) — represent the “Lescovita Series s. str.” (€Com-
plexes E; and E;). The weakly metamorphosed volcano-sedimentary
formation, which is tectonically related to the Naidas Formation, has
been individualized as the Zlatita Formation (Lescovita Group, Middle
Paleozoic).

2. Petrological Considerations

Structurally, the crystalline of the Locva massif represénts the
southern prolongation of the Bocsa-Nappe — a major unit of the group
of 1he Lower Supragetic Nappes (lancu, 1982), considered as pre-
ILaramian on the basis of regional correlation.

2.1, Bocsita-Drimoxa Formation. This Precambrian formation lies
in the eastern part of the Locva massif (Fig.). It is delimited by the
teclonic contact with the Permo-Mesozoic formations of the Sasca-
Gornjak Nappe (Sandulescu, 1975) to the east, and by the normal con-
tact with the Lower Paleozoic formations to the west. The transition
to the Naidas Formation (belonging to the group of Paleozoic-pre-
Devonian formalions) is achieved by a set of common planes accom-
panied by metamorphic recrystallization indicating a fransposed un-
conformable contact. Maier (1974) thoroughly described this series and
assigned it to the €aledonian cycle with multiphase metamorphism. An-
drei (1976) pointed out the polymetamorphic character of the series.

Petrographically, the Bocsita-Drimoxa Formation is monotonous.
It consists of muscovite-chlorite plagiogneisses with metamorphic relics
of almandine, biotite, muscovite, plagioclase (oligoclase-andesine), which
represent the Iirst set of paragenesis (P;). Minerals of the primary
paragenesis, that point to a metamorphism under conditions of the al-
mandine amphibolite facies, have physiographic characters which testify
their deformation and instability during a main metamorphic-deforma-
tional event under conditions of the greenschist facies. Thus, biotite
is almost entirely replaced by muscovite-}-chlorite-+Fe-oxides minerals
or reoriented -— like the primary muscovite — in the plane of a new
foliation (S9), that represents the regional foliation.

Relict garnet is included either in interkinematic albite (albite 1)
or in that synchronous with S, (albite 2). Locally it is strongly chlor-
itized and included in the neoformation matrix (Pl. I, Fig. 1).

Relict plagioclase is partly distroved, being found as metamorphi.
pyroclasts, lentilized or penetrated by the foliation S, (Pl I, Figs. 3, 4).
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In better adapted metamorphically “bands”, it is entirely replaced by
oriented quartz-albitic polycrystalline clusters (Pl. I, Fig. 3). The inter-
kinemutic phase, well represented by acid albite-oligoclase, quartz and
epidote, is also affected by the deformations which led to the formation
of the foliation S,.

Interkinematic feldspar contains inclusions with different trendings
as against the rock matrix (Se), as mentioned by Maier (1974) (Pl. 1,
Fig.-2).

The minerals formed during the second metamorphic event, which
constitute the second superimposed synkinematic paragenesis (P»), are :
muscovite 2, chilorite, epidote, albite 2, Fe-oxides.

In the Bocsita-Drimoxa Formation one can also observe a band
of lenticular granitic gneisses with microcline and muscovite with an
approximate N-S trending, which seems to represent metamorphosed
allochthonous granitoids. The allochthonous character is suggested by
the absence of high-grade metamorphism in the surrounding rocks (which
have not reached the isograde of anatexis). The effects of the thermo-
dynamic metamorphism are represented by the feldspar deformation,
quartz recrystallization and muscovite formation in-the marginal areas.

Several observations can be made in microstructural respect. The
premetamorphic sedimentary structures cannot be recognized any longer.
The regional foliation is a secondary metamorphic foliation marked by
reoriented relict micaceous minerals or by newly-formed minerals, stable
in ihe greenschist facies (Pl. I, Fig. 4). The same paragenesis is typical
of the first metamorphism of the suprajacent Lower Paleozoic For-
mations. Foliation S; is a relict metamorphic foliation as compared to Sy
ang: is preserved in the axes of the relict intrafolial microfolds. Micro-
scopically S, foliation can be recognized inside the metamorphic por-
phyroclasts of interkinematic albite as an internal S marked by in-
clusions of garnet, muscovite, quartz or opaque powder (PL I, Figs. 1, 2).
Both foliations — S| and Sy — are affected by kink-type microfolds and
by shearing foliations.

All this determines us to regard the “Locva” Formation (Maier,
1974) as a Precambrian sequence reactivated during the Caledonian
orogenesis. It is found in the axis of a Paleozoic anticlinal structure.

2.2. Naidag Formation. This formation belongs to the pre-Devonian
Paleozoic formations (Locva Group) ascribed to the €aledonian cycle.

The Naidas Formation is characterized by the abundance of basic
and acid volcanics related to terrigene formations and to gabbro-dioritic
and granitic intrusions,

The terrigene rocks are chiefly represented by quartz schists with
muscovite, chlorite, epidote and porphyroblastic albite (late kinematic).
The schistosity foliation (S;) is conspicuous and is accompanied by meta-
morphic differentiation, with subsequent deformations (Pl. III, Fig. 4).
Geneérally, these rocks do not preserve premetamorphic relics and dis-
play a multiphase crystallization and a slight superimposed metamorphic
reorganization. '

" Basic tuffaceous schists are well-foliated greenschists, made up of
chlorite, epidote-clinozoisite, actinote, albite and quartz, in variable



amounts. They are rocks with stable parageneses in the greenschist
facies conditions, trending in the plane of S; foliation or statically
grown, post-S; fespecially albite). Although they do not preserve pre-
metamorphic structures, they display clastic minerals (amphiboles,
sphere, epidote, and rarely pyroxene), coming from pre-metamorphic’
magmatic rocks.

Most of the greenschists are homoo’eneous well crystallized ; they
seem to represent flows of basic rocks. Maier (1974) reported plllow—
lava .structures; their composition is similar to that of the basalts
(Intorsureanu et al., 1983).

Acid volcanic rocks are represented by metarhyolites and meta-
rhyodacites, which form tabular bodies intercalated in the basic rocks
and metamorplioscd together with them. Unlike basic volcanics they pre-
seyve pre-metamorphic volecanic structures (aphanitic structures, por-
phyritic structures and marginal-chilled structures) and magmatic mine~
rals ; different degrees of metamorphic adaptation, according to the
thickness of the initial bodies, can be observed. These structures and
the phenocrysts of b1pV1am1da1 quartz, plagioclase and potash feldspar
are . well preserved in the central zones of the bodies with a porphyritie
structure (PL. I, iFig. 1). The effect of the metamorphism is- illustrated
by. the slight subgranulations and -lentilizations of the phenocrysts; by
the oriented crystallization of the matrix minerals as well as the oc-
currence of “pressure shadows” in the extention of the plagioclase plieno-
crysts. In marginal zones deformations are more plastic; one canob-
serve bendirigs of the twin planes, marked lentilizations of the pheno-
crysts having marginal reactions and marked crystallization of oriented
metamorphic minerals :  quartz,- muscovite, albite, chlorite, locally bio-
tite, comparable with ‘those from the host rocks. Thus, marginal zones
may resemble muscovite quartz-feldspathic schists pomtmg to the pe-
netrative character of the metamorphic foliation as' well: as to the
modification of -the initial composition by metam01ph1c differentiation
(Pl II, Fig. 2). In these rocks the measurable foliation is Sy, frequently
par allel to the premetamorphic contact as the acid rocks behaved com-
petently, .having concentric-type folds.

.. . The acid rocks, especially. the aphanitic ones, are in places well
rec1ysta1hzed They possess rare phenocrysts and micr omystalhne struc-
tures, which make them resemble aplites or  micrograsites.

- The adaptation of the potash feldspar phenocrysts to- metamorphlsm
is shown by exsolutions and .poor muscovmzatlons in the central zones.
Plagioclases display. albite "aureoles. :

Basic intrusive rocks are represented by metagabbros -metadiorites.
Unlike greenschists, basic intrusive: rocks ‘ preservé. both magmatic
structures and relics of pre-metamorphic magmatic’ minerals. The great
majority of these rocks is found as lenticular or lenticular-tabular bodles
with superimposed metamorphic structures, showing mixed. mmer.al as—
semblages magmatic relics and metamorphlc minerals. -

Magmatic relics (uralitized pyroxenes, amphiboles, sphene, ep‘dote—
zoisite, ilmenite) are included into a well-crystallized, oriented meta-
morphic matrix.” An intermediary paragenesis, that represents a pre-
kinematic, static phase, consists of green-bluish hornblende, chlorite,
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muscovite, found as nests between the primary magmatic minerals.
They represent either a final magmatic stage, or an initial, static meta-
morphism prior to the regional metamorphism.

The metamorphic paragenesis is represented by actinote, chlorite,
epidete-clinozoisite, albite, calcite. The metamorphic foliation is .con-
spicuous in the marginal zones ; it is the only one visible in these rocks.

Acid intrusive rocks are gneissic granitoids that possess a lenticular-
avgen structure, resulting from subgranulation and oriented recrystal-
lization (PL. 1I, Fig. 4). One can recognize relict porphyroclasts of
microcline, plagioclase, quartz, biotite and a well-crystallized, oriented,
metamorphic matrix made up of muscovite, quartz, chlorite, and albite.

The relationships between the mentioned rocks are relatively clear
as regards the volcanic and terrigene rocks. Thus, it is noted that the
green-coloured rocks form stratiform depositions alternating either with
flows of acid rocks (rhyodacites), later on folded together and meta-
morphosed. ,

The adaptation to the metamorphism conditions was differentiate :
the basic rocks underwent strong transformations and complete reor-
ganization after metamorphic foliation of plan-axial type (S;), whereas
the acid rocks behaved more competently, recording better the initial
relations. . ) .

Structural observations refer especially to micro- and mesostructures,
which allowed the differentiation of three moments of deformation.

Folding By, synchronous with the main metamorphism, shows a
general NE-SW trending and is marked by metric folds in competent
rocks, whose axial planes are parallel to foliation S; in incompetent
rocks. These folds display microfolds B, with a penetrative foliation -S4
(PL TII, Figs. 1, 2) marked by a metamorphic differentiation but locally-
obliterated by the late-kinematic crystallization of albite. Folding Ba
was accompanied by a reorientation of the micaceous minerals and by
a recrystallization after a set of planes (S,), partly penetrative, correlated
with -a reactivation under lower conditions of metamorphism (PL III,
Figs. 3, 4). The appearance- of multiphase stilpnomelane in acid rocks.
that sometimes initially reached the conditions of the “biotite” isograde
indicate physical conditions similar to those in which the Variscan meta-
morphism of the Zlatita Formation developed (Pl II, Fig. 3). ’

-~ Folding Bj is pointed out by the SSW shifting of the previous
folds (that show subhorizontal axial planes), the decametric “drag-folds”
in rveverse flank and by the appearance of kink-type microfolds and the
post-Sy crenulation microfolds in incempetent rocks.

The relations between the terrigene-tuffaceous and volcanic rocks
with the intrusive rocks are less distinct. The basic intrusive rocks
(gabbros-monzogabbros-diorites) display spatial relationships apparently
concordant with the volcanic and terrigene rocks due to the meta-
morphic and structural modifications underwent during the main meta-
morphism, which make possible their characterization as pre-meta-
morphic tocks. The moment of intrusions would be situated between
the deposition ot the volcano-sedimentary complex and the regional
metamorphism, either pre-orogen or in an early folding phase (primoro-~
genic- intrusions sensu Lundqvist, 1979). ’
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The position of the granitoid rocks and their relation with the
other types of rocks is difficult to specify and it is still under study.
Some of the rocks described by Maier (1974) as aplites and micro-
granites possess porphyritic textures, being metarhyolites. Granites oc-
curring in the eastern part of the formation possess metamorphic
textures; they may represent either primorogenic or synorogenic granites.

In conclusion, the mode of association, the petrographic constitution
and the chemistry of the volcanic rocks {Intorsureanu et al., 1983) point
to the existence of a basic-acid bimodal volcanism, within the deposition
of continental-type detrital formations with reduced thicknesses. The
spatial association with gabbro-dioritic rocks may be due to pre- or
primorogenic intrusions. The orogenic intrusion of the granitic rocks
is at most synchronous with the principal metamorphism developed
under conditions of the greenschist facies.

2.3. Zlatita Formation. This formation broadly represents com-
plexes E; and Es (Maier, 1974), ascribed by us to an independent litho-
stratigraphic entity, as they possess a metamorphic-deformational litho-
logy and evolution differing from that of the Naidas Formation. Maier
(1874) noted the existence of a transgression unconformity of com-
plex E; (of the stilpnomelane schists).

The low-grade regional metamorphism did not changed essentially
the pre-metamorphic lithology and allowed the reconstitution of a
more simple evolution of the whole sequence comprised into the com-
plexes E; and Es. _

The palynological ages obtained on samples from the two com-
plexes (Maier, Visarion, 1976) indicate the Middle Paleozoic age (De-
vonian-Lower Carboniferous); it is in conformity with the unitary
character of the mentioned complexes as regards the deformational and
metamorphism elements, as well as the relationships with the pre-Devo-
nian formations.

The contact between the two sequences — the Naidas Formation
(pre-Devonian) and the Zlatita Formation — is marked by a set of
superimposed lamination planes intersecting the metamorphic foliations
of the two sequences along a contact which seems to represent a Variscan
overthrusting. ) )

From petrographic point of view, the Zlatita Formation consists
of terrigene rocks grading (by rhythmical alternations) into basic meta-
tuffs with much clastic material (terrigene or magmatogene). Bodies of
diorilic intrusive rocks occur as well. At the top of the sequence, de-
veloped around the locality of Zlatita, the terrigene rocks are more
quartzitic ; they include metamorphic stilpnomelane and display flows
concordant with the metamorphosed dacitic bedding.

Terrigene schists are represented by metasandstones, metagrau-
wacke, feldspathic metaquartzites, sericite .or graphite quartz schists,
acid or basic tuffitogene schists.

The coarse rocks (of metasandstones or metagrauwacke type) pre-
serve clastic elements : quartz, plagioclase, garnet (Pl. V, Figs. 1, 2, 4),
with rolled or subangular contours, clastic micas (deferrized biotite,
muscovite) occurring in the plane of the bedding foliation. In places
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the detrital micas are deformed, reoriented in S; plane or underwent
a reirograde alteration.

The metamorphic paragenesis is represented by sericite, chlorite,
stilpnemelane, quartz, albite, oriented in the plane of the S; foliation
(P1. V, Figs. 3, 4).

Basic metatuffs are green-coloured rocks, with a well-preserved
bedding, especially when the clastic content is significant. The clastic
elements are : amphiboles, epidote-zoisite, feldspar, sphene, opaque mi-
nerals, which show angular or subangular contours. In rocks with terri-
gence content detrital muscovite is widely developed in the bedding
plane. Metamorphic minerals, oriented in S; plane, are represented by
actinote, chlorite, sericite, epidote-clinozoisite, stilpnomelane, quartz,
albite.

In metasedimentary rocks (terrigene and tuffaceous), the bedding
{Sg) is well preserved and can be noticed either in the hinge of the
microfolds B; (synchronous with S;) in fine, incompetent sequences
(Pl. V, Fig. 1) or in the metric folds affecting more competent rocks.
Metamorphic foliation (S;) is penetrative and marked by metamorphic
minerals in all incompetent rocks rich in micas and actinote (Pl. V,
Figs. 2, 4) and nonpenetrative in competent rocks (1. V, Fig. 1).

Metadacites are found as tabular bodies (flows) approximately ¢on-
cordant with the bedding and show well-preserved porphyritic struc-
tures {PL IV, Fig. 1).

Plagioclase phenocrysts are slightly lentilized and possess pres-
sure shadows in which polygonal quartz crystallizes. In marginal zones
they are penetrated by micas (stilpnomelane) (Pl. IV, Fig. 2).

The microcrystalline mass is metamorphically recrystallized. It
consists of quartz, albite, stilpnomelane, chlorite, epidote-clinozoisite and
marks a metamorphic foliation S; (Pl IV, Figs. 2, 3).

In places these rocks are very rich in stilpnomelane oriented in
S; planes, which also crystallized statically, post-S;, or on shear planes
{P1. IV, Fig. 3).

Metadiorites form lenticular bodies with metamorphic foliations
conspicuous in marginal zones. They preserve structures and relict
magmatic minerals.

Premetamorphic relics are especially amphiboles {brown horn-
blende and green hornblende, deformed, fasciculate and actinolitized),
plagioclase, sphene, epidote, opaque minerals (PL. IV, Fig. 4).

The oriented metamorphic groundmass (Sq) consists of aectinote,
epidote-clinozoisite, chlorite, albite (also found as a marginal zone of
the relict plagioclase), quartz, muscovite.

In conclusion, Zlatita Formation represents a continental volcano-
sedimentary lithostratigraphic entity with a coarse detrital supply, and
a relatively low graded bedding and roundness. Both the terrigene and
the tuffaceous rocks preserve the initial bedding (S¢), the metamorphic
foliation is partly penetrative and marked by metamorphic minerals
specific to the stilpnomelane zone of the greenschist facies.

The folding synchronous with the regional metamorphism (S,)
generated crenulation microfolds, whose axial planes (S;) are penetrative
and dense in incompetent fine rocks, and metric concentric or chevron
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folds in corapetent rocks. The folding B, is represented by open folds,
metric up to decametric, associated with kink microfolds and micro-
crenulations post-Sy.- The deformations related to phase By are similar
with those of phase B, in the Naidas Formation and seem to be ge-
nerated by common deformations that preceeded or accompanied the
mentioned overthrusting.

3. Conclusions

1. Several lithostratigraphic entities have been redefined and se-
parated : Bocsita-Drimoxa Formation (Upper Precambrian), Naidas For-
mation (Lower Paleozoic) and Zlatita Formation (Middle Paleozoic).

2. Petrographically, the Bocsita-Drimoxa Formation is represented
by polymetamorphic plagiogneisses with superposed parageneses. The
Naidas Formation is constituted of terrigene formations related to basic
and acid volcanics and to gabbro-dioritic intrusions affected by Cale-
donian metamorphism in the greenschist facies. The Zlatita Formation
is represented by terrigene and basic volcanic deposits associated with
{flows of acid volcanics and basic intrusive bodies affected by a low-
grade metamorphism (stilpnomelane zone) during the Variscan oro-
genesis.

3. From the deformational point of view, the B0051ta-D11moxa
Formation represents a polycycle sequence, w1th advanced adaptation
synchronous with the prograde metamorphism of the Naidas Forma-
tion. The initial unconformable contact is marked by a set of common
planes, with stable parageneses under conditions of the greenschist
facies.

The Naidas IFormation is a polydeformed sequence. It displays a
polystadial crystalhzatlon as against the B; folding phase and partial
recrystallization synchronous with phase By/S,. Its adaptation to de-
formation and metamorphism was complete in the terrigene and tuffa-
ceous basic rocks whereas the acid volcanics and intrusions preserve
inherited (nremetamorphlc) relict structures and minerals.

The Zlatlta Formation displays one folding phase with related
metamorphism. It possesses composite foliations (Sy4-S;). Metamorphic
planes (S;,) -are partly. penetrative and the premetamorphic structures
are well preserved in all rocks. The contact with the Naidas Formation
is marked by a set of shear planes, associated probably with a Varis—
can overthrust.
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QUESTIONS

D. Russo-Sandulescu: 1. Are there similarities or differences between
the magmatites of the Naidas Formation and those of the Zlatita Formation ?

2: ‘If they :.are similar, how~do you' explain the continuity of the same
type of magmatism from the Lower Paleozoic iill the Devonian and meanwhile
sorne of them underwent a previous metamorphism.

Answers ;. 1. Petrographically ‘there are small differences between the
acid volcanics of the - Naidas Formation (metarhyolites, metarhyodacites with
muscovite-- and metamorphic biotite 'in the oriented mass) and those of the
Zlatita Formation (metadacites with stilpnomelane). Basic intrusive rocks of the
Naiday Formation are diorite-gabbros-monzogabbros, ‘whereas diorites are mostly
t6-be found in the- Zlatita Formation. No metagranites have been found in the
Zlatita -Formation. The small number of chemical analyses carried out (30 ana-
Iyses, in Intorsureanu et al., 1983) made impossible a clear differentiation in
geochemical respect. ]

2. I have mot mentioned the existence of a continuous and unitary magmatic
activity from the Lower Paleozoic till the Lower Carboniferous. The different
agé of the metasediments from the two formations (Naidas and Zlatita), the
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stratigraphic gap between the iwo formations, the deformational evolution and
the different metamorphism made us associate them with two sedimentary cycles
included into the Caledonian and Variscan orogenescs, respectively, The meta-
morphism gave rise to rocks different from the mineralogical and struc-
tural points of wview. The similar premetamorphic features can be explained
only by the existence of relatively similar geotectonic conditions in different
areas and time intervals, Later on both formations came into direct relation-
ships by overthrust.

N. Stan: You mentioned a garnet of a sedimentary origin identified in
one of the melamorphic series wunder discussion, Why is this garnet not meta-
morphic ? ’

Answer : 1 mentioned the presence of a clastic garnet in the Zlalita For-
mation with a low-grade metamorphism — stilpnomelane zone. The Zlatita For-
mation is characierized by the prescrvation of premetamorphic sedimentary and
magmutic structures and by the prescnce of mixed mineral assemblages: pre-
metainerphic reiies @mud metamorphic neofor mation minerals (sericite, chlorite,
epidote, albite, stilpnomelane). Garnet fragments (broken, cemented, etc) are
found beside an impertant fraction of other clastic minerals: quartz, muscovite,
biotite, feldspar in poorly wmetamorphosed terrigene rocks.

DATE. PETROLOGI@E PRIVIND METAMORFITELE
DIN-VERSANTUL NORDIC AL MASIVULUI LOEVA

{Rezumat)

Cercetdrile intreprinse in partea nordicd a masivului Locva au
permis individualizarea a trei entitati litostratigrafice cu constitutie
petrografica si evolutie metamorfica-deformationalda diferita.

Formatiunea de Bocsita-Drimoxa este constituitd predominant din
plagiognaise muscovito-cloritoase cu relicte metamorfice de almandin,
biotit, plagioclaz, ascciate cu gnaise granitice cu muscovit. Ea .repre-
zintd o secventd precambriand reactivatd In cursul orogenezei caledo-
niene. Contactul cu formatiunea suprajacentd este un contach transpus,
obliterat de deformare si recristalizare metamorfica.

Formatiunea de Naidas reprezintd o secventd din grupul paleo-
zoic inferior {grupul Locva). Ea este constituitd predominant din roci
vulcanogene bazice si acide si roci sedimentare de provenientd conti-
nentald, asociate spatial cu intruziuni bazice. Inireaga secvenid a fost
metamorfozaté in conditiile faciesului de sisturi verzi (zonele cu clorit
si’ biotit), in cursul orogenezei caledoniene. Deformaérile si cristalizirile
polifazice au fost urmate de deformdri suprapuse in cursul orogenezei
varistice. , L v .

Formatiunea de Zlatita, ce face parte din grupul Paleozoic mediu,
este constituitd din formatiuni terigene asociate cu tufuri bazice si
curgeri acide, metamorfozate la nivelul zonei cu stilpnomelan (faciesul
sisturilor verzi). Datele palinologice (Maier, Visarion, 1976) au eviden-.
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ON THE PRESENCE OF GARNET
IN THE METAMORPHICS OF THE TIBAU SERIES
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Tibgy  Series. Garnet biotitic paragneisses. Polymetamorphism. Retrograde

terworphism. CAlpine  metamorphism.  Foliations. Deformations. Mineral
3, EBastern Carpathians — Crystalline-Kesozoic Zone — Bistritei

Mountains.

Abstract

Within the Tib&u Series in the Cirlihsba region, first time was . noticed
a level of biotitic paragneisses bearing garnet, which allowed the reconstitution
of metamorphic history of respective formations and pointing out of their poly-
metamorphiic  character.” Ioliation-delormation-paragencesis relations sugest that
these formations resulted -in three metamorphic events (M;, M,, M;) which are
cach defined by a set of S planes and by a mineral own neoformdtion. Their
corroberation with the metamorphism of the other series in East Carpathians
.makes us .conclude . that the. first metamorphism - (M;) where develops garnet
paragenesis could be- Caledonian or even. older, the second metamorphism (Ms)
which is retrograde in relation. to' the first -one, could be Variscam and the
third metamorphism essentially dynamic, could be Alpine. On this account we can
eguate, at least partially, the Tibaw Series tw the Rebra. Series. o :

" Résumé

Présenice du grenat dans les métamorphites de la série de Tibdu- de la
région de Cirlibaba (Carpathes Orientales). La découverte pour la premiére fois
dun niveau de paragneéiss biotitiques & grenat; dans la’ série de Tibdu de [a
région de Cirlibaba, a permis de reconstituer Ihistoire métamorphe des- forma-
tions: respectives et la mise ‘en évidence de !eur caractére polymétamorphe. Les
ralations feliation-déformation-paragenése suggérent -que ces foérmations. se -sont

!
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constitudes au cours de trois événements métamorphes (MM, M., Mj), définis cha-
cun par un groupe de plans S et par une néoformation minérale propre. Leur
corrcboration avec le métamorphisme des autres séries des Carpathes Orientaies
meéne a ia conciusion que le premier mdétamorphisme (M;) ol se développe la
paragenése & grenat, pourrait étre calédonien ou plus ancien, le deuxiéme mdéta-
morphisme (M), réfrograde par rapport au aremier, pourrait étre varisque et
le troisieme meétamorphisme, essentiellement dvnamique, pourrait étre alpin, La-
dessus, on devrait faire une équivalence, au moins partielle, de la série de
Tibdu avee la série de Rebra. :

Introduction

So far therve are a lot of data and various opinions about the
metamorphic formations which Bercia et al. (1971) named the Tibau
Series.

So, lliescu and XKrdutner (1975) consider them to be of Lower
Carboniferous age on account of palinological arguments. Pitulea and
Visarion (1972) attributed to the Bistra Series formations (Pitulea,
1972) which partially see in parallel with the Tibdu Series an, Upper
Devonian-Lower Carboniferous age. Within the Rahov massif, similar
formations (the Kusinsk Series) have been said to belong either to the
Upper Paleozoic (Boiko, 1970), or to the Triassic (Slavin, 1966). In
the Maramures Mts, Zincenco et al. (1982) consider that the “Tibiu
group”’ which includes also the Tibau Series, is constituted of Triassic
rocks, because the carbonatic formation of the Tibdu Series is similar
to the carbonatic rocks of the sub-Bucovinian Triassic.

Regarding this series metamorphism, opinions are divided too:
1) Hercynian metamorphism (Sudctian phase) in the green schist facies
{Bercia et. al, 1971, 1976); 2) Late Kimmerian . metamorphism
(148 == 2 m.y), on account of the K/Ar determinations (Zincenco et
al., 1882); 3} pre-Caledonian metamorphism, in the almandine-amphy-
‘bolite facies for the Tibdu Series formations within the Saru Dornei
-and -Suhdrzel regions, which are said to belong now to the Rebra Series
(Balintoni et .al.; 1982 ; ‘Balintoni, 1984). This series formations develop
on important areals in the north of the Bistrita Mts, on the Tibdu and
Cirlibaba Valleys. At south of Cirlibaba up to Ciocénesti, they form
four parallel alignments, then up to the south they appear disconti-
nuously up to Saru Dornei. Equivalent formations to this series, but
having a more reduced development, are known within the Vaser-Viseu
region,. in the Bistra basin and the Rahov massif (Bercia et al.;, 1971).
.On the Delnita-Putna Valley alignment, metamorphites of the Tibidu
.Series .interpose between the .Putna pre-alpine base nappe in the Bu-
covinian Nappe socle and the sub-Bucovinian Triassic, this situation
.being seen either as a tectonic slice (Bercia et al, 1971) or as an over-
thrusting nappe (“Dc]nita fappe” — Rodna Nappe in the Bucovinian
Nappe socle

G amet Parageneses

~+i In 1882, the author lnvestlgated the Cuhbaba rcglon and for the
first time he noticed garnet in the formations which belong ta the
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lower complex (Th;) of the Tibdu Series (Bercia et al.,, 1971). Garnet
occurrence was remarked only in one point situated in the way escarp-
-ment which goes up the left slope of the Bistrita Aurie, from the Litu
quarry to the Dadu mountain manganese mine. Here the forest way
exhibits successive crystalline formations belonging to the Tulghes
Series (Tg; and Tg, complexes) from the sub-Bucovinian Nappe which
support tectonically carbonatic formations of the Tibdu Series (Th;
complex) (Nedelcu et al, 1983). Because we already presented these
formations in details (Nedelcu, 1978, 1980), for our purpose, we shall
resort only to the sequence of the Tibau Series where we noticed
the garnet. The respective sequence is opened by the Litu-Dadu way
around the km. 1.5 and followed up to north-east on about 500 m
(Fig. 1). Upside, its succession is the {oilowing : massive grey-whitty

N N Gnibaba

~ Fig. 1. — Geological sketch of the, Cirlibaba zone bearing occurrences
. of -garnet-biotitic paragneisses. Tibau Series (Bucovinian Nappe; 1-6).
1, biotitic-graphitic schists ; 2, black quartzites; 3, dolomites; 4, gar-
net biotitic paragneisses; 3, saccharoid white limestones; 6, guariz-
itic limestoncs ; '7, Bretila Series {(sub-Bucovinian Nappe) . ocular,
retromorphic mylonitized gneisses; 8, Talghes Series  (sub-Bucovinian
WNappe) ; 9, Pietrosu Bistritei porphyroids; 10, anticlinal axis; 11,
synclinal axis; 12, Alpine overthrust plape; 12, pre-Ailpine over-
thrust plane; 14; fauli; 15, qguarry.
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dolomites, sometinies banded, then an iniercalatien of 1-2 m thickness
of biotitic paragneisses, which are followed by a thin level (2-5 m) of
white saccharoidal limestones. These paragneisses which we considered
“biotitic schists” (Nedelcu, 1980) are composed of a mineral association
in which the garnet is also present. From the macroscopical point of
view, the respective biotitic paragneisses are grey-greenish rocks with
a compact aspect but with a more marked fissility along two visible
foliations (S9 and Sa»).

On one of the foliations, we can notice the garnet, often cataclased
snd laminated. Microscopic observations on these rocks point out some
mineral parageneses which belong to the following mineralogical as-
sociation : quartz -- muscovite + biotite -+ plagioclase 4 garnet +
tourmaline -+ apatite -+ ilmenite (— sphene). This association was pro-
bably created during several metamorphic events, this fact being sug-
gested both by the relations among the foliaiions and by mutual re-
lations noticed among these foliations and mineral parageneses as-
sociated to them (Table).

TABLE

itelalions Belwees folicdion and riseral paragerisses in qa nem»wulw paeragneisses from e
Tibiu Seris i7irlibada

Metamorphism .
Foliation - . - Mineral parwienesis
Event l Dreformuiion st
S M, tosyn-teclon .. Guariz + muscovile - biolite + gar-
[ npet -+ ilmenile -- apalite
! post-tectouical
3, M, bosyvn-teclonies? Ci¢ 0 transpositions of mineral parageneses
(laminaiion | . ‘roim the foliation S; in S,
1 e f from the foliation S, in S,
| vl © quartz -+ phengitic muscovile -+ chio-
i . rite -+ tourmaline -- sphene  (Hme-
i nite) : reerystailizations in the pres-
. ) sure shadows aund on the S, planes
M, I syn-tectonical - : shearings and transpositions of minerat
] -7 poaragencses from 5; and S,
!

In mder tr) 1econst1tute the rock metamorphic history, we shall
resort just to:these relations. Because of the overlapping of several
metamorphic © events, the S, foliation (bedding) was completely
obliterated. The first metamorphic foliation S;, which is not so visible,
is betrayed by {he orientation of mica :fine flakes. Mutual relations
petween minerals suggest that this foliation was probably followed by
a mineral neoformation which itook place in two stages in relation with
the syn- and respectively post-tectonical deformation. During the first
stage.” ‘crystallized ‘quartz, small muscovite and - biotite flakes; plagio-
clase ‘and ‘ilmenite. During " the second stage . post-tectonical telaxation
fa<11na'= el thc ciz ‘CLﬂ tion  of ‘metamorphic fluids, the -nucleation and

' 24 So, Qeveloped fﬁnc’oolasucqlw quart/ musdcovite,
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bictite, apatite and ecrystallized garnet. Ilmenite oriented inclusions
~prove the garnet post-tectonical formation and represent S; (Spry;
1976} equivalent to S, in the rock. The S, foliation of lamination,
‘intensely penetrative caused an almost total transposition of mineral
“paragenesis from - S;. So, quartz was either ground and. laminated, or
_ Lumod round on the plane of the S, foliation. Sometimes, when it is as-
sociated to mica, forms agglomelates or nonharmonious. folds, which
ican indicate by their image the direction where-reélative movement be-
‘tween two DEIO'lboulll'lo‘ planes of S, took place. Suctession of de-
founatlop—remVstelhzatlon processes during the formation of the S,
foliation is suggested b'v mica behaviour. From transversal positions,
‘they wre  ‘turned round and  transposed in  the S,  planes
(Fig. 2 B). During the transposition, micas pass some defor-
:mations, shown by undulatory extinctions, kinks, dismemberments.
:Although the transposition is almost total, we often notice fusiform
jaspeects or “horse tails”. In other cases, mica flakes are wrapped by S
:planes, which affect them mechanically too. Within their pressure
shadows, the neoformation phengitic muscovite of small dimensions
Tec1ysta]hzes Garnet usually small (1-2 mm), has square out-
Jdines and a little round edges, (Flg 27A). It is often. wrapped and
Aurned round on the S, planes.and in its pressutre shadows recrystallize
the quartz and phengitic muscovite. In other cases, garnet-crystals have
been completely smashed and laid within some small quartz lenses
partially recrystallized along the S, foliation, because of advanced la-
‘mination (Fig. 2C). On the planes of the same foliation, ilmenite is
pseudomorphosed by sphene, which _point out tggether .with mica and
: um 1z recrystallizations, a posL—‘odonlca] -static ‘stages Takmg ito. con-
eration that sphene 1eplosents stable metamorphic phase under the
Concutmns of green schist facies, but which reduces its field during
tho uppm—gmde metamorphism in favour of ilmenite (Force, 1976),
we consider that ilmenite—sphene transformation would suggest. a meta-
morphic retrograde stage. Because this kind of transformation takes
place only on the S, planes, it results that the metamorphlsm which
generated the respective foliation is 1et10grade R
. The S; foliation of crenulation. 1s the most: penetmtwe It resrarks
by shearing and transpositions of miner "2 parageneses from the S, and-S;
foliutions, without being follo%ed by a corresponding mineralogenesis.
As a“consequence, this foliation® can: he" catged’ by -a “dynamic meta-
mo;phxsm in a phase subseq{leni to 4he an e’cam01pmsms ‘which gene-
rated the thdUO”lS Sy and Ss. . s

Consxderatwn on Metammphlsm:

Considering the metaleohlc hlStOIy of biotitic paragneisses: bear-
ing garnet and also of the formations which include them (the Tibéu
Series), on account of the succession of. metamorphic events and of
the foliation-deformation- p’iiagenems 1’e"faf101ﬂs we ‘can conclude the
following :

' 1. Garnet rocks are’ polymetamorphlc they  pass at least three
metamorphlc events (M, My, M;) among which the last is esseatially

dynamic ;
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BLEAU 1

du grés de Iusaru

(Vallte de 3ioldova)
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IX. Coupe de la vallée de Suha Bucovineand (fig. 8), & Stulpicani,
vers la partie nord du mont Girilau (910 m). Clest ici que le grés de
Fusaru a une épaisseur de presque 50 & 80 m et se développe sur le
flanc ouest du synclinal de Plotonita (I'échantillon 1856/1 provient de
la partie inférieure, I'échantillon 1856/2 de la partie moyenne et I’échan-
tillon 1857 de la partie supérieure du grés de Fusaru).

C) Teneur en minéraux lourds

Par suite des opérations de traitements chimiques et de tamis-
sage on a résulté trois classes granulométriques: classe de 0,50 a
0,25 mm, classe de 0,25 a 0,16 mm et classe de 0,16 & 0,06 mm. Apreés
la séparation avec bromophorme on a obtenu des minéraux de la frac-
iion lourde examinés ensuite microscopiquement et finalement on a
fait 1’analyse globale sur chaque échantillon (tab. 1; fig. 9).

Les moyennes sur coupe de la fraction lourde supérieures a 0,06 mm
sont illustrées dans le tableau 2.

On a constaté de l'analyse des valeurs quantitatives que la plu-
part des especes minérales reviennent a la classe de 0,16 a 0,06 mm
et les plus élevées valeurs quantitatives se trouvent généralement dans
la coupe du ruisseau Valcanu (anticlinal de $tuba, fig. 9).

Grammes %

-25} Fig. 9. — Graphique du rapport
2 entre le poids de l’échantillon et le

201 & poids de la fraction lourde.
7 1, vallée d'Argel ; 2, vallée de De-
151 ? micusa ; 3, vallée de Valcanu: 4,
§ f ’ vallée de Deia; 5, vallée de Troci;
101 7 6, vallée de Salatruc; 7, vallée de
; 3 Suha Bucovineand, 1. reste des

25000505

grammes d’échantillon a la suite
du traitement & HCL; 2, grammes
de fraction lourde.

TRIS
LR
ANANANN|

5223
2%’

a) Analyse minéralogique de la fraction lourde. Les échantillons
analysés ont mises en évidence les suivantes espéces minérales, dont
la participation de pourcentage est figurée dans les tableaux (1 et 2):
minéraux opaques, grenats, hornblende, épidote-zoizite, staurotide, ru-
tile, zircon, tourmaline, chlorite, biotite, monazite, sphéne, glaucophane,
sillimanite, pyroxénes, disthéne, brookite, anatase, chloritoide, corindon
et actinote, Les résultats obtenus révélent que les plus grandes accu-
mulations quantitatives sont celles des grenats & pourcentage variant
entre 24,28 et 61,39, les maximums étant enregistrés dans les coupes
des vallées de Demdcusa (II), de Moldovita (IV), de Deia (VI), de ruis-~
seau Poieni (VII) et de Suha Bucovineani (IX).

Le grenat incolore appartient aux variétés grossulaire-almandin
et représente le minéral avec la fréquence la plus élevée de la frac-
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tion lourde et il est présent dans toutes les échantillons. On remarque
jeur prédominance dans les classes granulométriques fines et la faible
participation ou méme leur abscnce dans les classes plus grossiéres.

Vu la distribution sur coupes des grenats on peut affirmer qu'ils
s'accumulent surtout dans les parties moyenne et supérieure du greés
de Fusaru (vallées de Demadcusa, Deia, Saldtruc), tandis que dans la
vallée de Suha Bucovineand ils sc sont massivement accumulés (61,39%).
En totalisant la moyenne de participation des grenats on observe une
nette supériorité de la valeur pour la vallée de Moldova (fig. 10).

Yo

>l
I

50,

S,

el a

17 %2 12 12 42 12 t2 12 12
Opaques GranaisStauro-Rutile Zircon CiilecieTour - Pyre-Disthing Autres mirdroyx
' : tide . malive  x&nes lourds

. 11 ]
Fig. 10. — Répartition des minéraux lourds dans les bassins des val-
: : lées de Moldova et de Moldovita.

1, bassin de la vallée de Moldovita ; 2, bassm de la vallée de Moldova

Les- minéraux -opaques par rapport aux grenats Jpreésentent les
accumulations les plus grandes 1a ol les grenats enregistrent les valeurs
les plus "basses. Cependant, quelques coupes se caractérisent par des
valeurs plus élevées, telles les vallées d’Argel, de Deia et de Saldtruc,
alors que d’autres coupes ont des valeurs plus réduites comme la vallée
de Suha Bucovineand, a Stulpicani (20,5"%). V

Les oxydes sont représentés par magnetite, ilménite, hématite ot
ilmonite et les sulfures par pyrite et marcassite. Parmi les oxydes,
seulement la magnétite et l'ilménite apparaissent sous forme de gra-
nules bien individualisées, ayant des degrés de roulement différents, des
fragments de cristaux ou des ‘formes cristallographiques (octoédres et
respectivement des cristaux tabulaires munis d’arétes arrondies), par
rapport a la hématite et .au limonite d’habitude aux formes de pous-
siere ou bien de crofites concrétionnées souvent altérées partiellement
en limonite. La coexistence des oxydes et des sulfures dans le grés de
Fusaru peut suggérer autant leur origine des milieux de sédimentation
initiaux que leur formation épigénétique. .

Selon la valeur det pourcentages c’est la chlorite. qui vient apres
les minéraux opaques, ayant une extension bien plus grande dans les
vallées de Deia, de Moldovita et de S&litruc. Outre la chlorite d’ori-
gine détritique, ont été aussi identifiées des lames minces de chlorite
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qui ont reésulté probablement de l'altération des biotites (relevée seule-
ment par les rares lamelles de sagénite) tout comme de laltération
partielle des grenats et de la hornblende (pl. I, fig. 10). Des minéraux
dont la source primaire doit étre cherchée dans l'aréal des roches
cristallophyiliennes mésométamorphiques, il faut rappeler hornblende,
épidote-zoizite (tous les deux & participations insignifiantes), staurotide,
disthéne, biofite, glaucophane, sillimanite et actinote, les derniers a
participations subunitaires ou méme accessoires (pl. I, figs. 8, 11, 12;
pl. 11, figs. 1, 5).

La hornblende verte apparait en quantités trés petites, d’'une grande
fréquence dans les coupes de Deia (VI) et de Sidlatruc (VIII), plus abon-
dante dans la classe 0,16 a 0,06 mm. Elle se présente sous forme de
prismes courts avec les marges a franges, étant partiellement chloritisée
(pL. 1, figs. 3, 6; pl. II, fig. 5). Sa faible participation de pourcentage
dans la composition de la fraction lourde suggére autant l'intense alté-
ration prédépositionnelle que D'absence initiale du détritus dans ce
minéral.

La staurotide est présente dans toutes les classes (avec quelques
exceptions) bien que les valeurs de pourcentage sur coupes soient

Bassin de Moldovita Bassin de Moldova

o V.d'Argel  V.defemdcusa V.devaleany Vide Troci VdeDeia VdeSdlatruc V. Suha Bucovineand

Fig. 11. — Teneur en principaux minéraux lourds des bassins des valléds de Mol-
dova et de Moldovita.
1, grenats; 2, chlorite; 3, staurotide ; 4, rutile; 5, zircon.

variables, les moyennes pour les deux zones (bassins de Moldovita et
de Moldova) sont presque égales, fait qui dénote des sources d’apport
communes (fig. 11).

Le rutile et le zircon ont la fréquence la plus élevée du groupe
des minéraux trés résistents au transport et a laltération, et la tour-
maline, le sphéne et la monazite sont sporadiques pareillement aux au-
tres composants de la fraction lourde (tabl. 1 et 2).
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b) Caractéres morphoscopiques. La forme, les dimensions, le degré
de roulement et d’aplatisation des minéraux détritiques (Ro = 0,7 & 0,9)
sont des sources d’information ainsi que des indices qui relévent non
seulement la distance et la durée du transport mais aussi les conditions
paléoclimatiques. La coexistence des formes arrondies, anguleuses et
aplaties de la méme espéce minérale ou des espéces différentes dénote
qu'il s’agit d’'un mélange de granules transportées sur des distances
appréciables et de granules transportées sur des distances petites (tabl. 3).

Les formes arrondies suggérent non pas un transport de longue
durée mais aussi des remaniements répétés, a la différence des granules
anguleuses qui suggérent autrement un transport rapide sur des dis-
tances courtes sans qu'un processus de polissage et d’arrondissement
plus prolongé ait eu lieu. Le rapport entre les minéraux trés résistents
et ceux & rosistence moyenne est de 1/0,47.

On remarque la participation en proportion de 60%, des minéraux
a formes arrondies, en comparaison de 25-30%, de ceux a formes angu-
leuses et de presque 10%; de ceux idiomorphes. Du reste, dans le
groupe des minéraux idiomorphes, le zircon a la primauté par ordre
décroissant sur tourmaline, rutile, minéraux opaques, chlorite et stau-
rotide. Les formes arrondies abondent dans les trois classes granulo-
métriques séparées, les plus nombreux étant les minéraux opaques sui-
vis des minéraux transparents (grenats, chlorite, zircon, tourmaline,
rutile et staurotide).

Les formes anguleuses sont subordonnées a celles arrondies, les
grenats et la staurotide étant les plus affectés dans leur chemin jus-
qu'au milieu de dépbdt; les cas ol une partie des minéraux opaques
tels chlorife, tourmaline et zircon ont subi des heurts suivis des rup-
tures prédepositionnelles sont rares.

Du groupe des minéraux opaques les formes arrondies sont d'une
grande fréquence tant pour les oxydes de fer que surtout pour les
sulfures mais, par rapport aux oxydes qui sont remaniés, les sulfures
sont penécontemporaines (tabl. 4). Elles sont représentées par pyrite,
chelcopyrite (autigéne), la fréquence maximum étant dans la coupe de
Deia (VI) et manquent dans les coupes d’Argel (I) et de Demacusa (II).
Sporadiquement ont été identifiées quelques granules idiomorphes d’il-
menite et de magnétite dans les échantillons de la vallée de Moldovita.

Les grenats, composants de base de la fraction lourde, apparais-
sent dans une égale mesure dans les granules anguleuses et arrondies,
le rapport étant 1:1, fait qui n’exclut pas la possibilité que leur dis-
tribution soit inégale sur les coupes. Les formes arrondies sont concen-
trées surtout dans la coupe de Demdcusa-Petac (II), la partie supérieure
de la coupe de Valcanu (III) et les parties moyenne et inférieure des
coupes de Dela (VI) et de Salatruc (VIII). Ont éié aussi identifiées des
granules d’aspect mamélonné et des cristaux idiomorphes (pl. II, fig. 2).

Les cristaux (pl. II, fig. 3) a marges bien conservées traduisent
un transport court et rapide tout comme dans le cas des cristaux idio-
morphes de zircon (pl. I, fig. 2) d’aspect prismatique bipyramidal ; les
formes euédriques de rutile (pl. II, fig. 8) présentent souvent des con-
crescences sur les faces latérales du prisme ou bien des bourgeonne-
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TABLEAU 3

Aspect morphoscopique des principaux minéraux opaqgues du gres de Fusaru

é Minéraux cpagues
Nol s 3 PROVENANCE '::;.“: fel S| 8o | 28
=% S22 EV 5T | G
]
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5 1870 ® e °.’ ¢ o e -
6| 6885 B » .. K < Z
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9} 7053 ) ° - . Y
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— absent
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TABLEAU. 4

Fréquences des

minéraux  opaques du gres de Fusaru

§ Formes idiomorphes | Formres arrcndies | Formes rugueuses
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