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1. MINERALOGIE — PETROLOGIE — GEOCHIMIE

PETROLOGIA EROCILOR MAGMATICE

LA SUCCESSION DES INTRUSIONS NEOGENES DE LA REGION
TOROIA GA-TIGANUL. (MONTS MARAMURES) !
PAR
TUDOR BERZA 2, MIRCEA BORCOS 2, ROSETTE IANC?2, IRINA BRATOSIN2

Subvolcanic magmatism. Neogene. Peirochemisiry. Magmatic differentiation, Quartz-diorilic
magma. Postmagmatic transformations. Magmatism and associaled metallogenesis, K|Ar
method. East Carpathians. Toroiaga-Tiganul.

Abstraet

The Sequence of Neogene Intrusions in the Toroiaga-Tig a-
nul Region (Maramures Mountains). Within the Neogene subvolcanic mag-
matites of the Toroiaga-Tiganul region, five petrotypes have been distinguished, whose mutual
relationships point to five intrusion stages in which different andesites, quartz andesites and
quartz diorites were emplaced. Their geochemical characteristics favour the interpretation
according to which they result from the incipient differentation of a quartz-dioritic magma.
The 6 m.y. K%/Ar40 isochrone assigns the Neogene subvolcanic magmatism from this East Carpa-
thian sector to the Upper Pontian.

1. Introduection

La pétrologie des intrusions sous-volcaniques du sud-est des Monts
Maramures, isolées & 1’extérieur de la chaine éruptive néogéne des Carpates
Orientales a été étudiée seulement sur certains périmetres. Jusqu’d présent,
on n’a pas réalisé I'image unitaire de ’ensemble des dykes traversant les
schistes cristallins et les dépots crétacés et paléogénes entre les riviéres
Cisla et Vaser, dans les monts Piciorul Caprei, Toroiaga et Tiganul.

1 Regue le 10 Mai 1980, acceptée le 14 Mai 1980, communiquée a la séance du 30 Mai
1980. 1

2 Institutul de geologie si geofizicd. Str. Caranschbes nr. 1, 78344 Bucuresti, 32.



12 T T. BERZA et al. g 2

La premiére carte géologique qui indique les roches éruptives néo-
genes de la zone Toroiaga a été publiée en 1886 par H. Zapalowicz
(Szdoke, 1962 a). Socolescu (1952, 19543, 1958) est le premier
chercheur qui a marqué sur la carte 1 : 20.000 les occurrences de 1’éruptif
néogéne entre la créte Toroiaga et la riviére Cisla, tandis que Dimitr e-
secu (1954, 1955, 1959) a investigué la région comprise entre le ruisseau
Novidt — la créte Toroiaga — le mont Gilu — la riviére Cisla & 1’échelle
1:10.000 et Borcos (1954)*a dressé la carte & 1’échelle 1 : 5.000 de la
créte Piciorul Tiganului. Sz o6 ke (1960, 1962 a, b, 1965, 1966) a investi-
gué la région située entre le ruisseau Novét et le ruisseau Miraj au nord,
le ruisseau Arinies & 1’est, la riviére Cisla au sud et les dépdts sédimentaires
& 'ouest, tandis que Steclaci (1962) a fait une étude détaillée de la
minéralisation des filons principaux du champ minier Toroiaga. Dans
une étude géothérmométrique de la minéralisation du massif sous-volcani-
que Toroiaga-Tiganul, Borcos (1967) a dressé la carte & 1'échelle
1:50.000 de la région située entre la riviére Cisla et le ruisseau Novicior.
Au cadre des travaux de prospections et explorations, les cartes détaillées
de certains périmétres et travaux miniers contenant des intrusions néo-
génes ont été dressées par P. Ciornei entre 1954 et 1970 5, des équipes
du TPDMN (1961—1965) 5, ISEM (1969)?, IPEG Maramuresul (1970—
1980)8, IM Baia Borsa (1970)° et de 'TGPSMS (1975, 1978)1%. Gan dr a-
bura et Petreus (1978) ont apporté des données nouvelles sur la
pétrochimie des magmatites néogénes de la créte Toroiaga et Piciorul
Caprei par U'intermédiaire de 13 analyses chimiques, tandis que Gridan
et al. (1979) ont investigué la région située entre la riviére Vaser et Piciorul
Gradului, insistant sur les aspects microtectoniques et métallogénétiques.

En ce qui concerne les interprétations de nombreuses données offertes
par les auteurs mentionnés ci-dessus, on remarque deux tendances. Ainsi,
Socolescu (1954) 1! signale une évolution polyphasée du magmatisme
néogene de la région, qui semble débuter par la phase des andésites massi-
ves et diorites, continuer par la phase des andésites dacitiques et des daci-
tes et s’achever par la phase des andésites foncées & hornblende et pyro-
xéne ; on considére gue durant la premiére phase, le passage des andésites
aux diorites est graduel. En opposition a cette interprétation-la, D im i-
trescu (1954, 1955, 1959) et Szdo ke (1962 a, 1965, 1966) mention-
nent la présence d’une unique intrusion sous-volcanique & l’intérieur de

3 Arch. 1GPSMS, Bucuresti.
4 Avch. 1GG, Bucuresti.
5 Arch. IGPSMS, Bucuresti.

8 Arch. Min. Geol. Bucuregsti.

7.Arch. IFLGS, Bucuresti.

8 Arch. IPEG Maramuresul, Baia Mare.

8 Arch. IM Baia Borsa, Baia Mare. 0
10 Arch. IGPSMS, Bucuresti.

¥ Op. cit. point 3.
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laquelle les différentiations locales ont généré les différents types pétro-
graphiques de la région, leur interprétation étant adoptée par les géologues
qui ont investigué ultérieurement la zone Toroiaga-Tiganul.

2. La nature et la distribution des intrusions néogénes entre les
rivieres Cisla et Vaser

A la suite des recherches faites 12 sur les magmatites néogénes situées
entre les rivieres Cisla et Vaser, nous avons abouti & la méme interpréta-
tion polyphasée que Socolescu, en identifiant cependant cinq pétro-
types 13, dont les relations réciproques justifient les cinq phases d’intru-
sion déduites. Suivant l’ordre d’intrusion, on remarque les andésites
quartziferes de Novicior, les andésites de Toroiaga, les diorites quartziféres
porphyriques de Secu-Novit, les andésites quartziféres de Vertic et les
andésites de Piciorul Caprei. Au sud-ouest du mont Toroiaga, les dépots
paléogénes sont traversés par des andésites a hypersthéne, augite et horn-
blende brune, représentant un type différent — 1’andésite pyroxénique
d’Arsita.

Les andésites quartziféres & biotite et hornblende de Novicior (pre-
miere phase), qu’on peut aisément reconnaitre sur le terrain grice aux
grands phénocristaux de plagioclase, se trouvent surtout au nord de 1’aire
des intrusions néogenes (les bassins des ruisseaux Miraj, Mihoaia, Novicior)
ol elles traversent les schistes cristallins ayant la forme d'un corps géné-
ralement circulaire, au diameétre de presque 4 km, et conservant beaucoup
de restes du toit des métamorphites (pl.). En partant du bassin du
ruisseau Novit vers le sud, les andésites quartziferes de Novicior consti-
tuent une suite de dykes orientés NW —SE, qu’on peut suivre jusqu’au
bassin du ruisseau Hrit. :

Si du point de vue macroscopique les andésites quartziféres de
Novicior sont trés uniformes, I’on constate au microscope la variation du
taux des phénocristaux de quartz, jusqu’a 59, de la roche, et souvent
méme leur absence. Les rapports et les dimensions les plus courantes des
éléments composants de ces andésites quartziféres (ainsi que ceux des
autres pétrotypes) sont représentés dans le tableau 1; les limites et la
moyenne des contenus en principaux oxides et éléments en trace sont
représentées dans le tableau 2.

Les andésites & hornblende et biotite de Toroiaga (seconde phase)
affleurent dans un corps principal, de type dyke, orienté NW—SE, long
de 7 km et large de 2 km tout au plus, et comme nombreux dykes longs
de quelques centaines de métres et épais de quelques dizaines ou seulement

12 Arch. IGG, Bucuresti.

13 Ayant en viue les caractéres macroscopiques, microscopiques (450 sections minces)
ou chimiques (70 analyses chimiques et 95 analyses spectrales). Les critéres utilisés sont : la
nature et le poids de différents phénocristaux, la grandecur des phénocristaux, le rapport phéno-
cristaux/pate, la structure de la pate et le taux de SiO,.



. T. BERZA et al.

14

anbnixejoidg T wt urut
anbyoIy - wut 1 unu 1 8—5°0 I—¢°0 jmug—7| Toxde) [niopIg
aurreIsto03dLr) jww 10>|% 0808 | — %G—0 | %0T—0 | %4T—¢ | %G—0 [%0F—0I 3P SOYSPPUY oA
1 i wiut W i ,
auy[[elsto 1d L1 go—10 | wuwry €—20 | £€—G°‘0 wwg—| IdA 9P SOIR]
SUH[BISIOO I Wil [0> % 06~0F | % 1> %G—1 | %01—6 | %g¢—g| — %07 —0€ | -1z)ienb sa)sgPUY [o_ AT
. - sanbnomp
QUI[BISLID0IOTIA éf ;% se fe o s¢ -zjrenb saxfydiod
onbmydern | utwu y¢Q . B - ) {BAON-109G 9D
anbridydoueir Wit wuw 7| wa g—pf wuw 2=yl ww 1 |lunu ¢—g | soanbudgdiod saalx
EMUEISONIW [£°0—T 0 |% 0£—08 = %E—0 %0T—8| %Sr—8| %0I—0 |%09—0¢ { .-1z)enb sojI0Iq lo-TI11
anbnoory wut wur
AuI[[e)s1I00)dA1) - I—€°‘0 G—G‘0 ww [ (uuwg—g e3e1010 I,
SUI[BISIDONIW |WW T 0> (% 0% — 02 = % €—0 %01—¢ | %8T—6 | %€—0 {%09—0¢ 9P SIUSYPPUY | o-II
i wrw uru
aup[[e)st00ydLa) jum [9>|%0g—0% (4°0—~T‘0 | wur | €—€0.] €—¢6‘0 wre/, —¢ IOIOIAON 3P SAIRY
SUII[EISTIO0IN ¢ % 1> %e—0 % 01—¢ %9—¢ = % 07 —0¢ | -1z3aenb saysopuUVY | exp_I
. d ® apualq o asep
Injoni urel xne e z)aen 91301 - AUIXO i
wnis a=p L HVECy i G s ILIOH R dj -oBerg anbriydeiSoapd sdA | oseudq
a1ed XNEISLoousy g

J9SDA ]2 DISI) Sod91ald S3] aJjud Juaimalljp
b sougboyu sappwlhowr sap saumpondys s3] 12 senbifopisuiur sanbysigvILY SIT

I NVATIdVL




15

LA SUCCESSION DES INTRUSIONS NEOGENES — TOROIAGA-TIGANUL

| *SO[BULIITIOIPAT SUOHEB[NOID XNE SONP SPA3[P 1UIUWI[LUIOUE SINB[EA $p uoldooxo V ¢

006 | 899 qee 00ST | 896 099 | OSTT | 099 % 05T 00€T | 898 0.9 0621 | 056 058G eg
0LS 1L | 02T 08¢ 0Le 01€ | 0BG | L8¢ ore 0oLy | 8¥¥ 0Gg 0SL | L6V 00¢g IS
06C | LOT | 06 424 10T | 66T 0L | 86T | G811 0SCZ| L0T | 08T | OvG | 961 Ga1 LV
8¢ 0g> | ¥ 06> | ag 0g> | ¢¥ 0g> | 011 0> ¥
8¢ ¥C 91 6T (44 L1 0g 92 |44 6C €C 8T 4 14 0g X
‘e | -2 | 81 S‘e 0‘C| 8T 6'cllr €2 | Bv| 8B @C) LT} 91 gT] 97T qx
G¢. 61 [4° 81 48 G‘6 | 02 L1 eT €T 48 1 L1 4} [4* S
0L | ¥21 | G6 0zt 06 Qg a81T | 92T 08 148 €6 QL 06T | SOt 08 A
G9¢ 99T | €T 44 (44 o1 GL T8 8 oSt | ¥¥ (4 9¢ 14 eT D
6T 8T g1 LT 44 GL | LE - Go1| 8 LT €1 6 e 8T 8 oD
00r | g€ g8 | 6T 1T R 4} 1T L 61 o1 G‘9 | €2 14} 9 IN
¥e 61 qr 4 6T (4" 6C (44 LT Lg 0¢ ST. | LT [44 8T €D
8 c> 4 z> L. g> 59 c> L z> usg
0gr | ¥4 €9 [1¥8 VL 0g qor | 99 06 [0St | 99 99 . 00T 09 oy uz
1 0S8 [44 9T 99 . | €2 SP (1L9 LT 01 Q9 0g ¥ 10l 0og Z, nd
89 €¢ 6 Qg 4 6 87 6T G'6 {184 6¢ (41 14 1€ 02 qd
1€‘0{ 92°0 | 910 | LZ‘0 | 12°0 | €1°0 [ OE°0 | €3°0 | 910 | 16°0 | L2°0 | 61°0 | 8CT°0 | 12‘0 | TT°O f0%a
G6°0 | 08°0 { TLO | TO‘T | LL°0 | 09°0 | ¥6°0 | 180 | 99°0 | 06°0 | 64°0 | 69°0 | L0 | 99°0 | 09°0 fo1L
8C°‘C | €6°C | 291 | ¥8'C [ 1G‘E | L6°CT | 9G‘C |.L8°C | GG‘T | 08P | 1€ | O8‘T | ¥9°F | 9C‘S | PS°T 0™
0L°€ | 90‘c | 0C‘C | TO‘P | 8P‘C | OL‘C | €6°€ | 9P“€ | LO‘T | €6°C | GG‘E | LO‘E | 6% ‘P | ¥6°C | gg°¢E 0%N
0G°Z | 069 | €8°G | 80°G [ 29°C | €C°C | 96°L | GL‘G | 680 | #€°9 | GI‘G | 00‘E | 6V | 05V | €6°¢ 0®)
68‘C [ GLy | 6V‘C | G9‘C | 0€°C | OL°T | $G‘C | €0°E | 29‘C | LQ‘V | GO‘E | 09°C | 28T | 9T | 6&°Y O
GT‘0 | €1°0{ 210|120 | TT°0 | L0°0 | €1°0 | OL°0 | LO‘O { LT°0 | 21‘0 | OT‘O | 91°0 | 60°0 | €0°0 Oul
L0°G | 60°FP | SO°S | 1G°C | L¥‘T | ¥B°Y | 89°F | Ob°E | OV‘C | LV | GV‘E€ | PL°C | 00°C | 92°C | 99°T 031
VOV | ¥9°C | TO°T | TL°E | GO°T | LL°T | OL°E | OF°‘T | TO°T | 8P°S | LP°C | 86°T | LP‘C | PE‘C | ¥2°T £0%y
L9°9T| 09°ST| ¥9°VT| ST LY| PP 9T} T8 STy TF ‘LT| SL°OT| T6°G1| 60°LT| 0T 9| LV ‘ST| LV “9T] 90°9T| 0g¢°SY toly
6Z°LS| 96°GG) 0T ‘eS| 09°€9) G8°T19| 0T 09| 09°T9| 06°6G| TI LS| 08°6S| 8E°8S| S€°9G| 09°€9] 08°09| TI‘6C *o1s
Bl 2| Bl B | 5| 8|58 = sl 2| 8| 5| 8| =& wdd <
< < m B 1 B3 m 4 < : = < m m < m
g g E 8 g = g = & g 5 E = = 2
=] ® g g @ = 3 e l 5 2 B 8 ® B
-sasA[eus [/, sasA[eue QT sasAfeue 9T . sasAjeue g1 sasf[eas
r3aden [nIoOOIg 3[}I9A 9P SAIQ) jBAON-NOSG eSerooy, IOIIIAON 9D SIRJ | gsegg
ap SIISPUY ~-1zyaenb sajsopuy AP SIPIOTT AP  SIAISIPUY -1zjxenb sojispuy
A ’ Al 111 11 I

JoSDA 10 DIS)D S2431a1 Sa adjus Juadnalffp mb saupbopu sapymwbpur sop sanbuungooas sanbysigzovivo saT

¢ NVATIIVL



16 T. BERZA et al. 6

de quelques meétres, générant une couronne d’apophyses satellites qui
s'insinuent dans les schistes cristallins, les dépots sédimentaires ou les
andésites quartziféres de Novicior. Le dyke principal représente 1’ossature
de laire d’affleurement des magmatites néogeénes situées entre les rivieres
Cisla et Vaser et se transforme en faisceaux d’apophyses de quelques
kilométres en longueur, tant vers le nord, dans les andésites quartziferes
de Novicior, que vers le sud, dans les schistes cristallins du versant droit
de la Cisla.

Les andésites de Toroiaga différent des andésites quartziféres de
Novicior par leurs phénocristaux plus fins et plus abondants par rapport
a la pate et par une plus grande quantité de hornblende et une moindre
quantité de biotite. Quelquefois, aux phénocristaux de plagioclase, horn-
blende et biotite s’associent des phénocristaux de pyroxeéne et/ou quartz
(tab. 1). Chimiquement, ils sont riches en K,O (high K andesite — T a y-
lor, 1969), ayant toutefois un caractére plus basique que les andésites
quartziféres de Novicior.

Le contraste entre I’aspect et la composition des andésites de Toro-
laga et l'aspect et la composition des andésites quartziféres de Novicior,
aussi que leurs relations sur le terrain, oit ’on a identifié des contacts
directs entre ces deux types (le ruisseau Miraj), excluent leur interpréta-
tion en tant que différenciés au niveau d’érosion actuel, dans une intru-
sion unique 4. En ce qui concerne ’ordre de succession de ces deux intru-
sions, on n’a pas de preuves incontestables pour démontrer que les
andésites de Toroiaga sont plus récentes, mais la relation qu’on peut
observer dans l'afflenrement du ruisseau Miraj, ol ’andésite quartzifére
de Novicior est tres fissurée prés du contact (les deux roches étant intensé-
ment propilitisées) tandis que 1’andésite de Toroiaga n’est pas fissurée,
suggere l’intrusion ultérieure de 1’andésite de Toroiaga. D’autre part,
les diorites de Novit influencent visiblement au contact les andésites
quartziféres de Novicior, étant ainsi plus récentes. La succession des intru-
sions d’andésites de Toroiaga et de diorites de Secu-Novi} parait rapide
{selon Socolescu elles appartiendraient & la méme phase), il est peu
probable que les andésites quartziféres de Novicior soient emplacées
pendant cet intervalle, étant donc plus récentes que les andésites de Toro-
iaga et plus anciennes que les diorites de Novit.

Dans les bassins des ruisseaux Novit et Secu, affleurent les diorites
quartziferes porphyriques & hornblende et biotite = pyroxéne (troisiéme
phase), considérées jusqu’d présent en tant que faciés central et de pro-
fondeur des andésites de Toroiaga, & cause de la ressemblance minéralogi-
que et chimique des deux pétrotypes discutés (tab. 1 et 2). En effet, en
suivant sur le terrain les magmatites néogénes du sud-est des Monts Mara-

1 Quoique Gridan ectal. (1979) se ralient 4 'idée du s»corps sous-volcaniqueToroiaga-
Tiganul”, leur carte et leurs sections géologiques démontrent des relations d’intrusion réciproque
entre les ,,andésites & biotite + phénocristaux de feldspath’ (andésites Quartziféres de Novicior)
et les ,,andésites & hornblende et biotite” (andésites de Toroiaga), mais sans qu’on précise les-
quelles sont les plus récentes.
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mures, la limite andésite de Toroiaga-diorite de Secu ou Novat est la plus
difficile & suivre. A ’exception des zones oul les altérations hydrothermales
excessives effacent complétement cette limite, on peut tout de méme la
reconnaitre grice & un faible contraste de couleur, généré par la granu-
lation différente de la masse fondamentale des deux roches et par la varia-
tion du rapport phénocristaux/masse fondamentale, la taille et le rapport
mentionnés étant plus grands dans le cas des diorites quartziferes porphyri-
ques. Sur des coupes bien ouvertes, comme par example la source du
ruisseau Novat au-dessous de Coasta Mare (le versant ouest du mont
Toroiaga), la limite entre les andésites de Toroiaga et les diorites quartzi-
feres de Novat peut étre identifiée assez aisément; quelquefois on peut
méme recolter des échantillons de la zone de contact. Sur le versant droit
du ruisseau Secu, dans la zone limitrophe aux andésites de Toroiaga, les
diorites quartziféres porphyriques présentent une granulation plus fine
de la masse fondamentale (de prés de 0,3 mm & moins de 0,1 mm), en
passant aux roches décritespar Dimitrescu (1954,1955)et Szo ke
(1962 a) comme ,,porphyres quartz-dioritiques”, dont la limite avec les
andésites de Toroiaga est trés difficile de tracer sur le terrain. Bien que
les enclaves d’andésites de Toroiaga soient absentes des diorites, les néo-
formations métasomatiques de contact identifiées dans les andésites de
Toroiaga du bassin du Novit (et aussi dans les andésites quartziféres de
Novicior) situées dans la zone d’influence des diorites de Novii, prouvent

I’age plus récent des diorites. I'affleurement des diorites dans les vallées

profondes ou dans les horizons inférieurs de la mine Toroiaga, démontre

qu’elles s’enracinent sous les andésites de Toroiaga, qui restent comme

une partie du toit (dans la créte méridionale du mont Toroiaga), en divi-

sant en deux la zone d’affleurement des diorites.

Les diorites quartziféres porphyriques de Secu-Novidt constituent,
de méme que les andésites de Toroiaga, un corps allongé, pouvant étre
considérées en tant que dyke, exposé par 1’érosion (avec l’interruption
mentionnée ci-dessus) dans la direction NW —SE sur 8 km, ayant tout
au plus 1,5 km de largeur, intrus axialement dans le dyke principal des
andésites de Toroiaga. Si au nord les diorites disparaissent sous le toit
des andésites de Toroiaga du mont Piciorul Tiganului (la limite étant
difficile & tracer & cause des altérations hydrothermales intenses de cette
région), vers le sud les diorites quartziféres porphyriques dépassent le
corps principal des andésites, en s’effilant & 1’est du ruisseau Colbu sous
la forme de nombreux dykes ayant une largeur de dizaines- de métres
ou seulement de quelques métres, intrus dans les schistes cristallins.
Dans cette zone la granulation de la masse fondamentale diminue beau-
coup (phénoméne qu’on peut déja observer dans ’interfleuve Secu-Colbu),
jusqu’d moins de 0,1 mm, ce qui permet de décrire ces roches en tant
que porphyres quartz-dioritiques, ou méme andésites. Les phénocristaux
des diorites de Secu et des andésites de Toroiaga seressemblant et la fines-
se de la pite empéchant de distinguer méme au microscope entre les
produits des deux phases, les dykes situés & 1’est du ruisseau Colbu sont

2 - ¢, 553
19
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difficiles & attribuer & la deuxiéme ou & la troisiéeme phase, cette discrimina-
tion étant pour beaucoup arbitraire.

Les andésites quartziféres & biotite et hornblende de Vertic (qua-
trieme phase) ressemblent, par leurs caractéres minéralogiques et chimi-
ques (tab. 1 et 2) aux andésites quartziféres de Novicior et se différencient
de celles-ci sur le terrain par la taille normale des phénocristaux de plagio-
clase (1—3 mm), en contraste avec les grands phénocristaux de feldspath
(jusqu’a 10 mm) des andésites quartziferes de Novicior. En opposition
avec les premiéres qui manquent souvent de phénocristaux fins de quartz,
les andésites quartziféres de Novicior en contiennent sans exception.

Les andésites quartziféres de Vertic forment de nombreux dykes
longs de quelques kilomeétres et larges de quelques dizaines de meétres
(méme jusqu’as 100—200 m), orientés NW— SE, qui traversent les diorites
de Secu-Novit, les andésites de Toroiaga, les andésites quartziferes de
Novicior, ou directement les schistes cristallins (pl.). Dans la vallée
de la Cisla entre la confluence avec le ruisseau Morii et la confluence avec
leruisseau Vinisorul, affleure un grand corps constitué de ces roches, dont
la masse fondamentale présente une cristallinité plus élevée.

Les andésites de Piciorul Caprei (cinquiéme phase) constituent une
série de dykes aux épaisseurs décimétriques, métriques (le plus souvent)
ou décamétriques, orientés souvent NE—SW, qu’on remarque sur le
terrain grace a leur couleur noire (andésites foncées — Socolescu,
1954y, fraicheur, une quantité réduite de phénocristaux de plagioclase
et la présence des prismes de hornblende, en forme d’aiguilles longues de
7—8 mm. Au microscope, ’on constate que les andesites de Piciorul
Caprei contiennent un taux réduit de phénocristaux de plagioclase et de
hornblende quelquefois accompagnés par du pyroxéne, de la biotite et/ou-
du quartz, ainsi que d’une pate & structure pilotaxitique. Il y a toutefois
des cas ou I’abondance des cristaux de plagioclase peut nous conduire
les confondre avec les andésites de Toroiaga ; de méme, il est possible
que des dykes de ce type-1a, cantonnés dans les andésites de la deuxiéme
phase n’aient pas été séparés.

Les relations observées sur le terrain indiquent certainement pour
les andésites de Piciorul Caprei un 4ge plus récent par rapport aux andesi-
tes quartziferes de Novicior, aux andésites de Toroiaga et aux diorites
de Secu-Novit. Nous n’avons pas rencontré d’affleurements ol les andési-
tes de Piciorul Caprei soient en contact avec les andésites quartziferes de
Vertic, mais selon le caractére particulier des premiéres et leur position
perpendiculaire sur la direction des dykes appartenant aux phases I, IT
et IIT et aux andésites quartziféres de Vertic, nous les considérons, tout
comme Socolescu (1954)1% les derniers produits du magmatisme
néogéne de la région. :

La nature pétrographique et la distribution spatiale des produits
des cing phases d’intrusion reconnues dans la région située entre les rivieres
Cisla et Vaser, nous meénent 3 la conclusion que l’activité magmatique

15,16 Op, cit. point 3.
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néogéne a eu une évolution complexe. Ainsi, les produits de la premiére
phase sont rencontrés surtout au nord de la zone d’affleurement de 1’érup-
tif, les intrusions appartenant & la deuxiéme, troisiéme et quatriéme
phases se superposent dans la zone centrale et méridionale, tandis que
les dykes de la cinquieme phase couvrent entierement le territoire en
question. En ce qui concerne le caractére chimique (tab. 2), on remarque
I’évolution suivante de la nature des intrusions : la premiere et la quatriéme
phases sont plus acides, la deuxiéme et la troisiéme sont intermédiaires
et la cinquieme phase représente le type le plus basique de la région, qui
correspond toutefois au magma andésitique. Un trait géochimique carac-
téristique des magmatites néogenes de la région Baia Borsa est représenté
par le taux moyen élevé en K,O (de 2,6 & 3,59,) des cing types pétrographi-
ques qui confere & ces andésites un caractére potassique par rapport aux
andésites et andésites quartziferes de la région voleanique Oas-Gutii (B o r-
cos et al., 1979 a, b, ¢, d). Les données géochimiques démontrent un
caractére relativement homogéne (les moyennes des taux de SiO, des
cing phases d’intrusion varient seulement de 55 & 62) des magmatites,
justifiant 'interprétation des différentes intrusions entre la Cisla et le
Vaser, comme provenant par différentiation incipiente d’'un magma
quartz-dioritique et suggérant une succession rapide des intrusions. En
ce qui concerne la détermination dans le temps de ces phases d’intrusion,
ayant en vue deux analyses d’andésites quartziféres de Vertic et une
analyse de la diorite porphyrique de Secu, Lemn e et al. (1980)17 ont
 construit une isochrone K*/Ar® qui indique 1'dge radiogéne de 6 milions
années. Cela permet d’attribuer le magmatisme sous-volcanique de la
région Toroiaga-Tiganul & la partie supérieure du Pontien, ce qui correspond
% la phase des andésites de Jereapin des Monts Gutii.

3. Les transformations postmagmatiques et la métallogenése associées
aux magmatites néogénes situées entre les riviéres Cisla et Vaser

Mentionnées par Socolescu (1952), Borcos (1954)® et
Dimitrescu (1955), les transformations ultérieures & la consolida-
tion des magmas ont été décrites plus en détail par Sz6ke (1962 a);
qui a identifié les phénoménes de biotitisation et tourmalinisation, & c6té
de ceux déjh connus de propilitisation, chloritisation et épidotisation. A
la suite de ’étude que nous avons entreprise, nous y ajoutons les néoforma-
tions de clinopyroxéne, d’adulaire et d’alunite.

Dans le bassin du ruisseau Novif, on rencontre souvent des roches
blanches, qui montrent au microscope le remplacement des phénocristaux
de minéraux mélanocrates etjou de la masse fondamentale par du clino-
pyroxéne. Ces néoformations apparaissent.dans les diorites & orthopyro-
xéne, hornblende et biotite de Novit, aussi que dans les andésites quartzi-
féres de Novicior ou les andésites de Toroiaga situées pres des diorites

17,18 Arch. I1GG, Bucuresti.
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(moins de 200 m par rapport & la limite visible). Par conséquent, nous
considérons le clinopyroxene des diorites de Novif{ comme un produit
endométasomatique et celui des andésites autour du. contact comme un
produit exométasomathue

L’adulaire s’associe & 1'épidote, menant au. remplacement en pro-
portions variables, des phénocristaux de plagioclase par de 1’adulaire,
qu’on rencontre aussi remplissant les fissures, & c6té du quartz, de la
chlorite, de la calcite et/ou de 1’épidote.

On a identifié de I’alunite dans le filon métallifere du ruisseau Tiganul,
dans les roches transformées en quartz - tourmaline <4 minéraux argi-
leux +hydrox1des de fer.

"~ En ce qui concerne l’ensemble des magmatites néogenes de la région
Toroiaga-Tiganul, la transformation post-magmatique la plus repa,ndue
est représentée par la propilitisation, qui affecte presque constamment
les produits des premiéres quatre phases d’intrusion, tandis que les andé-
sites de Piciorul Caprei sont généralement fraiches.

La biotitisation, comme phénoméne de métamorphisme hydro-
thérmal, générant de petites paillettes de biotite qui substituent les phéno-
cristaux de mélanocrates et la pate (pas le phénoméne, fréquent pendant
le stade magmatique, de remplacement de la hornblende par de la biotite
cristallisée et présentant un clivage paralléle & l’axe ¢ de 1’amphibole),
apparait sporadiquement dans les andésites de Toroiaga et les diorites
de Secu-Novit, et trés rarement dans les autres types de roches. Il semble
que ce phénomene s’est développé pendant plusieurs stades, car il n’y
a pas de données attestant la migration de la biotite hydrothérmale des
intrusions plus récentes vers les intrusions plus anciennes ; une biotitisation
ultérieure, greffée sur des roches cataclasées, sera discutée par la suite.

On a rencontré la tourmalinisation en deux hypostases : a) en tant
que substituts meétasomatiques des phénocristaux, ou (plus rarement)
de la masse fondamentale, dans les diorites quartziféres de Novicior et
Vertic de la montagne Piciorul Tiganului et b) dans les bréches contenant
des fragments de schistes cristallins et d’andésites ou andésites quartzi-
feres identifies & la proximité des andésites de Toroiaga (mont Toroiaga)
‘ou des andésites quartziféres de Vertic {(ruisseau Colbu, galerie Colbu).
On peut considérer que ces néoformations aussi sont liées & plusieurs
phases d’intrusion (surtout & la deuxiéme, troisiéme et quatriéme phases).

En opposition avecles transformations mentionnées ci-dessus ’épido-
tisation, généralement accompa,gnée par des disséminations de sulfures
et la formation de 1’adulaire, n’a plus une distribution accidentelle, mais
apparait dans la zone axiale de l'aire d’affleurement des magmatites
néogeénes situées entre les rivieres Cisla et Vaser, suivant ’alignement
Piciorul Caprei-Toroiaga versant est et ouest-versant sud de Piciorul
Tiganului. Ces phénomeénes-1& affectent surtout les diorites de Secu-Novit
et les andésites de Toroiaga, mais des épidotisations  (accompagnées ou
non d’adularisation et de dépots de sulfures) apparaissent dans les dykes
ultérieurs d’andésites quartziferes de Vertic ou d’andésites de Piciorul
Caprei. Les andésites quartziféres de Novicior qui affleurent &.1l’extérieur
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del’alignement mentionné ci-dessus, ne présententpas ces néoformations-la.
11 fa,ut mentionner que les transforma,tlons en question atteignent leur
maximum d’intensité dans le voisinage des filons métalhferes situés sur
le versant est du mont Toroiaga. Dans la zone d’affleurement de ces filons
nous avons remarqué la présence de nombreuses bréches (dans les andé-
sites de Toroiaga ou les diorites de Secu) affectées par 1’épidotisation,
la pyritisation et, fréquemment, la biotitisation.

Dans le mont Toroiaga nous avons cherché & identifier les relations
entre les cinq phases d'infrusion établies et l'activité métallogénétique
associée au magmatisme néogéne. Nous avons remarqué & la surface et
dans les galeries, que les filons métalliféres orientés NE —SW, traversent
les diorites de Secu et les andésites de Toroiaga, ainsi que les dykes (orien-
tés NW —SE) d’andésites quartziféres de Vertic et d’andésites de Piciorul
Caprei. Cela démontre queles accumulations de sulfures et les néoforma-
tions d’épidote, d’adulaire et de biotite (biotite des bréches associées)
se sont formées aprés la consolidation des produits appartenant aux cing
phases d’intrusion et ’apparition des fractures orientées NE—SW, qui
ont représenté la voie d’accés pour les solutions hydrothérmales. On ne
connait pas la source de ces solutions, mais elle est vraisemblablement
représentée par des magmas consanguins qui sont restés en profondeur,
I'hypothése d’'un magma acide générant les minéralisations filoniennes
de Toroiaga (Panto, 1946, dans Szdke, 1962 a; Gurdu et al.,
1979) manquant d’arguments.

Du point de vue des perspectives économiques, la relation spatiale
entre 1’épidotisation (4 disséminations de sulfures 4 adularisations) et
les filons métalliféres connus, confirme :’opinion concernant la présence
d’autres filons, pas encore identifiés mais & l'importance économique,
dans le mont Piciorul Caprei, sur le versant est du mont Toroiaga (Coasta
Mare) et le versant'sud du Piciorul Tiganului, out I’épidotisation, 1’adulari-
sation et les impregnations avec des sulfures ressemblent par leur intensité,
a celles de la zone d’affleurement des filons & minéralisation polymétth-
que, connus sur le versant est du mont Toroiaga. 'ésﬁg@ﬁh

BIBLIOGRAPHIE

Borcos M, Peltz S, Stan N.,, Udrescu Constanta, Va5111uG£~ idi

(1979 a) Consideratii petrochimice si geochimice asupra vulcanitelor neogene din muptu%%z m
Oas. St. lehn. econ. 1, 16, p. 5—34, Bucuresti.

— Peltz S, Stan N,, Udrescu Constanta, Vasilin Cecilia (1979b)
Consideratii petrochimice si geochimice asupra vulcanitelor neogene din muntii Gutii
(1L Dacite, riodacite si hialodacite. pannoniene), Si. tehn. econ. I, 16, p. 3554, Bucu-
resti,

— Peltz S, Stan N,, Udrescu Constanta, Vasiliu Cecilia (1979 ¢)
Consideratii petrochimice. si geochimice asupra vulcanitelor neogenc din muntii Gutii
(I1L. Andczite cuartifere . pannonian-pontiene). SI. lehn, econ. 1, 16, p. 55— 80, Bucuresti.




22 . T. BERZA et al. 12

— Peltz S, Stan N, Udrescu Constanta, Vasiliu Cecilia (1979 d)
Consideratii petrochimice $i gcochimice asupra vulcanitclor neogene din muntii Gutii
(IV. Andezite piroxenicc + hornblendd, pontiene). St. tehn. econ. 1, 16, p. 81—108,

, Bucuresti.

Dimitrescu R. (1954) Cereetiri geologice in regiunca Baia Borsa-Toroiaga. D.S. Com.
Geol. XXXVIII, p. 53—58, Bucurcsti.

— (1955) Cereetdri petrografice in regiunca Baia Borsa-Toroiaga. D.S. Com. Geol. XXXIX,
p. 44—48, Bucuresti.

—  (1959) Etudes géologiques ct pétrographiques dans la région Baia Borsa-Toroiaga (Mara-
mures). C.R. Com. Géol. XXXVIII, p. 97—100, Bucurcsti.

Gandrabura Em. I, Petrcus I. (1978) Noi date petrochimice asupra corpului
subvulcanic Toroiaga (Maramures). Anal. st. Univ. Iasi, Scctia 1T b, XXIV, p. 17—24,
Iasi.

Gridan T., Gurdu A, Macalct V. (1979) Consideratii structural-genetice privind
mineralizatiile de sulfuri polimetalicc din masivul subvulcanic Toroiaga, perimetrul
Piciorul Tiganului (Muntii Marémures). Stud. cerc. geol., geofiz., geogr., ser. geologie, 24,
p. 65—74, Bucurcsti.

Socolescu M. (1952) Asupra geologici regiunii Biile Borsei, D.S. Inst, Geol., Rom. XXXVI,
p. 178—186, Bucuresti.

— (1958) Apercu sur la géologic de la région Biilec Borsei. C R. Com. Géol. XXXI—XXXVI,
p. 207—209, Bucuresti.

Stecelaci Livia (1962) Studiul mincralogic si geochimic al regiunii Toroiaga-Baia Borsa.
Ed. Acad. R.P.R., Bucurecsti.

Szokec Amalia (1960) Studiu asupra plagioclazilor din masivul subvulcanic Toroiaga,
Baia Borsa. Acad. R.P.R. Stud. cerc. geol., Vi, p. 149—168, Bucufcsti.

— (1962 a) Regiunca Toroiaga-Baia Borsa. Studiu geologic, petrografic, mincralogic si
geochimic., Ed. Acad. R.P.R., 240 p., Bucurcsti.

— (1962 b) Studii structurale petrologice in masivul subvulcanic Toroiaga (Carpatii Onen-
tali). Acad. R.P.R. Stud. cerc. geol., VII[3—4, p. 647—668, Bucuresti.

— (1965) Pétrographic du massif subvolcanique de Toroiaga (Carpathes Orientales, R., S.
Roumanie). Acla Geol. Hung. JIX.

— (1966) Petrofabric analysis of magmatic rocks in thc area of the Carpathian Tertiary
-volcanism (Romania). Acla Geol. Hung. X. :

Taylor S. R. (1969) Tracc element chemistry of andesites and associated calc-alkaline
rocks. Int. Upper Mantle Project, Sci. Rep. 16, Bull. 65, p. 43—63, Proceed. Andesite
Conf. Eugene, Oregon.

QUESTIONS

G.. Udubasa:1. Y a-t-il des faciés marginaux des diorites?
2. Pourrait-on établir unc corrélation entre les phénoménes de tourmalinisation et : a) les aligne-
ments filoniens, b) un certain type de roche ete,? )

Réponse : 1. Dans le bassin du ruisseau Novi}, les diorites quartziféres ne présentent
pas de modifications structurales prés du contact avec les roches pré-existantes. Sur le versant
droit du ruisseau Secu, on observe qu’d mesure .qu’on se rapproche de la limite diorites de
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Secu/andésites de Toroiaga la granulation de la masse fondamentale des diorites quartziféres

porphyriques de Secu diminue de 0,2—0,3 mm a moins de 0,1 mm ; il résulte un faciés marginal’

de porphyres quartz-dioritiques. Versle SE, ofi le dyke dioritique se rétréeit cn se transformant™
en faisceaux inclus dans les schistes cristallins, le faciés des porphyres quartz-dioritiques se-
généralisc ct I’on identifie de petites apophyses qui correspondent méme aux andésites.

2. On wa pas remarqué la tourmalinisation dans l’aire d’affleurement des filons métalliféres. .
situés sur lc versant est du mont Toroiaga, mais on I’a rencontrée dans la zonc filonienne du

mont Piciorul Tiganului, Les occurrences de la tourmaline sont les suivantes : dans les andésites

quartziféres de Novicior (la cime Piciorul Tiganului); dans les andésites de Toroiaga ct les-
bréches 4 éléments de schistes cristallins situées a la périphérie du corps principal des andésites

de Toroiaga (le sommet Stina lui Vertic, la source du ruisscau Mécirldu) ; dans les diorites quartzi-

féres de Novit (le ruisseau Tiganului) ; dans les andésites quartziféres de Vertic ou leurs bre-

ches 4 éléments de schistes cristallins (le ruisscau Colbu, le ruisseau Tiganului). Ainsi, on ne-
peut pas ¢tablir une corrélation entre la tourmalinisation et un certain type pétrographique-
ayant en vue le fait que celle-ci affecte, dans des zones différentes, lcs produits des premiéres -
quatre phases d’intrusions

Doina Russo-Sdndulcscu:1. Est-ce que vous considérez que tous les intru--
sions sc sont formées a la suite d’une différentiation magmatique-cristallisation fractionnée a
Pintérieur de la mémec chambre magmatique ?-
2. Dans ce cas-13, comment expliquez-vous la présence d’un différencié acide dans la premiére
phase, qu’on rencontre plus tard aussi dans une autre phase, tandis que le dernier différencié
est le plus Dbasique?

Réponse : 1. Les caractéres minéralogiques similaires et ’évidentc corrélation géochimique
¢ntre les produits des cing phascs d’intrusion qu’on a délimitées dans la région Toroiaga-Tiganul
plaident pour leur provenance de la méme chambre magmatique, en cours de différentiation.
2. Les intrusions néogénes de la région Toroiaga-Tiganul présentent une faible différentiation,
entre les roches les plus basiques (cinquiéme phase) et les roches les plus acides (premiére et
quatriéme phases), les différences étant seulement de 7% environ pour Si0,, 1—-2% cnviron
pour MgO, FeO + Fe203, Ca0 et moins de 1% pour KZO et NaZO. Ayant en vue cette
situation-1a, nous considérons que les intrusions se sont alimentées de différents niveaux d’une
chambre magmatique, ou la cristallisation fractionnée aurait provoqué une faible différentiation
verticale ; ainsi, le cinqui¢me écoulement, le seul contenant sistématiquement des pyroxénes,
peut représenter une ascension des magmas de la partie inféricure de cette chambre-l1a. Selon
une autre hypothése, I’apparition de ces magmas plus basiques est liée a4 unc étape ultéricure
de génération des magmas. Ayant en vue les arguments invoqués dans notre réponse 4 la deuxié¢me
question du coﬂégue Trifulescu, cette interprétation nous semble insufisamment justifiée.

M. Trifulescu:1, Combien de phases d’andésites sont orientées NW—SE et com-
bien dec phases se trouvent dans la direction NE—~SW?
2. Pourquoi considérez-vous que les andésites aux pyroxénes orientées NE—SW représentent
les derniéres écoulements du magma et non pas les premiers différenciés d’une nouvelle phase
de différentiation, car la différentiation-a lieu 4 partir des termes basiques vers les termes acides?

Réponse : 1. Les intrusions appartenant 2 la deuxiéme, troisi¢me et quatriéme phases
sont orientées surtout dans la direction NW—SE. Les andésites quartziféres de Novicior (premi-
-tre phase) représentent un corps circulaire et une série de dykes orientés aussi NW—SE. Les
dykes de la cinquiéme phase sont orientés partiellement NW— SE, mais le plus souvent NE—SW,
2. En I’absence des données géochronologiques plus précises, qui pourraient indiquer entre la
cinquiéme et la quatriéme phase un intervalle de temps plus grand que P’intervalle entre les
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premiéres quatre phases d’intrusion, nous nous rallions au point de vue de Socolescu, en
considérant que les andésites de la cinquiéme phase représentent la derni¢re phase du seul cycle
magmatique présent dans la région Toroiaga-Tiganul, et non pas les produits d’un cycle diffé-
rent. Un argument dans cc sens est représenté par les filons métalliféres qui traversent aussi les
andésites de Piciorul Caprei, démontrant leur mise en placc avant 1’ascension des solutions
hydrothérmales qui ont généré la minérallisation polymétallique ct 1’épidotisation associée ;
ces solutions-la ne peuvent pas étrc attribuées a un cycle ultérieur, car on manque de données
concrétes dans ce sens.

N. Stan: Comment expliquez-vous le fait quc les roches dioritiques, ¢’est-a-dire intru-
sives, traversent lcs roches andésitiques (effusives) peu de temps aprés la mise en place de ces
derniéres-1a? i

Réponse : Premiérement il faut mentionner qu’il n’y a pas de données concrétes qui
pourraient préciser I’intervalle de temps qui sépare les différentes phases d’intrusion (andésites,
andésites quartziféres ou diorites) reconnus dans la région Toroiaga-Tiganul. En I’absence de
celles-ci, on constate que I'intrusion de la troisiéme phase se trouve dans I’axe méme de P’intru-
sion principale des andésites de Toroiaga (deuxiéme phase). Les resseimnblances minéralogiques
et chimiques entre les produits de la deuxiéme et la troisi¢me phases d’intrusion, aussi que la
mise en place mentionnée ci-dessus, permettent d’imaginer I’ascension de mmagmas identiques
par deux pulsations : la premiére a pénétré les schistes cristallins et les andésites quartziféres
de Novicior (refroidies déja a la température ambiante) et s’est consolidée en faciés andésitique
(& cause du contraste thérmique avec le milieu ambiant), générant les andésites de Toroiaga ;
la deuxiéme pulsation a pénétré les andésites de Toroiaga, encore relativement chaudes, et s’est
refroidie plus lentement, la masse fondamentale cristallisant avec une granulation de 0,1 —~0,3 mm;
les roches résultées sont représentées par les diorites et microdiorites quartziféres de Secu-Novit.
A Test du ruisseau Colbu, ou les intrusions de la troisiéme phase traversent directement les
schistes cristallins, le refroidissement a été rapide et les roches correspondent aux porphyres
quartz-dioritiques, aux andésites, trés difficiles & distinguer des andésites de la deuxi¢me phase .
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1. MINERALOGIE — PETROLOGIE — GEOCHIMIE

PETROLOGIA ROCILOR MAGMATICE

BRECIA VULCANICA DIN VALEA BREBINEI
(PODISUL MEHEDINTI) !

DE

CORNELIU N. DRAGHICI

Eruptive breccia. Tuffs. Andesite-basaltic magmatism. Linear eruption. Cretaceous. South
Carpathians. Sedimentary Danubian Domain. Cosustea Zone. Balla. Baia de Aramd.

Abstraet

The Volcanic Breccia of Brebina Valley, Mehedinti Pla-
te au. Inthe Turonian-Lower Senonian flysch of the Brebina Valley, a breccia has been iden-
tified, in the constitution of which three lithological levels are observed, The basal level is form-~
ed of effusive rocks (andesite-basaltic lavas) with vitreous intersertal, vacuolar, porphyric
or breccious structures ; the intermediary level consists of welded tuffo-breccias and the upper
one of lapillic tuffs or peperites. The pyroclastic products are represented by andesite-basaltic
rocks with which limestones and crystalline schists do associate. This series arose as a result
of effusive processes connected with linear magmatic manifestations.

I. Introducere

Rocile vulcanogene de naturd aparent bazicd, cu fragmente si
blocuri de calcare in masa lor, intilnite in flisul cretacic superior din valea
Brebinei (fig. 1), la nord de localitatea Baia de Aramd — podisul Mehe-
dinti — au fost interpretate initial ca olistolite (Dr& ghici, 1962),
deoarece ca volum se situau cu mult sub volumul olistolitelor de calcare
din regiune §i prezentau fie contacte ezitante, fie discordante, cu sisturile
argiloase din culcus si coperis. In urma efectudirii studiului petrografic
al rocilor remaniate in fligul turonian-senonian inferior dintre Ponoare-Cé-
lugiireni §i Obirgia-Clogani (Dr& ghici, 1971) rocile bazice' din valea

1 Predatd la 13 martie 1980, acceptatd pentru publicare la 20 martie 1980, éomunicatz‘i
in sedinta din 25 aprilie 1980.
2 Ministerul Geologiei. Direclia generali geologici. Str. Mendeleev nr. 36, Bucuresti.
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»

Brebinei nu si-au gisit un corespondent in formatiunile existente in regi-
une, ridieind a,stfel probleme dificile in legfturd cu 1nterpreta,rea, prove-
nientei i originii lor. Datele prezentate de citre Mercus i Mercus 8
pentru partea, centrali a podisului Mehedinti, de Karamata et al
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Fig. 1. — Schifa geologici locald a bazinului Brebinei.

1, calcarele autohtone (Jurasic superior— Cretacic inferior) ; 2, marnele de Nada-
nova (Cenomanian); 3, flis brecios-conglomeratic cu olistolite (Turonian— Seno-
nian inferior) ; 4, formatiunile pinzei de Severin (Jurasic superior— Cretacic infe-
rior) ; 5, sisturile cristaline din pinza Getici; 6, B, localizarea breciei vulcanice.
Esquisse géologique locale du bassin de la Brebina.
1, calcaires autochtones (Jurassique supéricur— Crétacé inférieur); 2, marnes de
Nadanova (CGénomanien) ; 3, flysch brécheux-conglomératique a olistolithes (Turo-
nien— Sénonien inférieur); 4, les formations de la nappe de Severin (Jurassique
supérieur — Crétacé mfeneur) 5, schistes cristallins de la nappe Gétxque 6, B,
locahsatlon de la bréche volcanique.

(1967) in zona Tlmoc (Iugosla,wa,) si cons1derat111e ficute de Giusgecd,
Cioflica, Savu (1966) scot in evidentd ex1stenta, unui ma,gma,msm
in Cretacicul superior, la care am considerat ci se poa,te repartiza gi ivirea
foarte restrinsd de brecie eruptivé din valea Brebinei. Pentru a argumenta
aceastd repartizare §i a contribui la cunoasterea evolufiei magmatismului

3D. Mercus, Ana Mercus. Manifestiri vulcanice in Cretacicul superior din
Podisul Mehedini. Comunicarc la I.P.G.G. (1965) Buecuresti. - -
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din Cretacicul superior pe rama de sud a Carpatilor Meridionali, vom
prezenta in continuare datele rezultate in urma studiului efectuat asupra
acestel brecil.

II. Dezvoltare si mod de prezentare

{n marginea. drumului din valea Brebinei, la Bratilovu si pe piriul
Lalei, un afluent al Brebinei (fig. 2), a fost deschis de eroziune un corp
de brecie eruptivi, localizat in masa sisturilor argiloase cu elemente con-
glonmeratice sau brecioase de virstd turonian—senonian-inferioard. In
drumul din valea Brebinei s-a putut observa urmétoarea succesiune (fig. 3) :

In bazi pe 5—6 m se intilneste o brecie eruptivd formati din roci
cu aspect masiv, compacte, local scoriacee, foarte dure, de culoare cenusie-
verzuie pin&d la negricioasd. In acestea sint prinse fragmente si blocuri
micl, reprezentate prin diferite tipuri de roci de naturd magmaticd si sedi-

Tig. 2. — Harta geologici din valea Brebinei.
1, sisturi cristaline din pinza Geticd ; 2, formatiunile pinzeide Severin
{Jurasic supcrior— Cretacic inferior) —diabaze spilitizate; 3, flis
brecios-conglomeratic cu olistolite de calcare (Turonian — Senonian

inferior) ; 4, brecie vulcaniei.

La carte géologique de la vallée de Brebina.
1, schistes cristallins dc la nappe Gétique ; 2, les formations de la
nappe de Severin (Jurassique supéricur— Cretacé inféricur) — dia-
bases spilitisés; 3, flysch brecheux-conglomératique 4 olistolithes
de calcaires'(Turonicn—Sénonien inférieur) ; 4, bréche volcanique.
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mentard, cu contururi rulate, semirulate sau colturoase, cu dimensiuni
pind la 10 cm diametru, care-i imprim# caracterul tipic brecios.

In partea medians, pe 3—4 m se dezvoltd un gen de tufuri brecioase,
verzui, cu aspecte masive sau slab-gistoase si granulatie neuniformé,
putindu-se distinge in masa fin-granulari elemente sferice sau cvoidale

PO e e s [ 0

Fig. 3. — Profilul litologic prin brecia vulcanicd din valea Brebinei.
1, brecic andezito-bazalticd ; 2, tufuri brecioase ; 3, tufuri lapilice (peperite); 4, sisturi argiloase

cu fragmente microconglomeratice; 3, sisturi argiloase cu aspect filitos.

Profile lithologique par la bréche voleanique de 1a vallée de Brebina.
1, bréche andésito-basaltique ; 2, tufs brecheux ; 3, tuls lapilliques (pépérites) ; 4, schistes argi-
leux a fragments microconglomératiques ; 5, schistes argileux & 'aspect filiteux.

cu diametrul pind la 5 mm. Si in masa acestor tufuri brecioase se intilnese
intr-un procent mai redus blocuri rotunjite si fragmente de roci magmatice
s sedimentare.

In partea superioard pe 1,5—2,0 m apare un tip de tufuri lapilice
care prezintd un aspect pronuntat sistos si culoare verzuie-deschisd pini
la gdlbuie, In care elementele sferice sau ovoidale ies in relief mai evident.
Ca 51 in cazul celorlalte nivele si acesta contine in masa lui blocuri rotun-
jite de calcare si roci magmatice de dimensiuni miei.

Contactul la partea inferioars este concordant cu planele de stratifica-
tie ale sisturilor argiloase, in timp ce la partea superioari se relevé o indin-
tare intre gisturile argiloase si tufurile lapilice (fig. 4). Sisturile argiloase

//:}// /////'///ﬁgjg /;///\ /////5////\/\ Fig. 4. ~ Schii_;a contactului .suPerior al

- ).Bré/' ///72//5/\ ol / brecici din valea Brebinei.

// ,///// ) //5////‘/ /;//;} ° 1, tufuri lapilice (peperite) cu bloeuri

P /,//,//_/ /;/%//5ﬁ// de calcare in masa lor; 2, tufuri; 3,
/C((j//'/"/'a/‘ /\/#ﬁ/ﬁ) /./‘/ sisturi argiloase cu fragmente micro-
/9./'-/.‘//(:/// 4\ /// (/; / > /\ / conglomeratice : a, b, ¢, bombe vulcanice
////;/////////// 5'/)/5 /\/\ /O‘/;/\o/\o/; andezito-bazaltice in masa sisturilor
-0 7 ° ° argiloasc.

//////;;//// / 5//‘//4 0/;/‘0/;/:, Esquisse du contact supérieur de la
//////'/)// /\//; /‘o/c: o/;/\o/‘/ A bréche de la vallée de Brebina.
o/ /////'/ © O/‘/ /o\ o °/\ D/\ 1, tufs lapilliques (pépérites) aux blocs
5//‘/;// 7 A\/v>%4402v° de calcaires ; 2, tufs; 3, schistes argileux

aux fragments de microconglomérats :
a, b, ¢, bombes volcaniques andesito-
basaltiques dans les schistes.
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din coperigul tufurilor remaniazi fragmente rulate de tipul celor intilnite
in masa tufurilor.

Pirful Lalei deschide capdtul nord-estic al corpului de brecie, in care
s-au intilnit aceleasi tipuri de roci, cu deosebirea ci in bazi contactul este
discordant.

IT1. Compozitia petrografiea

Pentru a putea discuta problema incadririi acestor produse vuleanice
in suita magmatismului cretacic superior, vom prezenta o analizi petro-
grafici a principalelor aspecte legate de compozifia acestora.

In compozitia tufo-breciei din valea Brebinei se remarcs, masa
rocii propriu-zisd, constituitd din produse explozive sau efuzive si materia-
lul piroclastic cu dimensiuni de ordinul lapililor §i bombelor vulcanice.
Masa tufo-breciei va fi analizatd pe fiecare nivel in parte, ea imprimind
caracterele specifice celor trei nivele. ‘

A) Masa tufo-breciei. In functie de compozitia petrografici a aces-
tora se remarcid o eterogenitate foarte pronuntati a materialului compo-
nent §i o repartitie neuniformé ca frecventd i dimensiuni.

1. In nivelul bazal se constatd prezenta unor lave cenusii-negricioase,
uneori cu aspect scoriaceu, care includ in masa lor diferite fragmente de
roci cu compozitie striind. In functie de gradul de diferentiere magmatics
5i de stadiul procesului de cristalizare, pe de o parte, i defrecventa vacuole-
lor, fenocristalelor si xenolitelor de material exploziv, pe de altd parte,
se Temarci numeroase aspecte in compozitia acestora. In cazul unor lave
nediferentiate cu caracter hialin, pe un fond vitrofiric clorito-feldspatic,
se observd aglomeriri neregulate si foarte confuze de sfen §i o pulbere
find de oxizi de fier. Odatd cu aparitia procesului de cristalizare, pe lings
aglomerdrile de sfen cu contururi mult mai clare, iau nagtere microlite
de feldspafi cu mérimi diferite, care in functie de modul cum sint dispuse
in spafiu imprim% roeii in mod obisnuit un caracter structural intersertal
(pl. I, fig. 1). ‘

Prezenta unor fenocristale de feldspati, vacuole umplute cu minerale
secundare sau a fragmentelor de roci striine, adauga la structura anteri-
oard aspectul porfirie, vacuolar (pl. I, fig. 2) sau brecios. Mezostaza, hialind
sau criptocristalind, este reprezentat# printr-o varietate de clorit in gene-
ral ferifer, in care plutesc granule de sfen, uneori microgranule de piroxen
$i o pulbere sau aglomer#iri de oxizi de fier. Feldspatul din baghetele inter-
sertale prezintd frecvente fenomene de alterare. In cazul unor baghete
mai putin alterate s-a determinat compozitia unui oligoclaz-andezin.
Fenocristalele de feldspati plagioclazi din prima generatfie sint reprezen-
tate printr-un andezin cu 35—459%, An. Vacuolele au frecventd neuni-
form# i dimensiuni de la submilimetrice pind la 5 mm diametru, sint
umplute in mod obisnuit cu caleit sau clorit §i mai rar cu hematit sau
alte minerale. Se remarcs existenta sporadici a unor pseudomorfoze de
clorit dupd piroxeni, sau caleit dupé olivind. Prin aceastd asociatie rezults
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¢4 sintem in prezenta unor roci andezito-bazaltice. Fragmentele de roci
striine sint reprezentate prin cuartite, sisturi cuarfoase sau clorito-seri-
" cito-cuartoase, mai multe varietdti de calcare sedimentare §i roci vuleano-
gene. In mod obisnuit peste fondul mineralogic initial se suprapun o serie
de procese de transformare legate de circulatia unor solutii care au afectat
intreaga masi si s-au individualizat sub formé& de plaje neregulate sau
filonase de caleit, clorit sau oxizi de fier i cuart.

2. Nivelul intermediar se caracterizeazd printr-o asociatie foarte
neuniform# $i heterogend de material exploziv, format din fragmente
foarte fine de sticld pulverulentd, care cimenteazd produsele piroclastice
cu forme in general rotunjite, de ordinul de mérime a lapililor §i bombelor
vuleanice. In functie de natura materialului component, de dimensiunile
acestuia si de modul de punere in 'loc, 1a care se mai pot adiuga §i procese
de transformare ulterioard, s-au format roci cu aspecte foarte variate.

Tipurile cele mai des intilnite sint constituite dintr-un amestec
neuniform de sfirimituri de sticld cloritizatd si presdratd cu aglomerdri
neuniforme de oxizi de fier, sudatd impreund cu lapilii piroclastici (pl. I,
fig. 3). Altele sint formate din fragmente de sticld cloritizatd prinse intr-o
masd caleiticd larg cristalizati, sau numai sticld pulverulentd si caleit
(pl. II, fig. 1). In “aceastd masd cu tendint# de dispozitie dupd ‘directia
pla,nelor de stratificatie a cenusilor 1n1p1ale, sint cimentate fragmente de
roci striine cu forme in general rotunjite §i muchii glefuite cu dimensiuni
pind la 4 mm. Aceste fra,omen’oe sint reprezentate prin sticle, uneori glo-
bulare, diferite tipuri de calcare $i numerosi reprezentanti ai unor roci de
tip andezito-bazaltic sau dioritic, ete. Printre tipurile mai putin frecvente
sint breciile grosiere sau o varietate de sticle cu aspect perlitic cu xenolite
sau fenocristale de feldspat (pl. II, fig. 2).

3. Nivelul superior prezinté citeva aspecte caracteristice evidente.
Materialul tufogen foarte fin provenit din sticld pulverizaté, presirat cu
aglomeriri neregulate de oxizi de fier, este prins intr-o masd calciticd,
in care se gisesc lapilii de sticle cloritizate globulare (pl. II, fig. 3). Spre
contactul cu rocile sedimentare din acoperi§ se remarcd o alternantd de
depuneri mixte vulcanogen-sedimentare.

B) Produsele piroclastice. Produsele piroclastice de ordinul de marime
a lapililor au fost amintite anterior, ele fiacind parte integrantd din masa
tufo-breciei, prin procesul de sudare in timpul consolidirii. Produsele
piroclastice de dimensiunile bombelor, partial sudate in masa tufo-breciei,
au forme de obicei rotunjite si cu muchii slefuite. Ele sint reprezentate
prin diferite tipuri de calcare, sticle §i roci vulcanogene, andezito-bazalte
si diorite, necunoscute inc# in regiune.

IV. Diseutii

Degi foarte restrinsd ca extindere, prezenta si constitutia tufo-breciei
din valea Brebinei pune in discutie o serie de probleme noi pe marginea
vuleanismului manifestat in Cretacicul superior pe rama de sud a Carpatilor
Meridionali.
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In primul rind se remarcé preponderenta rocilor formate printr-un
proces exploziv, respectiv cenusd vulcanicd in care amestecul de material
cineritic §i brecios este foarte neuniform -§i subordonat prezentei unor
eventuale roci formate prin efuziuni de lave.

Rocile din nivelul bazal ar reveni tipului efuziv, respectiv ejectii
de lave fluide andezito-bazaltice care incorporeazd in masa lor fragmente
si blocuri de roci din peretii canalului sau blocuri mai mari de lave consoli-
date pe parcurs. Probabil c& ceea ce am gisit in valea Brebinei reprezinti
in plan orizontal partea terminalé a masei efuzive, la constitutia ei partici-
pind material din zona de trecere de la lavele in curs de degazeificare la
acumuldrile cu vapori incandescenti. Aceasta ne-ar permite s& admitem
pentru nivelul bazal si posibilitatea existentei unor scorii sudate in sensul
ardtat de Rittmano (1967). X

Caracterele rocilor intilnite in nivelul 2 i 3 sint specifice produselor
rezultate din explozii. Declansarea bruscd a acestui proces de explozie
2 avut ca urmare formarea unor suvoaie de nori arzidtori care au smuls
din peretii canalului de ejectie fragmente si blocuri de roci consolidate,
lar din masa fluid% pe cale de degazeificare de la partea superioard a bazinu-
lui magmatic, bucdti de lavd incandescenta.

In timpul ascensiunii citre suprafats au avut loc procese de frecare
intre diferitele tipuri de fragmente si blocuri §i partial un proces de selectie.
Acestea an condus la rotunjirea si slefuirea produselor piroclastice de
ordinul de mirime a lapililor 5i bombelor, in timp ce sfirimdturile de lave
incéd neconsolidate complet au suferit un proces de rulare mai putin accen-
tuat.

Selectia in funcyie de greutate a avut ca urmare, in timp, depunerea
in primul rind a elementelor de roci compacte mai grele si apoi a fragmen-
telor §i blocurilor de lave cu bule de gaze, mult mai usoare, iar in spatiu,
fragmentele mai grele rémin mai aproape de sursa de provenientd, in timp
ce acelea mai usoare pot fi transportate de curenti, fie aerieni fie marini
la distanfe mai mari. Cele trei nivele din tufo-brecia din valea Brebinei
oglindesc procesul de depunere selectivd, mai mult in timp §i mai putin
in spatiu.

Dupd procesul de depunere au urmat procesele de compactare si
sudare ale acestui material eterogen si foarte neuniform, in asa fel ci
rocile rezultate au aspecte masive, compacte.

Aparitia tufo-breciei din valea Brebinei are o semnificatie deosebitd
in legdturd cu formele de manifestare & vulcanismului din Cretacicul supe-
rior §i in localizarea el in cadrul structurili regionale.

Formatiunile reprezentate prin brecii si cinerite sudate, de tipul
celor din valea Brebinei, functie de aspectele pe care le prezintd, sint
descrise de diversi cercetdtori sub denumiri variate. Am tinut sd precizdm
cd tipurile din nivelele 2 §i 3 se aseamand pind la identitate cu peperitele
din regiunea Grande Limagne descrise de R. Michel in 1953 (dupd
Carozzi, 1960), iar nivelul 1 ar corespunde unei brecii efuzive sau
eventual unei scorii sudate.
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Asemenea formatiuni se pot include in termenul comprehensiv de
tufo-brecii sudate in sensul lui Rittmann (1967).

Prin caracterele litologice si petrografice mentionate tufo-brecia
din valea Brebinei corespunde unor erupfii de tip linear (explozil urmate
de efuziuni) care se pot corela cu cele din muntii Vilean si cu cele din partea
centrald a podisului Mehedinti (M ercus $i Mercus)4 inseriindu-se
astiel pe directia unei linii de fracturéd cu caracter regional a fundamentului.

De altfel Reck (dupd Carozzi, 1960) mentioneazid ci in cazul
unor cripdturi lineare poate avea loc o dezvoltare selectivii a produselor
vulcanice in jurul centrelor de emisie. Acest tip de eruptii lineare are loc
de obicei in zonele mai rezistente ale scoartei, in cazul nostra situlndu-ne
in timpul Turonian —Senonianului inferior intr-o zon# de miogeosinelinal
cu un fundament constituit din granite §i sisturi cristaline.

V. Coneluzii

Studiul breciei eruptive din valea Brebinei ne-a condus la urmétoa-
rele concluzii :

1. Se remarcd existenta unor manifestédri magmatice de tip andezito-
bazaltic in Turonian—Senonianul inferior din extremitatea de nord-est
a podisului Mehedinti.

2. Produsele acestui magmatism au caracterul predominant exploziv
$i subordonat -efuziv. _

3. Modul lor de dispozitie in spatiu ar pleda pentrn existenta unor
eruptii de tip linear.

4. Aparitia tufo-breciei din valea Brebinei se inscrie pe directia unei
fracturi regionale intre aparitiile de la Runcu-Vilari (muntii Vilean) la
est si Balta (zona centrald a podisului Mehedint{i) la vest.
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LA BRECHE VOLCANIQUE DE LA VALLEE DE BREBINA
(PLATEAU DE MEHEDINTI)

(Résumé)

Duns le flysch turonien-sénonicn inféricur de la partic nord-est du platcau de Mchedinti,
une breche éruptive a été découverte dans la vallée de Brebina, située aunord de Baia de Arami.
Dans la masse de cette bréche, trois niveaux lithologiques ont été observés : un niveau basal
constitu¢ de roches ciffusives avee des ¢léments brécheux, un niveau intermédiaire constitué
par unc masse tufacée brécheuse et un niveau supéricur constitué de tufs lapilliques. La masse
des roches de ces trois niveaux contient des fragments ct des bloes de roches pyroelastiques
correspondant aux lapillis et aux bombes volcaniques.

T.a masse cffusive est constituée dc lave andésito-basaltique aux structures vitreuses,
intersertales, vacuolaires, porphyriques ou brécheuses, tandis que la masse explosive du niveau
intermédiaire présente I'aspect d’unc tufo-bréche soudée ; celle du niveau supéricur est compa-
rable aux tufs lapilliques ou pépérites.

.es produits pyroclastiques sont représentés par des roches volcaniques andésito-basalti-
ques auxquelles sont associés des calecaires de différents types ct des schistes cristallins. Cette
bréche a ¢té formée 4 la suite d’un processus magmatique effusif surtout explosif. La resédimen-
tation des produits explosifs a cu lieu en ordre sélectif, étant suivie par un processus de soudure.
La préscnce de cctte tufo-bréche dans la vallée de Brebina met en évidence 'existence d’un
magmatisme de type linéaire, pouvant étre mis cn corrélation, dans le contexte structural des
Carpates Méridionales, avec les volecanites de Balta a I'ouest ct celles de Runcu-Vilari & est.

EXPLICATIA PLANSELOR

Plansa T

Fig. 1. — Andezito-bazalt cu structurii porfiric-intersertald in contact cu sticli cloritizaty.
N +; x 10,

Andésito-basalte 4 structure porphyrique-intersertale au contact avec de verre chlori-
tisée. N +; x 10,

Fig. 2. — Andezito-bazalt cu structurd intersertal-vacuolard in contact cu un fragment de
calcare. N +; x 10.

Andésito-basalte & structure intersertale-vacuolaire au contact avec un fragment
de calcaire. N +; x 10.

Fig. 3. — Brecie format3 din fragmente de sticli cu structurd vacuolari. N I1; x 70.

Bréche constituée de fragments de verre a structure vacuolaire. N II; x 70,

3 — ¢ 953 48
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Planga I

3. 1. — Brecie formati din fragmente de sticld cloritizatd si calcit. N 4-; x 70.
Bréche constituée de fragments de verre chloritisée et calcite. N 4 ; x 70.
. 2. — Brecie sudati — Fragmente de sticli si fenocristale de feldspati. N 4 ; x 10.

Bréche soudée — Fragments de verre et phénocristaux de feldspaths. N 4 ; x 10.

ig. 3. — Tufuri lapilice sau peperite. N +;
Tufs lapilliques ou pépérites. N 4 ;

x 70.
x 70.
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PE TROLOGIA ROCILOR MAGMATICE

NOTA ASUPRA DEPOZITELOR VULCANO-SEDIMENTARE DIN
NORDUL MUN TILOR CALIMANI, ZONA NEAGRA SARULUI-GURA
HAITII, JUDETUL SUCEAVA!

DE
EUGENIA NITOI?

Volcano-sedimeniary formation. Neogene volcanism. Epiclastic rocks. Hybrid rocks. Voleano-
clastic rocks. East Carpathians. New eruptive. Cdlimani.

Abstraet

Note on the Volcano-sedimentary Deposits from the North
of the Cadlimani Mountains, Neagra Sarului-Gura Haitii Zone,
Suceava District.. The East Carpathians Ncogene volcanism starts in the Cilimani
Mountains during the Pannonian with a mixed, volcano-sedimentary series, pointed out and
described by Peltz (1965, 1969), Rdadulescu et al. (1973) to the south and south-east
of this massif. The geological map of Romania on the scale of 1 : 200,000, sheet Toplita marks,
by comparison, the presence of this formation to the north of the Cilimani Mountains, as well.
This note presenté the results of .a preliminary study.which confirms the volcano-sedimentary
character of the rocks at the base of Neogene cruptions from the north. The stratigraphic posi-
tion of the volcano-sedimentary scries, the deposition sequcence within the studied area — Neagra
Sarului-Gura Haitii zone — and the petrographic’ composmon of the formatlon members are
determined.

1. Introducere

Informatii semse asupra. depoz1telor vulcano-sedimentare din nordul
muntilor Cilimani sint foarte pufine, majoritatea lucririlor privitoare la
geologia zonei tratind despre stratlgrafla, teetomca, magmatogeneza §i
metalogeneza ansa.mblulm reglunn

1 Predata la 20 mai 1980 acceptata pentru pubhcare la 20 ma1 1980, comunicati in
sedin{a din '30 mai 1980. '

2 Institutul de geologie si geofizicd. Str. Caransebes nr. 1, 78344 Bucuresti, 32.
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Contributii la cunoagterea alcituirii geologice a zouei i in special
a produselor vulcanice au fost aduse de Nichita (1934),1I. Treiber
(1952),I. Teodoru si Camelia Teodoru (1961),5t. Cosma
(1968). In lucririle lor, eercetdtorii mentionafi au remarcat existenta
unor depozite diferite ca litologie de celelalte roci eruptive, cirora le-au
dat denumiri diferite, fird insi a face referiri speciale asupra caracterului
lor. Astfel, Nichita (1934)in teza sa de doctorat le denumeste ,,conglo-
merate andezitice de origine torentiali cu intercalatii de tufuri cenusii
care apar accidental 51 adeseori impreuni’”. I. Treiber (1952)® des-
crie sumar ,,roci tufoide andezitice’’, intelegind prin accastii denuiire
numai piroclastite erodate, remaniate, a cdror prezenti este o dovadid
a repaosulul in activitatea vulcanicd si care marcheazi existenta depre-
siunilor interne sau marginale care in timpul scufundirii lor au fost umplute
el asemenea material. I. Teodoru si Camelia Teodoru
(1961) * atribuie aceste roci ,,piroclastitelor de ciclul I'" bine reprezentate
in ambii versanti ai viii Haita, cu pozitie superioari fati de depozitele
eocen-oligocene si formate din tufuri, aglomerate si lave vacuolare, acope-
rite fiind de andezitele piroxenice inferioare. St. Cosma (1968) 5 des-
crie, in zona Drigoiasa, ,,voci tufitice’” ca prime produse ale fazei I magma-
tice din muntii Cilimani; acestea sint considerate a fi fost formate din
.,amestecul rocilor sedimentare cu piroclastite care au cizut intr-un lac
de miedi adincime’ ; a urmat punerea in loc a dacitelor propriu-zise.

in foaia Toplita a hirtii geologice a R.S.R. la scara 1:200.00
(Alexandrescu et al,1968) rocilela care ne referim in nota de fat
sint prezentate ca ,,formatinne vulcanogen-sedimentari’ prin aseminare
cu cele pannoniene studiate de Ridulescu ot al. (1964) in muntil
Gurghiu, Peltz (1969) in sud-estul muntilor Célimani; Peltz si
Peltz (1970) in sud-estul muntilor Gurghiu.

Pind la aceastd datd no existd lucrdri dedicate in mod special rocilor
mixte de acest tip din nordul muntilor Célimani, foaia Toplita fiind sin-
gura care le consemneazd ca atare.

iIn urma cercetirilor efectuate de noi in regiune in anii 1977 —1979
am adus argumente cu privire la caracterul de formafiune vulcano-sedi-
mentard a acestor depozite, bine reprezentate in tot lantul muntos Cili-
mani— Gurghin —Harghita. Menfionim c& acestea au fost evidenfiate
pentru prima datd in lantul eruptiv de citre Rad dulescu et al. (1964).
Pentru rocile discutate aiei avem confirmarea caracterului lor, dati de
D. Ridulescu (comunicare orali in 1979), pozifie adoptati ulterior
side I. Seghedi pentru zona Drigoiasa (comunicare verbald).

Gradul actual de cunoagtere a acestor depozite vulcano-sedimentare
ne-a permis delimitarea lor cartograficid, dar o sistematizare completd a
datelor existente nu se poate face incd. Complexele litologice, de grosimi
mici in general, constituite dintr-o alternantd sau indinyare de roci piro-
clastice, epiclastice gi hibride se dispun peste depozitele eocene (L. S8z a s z,

34,5 Ath. IGG, Bucuresti.
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comunicare orali) de la Neagra Sarului. In alcituirea lor componentul
terigen este subordonat celui vuleanogen, iar analiza litologicii a lor aratéd
¢t elementele predominante sint cele de naturd andezitici.

2. Roci vuleanoclastice

Am atribuit acestni tip de roci aglomeratele andezitice, aglomera-
tele mixte gi cinevitele depuse in medin subaerian §i subacvatic. Aglomera-
tele andezitice ¢ au fost intilnite pe viile Neagra, Biuca, Popii, Tiganului
(pl.), stind discordant peste depozitele sedimentare eocene sau peste
tufite. Sint alcituite din elemente subcolfuroase, subrotunjite de andezite
predominant piroxenice (cu augit si hipersten sau cu augit, hipersten si
hornblendi) §1, subordonat, de andezite cu hornblend4 si piroxeni. Liantul
in care sint prinse acestea este format din lapilli si litoclaste marunte
cu aceeasi compozitie andezitici. Dimensiunile elementelor variazi intre
10 81 15 ¢m, iar dispunerea lor este haoticé. Pe piriul Popii apare, in masa
acestor roci, o intercalatie de lavi andeziticd cu grosime micé, veziculard.

Aglomeratele mixte, intilnite pe valea B#iuca, au caracteristicd
prezenta, aldturi de rocile andezitice, a fragmentelor de roci sedimentare
(gresii cuartoase, marne), dar in proportie mult mai redusé, pyinse intr-un
liant andezitic larg dezvoltat, limonitizat. Uneori se observi o sortare
gravitationalli a materialului.

Cineritele lapillice apar stratificate, in alternanti cu aglomeratele
sau cu rocile epiclastice ; grosimea stratelor variazd intre 0,15 si 0,50 m,
fiind intilnite pe viile Neagra si Ciribue. Sint alcituite din cristale si frag-
mente de cristale de plagioclaz, mai rar hornblendd si din elemente de
andezite piroxenice.

Roct epiclastice

In regiunea cercetatii, dezvoltarea depozitelsr epiclastice de naturi
vuleaniei nu este atit de caracteristicd ca in celelalte zone ale lantului
muntos Cilimani— Gurghin —Harghita. Grosimea depozitelor nu depi-
seste 10 m; in coloanele litologice din plangd sint prezentate relatiile
acestora cu Trocile piroclastice i hibride.

Conglomeratele si microconglomeratele andezitice sint bine repre-
zentate pe valea Neagra si piriul Fetii, in alcdtuirea lor participind cca 95 9,
material eruptiv §i 5 9% material de naturd diferiti. Elementele constitutive
sint bine rotunjite, rulate; din punct de vedere petrografie sint alcituite
din andezite cu piroxeni $i andezite cu piroxeni §i hornblenddi, aldturi
de care apar cuarfite albe §i negre, prinse intr-un ciment nisipos-grezos,
friabil, cu pondere redusd in structura rocii. In majoritatea aflorimentelor
in alternantd cu aceste depozite conglomeratice, sau deasupra lor, apar
tufite si cinerite.

$ Denumirile de roci sint intrebuintate in sensul stabilit de Pellz (1969) si de R d d u-
Teseu ¢t al. (1973).
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Gresiile feldspatice alterneazd cu aglomeratele sau constituie cimen-
tul conglomeratelor. Au fost intilnite pe viile Popii §i Neagra, formind
nivele cu grosimi miei, pind la 0,30 m. Sint formate predominant din cris-
tale i fragmente de plagioclaz (labrador), orto si clinopiroxen, prinse
intr-un ciment intens limonitizat gi/sau argilos. Se observé o slabd sortare,
un transport si o maturizare redusd a rocii. Predominanta componentului
feldspatic conferd adesea acestor roci un caracter grauwackic, arcozian.

Roci hibride
- Tufitele afloreazi in versantul drept al vaii Bradului, in ambi
versanti ai viilor Neagra, Piriul cu Pesti, Bduca, unde se indinteazi
marginal cu depozitele epiclastice sau formeazi depozite independente

.

Schifa gcologicd a zone
- vulcano-sedimentare  din
nordul muntilor Calimani
— zona Gura Haitii-Neagra
Sarului si amplasarea, ei pe
teritoriul R.S.R.

1, piroclastite grosiere; 2,
lave andezitice cu piroxeni;
3, depozite vulcano-sedi-
mentare; 4, depozite eo-
cene.

Esquisse géologique de la
zonce volcano-sédimentaire
au nord des
Monts Cilimani — la zone
Gura Haitii-Neagra Sarului
et son emplacement sur le
. territoire de la République
Socialiste de Roumanie.

1, pyroclastites grossiéres ;
2, laves andésitiques aux
pyroxéncs; 3, dépbdts vol-
» cano-sédimentaires ; 4, dé-
pots égcénes;
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Sint formate din fragmente de roci eruptive (andezite piroxenice, andezite
cu piroxeni i amfiboli, microdiorite (?), in diferite stadii de alterare si
din roci sedimentare (gresii nisipoase-grezoase, marne vine{il, nisipuri).
Tufitele au o matrice argiloasd constituitd in principal din cristale i lito-
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claste mirunte de provenientd mixtd. Le sint caracteristice oolitéle feru-
ginoase ale ciror dimensiuni variazd de la citiva mm pind la aspecte con-
cretionare de 7—8 em in diametru. Deseori, aceste roci hibride sint caolini-
zate (Piriul cu Pegti, piriul Bradului). Grosimea depozitelor este de aproxi-
mativ 250—300 m. Nivelul de oolite feruginoase a fost intilnit mai ales
in partea inferioari a acestor depozite tufitice. In zona cercetata, atit
masa aglomeratelor (valea Neagra) cit si in masa tutitelor s-au intilnit
mtercalafcu subtiri de lave andezitice.

3. Incerciri de corelare

in baza tuturor elementelor de observatie, putem spune ci depozitele
vulcano-sedimentare din zona Neagra Sarului-Gura Haitii sint asemadnd-
toare, ca litologie, cu seria mferloara (I) $i cu partea inferioard a seriei
‘intermediare (IT) — separate de Pelt z et al (1970) in formatiunile de
acest tip din muntii Gurghiu, sau cu nivelul inferior al format;mnu vulcano-
sedimentare (Radulescu et al., 1964, 1973) intilnit in cea mai mare
parte a lantului eruptiv Cidlimani—Gurghiu —Harghita, ele avind urms-
toarele caracteristici:

— counstitutie eterogeni : roci piroclastice, roci ep1clastlce si hibride ;

— ex1stenta faciesului subacvatic;

— frecventa mare & produselor de explozie vulcanie, caré a furnizat
materialul pentru acumularea sedimentelor mixte.

Substratul seriei descrise de noi este format de depoz1te eocene.
Formatiunea vulcano-sedimentard este, conform aseminirilor constatate
mai sus, de virstd pannoniand (Peltz si Peltz, 1970; Ré dulescu
et al., 1973) si acoperind termeni diferiti ai seriei regreswe eocene mar-
cheaz in nordul muntilor Cilimani o lacuna ‘de sedimentare §i o discor-
dantd stratigraficd.

Atributul de element initial al seriei de eruptii pannoniene este
intgrit, pentru zona cercetats de noi, de existenta gresiilor rosii limoniti-
zate, al ciror caracter de reper al nivelului de baz este mentlonat in ‘mod
special, de R&dulescu et al. (1973). :
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NOTE SUR LES DEPOTS VOLCANO-SEDIMENTAIRES AU NORD
DES MONTS CALIMANI, LA ZONE NEAGRA SARULUI-GURA
HAITII, LE DISTRICT DE SUCEAVA

(Résumé)

La formation volcano-sédimentaire, située a la base des éruptions néogénes des Monts
Calimani — Carpates Orientales — a été délimitée ct étudiée par Pcltz (1965, 1969), R 4 d u-
lescu ctal (1973), au sud ct & I'est du massif. Au nord de ce massif-13, la carte de la Répu-
blique Socialisté de Roumanie, a I’échelle 1 : 200,000, feuille Topli{a, marqlic cetie formation
par analogie avee ’autre, quoique jusqu’a présent aucun rechercheur ne I'ait pas considérée
de la sorte.

L’étude préliminaire des roclies volcaniques au nord des Monts Cidlimani qui a conduit
a I’élaboration de cctte note, a confirmé le caractére volcano-sédimentaire, supposé, de la for-
mation. La séric est formée de roches volcanoclastiques (agglomérats andésitiques, agglomérats
mixtes et cinérites lapilliques)?, de roches épiclastiques et de roches hybrides (tufites), qu’on
peut comparer avec la partie inférieurc de la succession des dépéts volcano-sédimentaires panne-
niens, au sud ct sud-est des Monts Célimani (Peltz, 1965, 1969; Rddulescu ctal., 1973).

La composition et la structure paralléles aussi que I’4ge similaire ont révélé la présence
d’une discordance stratigraphique au nord du massif, ou cette séric couvre les sédiments ¢océnes
a la base d’une série régressive a séquence compléte au sud.

-

EXPLICATION DE LA PLANCHE

La stratigraphic des dép6t$ voleano-sédimentaires au nord des Monts Cilimani, la zone
Gura Haitii-Neagra Sarului.

1, pyroclas‘tites andésitiques ; 2, andésites aux pyroxénes. Formation volcano-sédimentaire :
roches hybrides : 3, tufites; roches épiclastiques : 4, grés; 5, conglomérats andésitiques ; reches
volcanoelastiques : 6, cinérites lapilliques; 7, agglomérats andésitiques mixtes; 8, agglomérats

andésitiques; 9, marnes, marnes gréseuscs, marnc-calcaires éocénes.

7 La dénomination des roches cst celle établic par Peltz (1969) ou Radulescu
ct al. (1973).
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1. MINERALOGIE — PETROLOGIE — GEOCHIMIE

PETROLOGIA ROCILOR MAGMATICE

Project 39: Ophiolites of Continents and Comparable Oceanic Rocks

it
UNES

GENESIS OF THE ALPINE CYCLE OPHIOLITES FROM ROMANIA
AND THEIR ASSOCIATED CALC-ALKALINE AND ALKALINE
VOLCANICS!?
BY
HARALAMBIE SAVU 2

(Summary)3

Introduction. Starting with the first remarks on ophiolitic rocks,
notions have developed concomitantly with the new discoveries
regarding the transformations involved in the Earth crust and upper
mantle. At present, ophiolites are represented by those complexes of
basic and ultramafic rocks formed on ocean floors, in median ridges, and
consisting of three main terms in superposition relationship : peridotite-
gabbro (dolerite)-basalt. Besides this classical definition, there exist a
number of exceptions due to the structure and evolution of oceanic zones.

Alpine Oceanic Zones of Romania. The Romanian territory was
covered by three Alpine oceanic zones : (1) the East Carpathians —North-
ern Dobrogea zone; (2) the East Carpathians — South Carpathians
zone and (3) the Mures zone of the Southern Apuseni. The oceanic zone
stage of the East Carpathians manifested during two Alpine epochs: a
Triassic one and a Jurassic-Lower Cretaceous one.

The Carpathian territory, Iying to the north of the Tethys Sea basin,
developed during four tectono-magmatic cycles: Dalslandian, Assyntic,
Hercynian (Caledonian) and Alpine. A former sialic crust was formed
during the Dalslandian cycle (1600—850-4+50 m.y.) on the south-western
border of the East European continent and at the beginning of each new
cycle this crust was broken and generated new oceanic zones parallel
to the continent margin. During each cycle, ophiolites are formed

1 Paper reccived on Novcember 14,1979, accepted for publication on March 11,1980,
presented at the Meeting of November 16,1979,
2 Institutul de geologie si gcofizicd. Str. Caransebes nr. 1, 78344 Bucuresti, 32.

3 The paper was wholly published in the ,,Anuarul IGG, LVI”, 1980.
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in these oceanic zones and associate with terrigenous crystalline schists
of different metamorphic stages.

By the end of Hercynian movements the Paleozoic oceanic zone
was already closed with the formation of a new sialic crust ; during Lower
Triassic, the Tethys Sea floor is broken again, together w1th the sialic
crust, into several plates or microcontinents sepamted by narrow oceanic
zones with ophiolitic rocks and other initialites.

1. During the Triassic, there forms a profound fracture Wthh genera-
tes, by spleadln an oceanic zone — the Siret ocean — lying between
the Bast European plate and the Transylvanian and Moesian microplates.
This fracture started from the West Carpathians, crossed the East Carpa-
thians and North Dobrogea to Crimeea and Caucasus (Fig. 1)¢ Here,
ophiolitic rocks and Triassic sedimentary deposits are being formed.

2. During the Upper Triassic, when old kimmerian movements
take place, the Kast European plate is thrust under the Transylvanian
and Moesian plates, together with the consumption of some ophiolites of
the Bast Carpathians and the obduction of the diabase-spilitic complex
of Dobrogea. The oceanic zone of Dobrogea closes up for ever.

3. By the end of Triassic and the beginning of Jurassic the Tethys
Sea floor is broken again and there form two oceanic zones: (1) a zone
lying along the present-day Carpathian chain, which extended in the Bal-
kans without any connection with the Dobrogea zone already closed
(Fig. 1); (2) a second oceanic zone, the Mures zone of the South Apuseni,
lying between the Transylvanian and North Apuseni plates and belonging
to the Dinarides. The ophiolites of this zone are 180 m.y. old.

4. These zones are gradually closed. For example, in the Mures zone
the closing starts with new kimmerian movements and ends up with the
Austrian ones by a bilateral subduction process. In the Kast Carpathians,
it takes place by means of a subduction process from east to west. Cale-
alkaline initialites form concomitantly (140—120 m.y.).

Occurrence of Ophiolitic Rocks and Initialites Complexes. The origin
zone of ophiolites and associated initialites, usually allochthonous, is hard
to be established due to the extremely complicated tectonics of the Carpa-
thian chains.

1. In the East Carpathians, ophiolitic rocks were formed during two
stages corresponding to the two oceanic zones: a Triassic and a Juras-
sic-Lower Cretaceous one (Fig. 2). They associated usually with the
Sinaia-Rahov flysch, occurring as basalt and spilitic flows — rarely doleri-
tes — and pyroclastics, such as in Maramures and in the easternmost
part of the East Carpathians. In Bucovina, the Rardu-Highimas syncline
and the Pergani Mountains, they occur as klippes in the Upper Cretaceous
Wildflysch or as overlying lambeaux. These are represented by basalts,
spilitic rocks and serpentinized peridotites.

4 Cited ligures are to be found in the paper published in the ,,Anuarul I1GG, LVI1”, 1980
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In the Persani Mountains — Codlea — Féigidrag Mountains region,
ophiolites associate with Triassic and Jurassic calc-alkaline and alkaline
initialites. In Lower Cretaceous dolerites do appear.

Unlike in the Hast Carpathians, in North Dobrogea, initial magma-
tism manifested itself only in the Triassic (Anisian-Carnian) intracontinen-
tal oceanic zone which closed with old kimmerian movements when ophio-
litic rocks were obducted over the east European continent. There formed
an important diabase-spilitic complex consisting of basalt flows, amygda-
loid basalts, variolites, often in pillow-lava facies and rarely pyroclastics,
with which spilites (4.77—5.209, Na,O) and small gabbrodolerite bodies
do associate. Most rocks contain a reddish-violet-lilac pleochroic titanau-
gite; ‘¢ A Ng = 55°.

Initial magmatism ends up with porphyry eruptions during Upper
Triassic, lying along two alignments: one lying between Isaccea and
Somova in front of the suture zone represented by the Luncavita-Consul
tectonic line and another one lying behind this zone, between Vicdreni
and Consul.

2. In the South Carpathians, initial magmatism lasted from Jurassic
till Cretaceous. Its products are practically absent from the Getic Nappe
domain, but can be frequently met in the Danubian autochthon. The
most characteristic ophiolitic rocks are those of the Severin Nappe. They
consist of basic and ultramafic rocks which form a specific ophiolitic
melange. Ultramafic rocks do also occur along the overthrust plane of
the Getic Nappe overthe Danubian autochthon ; some are pre-Alpine and
some are post-Liassic.

The north-western part of the Danubian autochthon contains,
within the Arjana zone and the Tarcu Mountains, a volcano-sedimentary
complex with initial magmatites (basalts, spilites, basic tuffs, paleotrachy-
tes and bostonites) which erupted during two stages : a Jurassic stage and
a Lower Cretaceous stage. This rock association represents a specific
spilite-keratophyre series.

Some small spilite bodies are mentioned in the Wildflysch of Oltenia
and on the Cerna Valley, but we cannot say for sure whether they are
,5,in sitw” or they form klippes.

3. The Mures zone of the South Apuseni contains the most widely
developed ophiolitic complex, whose basic rocks have been little affected
by tectonic movements. They have undergone weak foldings which mani-
fested especially on the borders of the oceanic zone and have been deter-
mined by bilateral subduction. Ophiolitic rocks formed on partly simatic
and partly sialic ocean floor. Initial magmatism developed during three
evolution stages : the first started during Lower Jurassic and lasted till
the Oxfordian, the second lasted from Oxfordian till Neocomian and the
third one took place in Aptian-Albian. During the first stage which corres-
ponds to the spreading phasis, there formed the ocean floor ophiolites,
while during the other two there erupted calc-alkaline and alkaline island
arc volcanics. :
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@) Ophiolitic rocks of the first stage form a basalt complex (basalts,
amygdaloid basalts, anamesites, variolites) with frequent pillow-lava
separations and rare pyroclastics, over 3000 m thick ; it lies in the axial
part of the Mures zone which contains only rarely jasper intercalations
and thin bands of Oxfordian limestones to its upper part. Within this
complex there have been emplaced small gabbro bodies, some differentia-
ted ,,in sitw”’ and stratified, consisting of tl’ranomaonetlte gabbros (Fig. 3,
4 and Table 1) and others compound (Fig. 3¢), consisting of a series of
gabbro intrusions with diopside, olivine gabbros, hyperites, granophyres
ete. An important complex of sheeted dykes develops in the western part
of the Mures zone.

The bodies of ultramafic rocks (Fig. 3b) have also a stratified struc-
ture, with peridotites at the base and olivine gabbros to the upper part.

b) During the second stage, when the bilateral subduction process
starts, the resulted sialic magmas mix up with basic ones and form a rich
cale-alkaline and alkaline initialite series in a pre-orogen island arc zone.
During the third stage there form only flows of spilitic rocks intercalated
in the Aptian-Albian flysch.

Ophiolitic Rocks Metamorphism. Ophiolitic rocks are affected only
by phenomena of hydrothermal metamorphism or autometamorphism.
They bring about a number of transformations of basic rocks and the
formation of parageneses related to the following facies : epidote amphibo-
lites, greenschist and zeolitic facies, the last one lacking from some zones.

Petrology and Geochemisiry. Although Romanian ophiolitic rocks
are very varied as regards their composmon “when compared to those of
the classical ophlohuo zone of the Tethys Sea, they enter the field of
basic ophiolites of the Alps, Apennines and Dinarides. The calc-alkaline
and alkaline initialites associated with ophiolites differ from the latter
by their chemistry (Fig. 5).

From the geochemical point of view, ophiolitic rocks resemble ocean
floor basalts (Fig. 6) and result from a tholeiitic magma formed in the
upper mantle. The diabase-spilites of Dobrogea as well as some rocks of
the East Carpathians lie within the field of basalts of ,,withinplate’ ocean
islands (Fig. 7).

Cale-alkaline and alkaline initialites correspond to island arc volcanics
(Fig. 6).

- Metallogenesis. The titano-magnetite gabbros, the sulphides with
pyrite-chalcopyrite (-magnetite) paragenesis and manganese oxides asso-
ciated with red argillites and Tithonian-Neocomian jaspers represent the
useful mineral substances associated with initial magmatism.

Conclusions. 1. Ophiolites and other Alpine initialites occur: (1)
in autochthonous position (Mures zone), (2) in overthrusting nappes, (3)
in klippes, (4) obducted (Dobrogea, Apuseni Mountains).



&1

GINESIS OF THE ALPINE OPHIOLITES FROM ROMANTA 15

2. Unlike the magmatism of the Alps-Himalaya classical zone,
pre-orogen initial magmatism of narrow oceanic zones of the northern
part of the Tethys Sea led especially to effusive and extrusive rocks.

3. Stratified structures of gabbro and ultramafic bodies as well as
the metamorphism of the basalts in their contact zone constitute the
peremptory proof that these bodies represent tholeiitic magma intrusions
frora the mantle, differentiated ,,in situ’.

4. The classical stratified structure of Greece and Cyprus has not
been pointed out in the Carpathian zones, fact which demonstrates that
the three members of an ophiolitic series (peridotite-gabbro-basalt) may
be encountered not only in superposition conditions but also intrusion
relationships.

3. The oceanic zones north of the Tethys Sea differ from classical
zones by the reduced quantity of ultramafic rocks and the presence of
island arc cale-alkaline initialites which are absent from classical zones.
Within the Mures zone, the passage from the ocean floor ophiolites stage
to the pre-orogen island arc volcanic zone is obvious.

5. The magmatic activity took place in oceanic zones with simatic
or partly simatic and partly sialic floor.

7. Ophiolitic rocks present the characteristics of ocean floor basalts,
but some of them are ,withinplate” ocean island magmatites;
calc-alkaline and alkaline initialites — few in number — associated with
ophiolites are pre-orogen island arc volcanics.

8. According to the general conclusion, in the oceanic zones of the
Tethys Sea, given the structure and the particular evolution conditions,
ophiolitic rocks, ocean floor or ocean plate formations occur in different
situations ; in other words, there are ophiolites and ophiolites, in the same
way there are ,,granites and granites’.

DISCUSSIONS,

[. Nicolae:1, Some authors consider that the ophiolites are rocks formed only in
the oceanic rift zoncs (as a consequence of the riftogenesis process); they seem to represent
fragments of the occanic crust which reach the continental enviromment by tectonic ways.
Some other authors, show that ophiolites may also form in other geotcctonic environments
(island arcs, marginal basins, ensialic rifts), accompanied by the change ol petrographic types
encountered tlicre. Thus, it is possible (¢ven advisable) to use the term ophiolite in a wide, geo-
logical scnse (just like Miyashiro) and not in a petrographic one.

In the South Apuseni Mts., the second and third stage Mesozoic volcanic products have
been called by S a vu ,,calc-alkaline initialites associated with ophiolites’’. We do not agree
on the use of the term ,,initialite”’ or ,,initial magmatism’’, introduced by Stille in order
to designate the magmatism associated to a certain stage of a geosyncline development. If ophio-
lites are interpreted according to plate teetonies, the term ,,initialite’ is no longer needed.

2. In this paper (and in some previous ones, partly written in collaboration), Savu shows
that the cale-alkaline products from the South Apuseni Mts. have formed by ,,the contamination
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of the tholeiitic magma from the upper mantle or the subcrustal basaltic cover, with an acid
material resulted from the melting of the northern and southern sialic plates, drawn into a sub-
duction process under the Mures zone’.

If we agree on the fact that the riftogenesis process, which generated the first stage
products with ocecan floor featurcs — and which supposes a divergent movement of the northern
and southern sialic plates —, is followed by the convergence of these plates (and even their
subduction), we should also approve of the changed direction of convection currents in the
asthenosphere, which represent the motive power of plate movement. Thus, if they are ascending
under the volcanic zone, during the generation of the first stage products, then they should be
descending during the generation of calc-alkaline products, as ,,the upper mantle and the basal-
tic cover” can no longer supply the volcanism. The mere melting of northern and southern sialic
plates, within this double subduction of sialic plates under the rift zonc (?), in case we approve
of it, should lecad to a ainly acid volcanism.

Answer : We have assigned the Romanian Mesozoic initialites of tholelitic origin to the
ophiolites, having in view the most recent definition, adopted by the International Group of
Ophiolite Correlation within IGCP Project no. 39 ,,0Ophiolites of Continents and Comparable
Oceanic Rocks” and gencralized by Coleman (1977),

The ophiolitic rocks in Romania, generated by the upper mantle magmas, have been
assigned to occan floor basalts, and the calc-alkaline and alkaline magmatites (initialites) to
the island arc voleanies, generated by old Kimmerian and new Kimierian orogenesis, respecti-
vely, on the basis of both gcotectonic data and especially of petrochemical and geochemical
quantitative values, according to Burri and Niggli (1945) and Pcarce and Cann
(1973).

Maybe there are authors who consider that ophiolites may forin in island arc volcanoes
as well, but we have noticed that no rocks similar to the ophiolites investigated by us in
Italy, Yugoslavia, Caucasus, Urals and California have formed at least in the pre-orogen island
arc of the Mures zone. We mention that none of these authors can think that the Mesozoic
rhyolites, andesites and trachytes from the Trasciu Mts., referred to by our colleague I. Nic o-
lae, would represent ophiolites.
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Sommaire

Considérations sur Ia pétrologie.etmétallogenése des ini-
tialites alpines dela reﬁlon Va]1$oaraDumest1 (Monts Metali-
feri), avec observations sur le soubassement pré-alpin. La région
investiguée est formée de roches ophiolitiques du premicr stade d’évolution de la zonec du Mures,
et de produits du deuxié¢me stade d’évolution de cette zone, qui ont les caractéres des volcanites
d’arc insulaire et constituent la plupart des roches de la région. Les derniéres sont représentées
par des agglomérats contenant de différents types de basaltes et andésites basaltiques, quel-
quefois des tuffs. Dans la partie de NE de la région, on rencontre des andésites au pyroxéne
et amphibole, au-dessous des calcaires jurassiques supérieurs et aptiens, tandis que dans la
partie de N'W, au-dessus les agglomérats basaltiques on trouve des pyroclastites d’andésites
aux amphiboles et dacites, associées parfois aux tuffsf‘ét radiolarites, couverts aussi par des
calcaires aptiens et probablement jurassiques supérieurs. Dans le méme endroit, il y a des
filons et dykes de rhyolites et roches porphyriques acides qui traversent les agglomérats basal-
tiques. L’activité magmatique, qui a généré les roches acides et surtout celles filoniennes, est liée
a quelques zones d’altération hydrothermale, emplacées dans les agglomérats basaltiques et
associées avec des minéralisations de sulfures.

1 Received on August 29,1979, accepted for publication on September 5, 1979, presented
at the Meeting of February 29,1980.

2 Institutul de geologie si geofizicii. Str. Caransebes nr. 1, 78344 Bucurestl, 3‘)
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1. Introduetion

The research work carried out by us in 1978, on the Mesozoic eruptive
rocks from the Metaliferi Mountains, represents the continuation to the
East of previous studies on the Vorta sulphide mineralizations (H. S a v u,
I. Nicolae, 1975 a,b) 3. They covered the area extending from Dumesti,
the springs of the Baristi valley, to Vilisoara and Séligtioara (P1. I).

Ghitulescu and Socolescu (1941)havestudied this region
more systematically and on their map are figured Triassic melaphyre
(diabases) flows, Upper Jurassic and Lower Cretaceous sedimentary depo-
sits, as well as Tortonian sedimentary deposits and andesite flows. The
melaphyres contain some hydrothermal alteration zones assigned to Neo-
gene volcanism. Iacob (1953) mentions some more acid rocks, quartz
porphyres included, which he considers to be older than the diabases
(the melaphyres mentioned by previous researchers). West of the region
investigated by us, Cio flica (1961) describes Jurassic basalts, different
types of andesitic rocks, oligophyres, orthophyres, Barremian basalts
and Laramian rocks. In1963, Trifulescu investigated the northern
part of this region and showed that the acid rock bodies crossing the ,,dia-
bases’ to the south of Dealul Mare and at the springs of the Furcsoara
valley and Cidbesti valley, could represent banatitic intrusions. In
their report on the prospection works,I. Teodoru etal. (1963)* and
Constanta Caraveteanu (1977) ° mention that this region
consists of basalts and their pyroclastics, Laramian intrusive rocks and
Neogene volcanics which seem to include the rhyolites, dacites and an-
desites lying to the north-west of Furcsoara. These data have also been
figured on the geological map on the scale of 1: 50,000, sheet Brad
drawn up by Bordea and Borcos (1972).

Speaking about the general structure of the Mures moblle zone,
Savu (1962 c¢) notes that it has a pre-ophiolitic sialic basement which
consists of crystalline schists and granitoids. This problem is rediscussed
on the basis of new geophysical and geological data by Andrei and
Calotd (1973), Savu (1976), M. Borcos, J. Andrei,
M. Lupu and I. Berbeleac (1976) 5; the last authors have also
drawn up the map of this basement.

Our researches carried out in the central part of the South Apuseni,
which started in 1973 7 and have been correlated with the ones made in -
the western part (Savu, 1962 a, b), have offered a new image of the
succession of geological events, which has been confirmed in this region 8
as well.

3 Arch. IGG, Bucuresti.
4 Arch. IGPSMS, Bucuresti.
5878 Arch. IGG, Bucuresti.
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2. Geological Strueture

The region enters the general structure of the southern part of the
BMureg mobile zone, its formations and their tectonics resembling those
described by us in the Cirmizinesti-Vorta-Dumesti reglon (Savu,
Nicolae, 1975 a).

Previous researchers have mentioned, to the south of this region,
several scales with crystalline schists in the base. During the investiga-
tions carried out in the zone figured on the enclosed map (Pl. I), we have
also noticed an intensely laminated formation, lying along a reverse fault
on the Valea Mare brook, at Silistioara. We encountered typical crystal-
line schists on the summit lying to the east of the Birdgti brook, where
they occur as elements of polygenous agglomerates. Fragments of crystal-
line schists have been noticed in some basaltic tuffs on the Cibesti valley.
These crystalline schists represent the rocks which belong either to the
Hercynian series or to the Assyntic epimetamorphic ones and show that
the complex basement of the Mures zone (Savu, 1976), containing
sialic elements, lies at a small depth.

The largest part of this region consists of eruptive rocks, belonging
to the first two evolution stawes of Alpme initial mavmatlsm from the
Apuseni Mountains.

a) First stage formations. These eruptive rocks occur on the Bérdsti
brook, in the southern part of the region, and are represented by dolerites
and anamesites underlying the Upper Jurassic and Neocomian limestones.
These rocks are the product of the magmatic activity which took place
during the Lower and Middle Jurassic and their absolute age of 180 m.y.
has been established by Rb/Sr method (Herz et al., 1974).

We should speak of the gabbro blocks lying up the Biristi valley
within the area of quartz-amphibole andesite and dacite pyroclastics and
* of gabbro blocks occurring on the Oana brook within the second stage
basaltic agglomerates (Pl. I). Usually, the gabbros belong to the first
stage, but theoretically they could be emplaced at the beginning of the
second stage, too. As they do not form bodies in pyroclastics, it is also
possible that the gabbro bodies could have been dislocated, during the
eruptions, from the first stage basement and could have been included
in the polygenous agglomerates, asitisthe case with other formations.

b) Second stage eruptive formations. The largest area of the region
consists of agglomerates and tuffs .of porphyritic basalts, amygdaloid
basalts, hyalobasalts and basaltic andesites belonging to the second evolu-
tion stage of the mobile Mures zone. Polygenous agglomerates and tuffs
with crystalline schists, Permian sandstones probably gabbros, dolerites
etc. and Jurassic limestones do often associate. Two adjacent, parallel
veins made of basic rocks have been noticed on the Furcgoara valley.
The eruptions took place during the Oxfordian and the Kimmeridgian
till the first part of Portlandian,” fact proved by the very big Jurassic

4 — ¢ 553
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limestone blocks occurring in the polygenous agglomerates (Pl. I). The
age of these eruptions is of almost 140 m.y. (Herz et al., 1974).

- 'The northern part of this region is covered by acid volcanic products
which belong to the second evolution stage of the mobile: zone and overlie
the basaltic agglomerates, which seem to have occurred during the Port-.
landian, as their pyroclastics contain Upper Jurassic limestones, and
during, the Lower Cretaceous, as they underlie the Hauterivian-Aptian
hmestones, as one can infer from the map 1 : 50,000, sheet Brad. There
are two types of eruptions.

~ At Vilisoara, one may encounter pyroxene and amphibole andesite
agglomerates which underlie the Upper Jurassic and Aptian limestones.

At the springs of the Furcsoara valley and on the upper course
of the Biristi valley, the basaltic agglomerates are overlain by an impor-
tant pyroclastlcs mass (agglomerates, tuffs) and amphibole andesite and
dacite flows, with scarce intercalations of tuffs associated with radiolari-
tes, resembling those from the Vorta formation, described to the west
(Savu, Nicolae, 1975 a). Otherwise, all these volcanic products
represent the eastward extension of the ones described by us in 1975 in
the Vorta zone, between the Birbdsoiu hill and the Ursu peak.

At the springs of the Furcsoara valley and on the summit between
the Dumesti and Biristi valleys, the andesitic volcanics underlie Aptian
and probably Neocomian limestones. They contain intercalations of limy
coilglomerates and limestones with andesitic or dacitic eruptive elements
(PL 1)

The eastward extension of acid eruptlons contains several dykes
and rhyolite and dacite veins, porphyritic rocks assigned by previous:
researchers to banatitic eruptions. They represent the vein-like correspon-
dents of the andesitic and dacitic volcanics mentioned above and differ
petrographically from the Laramian rocks. Such bodies occurinthe upper
basin of the Furcgoara valley, south of the locality Dealul Mare and on
the western slope of the Vilisoara valley.

In the southern part of this region, the Upper Jurassic and Lower
Oretaceous limestones and the second stage basaltic agglomerates are
overlain by argillites, marls, sandstones and scarce limestones Whlch
belong to the Hauterivian-Lower Aptian Cibesti beds.

During the Tortonian, this region seems to have been wholly covered
by gravels, scarce sandstones and weakly consolidated conglomerates
which occur over the formations mentioned above, in the area north of
the Dealul Mare and Gruelaci'localities. Similar gravels occur farther to
the south. West of Dealul Mare, in the neighbourhood of the Paltinu hill,
we have encountered a patch of Neogene pyroxenic andesn:e agglomerates,
which. could be Tortonian as well.

Some hydrothermal alteration zones have been pointed out within
the Upper Jurassic basalt agglomerates lying within the area between
Biriigti, Dealul Mare, Gialacuta and the Valigoara valley. Weak minerali-
zations associate sometimes; at Dealul Mare and the springs of the Izvor
Brook, an affluent of the. Furcsoara valley, they were explored by means

Fru B e b
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of galleries. (Pl. I). Ou the Izvor Brook, the galleries were dug in the
a.mphlbole andesite and dacite pyloclastlcs, showmg that the mmerahza—
tions could be. related to the second stage eruptions from the Mures zone.

The primary tectonics of this region, which formed during the new
Kimmerian or Austrian foldings, has led to the formation of a synclinal
structure between Gialacuta and Furc&oala, whose formations present
an eastward periclinal closing. '

During the Austrian or even younger movements, there formed
some WNW——ESE fractures, almost longitudinal as compared to the
mentioned plicative structure.

4. Petloglaphy and Mineralogy

The fust stage eruptive 1ocks, rather few in this region, are repre-
sented: by dolerites, anamesites and gabbros.

a) The anamesites may be found as flows on the Bardgti valley
and as component elements of the second stage basaltic agglomerates.
The rocks present an intergranular texture and consist of plagioclase
sticks, augite and opague minerals, at which some glass altered into
chlorite and secondary minerals do add. The plagioclase crystals are usually
elongated and partially altered; while the augite ones are isometric and
sometlmes slightly. elongated. These  rocks contain scarce amygdales
filled with calcite and zeolites.

b) The dolerites occur more rarely, in the same conditions as the
anamesites. They have an ophitic structure and consist of plagioclase,
augite, opaque minerals and secondary minerals. The plagioclase forms
usually cloudy, -elongated sticks with twins according to the albite law.
It is the first mineral which crystallized and was included in the pyroxene.
The latter forms isometric or somewhat elongated crystals, slightly pleo-
chroic to light brown, which becomes more obvious on the crystal borders.
The augite is altered to chlorite in places and presents secondary iron
oxide grains. Some dolerites contain some interstitial quartz.

¢) The gabbros have been encountered only as blocks in the places
mentioned above. The rocks present a hypidiomorphic-granular texture
and consist mainly of plagioclase, diopside and some magnetite. The
plagioclase (Ang,) occurs in crystals twinned polysynthetically according
to the albite, albite-Karlsbad and pericline laws, with a flow marginal
zone. It is altered on fissures. Usually the diopside is altered into an actino-
lite hornblende, chlorite, calcite, leucoxene and secondary iron oxides
displayed along alignments reminding of the old cleavage position of the
replaced pyroxene. The primary magnetite is xenomorphic, proving thus
that it is"the last crystallized mineral.

As it was mentioned in the previous chapter, the second stage erup-
tive rocks were more varied ‘than the first stage ones, being represented
especially by pyroclastics of basaltic, andesitic and acid rocks.



52 H. SAVU et al. 6

a) The basalts and the basaltic andesites from the region main
agglomerate mass may be distinguished from one another by the slightly
different composition of the two rocks plagioclase. They have a porphyritic
texture and consist of a groundmass formed of glass, plagioclase and opa-
que minerals microcrystals. There occur plagioclase and augite phenocrysts
surrounded by the fluidal groundmass. The augite phenocrysts present.
a length of 2—3 mm and are fresh and twinned after 100. Sometimes
the plagioclase phenocrysts are albitized, pointing to the presence of some
spilites, while other times they are replaced by calcite. The pyroxene is
also replaced by chlorite (Pl. 11, Fig. 1).

b) The hyalobasalts may be encountered both in agglomerates and
in the vein on the Furcgoara valley, where they associate with a parallel
basaltic andesite vein. These are black, amorphous rocks with choncoidal
breaking, being formed to their largest part of recrystallized glass, impreg-
nated with fine, opaque mineral grains, especially primary and secondary
magnetite, and sometimes plagioclase microcrystals. This mass contains
plagioclase phenocrysts (Ang.g,), augite and small rock xenoliths whose
composition and sfructure resemble those of anamesites or intersertal
basalts carried away by lava while crossing the basement formed of first
stage ophiolitic rocks. We could thus account for the presence of these
rocks within the region polygenous agglomerates. The plagioclase pheno-
crysts present sometimes a weak zoned structure, being broken just like
the augite ones.

¢) The amygdaloid basalts rescmble the basalts or. hyalobasalts,
but differ from them by the calcite and especially silica filled amygdales.
These minerals are radially intergrown or form hemispherulitic structures,
well developed, with the joining point of acicular crystals on the amygdale
wall.

d) .The basaltic andebltes from the vein ou the Furcgoara valley
and those from agglomerates, have a porphyritic texture and consist of.
% fine groundmass of plagioclase and augite microcrystals some glass and
primary magnetite grains. Plagioclase and pyroxene phenocrysts may
be also encountered. The plagioclase phenocrysts (An,;) are almost iso-
metric and often idiomorphic. They are almost wholly altered inside and
on borders they present a limpid thin zone, as it is the case with the basalts
of the same agglomerates.

¢) The polygenous agglomerates consist mamlv of the same types
of basaltic and andesite-basaltic rocks, together with blocks of erystalling
schists, Permian sandstones and Jurassic limestones.

— The crystalline schists are granolepidoblastic rocks formed of quartz grains with rolled
cxtinction, scarce albite grains and muscovite and chlorite lamellae. Elongated green tourmaline
crystals and pyrite grains do also occur (Pl II, Fig, 3).

~— The sandstones encountered in blocks with a diameter of 3—10 cin within the poly- .
genous agglomerates and attributed to the Permian are red-coloured and consist of rounded
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quartz grains and scarcc microcline-perthite and plagioclase ones, The cement is mainly siliccous.
Calcite patches and limonite layers do often occur (Pl 11, Fig. 4).

— The Jurassic limestones bloeks, which are more frequent, present a very fine granula-
tion. On some irregular portions and on veins, the limestone rcerystallizes as coarser grains
and is crossed by ecaleite veinlets. These features have also been noticed at the Upper Juras-
sic-Neocomian limestones lying o the south of this wnap.

f) The basaltic tuffs and the polygenous basaltic ones present a
crystalle-litho-vitroelastic structure and are usually altered. They consist
mainly of basalt, basaltic andesite and hialobasalt fragments, with scarce
calcite patches. The polygenous tuffs contain, besides eruptive elements,
fragments of chlorite and muscovite quartm’mc schists, as well as quartzite
fravme‘dts formed of quartz grains with rolled extinction (Pl. II, Fig. 2).
Calcite layers do also occur.

¢g) The oligophyres may he encounterd in the north-western extre-
mity of the map and within the basaltic pyroclastics. They are rocks
with porphyritic texture, consisting of a groundmass with fluidal texture
and trachytic aspect, made of numerous oligoclase or albite microcrystals
that follow the course of the flow direction. The rock contains oligoclase
phenocrysts, often albitized and twinned polysynthetically, and magne-
tite crystals, bigger than the plagioclase microlites of the Gronndma%.
Interstitial quartz may be often noticed forming small glomerules.

k) The pyroxene and amphibole andesites have aporphyvritic texture
and consist of a pilotaxitic groundmass with imprints of the lava flows
especially round the plagioclase, amphibole and pyroxene phenocrysts.
The plagioclase phenocrysts (An,,;) are twinned polysynthetically and
have a zoned structure. It is altered on borders, along the cleavages and
on some irregular portions, being partially replaced by sericite. The crys-
tals central part, which is more basic,; is usually the most altered one.
The aungite may be encountered more rarely and occurs as smaller crys-
tals, partially altered. The hornblende appears as big, green-coloured
crystals, often idiomorphic, with the following optical features: Ng =
= brown-green; ~ Nm == green-dark Dbrown; Ng = jyellow-brown;
¢ A Ng = 21°. It contains magnetite crystals, a mineral which may be
found in the rock groundmass as bigger crystals.

i) The amphibole andesites, sometimes quartz ones, which form
the main mass of pyroclastics and lava flows from the north-western
part of this region, are.grey, greenish or yellowish rocks with porphyritic
texture and massive structure, slightly fluidal sometimes, and consist
-of a microcrystalline groundmass and plagioclase and hornblende pheno-
crysts. The microcrystalline - groundmass contains feldspath and quartz
microcrystals, as well.as fine magnetite grains. The plagioclase phenocrysts
(An,,) are idiomorphic and twinned polysynthetically. They present 2
zoned texture and. sometimes are broken or fissured and resorbed by the
magma. The green hornblende phenocrysts are idiomorphic and exhibit
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the following optical featmes Ng .= green; Nm = brown-green ; Np =
— yellow-greenish ; ¢ A Ng = 21°. These rocks contain also scarce magne-

tite crystals, sometlmus idiomorphic and usually corroded. by the magma.

4) The dacites are light coloured rocks, from yellow to reddish,
with porphyritic texture. The microcrystalline groundmass conta,ms
magma corroded quartz phenocrysts, plagioclase and biotite. The plagio-
clase phenocrysts (Anyg) are twinned polysynthetically and sometimes
they are clouded and altered. The biotite ones present the following pleo-
chroism : Ng, Nm = brown; Np = yellowish and are largely &lteled

k) The rhyolites and the porphyritic rocksof the acid vein-like bodles
consist of a wuniform, microcrystalline groundmass, with plagioclase,
quartz and iron oxide phenocrysts. The plagioclase (Angy) forms polysyn-
thetically twinned crystals with a slightly zoned texture. Sometimes it
has groundmass inclusions and is slightly altered on borders, fissures
and in some irregular parts. The quartz forms idiomorphic phenocrysts,
partly corroded by the magma. The melanocrate mineral is represented
by a generally altered and faded biotite which has reacted with the magma
on borders. The rock contains sometimes bigger magnetite crystals with
phenocryst character as compared to the finely grained groundmass.

5. Geochemistry and Petrology

In order to obtain some information on the petrochemical features
and on the trace element distribution of the igneous rock series from the
two evolution stages of the Mures zone, two first stage rocks and three
second stage ones have been analysed chemically and spectrally. The
results.of the chemical analyses are glven in Table 1, from which we may
infer the following information.

The anamesite on the Furcsoara valley presents a normal com-
position, resembling the anamesite on the Cirmizinesti valley, previously
studied (Savu, Nicolae, 1975 a)..

The quartz dolerite, whose chemical composition resembles the one
of a Julita quartz dolerite (Sa vu -et al., 1970), occurs in an advanced
stage of its plagioclase albitization ; it conta1ns 4 A, N3a,0, very close to
the Na,O of spilites, and 5.249% Ca0. -

The basaltoid andesite resembles, by its composition, a similar rock
on the Vorta valley and differs from it by the greater Na,0 quantity and
the smaller CaO one, pointing to the partial albitization of plagioclase.

-+ The oligophyre, with an intermediary composition and rich in Na,0,
resembles the Toc oligophyre (Savu, 1962 b).
i The rhyolite is also albitized, as the Na,O quantity is greater (5.259%,)
than the K,0 and CaO ones, Whlch are Smaller than the one contained
by consagunineous ‘Thyolites, prev10usly ‘published (S8avu, Nicolae,
1975 a).

The va,rla,tlon of .different 0x1des within the second stage series
points to a successive magma differentiation. It starts with the basic
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‘parental magma, passes through SiO,-rich intermediary hybrid magmas
-and reaches the acid magmas resulted from the sialic material formed
by the melting of continental plates, subducted under the Mures oceanic
zone, just from the Upper Jurassic, at the same time with the new Kimme-

TABLE 1

Chemical Composition of Rocks

No 1 2 3 4 ' 5
No sample 34 54a 24 2 10
Rock type Anamesite d%?;gz E?,s;;:ﬁied Oligophyre Alb(igg:s;;r);;nte

Sio, 5000 52-00 56-20 58-20 74-00

ALO, 16-76 14-55 14.40 15-05 13.27

Fe,0, 4.22 5.44 3.21 6-33 1.83

Fel 3.75 6-97 3.25 3.58 0-57

MnO 0-136 0-216 0-137 0-157 " 0.079

Mg0o 8-33 6-13 6-70 2.85 1.01

Cas 10- 66 5-24 6-85 3.88 0-71

Na,0 2-60 4-00 . 4-00 5-55 5.25

K,0 0-30 -~ 0-20 2.70 0-90 2.00

TiO, . 0-60 ~ 2.03 0-58 1.64 ~0-28

P,0s 1l o012 0.22 0-13 0-26 0-13

CO, ' 0-43 0-15 010 0-57 © 010

s, 0-072 | 0-165 0-047 | 0-108 0.039
Fe(S) ' 0-06 0-14 004 | 000 . | o003

H,0* 2.81 3.51 2.57 1-66 | 049

Total 10084 100-96 100-91 100-82 99.78

rian movements (S a v u, 1976). The evolution of these magmas has been
discussed for the Troag-Pirnesti (S a v u, 1962 b) and Vorta regions (S a v u,
ficolae, 1975 a) and -the conclusions drawn. in those cases hold good
Nor the Dumesti-Vilisoara region as well. .7
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Thedifferentiation of the primary basaltic magma,asit wasshownahove,
may be also inferred from the values of the magmatic parameters (Tab. 2,
Burri, 1969). On the diagram of Figure 1, one may easily notice that
the two first stage rocks enter the projection field of the Alps, Apennines
and Dinarides ophiolites, studied by Burri and Niggli (1945).
At these adds the basaltoid andesite which, by composition, is similar
to the basaltic rocks, while in the neighbourhood of this field the oligophyre
resulted from a hybrid magma is projected.

The rhyolite, coming from a lithogenous magma, formed during
the subduction process, occurs somewhat farther, near the corner ¢ of
the diagram.

We may draw the conclusion that during the first evolution stage
of Alpine initial magmatism, which occurred during the spreading of the
Mures oceanic zone, the tholeiitic magmas were generated from the upper
mantle, out of which the characteristic ophiolitic roeks resulted (S a v u,
1976).

Due to the bilateral subduction processes or the collision of the
continent/continent type (S avu, 1980), leading to the modification of
the oceanic zone structure, the magmatic activity modifies itself during
the second stage of the Mures zone and gets the character of a pre-orogen
island arc volcanism ®°.

The trace element distribution from Table 3, points to a number
of peculiar features, too.

The trace element content of anamesites is characteristic of tholeiitic
basaltic rocks and thus, on the Ti—Zr —Y diagram, drawn after Pearce
and Cann (1973), it occurs within.the field B of ocean floor basalts
(Fig. 2).

The quartz dolerite, belonging to the first stage, presents Co, V and
Sc contents similar to those of anamesite, and differs from the latter by
the low Ni and Cr contents. These differences are the result of the crystalli-
zation of quartz dolerite from a tholeiitic residual magma, accompanied
by high Y and Yb contents and low Ba and Sr ones. Probably, that is
why it occurs within field A of low K,O content tholeiites, in the neighbour-
hood of field B, on the diagram of Figure 2.

The second stage basaltoid andesite resembles the first stage ana-
mesite by its trace element content, except for the high Ba value (600 ppm)
which corresponds to a somewhat higher K,O value (2.709,).

® The term of ,,island arc” was introduced in the geological literature of the Mures zone
(South Apuseni) by Sa vu et al. (1978), who showed that the Jurassic—pre-Oxfordian basic
rocks present the features of ocean floor magmatites, while the Upper Jurassic-Lower Creta-
cecus ones correspond to the island arc volcaniecs. This notion has been enlarged upon in 1979
and 1980 (S a vu, 1980) by mentioning that the Mures zone was first an ocean floor zone and
 after the new Kimmerian movements, due to the bilateral subduction processes, it developed
like an.island arc zone, the second stage products lying over the first stage ones, just like
in the case of the West Pacific.
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: The oligophyre, which crystallized from a hybrid magma, has low
siderophyle trace element contents, characteristic for intermediary rocks.
- Exceptionally high Y, Yb and Zr contents are worth mentioning.
- On the Ti—Zr—Y diagram (Fig. 2), both second stage rocks are
projected within field C of calc-alkaline basalts from volcanic island ares
lying on marginal zones of plates.’

Q

Fig. 1. — QLM diagram.

Tif100

)

1, ocean floor basalt ; 2, island arc voleanics.

Zr

Fig. 2. — Ti—Y—Zr diagram,. ; &
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It results that, while the first stage ophiolitic rocks present the
features of ocean ﬂoor basalts, the second sta,ge magmadtites get the charac-
ters of island arc volcanics (Sa v u et al., 1978). Due to the bilateral sub-
duction processes occurring within the Mmes ocean, there takes place
the transformation of the oceanic zone into a plate marginal zone with
island arc volcanic structures lying along two marginal alignments in the
western part of the ocean (Sa vu, 1976).

The rhyolite contents in trace elements are characteristic of acid
rocks. However, the Ba value is somewhat lower.

6. Hydrothermal Alteration Zone and Associated Mineralizations

Hydrothermal metamorphism processes oceur in the region volcanics

_as well as in the ophiolites of the Mures zone (S a vu, 1967) leading to

the formation of hydrothermal alteration zones with sulphide mineraliza-
tions (Savu, 1972).

Our studies of the useful mineral concentrations in the Vilisoara-
Dumesti region have pointed to some hydrothermal alteration zones
of different transformation stages. Some of them are accompanied by
weak sulphide mineralizations. These zones follow the general NNW —ESE
trend, coinciding with the trending of the main tectonic structures (P1. I),

The most important zone, as regards its extent and mineralizations,
is the one lying from the Cucut valley basin, extending eastward by Cidbesti
valley springs, to the Oana brook basin. On the Cucut valley, there occur
sulphide, especially pyrite, mineralizations which have been investigated
by means of galleries, as one can see from old maps (Ghitulesecu,
Socolescu, 1941). Weak sulphide mineralizations have also been
noticed on the Oana brook, within the same hydrothermal alteration zone.
This zone lies between the vein-like bodies of Upper Jurassic-Lower
Cretaceous acid porphyric (rhyolitic) rocks pointing to the filliation bet-
ween these rocks and the mineralizations.

To the north and especially to the south of this main zone, there
occur some other hydrothermal alteration zones, less important, which
lie parallel to the former and are connected with the second stage acid
magmatism. Thus, on the Cucut valley there is a restraint zone lying to
the north of the locality Dealul Mare and another one to the south of the
main zone also investigated by a gallery; five less important zones lie
within the basin of the right-hand tributaries of the Viligoara wvalley,
such as Oana brook, Brusturi brook and Valea Mare brook. Besides the
characteristic alteration of the rocks, other mineralizations have not been
noticed in these zones. Some restraint alteration zones have also been
delimited in the neighbourhood of the Furcsoara locality and to the south
of the Biardsti locality.

: Thema,pdra,wnupby(}hltulescu and Soeolescu(194l)
and the map on the scale of 1 : 50,000, sheet Brad (Bordea, Borcos,
1972) show that three galleries were dug at the springs of the Izvor Brook,
in the amphibole andesite and dacite pyroclastics zone, accounting thus
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for the connection between these mineralizations and the Upper Jurassic-
Lower Cretaceous acid eruptions, just like in the case of the Vorta minera-
lizations.

As far as the Upper Jurassic, Lower Cretaceous calc-alkaline and
alkaline eruptions from the Mures zone have been considered to belong
to the Alpine ophiolitic series, their connection with the Vorta Pb, Zn
and Cu concentrations was uncertain, as such mineralizations. generated
by ophiolites are known nowhere in the world. The new outlook, according
towhich these voleanics belong to a pre-orogen volcanic island are, supports
this conclusion, as these mineralizations are associated with this type
of volcanism.

We mention that all these hydrothermalized zones together with
the associated weak mineralizations, as well as the Vorta ones, have a
hydrothermal origin and have been emplaced along some new Kimmerian
longitudinal faults, and no region contains stratiform sulphide deposits,
as G. Udubasa etal (1978) 19 supposed to be in the case of the Vorta
mineralizations. Neither in the Valisoara-Dumesti nor in the Vorta region,
these hydrothermalized zones and their mineralizations are not intercala-
ted between two eruption horizons. They trend almost parallel to the tec-
tonic structures, being disconformous as opposed to the stratification of
eruptive formations.

7. Petrography and Geochemistry of Hydrothermilized Zones

The parageneses formed in the basic hydrothermalized rocks in
the above mentioned zones, were controlled by the following main proces-
ses, studied by Mayer and Hemley (1967): argillization, carbona-
tation and zeolitization and pyrite impregnation to different degrees;
within the oxidation zone, the pyrite impregnated rocks are highly limo-
nitized. .

@ ) The argillized rocks are represented by different types of basalts.
They are wholly altered so that only the primary mineral contours may
be recognized, while the other parts are replaced by caolinite and sericite,
lending a dim aspect to the rock. The whole hydrothermalized rock is
impregnated with sulphides, especially pyrite and limonite. On some
portions, the rock is less clouded and consists mainly of sericite. These
rocks are crossed in places by quartz veinlets.

b) The hydrothermalized basaltic rocks which have underwent
carbonatation processes are also hlo'hly altered, so that their porphyritic
texture may be recognized only in places. It consists of a groundmass
of albitized plagioclase microlites with altered plagioclase phenocrysts.
The rocks are invaded by calcite and silica, so that some phenocrysts are
replaced by calcite or ankerite and others by silica or scarce zeolites. Some
hydrothermalized rocks of this group contain metasomatle deposits w1th1n

10 Arch. IGG, Bucuresti.
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well delimited areas, filled with calcite, radial chlorite concretions or
silica. In other cases, the rock has been wholly replaced by calcite and/or
ankerite and impregnated with limonite, which forms crystal groups of
variable dimensions and irregular contour. From place to place, one notices
chlorite pseudomorphoses impregnated with opaque grains, formed at
the expense of the pyroxene.

¢) The rocks affected by zeolitization processes are albitized and
their primary structure is well conserved. The zeolite deposition occurs
in. two ways : as veinlets, in which zeolite crystals lie perpendicularly on
their walls, or as irregular deposits, which replace the rock metasomati-
cally and are accompanied by zeolite spherulites or hemi-spherulitic inter-
growths.

In the oxidation zones, the hydrothermalized and initially pyrite-
impregnated rocks are supergeneously weathered and impregnated with
limonite, which occurs as reniform deposits or fine grains with irregular
contour.

An amygdaloid basalt and 9 altered rocks representing all the types
described above (Tab. 4) have been analysed spectrally in order to esta-
blish the nature of minerals from hydrothermalized rocks and to describe
the geochemical processes which took part in the hydrothermalization
process. Having in view the traceé element content of the amygdaloid -
basalt (sample 1) which is unaltered, one may notice a few modifications
in the trace element distribution Wlthm hydrothermalized rocks.

Ni, Co and Cr values are close to the unaltered basalt in argillized
and carbonated rocks and become lower in zeolitized and limonitized
ones. V, Se¢, Y and Yb concentrations rest practically unchanged within
the rocks affected by different alteration processes. Ba values are higher
in most of the analysed rocks, especially in the zeolitized ones. Strontium
contents are close to those of comparison basalt, only in carbonated rocks,
being higher in the other types. Sr reaches an exceptionally high value
{780 ppm) in the argillized basalt on the Birdsti valley. Litium values
are low both in hydrothermalized rocks and in amygdaloid basalt.

Among the sulphur-loving elements, characteristically linked to
the hydrothermal alteration zones and their associated mineralizations,
only Pb and Cu have been analysed. The lead values are low for all the
analysed rocks, except for the carbonated rock at number 4, where it
reaches a very high value (600 ppm). Without exhibiting exceptional
values, the copper may be encountered in all the altered rocks, its quanti-
ties being 2—9 times greater than in the amygdaloid basalt, unaffected
by hydrothermalizing processes.

The analysed samples show that Ba, Sr, Pb and Cu tend to concen-
trate in hydrothermalized rocks, pointing to complex sulphide concentra-
tions present in these hydrothermalized zones, besides the pyrite ones
encountered on surface in two mentioned places.
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8. Conclusions

The investigated region consists of some ophiolitic rocks (anamesi-
tes and dolerites) belonglnfr to the first stage of the Mures zone evolution
and of the second stage products, which present the features of island
arc volcanics and represent the greatest part of the eruptive rocks in this
Tegion. .

The latter are represented by agglomerates of different basalt and
basaltic andesite types, scarce tuffs, lying over the largest part of this
region.

The sialic elements mentioned in the polygenous agglomerates and
tuffs of the second stage volcanics reveal that the pre-Alpine basement
of eruptive rocks consists of crystalline schists and Permian sandstones.

In the NE part of the region, pyroxene and amphibole andesites
underlie Upper Jurassic and Aptian limestones, while in the N'W part of
this perimeter, the basaltic agglomerates are overlain by amphibole ande-
site and dacite pyroclastics, sometimes associated with tuffs and radio-
larites, which underlie Aptian and probably Upper Jurassic limestones,
as well.

In the same part of this region, there occur veing and dvkes of rhyo-
lites and acid porphyric rocks which cross the basaltic agglomerates.

The magmatic activity, which generated the acid rocks and especially
the vein-like ones, is linked to some hydrothermal alteration zones, lying
within basaltic agglomerates and associated with the sulphide mineraliza-
tions on the Cucut and Oana brooks.
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QUESTIONS

M. Sdndulescu:1l. Which aré the arguments that support the Lower Cretaceous
age assigned to a part of the calc-alkalinc series? 1
9. The connection made between the calc-alkaline series and the subduction and even collision
processes of the two margins (southern and northern) of the oceanie (ophiolitic) zone envisages
a very ample pre-Tithonian tectogenesis, at least. Is this tectogenesis, and especially its ampli-
tude, sufficiently illustrated by the orogenic evolution of the South Apusenides?

Answer : 1, In the region studied by us and along the southern island are, the volcanies
are obviously of Upper Jurassic age, as they underliec the Stramberg limestones. On the north-
western border of the occanic zone, where the volcanics of the second island are intercalate
within marly-calcareous deposits with red argillite and jasper intercalations, this formation has
heen assigned to the Tithonic-Neocomian age, just like in the castern part of the Mures zone.
It is possible that these formations-be of Upper Jurassic age and be formed under different
facies conditions, concomitantly with the intense volcanism on the southern border, so that
the Lower Cretaceous, which follows in continuity of sedimentation, start higher, above the
last eruption level.
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2, Since 1933, Macovei and Atanasiu have considered the Mures zone to be a bi-lateral
‘overthrusting Orogen. The generation of the two marginal fosses since the Oxfordian — and
the elevation of the axial ophiolitic zone (S avu, 1962) — in the Mures zone, demonstrates
that the sialic plate advancement under the ophiolitic zone by a subduetion process or a colli-
sion one of the continent/contincnt type took place at the same time with the new Kimmerian
movements, The sedimentation and the island arc volcanism from these fosses have concealed
the primary relationships betwecn the sialic plates and the mobile zone; thesc relationships got
complicatcd by means of the Austrian movements which finished up the asymmetrical bi-lateral
orogen. All these data support the hypotheses mentioned above.

M. Lupu: Would you give more details regarding the interpretation of the tectonic
structure of the investigated area?

Answer : Our previous investigations have led to establishing the following geotectonical
evolution of the Mures zone. From Lower Jurassic (180 m.y.) to the Oxfordian, there occurs
the ocean floor spreading accompanied by the generation of the ophiolitic complex. Starting
with the Oxfordian, the time of the new Kimmerian movements, there took place the bi-lateral
subduction of the sialic plates, from the northern and southern parts, under the ophiolitic rocks
zone, or the collision of the continent/continent type and the bi-lateral, assymetrical obduction,
of ophiolites. No matter the process, within the oceanic zone the two marginal fosses (Sa vu,
1962) mentioned above are gencrated, while to the depth there form calc-alkaline magmas,
which erupt through the two fosscs, forming two pre-orogen or submarine island arcs. The
northern island arc is represented by the volcanic centres burried in the deposits of thc jaspeir
formation from P#tirs, Lalesing, Troas-Pirnesti and the Saturani and Zeldis valleys in the Cri-~
sul Alb basin. The southern island arc starts from Lalesint and continues eastwards through
Zam, Vorta, Almasu Mare, Remeti, Buru to Turda. The volcanoes of this arc are covered by
Stramberg reef limestones, which in the southeastern part act like a barrier reef in the Upper
Jurassic sea. The evolution of magmas follows the calc-alkaline differentiation line, basalt-ande-
site-rhyolite, accompanicd by a collateral alkaline line, basalt-oligophyre-trachyandcsite-tra-
chyte (orthophyre), established'by S a v u (1962 b). The Austrian movements lead to the final
closing of the oceanic zone and the generation of the bi-lateral overthrusting orogen described
by Macovei and Atanasiu in 1933,

N. Stan: 1, Did ocean floor basalts form by cxpansion? Did calc-alkaline rocks form
by subduction processes ? If this is the case, would you consider that the relationship, in time
and space, between the two proccsses is an expansion one during the first stage and a subduction
onc during the second stage?

2. Do you call ophiolites only the ocean floor basalts?

Answer : 1, The answer is the same as the ones given to M. Sdndulescu and M.
Lupu.

2. According to the modern definition, we consider ophiolites only the basic and ultramafic
rocks, formed by spreading on the occan floor.

I. Nicolae: 1. You have used the term of ophiolites sensu stricto for the first stage
ophiolites. As for the second and third stage ophiolites, you have mentioned they do not exist.
In case you approve of sensu striclo ophiolites, and of sensu lato ophiolites implicitely, would
you name the latter?

2. Do you consider that the second stage products are underlain by (first stage) ophiolites?
3. You have offered an imagc on the initialite genesis as a result of the collision of continental

plates lying to the N and S of the ophiolitic zone. What do you think about the generation
of magma under these conditions?

§ — ¢ 583 48
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Answer : In our papers we show that, according to present-day definitions, the ophiolites
are represented only by ocean floor basic-and ultramafic rocks, formed under the Mures ocean
sprcading conditions, duting J1 and J,, till the Oxfordian. The term of ,,sensu siricio ophiolites’
does not appear in our paper; we used it in our specch in order to be -understood by those
geologists who, like you, still consider that the ophiolitic complex contains Upper Jurassic island
arc volcanics, 'as well. ‘ i -

2. - We mention-that the island arc volcanics lic over a pre-Oxfordian ophiolitic-basement. The
basement crops out all over the Mures zone to the west of ‘the Zam-Basarabeasa meridian. To
the cast of this line, the ophiolitic basement crops out irom under the island arc pyroclastics
only in a few places known so far, such as Bunesti (Sa vu et al., 1978). A detailed map-draw-
ing alone of ophiolitic rocks and island arc volcanics could offer a-complete image of the
structure and evolution of the Mures zone.

3. The answer is similar to thc one given to M. Lupu.

Doina Russo-Sdndulescu: 1. Are there any spilitizations? If not, which is-the pla-
gioelase nature? - - ’

2. Being associated with limestones, do the polygenous agglomerates represent a volcanic or a
sedimentary formation ? In case it is a sedimentary one, eould we speak of a voleano-sedimen-
tary formation ?': ) ; : .

3. Have you found any mineralogical ¢xplanation for the ,,strange” behaviour of Sr in the
hydrothermally altered rocks? ’ 3

Answer : 1. The fresh plagioclase varies from andesine-labrador in porphyritic basalts
to albite in rhyolites. Sometimes-it is alteréd, without forming real spilites.

2. The polygenous agglomerates have formed by the breaking and throwing into the water,
during the volcanic explosion, of basement magmatic rocks and of reefs lying on the volcanoes,
accompanied by their immediate deposition as a voleanic melange.

3. Sr, just like Ba, Pb and Cu, was considered to have concentrated in-the hydrothermalized
rocks. : ’ i

I. Berbeleac: Whichis the position of the gabbro bodies on the Furcsoara valley ?
Do they belong to the first stage or not, or do they represent second stage differentiates?

Answer : We have encountered gabbro blocks and dolerites associated with the basic and
acid pyroclastics of the southern island arc. That is why, we considered them as eleinents of
polygenous agglomerates, torn off the basement during the island arc volcanic explosions.

R. Purecel: The basaltic (volcanic arc) complex seems to represent the Upper Juras-
sic-Lower Cretaceous. This complex underlies another one consisting of more acid differentiates
(andcsite-rhyolites). The latter complex presents interealations- or underlies Lower Jurassic
limestones. How.do you explain this or is it an inaccurate statement?

Answer : The answer is the same as the onc given to the first question asked
byM..Sdndulescu. We call the attention on the presence of some small limestone lenses
lying at the top of the ophiolitic complex as well ; but, they are the result of chemical precipita~
tion and have unde‘rwent. the ocean floor metamorphism, being recrystallized.

DISCUSSIONS

M. Lupu: 1, I think that the polygenous agglomerate formation — thus called by
the'authors — could belong to the Lower Cretaceous, as it may be correlated with the formatlon
that lies over the Stramberg limestones at Zam and farther on to-the SW. :

2. I also think that the sliding of & continental plate under an oceanic plate cannot be defined
as subduction, such as the authors did. The northward overthrust of the structural units with
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ophiolitic basement can lead to the conclusion that in the South Apuseni we may speak of
an obduction process. As the obduction is not opposcd to the subduction, it is obvious that
in the South Apuscni a subduction process took also place, but not the onc mentioned by
the authors.

Answer : 1. The polygenous agglomerates, which occur as a volcanic melange, are surely

of Upper Jurassic age, as they underlie calcarcous rceis, formed during the last stage of the
Tithonic, and Lower Crctaceous deposits. The reef limestones of polygenous agglomerates have
been generated by the first Upper Jurassic reefs lying on the island arc voleanics in the Juras-
siec sca, which were destroyed by later voleanic explosions (S avu, 1962 a, b).
2. In a previous paper (Savu, 1980), I have mentioned that at the end of the ophiolitic
rock generation, in the Mures zonc there occurs cither an asymmetrical hi-lateral subduction
process of sialic plates, lying to the north and south, under the oceanic zone together with
the ophiolite obduction, or a collision of the continent/continent type under the ophiolitic rock
crust, together with their obduction. As you have also noticed, the obduction is aecompanied
by subduction ; there must have happened something, asboth the structure and the cvolution
of the Mures occanic zone have changed concomitantly with the new Kimmerian inovements.
No matter the process, it surely generated the submarine island are volcanism, which manifes-
ted during the Upper Jurassie, especially on the margins of the oceanic zone which started
closing. As the ocean floor basaltic complex from the first evolution stage of the Mures zone
does not contain any sialic erust eclements, as it is the case with the sccond stage polygenous
agglomcrates, we may draw the conclusion that the sialic basement underlying the ophiolites
and island arc voleanics from the eastern part of the Mures zone, has been emplaced there
by the bi-lateral subduction process, which entailed some of the sialic plates lying to the north
and south of the Mures ocean, too.

I. Nicolae: The Tij100—Zr—3Y diagram, used by S a v u in sevcral papers, makes
him draw the conclusion that the points cntering ficld B represent the occan floor basalts.
This diagram, drawn up by Pearcc and Cann (1973), shows that within ficld B both
ocean floor basalts and ,,low potassium tholeiite’’ and calc-alkaline basalts arc projected ; thus,
the ficld is not characteristic of ocean floor basalts only.

Answer : T agree with the cited authors. The rocks we refer to, present the geological,
petrochemieal, gecochemieal and tectonic features of ophiolites, which formed in the axial zone
of the Mures occan under spreading conditions during J; and J,, so we consider them ocean
floor magmatites.

EXPLANATION OF PLATE
Plate II

Fig. 1. — Porphyritic texture of calc-alkaline basalts from the second stage of the island arc
voleanism, different from the intersertal texture of the first stage occan floor basalts.
Nic. II; x 26, Baristi Valley.

Fig. 2. — Polygenous tuff with quartzite elements torn off the pre-Alpine basement by voleanic
explosions. Nic. +; x 33, Cibesti Valley.

Fig. 3. — Crystalline schist element of polygenous agglomerates, torn off the pre-Alpine base-
ment by voleanic explosions. Nic. +; x 30, the crest between Furcsoara and Béarasti.

Fig. 4. — Permian sandstone element of polygenous agglomerates, torn off the pre-Alpine
basement by volcanic explosions. Nic +; x 16, Furcsoara.
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Project” 39: Ophiolites of Continents and Comparable Oceanic Rocks
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PETROGENETIC STUDIES ON OPHIOLITIC ROCKS 'FROM THE
LALESINT-BATA REGION (MURES ZONE)!

BY

HARALAMBIE SAVU?, ALEXANDRU Z. MANEA 3

Ophiolitic rocks. Spilites. Basalls. Upper Jurassic, Ocean floor spreading. Tholeiilic magma-
Island arc volcanism. Magmatic differentiation. Apuseni Mouniains. Mures Mountains.
Drocea Mounlains,

Sommaire

Etudes pétrogénétiques sur les roches ophiolitiques de
la région Lalesin{-Bata (Zone du Mures). Le complexe des roches ophio-
litiques jurassique-préoxfordiennes de la région Lalesini-Bata est constitué de basaltes en alter-
nance avec des anamésites, dolérites et spilites, distribuées en zones paralléles, avec la prédomi-
nance de I’un de ces pétrotypes. Ce complexe s’est formé au fond de I'océan du Mures, au long
d’un ridge axial, dans des conditions de spreading. A cause des processus tectoniques alpins,
les ophiolites sont obdus au-dessus les dépéts sédimentaires mésozoiques auquels sont associés
les produits du volcanisme d’are insulaire sousmarin jurassique supérieur. Le magma qui a généré
les roches ophiolitiques est un magma tholéiitique, ressemblant au magma qui a généré les basal-
tes abyssaux ou de fond océanique ou le magma qui constitue la source du corps des gabbros
de Skaergaard. Ce magma a été faiblement différencié, fait qui a mené 2 la concentration du
fer dans les magmas résiduels, d’'un part, et de Vautre part, a leur enrichisseinent en Na,O
et volatiles, surtout HyO et CO,. Le magma résiducl, riche en sodium et volatiles, qui a agit
comme un magma sous-refroidi, a généré la cristallisation concomitante de I’albite et d’augite.
Ce magma a constitué la source des roches spilitiques.

1 Received on April 21, 1980, accepted for publication on April 30, 1980, presented at
the Meeting of May 9, 1980.

2 Institutul de geologie si geofizicd. Str. Caransebes nr. 1, 78344 Bucuresti, 32,

3 Intreprinderea geologicii de prospectiuni pentru substante minerale solide. Str. Caran-
sebes nr. 1, Bucuresti, 32.
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Introduction
The ophiolitic rocks lying south of the Mures river, between Lalesint
and Bata, have been little studied till now. Althouorh previous researches
mentioned the basic rocks, they were mainly mterested in the Mesozoic
sedimentary formations lying to the north of the ophiolitic complex and
described the Tithonian limestones, associated with ,,cineritic conglome-
rates”, disrupted by volcanic eruptions (Lo c z y, 1876, 1912) and surroun-
ded bv the Carpathian sandstone (Szontagh, 1891) Lupu (1965)4
demonstrates, on the basis of the determmed fauna, that the calcareous
rocks associated with pyroclastics belong to the :Upper Tithonic and Neo-
comian.
In 1907 Savu’ investigates this region and distinguishes between
a series of (mt1k1mmerlan ophiolitic eruptlons and a series of new kimmerian
volcanics, whom he describes minutely from the petrographic point of
view. He also draws up the map of this region on the scale of 1 : 25,000.
Later on, Manea (1967) % makes sedimentological studies on the
Neogene deposits from the Lalesint-Sintesti zone and has in view the
eruptive rocks from Bata and Lalegint as well. In 1974 the same author
and Costache? investigate the polymetallic sulphides from this
region ; they take this opportunity for collecting several samples in view
of analysis.
This paper offers new field and laboratory data regarding the ophio-
litic rocks.

Geological Strueture and Tectonies of the Region

The Lalesint-Bata region lies in the west-south-western part of the
Mures Zone. It consists of ophiolitic rocks formed during Lower and Middle
Jurassic, possibly to the basis of the Oxfordian (antikimmerian), and
submarine island arc volcanics 8, according to S a v u -(1980), emplaced
during Upper Jurassic, possibly to the beginning of the Neocomian (?),
after the new kimmerian movements. The latter consist of oligophyres,
albitophyres, orthophyres and dacites which form especially pyroclastics,
intercalated in the Mesozoic deposits from the north-western part of the
region, west of Lalesint (Pl. I). The eruptive-pyroclastic rocks belong to
the Lalesint volcanic center which is included in the north-western island
arc of the Southern Apuseni (Savu et al., 1982 b).

156 Arch. I1GG, Bucuresti.

7 Arch. IGPSMS, Bucuresti.

8 The terin of ,.island are’” was introduced in the geological literalure of the Murcs Zone
(South Apuseni) by Savu et al. (1978), who showed that the Jurassic—pre-Oxfordian basic
rocks present thie features of ocean floor magmatitcs, \\hllg the Upper Jurassic- Lm\er Creta-
ceous ones correspond to the island arc volcanics. This Totion has been enlal ged upon in 1979

and 1980 (scc S a vu, 1980) by mentioning that the Mures Zone was [irst an ocean floor zone
and after the new kimmerian movements, duc to the bildléral subduction processes, it developed
like an island arc zonc, the second stage products lying over the fxrst stage ones, just like
in the casc of the West Pacific.
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The ophiolitic rocks, which represent the subject matter of this
paper, cover the greatest part of the region between Lalesint and Bata.
Starting from north-west to the south-east, from the overthrust line of
ophiolites on the Mesozoic sedimentary deposits, one may distinguish
three successive zones of basic rocks with an increasing granulation mmde
the Mureg Zone, namely to the depth (Pl. I).

In the neighbourhood of the overthrust line there develop especially
basalts, variolites and hialobasalts often associated with anamesites
which occur frequently in pillow lava facies. Then follows a predominantly
anamesite area, while southwards there occurs a wide zone consisting of
dolerites, quartz dolerites and anamesites within which basaltic rocks
are sometimes intercalated. All these zones contain spilites in alternation
with other hasic rocks (Tab.1).

This ophiolitic complex, characteristic for the axial part of the
Mures Zone, continues south-westward, under the Panndnian sedimen-
tary deposits and crops out again at Pitirs and Zdbalt® (Savu et al,
1982b) and on the Coruba valley, south of Bruznic; here Manea
pointed to some gabbros which seem to form a body within the ophiolitic
complex. At Bruznic, ophiolitic rocks were encountered by drilling (C1i o-
flica et al., 1969). According to geophysical data, the ophiolitic rocks
zone continues south-westward and is supposed to join the Vardar ophio-
litic zone in Yugoslavia.

From the tectonic point of view, ophiolitic rocks are obducted, in
Coleman’s way (1977 a, b), over the Mesozoic formations with sub-
marine island arc voleanics formed in the secondary fosse from the northern
border of the Mures Zone (S a v u, 1962 a, b). The overthrusting of ophio-
litic roeks oecurred on the entire north-western border of this zone (P apiu,
1953). It started probably during the Austrian movements and ended
with the Laramian ones, as in the northern extremity of the region (Pl I)
the Upper Jurassic and Lower Cretaceous sedimentary formations together
with the island arc volcanics of the Crig unit thrust over the Upper Creta-
‘ceous formations of the Grogi unit (geological map 1 : 50,000, sheet Sd:VlI‘-
gin, 1979).

A system of late fractures, trending north-southward affects the
ophiolitic rocks and their overthrust plane shlftmg the latter’s line. These
fractures seem to have favoured the formation of the mineralizations of
complex sulphides at Bata which are probably connected with the Lara-
mian magmatism.

Petrography of Ophiolitic Rocks

As we have already mentioned, the rocks of the ophiolitic complex
are represented by basalts, anameswes, dolerites and numerous spilites
which were first defined by Brongniar in 1819.

9 Arch. IGG, Bucuresti.
1 Op, cit, point 6.
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1. The hialobasalts form agglomerates and breccias whose com-
ponents are sometimes cemented with tachylytic glass. The pyroclastics
are intercalated among the lava flows. The hialobasalt elements consist
of devitrified glass which includes albite plagioclase microcrystals, small
augite crystals and sometimes a small clinopyroxene phenocryst. Some-
times these rocks exhibit arborescent structures or wvariolitic ones up to
proper basalts.

2. The tachylytes consist of devitrified or chloritized glass. Finally
there appears a penine mass which abunds in iron oxide and titanium
sticks forming radial or arborescent structures, sometimes grill-like ones
with rectangular loops. Albitic plagioclase microcrystals may be rarely
seen within this mass (Pl. II, Fig. 1).

3. The basalts consist of plagioclase sticks which form ophitic,
intersertal or intersertal-porphyritic textures whose interstices contain
devitrified glass associated with plagioclase and augite microcrystals
(PL. II, Fig. 2). In some places, these textures turn to variolitic structure.
Sometimes, these rocks contain small spherical separations with amygda-
loidal aspect, filled with devitrified glass (Pl. I, Fig. 3); the glass con-
tains fine plagioclase crystals and iron oxide and titanium sticks, differen-
tly oriented. Quartz and chlorite occur inside these separations. The pla-
gioclase sticks (Ang,) are long and usually twinned according to the albite
law. The thin and elongated augite crystals present twins after 100 and
are slightly pleochroic of reddish brown colour or colourless; ¢ A Ng =
= 51°.

4. The intersertal-porphyritic basalts exhibit a heterogeneous tex-
ture consisting of irregular, ophitic parts rich in devitrified or chloritized
glass which contains iron oxide and titanium sticks and plagioclase micro-
crystals forming a very thin ophitic network or arborescent textures.
Among these parts there occur plagioclase sticks (Ang.,,), isolated or grou-
ped together into bigger intersertal aggregates whose interstices are filled
with augite and magnetite grains. The plagioclase composition shows that -
these rocks are spilites.

5. The anamesites are also intersertal or intersertal-porphyritic
rocks, consisting of a network of long plagioclase crystals with the loops
filled with xenomorphic augite crystals and partly some devitrified or
chloritized glass which contains iron oxide grains and plagioclase micro-
lites (P1. I1, Fig. 4). Just like the basalts, these rocks contain amygdaloidal
separations filled with devitrified glass and microlites representing the
component minerals of the rock. The thin, elongated plagioclase crystals
{Ang ¢;) are usually twinned according to the albite law. Some rocks
include also bigger plagioclase crystals, resembling the phenocrysts, but
somewhat shorter and wider. Their twins follow the albite and albite-
karlsbad law, rarely pericline. Sometimes, these crystals present inclusions
of devitrified glassy paste.

6. The granulation and the structure of spilitic rocks resemble those
ones of anamesites. They consist of elongated sticks of albitic plagioclase
(An,;) which join the augite, the opaque minerals and the chlorite. The
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augite occurs in isometric erystals or as elongated as the plagioclase ones.
The chlorite of these rocks has formed at. the expense of the pre- eXIStent
glass and possibly of the clinopyroxene.

7. The dolerites have a characteristic 1nterfrranular or ophitic te‘{ture
with grains coarser than the anamesites. They consist of a network of
elongated plagioclase crystals whose loops contain xenomorphic augite
crystals and magnetite grains, as well as chlorite formed at the expense
of clinopyroxene and accompanied by secondary iron and titanium oxide
grains. The plagioclase (An,;) forms elongated crystals, twinned according
to the albite law, sometimes with numerous fissures on which occurs the
chlorite resulted from the alteration of clinopyroxene. The augite occurs
as Xenomorphic, isometric crystals, sometimes with poikilitic texture,
which include microcrystals or long sticks of plagioclase. The augite crys-
tals are often grouped together in clusters. The clinopyroxene is of light
brown-reddish colour; ¢ A~ Ng =50°.

8. The quartz dolerites resemble the rocks described above and are
characterized by the intergranular or ophitic texture and consist of elonga-
ted albite crystals, augite, chlorite and opaque minerals. One may also
see interstitial quartz with irregular contour which contains small plagio-
clase crystals. It presents a shovhtly rolled extension.

9. The spilitic rocks which resemble the dolerites by their textural
features comsist, just like the latter, of an albitic plagioclase network
whose loops contain xenomorphic augite erystals and frequently chlorite
ones formed at the expense of clinopyroxene, as well as magnetite or pyrite.
Some rocks exhibit also rare calcite patches.

10. The spilites affected by hydrothermal solutions as well, plesent
the features of hydrothermalized rocks. They are impregnated with quartz
and pyrite (S =1.20%,), while. the clinopyroxene is wholly replaced by
chlorite, at the same time with the separation of secondary iron and tita-
nium oxides.

Petrochemical Data

A number of 25 samplest collected from the valleys north-west
of Bata have been analysed chemically in order to establish the petroche-
mical characteristics of the ophiolites from this region. The results of the
analyses, given in Table 1, point to the basic character of the rocks of the
ophiolitic complex. In most of the rocks, SiO, varies between 45 and 509,
except for some spilites where it depasses the latter value. The features
of basic rocks may be also inferred from the mentioned Fe,O4, FeO, TiO,
and MgO contents whose values fall within the limits of the basaltlc rock
series.

The dlafrram% of Flgures 1 and 2 show that the ophlohtlc rocks of

the Lalesint- Batm region, as well as those of the other parts of-the Mures
Zone came from a tholeiitic. magma. In the diagram of Figure 1, most

11 The chemical analyses were made by Suzi Iliescu from IGPSMS; Bucharest.
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of the rocks are projected along the differentiation line of abyssal tholeiites
(Miyashiro, 1975 a, b), where from they extend over the area bet-
ween the evolution line of Skaergaard rocks and that one of the Miyake-
Jima tholeiites of the. Izu-Bonin arc; three spilites with a higher SiO,

 FeO(tot) ; i
4 r )

i Fig. 1. — FeO (tot.)/MgO diagram.
12+ Ab, abyssal tholeiites; Sk, Skaer-
o ol gaard basic rocks ; Mc, Macauley island
10 F tholeiites ; Mj, Miyakejima (Izu-Bo-

nin island arc) tholeiites; Am, calc-
alkaline rocks of the Amagi volcano ;
87 TH, tholeiitic "series domain; CA,
calc-alkaline series domain (acc. to
4t Miyashiro, 1975).
L ‘
!
0 :

Ti02 7% o
Gl :
Fig. 2. — Ti0,— FeO(tot.)]

MgO diagram. The same
legend as for Figure 1.

content make an exception. In Figure 2, the Lalegint-Bata tholeiitic rocks
occur along the differentiation line of the Skaergaard gabbroic body. point-
ing to the fact that the magma they come from underwent a differentia-
tion in the same sense. : i

As regards the Ca content and the alkalis, there are striking diffe
rences between spilites and fresh rocks. The-latter present the same oxide
content as basic rocks do. Thus, CaO varies in these rocks between 8.40
and 11.629, while in spilites, it has a lower. content, namely between
2.66 and .9.52 %.
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The Na,O contents are much more differentiated. They vary in
fresh rocks between 2.10 and 2.50%,; if we have these values in view,
these rocks represented by basalts, anamesites, dolerites and quartz
dolerites, resemble the tholeiitic magmatites. The K,0 and CaO contents
of these rocks are those normal for the basic rocks.

The spilites, within which the normal basic rocks are intercalated,
contain greater Na,O contents (3.53 —4.85 9, Na,0). The maximum Na,O
contents of these rocks are, in most cases, two times greater than the Na,O
contents of some normal basic rocks.

The above mentioned peculiarities regarding the Na,0O of these
rocks may be inferred from the diagram of Figure 3, drawn up according
to KXuno (1959, 1966) and Macdonald-Katsura (1964), on
which one may distinguish two fields which include the ophiolitic rocks
according to their alkali content, especially Na,O and SiO,.

Na,0+K0%

10
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‘__-."4 e 9
o +2
2 g~
M, -__"-"’
3 1 ] ) . Y Sx'Oz z
45 0 55 £ 55 70

Fig. 3. — Na,0 4+ K;0—Si0, diagram.

1, basic (basalt-doleritic) rocks; 2, spilites,

The normal basic rocks form a small field which covers the area
between the tholeiitic series domain-and the series of Al,O,-rich basalts
(5,high alumina basalts’), with low alkalis and silica values. The spilitic
rocks delimit a field with higher alkalis (Na,0) and SiO, values.
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The high Na,O content of these spilitized basic roeks brings about
their projecting on the alkaline basalts field, although their origin resides
in tholeiitic magmas. The high Na,O content, as compared to the common
tholeiitic basic rocks, is contained by the plagioclase which is of albitic
nature. It is worth mentioning that spilitic rocks contain a lower K,0O
content, as it was removed at the same time with CaO.

Due to the higher SiO, variation within spilitic roeks, their projec-
tion field starts from the tholeiitic series to the alkaline magmas, passing
through the field of ,high alumina basalt” series.

The magmatic parameters of the ophiolitic rocks (Tab. 2) point out
clearly the features of tholeiitic basic rocks, as their values assign the
rocks to the group of gabbroid, leucogabbroid and gabbrodioritic magmas

TABLE 2

Values of Nigygli Magmalic Paramelers

No | | ’ | ; ! l ;
No sam-l Qz si 0 al | fm ¢ | alk k! mg Q L M
ple | R L

1 | 1970 {—21-001100.65] 20.87; 46.26] 27.22| 5.63] 0.047] 0.556| 26.32 34.60] 39.08
2 1 22031— 5.19]116.25| 21.92| 46.53 26.17] 5.36{ 0.000| 0.345] 31.49] 33.08] 35.42
3| 1698|—34.70{110.05| 18.62] 49.10{ 21.07| 11.18| 0.016{ 0.497| 23.25; 36.71] 40.04
4 | 20121—25.19{116.95| 21.99| 51.78| 15.67| 10.53} 0.031} 0.580| 26.93| 38.60| 34.47
51 2162 |— 6.17{113.92] 22,56} 50.86] 21.54] 5.02{ 0.030{ 0.540| 31.30} 33.79] 34.91
6 | 1710 | —26.43[116.19} 22.41| 43.89] 23.03| 10.65| 0.013] 0.447| 26.75] 39.21| 34.04
7 | 1860 |— 7.80(113.45| 22.76] 42.33] 29.59] 5.31] 0.028| 0.510( 30.96] 34.38} 34.66
8 | 1892|—28.15/111.76] 20.85] 45.41| 23.74| 9.97| 0.043]| 0.554| 25.63} 37.71| 36.67
9 | 2560 {—17.82{126.02; 21.59! 54.26]{ 13.17{ 10.96| 0.000| 0.334; 28.88| 36.94| 34.18
10 | 1735 |—24.55(118.90) 22.45| 45.60| 21.07| 10.86] 0.017] 0.433| 27.37| 39.09{ 33.54
11 | 2740 |-—-12.97{116.00] 18.86| 51.30( 22.57| 7.24} 0.050] 0.451] 28.78| 31.90| 39.32
12 | 2569 4.99|123.51| 19.51} 56.27{ 9.58] 4.62| 0.872] 0.358] 33.87} 21.13| 45.00
13 | 2395]—25.891120.85] 20.45] 45.17] 22.68] 11.68| 0.058] 0.490| 26.51} 37.46| 36.03
14 | 1720 |—22.89{117.82| 20.12| 44.70} 24.99| 10.18} 0.049] 0.501| 26.97| 36.14| 36.89
15 | 2694 |—19.09|118.06{ 18.28| 52.59{ 19.83| 9.29]; 0.026( 0.504] 27.34} 33.21| 39.45
16 | 2474 0.571125.33| 23.81 46.13] 23.85| 6.19] 0.023| 0.501] 33.60| 34.69] 31.71
17 | 2418 2.01{127.28| 23.07| 47.41| 23.18| 6.31| 0.031| 0.380| 33.77( 33.72] 32.51
18 | 2737 |—14.48|126.51| 20.35] 48.82] 20.56] 10.25( 0.075] 0.488] 29.40f 35.26| 35.34
19 | 2689 2.50/150.67| 31.53] 37.25] 19.16] 12.04] 0.022} 0.204} 36.22( 42.32{ 21.47
20 | 2005 {— 8.49{139.06{ 23.61| 40.11} 24.37| 11.89{ 0.017| 0.392} 31.10| 38.20{ 29.80
21 | 2705 7.96|133.48] 20.74| 47.24} 25.63] 6.38] 0.036{ 0.457 34.76| 30.78| 34.46
22 | 1713 |— 5.74/141.47| 21.76] 48.83| 17.59} 11.80| 0.000{ 0.442{ 32.20{ 36.05| 31.75
23 | 2431 28.23]171.52! 22.78( 57.57] 8.81; 10.82[ 0.021] 0.348] 39.69| 27.74} 32.56
24 | 2433 22.66{181.46| 26.63] 44.99| 13.67; 14.69| 0.036] 0.280| 39.61| 37.89| 22.51
25 | 2699| 26.76{182.26| 23.27] 48.62] 14.21} 13.87| 0.013| 0.387| 39.67} 34.36| 25.98

to dioritic and quartz-dioritic ones. The last category includes the spilitic
rocks with more than 559, SiO, (Tab. 1), abnormal rocks as regards their
composition which on the diagram of Figure 3 occur in the right extremity
of the spilitic rocks field.
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Although the values of the main magmatic parameters of the spilitic
rocks resemble those of the tholeiitic basic rocks, the former are higher
in the case of the alk parameter and lower in the case of the ¢, k and some-
times mg parameters.

The high Na,O content of spilites, which takes part in the composi-
tion of plagioclase is reflected also in the normative composition of rocks
(Tab. 3) showing that ab is always two times greater than an.

The petrochemical characteristics of the Lalesint-Bata spilitic rocks
make them resemble the Patirs ones, described by S a v u et al. (1982 b) 1?
and the Oregon ones with 4.549, Na,0 (Turner, Verhoogen,
1960, Table 2‘)) Unlike the last ones, the Lalesint- Bata spilites present
a mueh more lower K,O content.

TABLE 3
CIPW Normative Values
No . l !
Nojsam-| ct | or | ab | an en ol [fs |woll|cal|ap | il | mt| py [|hem;cor
ple | .

1119701 0.58|1.08;20.00131.85{25.22:2.36 | — (10.53] — [0.13i12.43]5.80f — | — | —
212203(13.45] — |20.01(32.02{15.14] — | — | 8.32] — 10.28/3.14/4.86] — | — | —
3/1698{ 0.71]1.32)40.93/14.36(15.94({14.35] — | 4.51[1.59(0.33|3.12{4.12/ 0.73) — | —
4/2012| 6.65{1.08|28.82|20.94|24.47| 7.14|1.08] — [0.68/0.13]2.86{3.86| 2.23] — | —
5[2162| 4.1010.52{18.31/32.86125.72] — 1{8.10] 3.63] — 0.13{3.00{3.63] — | — | —
6]1710{ — (0.27(39.16{21.75]14.43} 9.51 5.03]0.81(0.54|3.00|5.17] 0.33] — | —
7|1860| 5.94|0.55|19.46(33.24/120.40f — {1.21{11.21{3.00{0.13|3.00{4.86! — { — | —
8i1892] — 11.59/36.00|20.64{19.20] 8.33] — | 7.28] — [0.13]2.38{3.71 e
9(25601 7.47| — |38.84(19.14{14.51| 4.47] — — | — 10.42{4.36|7.74[11.41| — | —
10{1735| 2.38|0.27/38.78|21.27(12.39j14.14} — | 0.66{2.15/0.13/2.72(5.11| 3.79] — | —
11|2740| 7.48(1.07{25.7321.71]13.54(20.10| — | 2.01] — ]0.13)2.81{5.09{ 0.33| — | —
12)2569(10.91{1.10/30.91|19.32{14.76{10.00/ — | 0.16/1,25(0.41|4.28/6.90({17.53] — | —
13{2395} 0.52{2.42;39.30{16.15/20.05] — | — | 9.28(3.00/0.13!3.77|14.44] — | — | ~
1411720] 0.47/1.49(36.12/18.60/20.90{ ~ | — |13.20(0.67/0.13/2.83/4.45] — |1.14] —
1512694; 3.22/1.06(33.53]16.23/16.10{20.62] — | 1.73] — |0.13{2.79|4.26 5.96) —
16{2474) 8.35/0.54|21.50130.91|20.30{ - {4.87] 4.43/0:78|0.27/3.22(3.76] 1.07) — | —
1712418|19.74{0.57(23.00}31.01} 2.1511.48{1.00{ — |1.00(|0.43|5.89| — e Bl B
. 0.96] —

18|2737) 4.98|2.75/34.11|18.15{21.45| ~ | — | 9.35| — [0.14/2.755.36] — | — | —
19/2689(16.65|0.51/38.26(25.31} 6.18] — | — — | — [0.30/4.04/5.74] — |0.66] —
20|2005| 7.43|0.55(40.00{20.00{13.03] — | — | 9.56{1.25{0.14(3.19{2.08{ — | — | —
21]2705{14.55/0.54]|21.42/24.63|11.11(18.78] — | 2.00{ — |0.27|2.81{3.89] — | — | —
22|1713| 9.08| — 139.00(16.20[12.67|12.82| — | 0.28/0:84]{0.14{3.10{4.32[ 1.55| — | —
23{2431{19.12/0.53|30.48(14.70({14.84] —. [4.27{ — [0.94[0.40/3.47{8.40| 1.34{ — {1.87
2412433]|17.42(1.62|40.52{16.15(17.42{ 1.02|5.90{ — [0.70]0.54]2.32/4.99] — | — 10.20
25(2699/25.5010.53|34.05/12.33/10.72] 6.37|1.20| —.[0.93]0.40:2.68/4.69{ 0.60| — | —

Origin of Ophiolitic Roeks

The magmas Whlch represent the source of the Lalesm‘;, Bata and
Pitirg ophiolites as well as those of the entire Mures Zone, present obvious

12 Op, cit. point 9.
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tholeiitic features, as one may infer from Figures 1 and 2. This magma
formed in the upper mantle, at a depth up to 100 km (Savu et al,. .
- 1982 b), taklng a pyrolith form and then transforming into tholentlc
magma. :

Ti0;

P05
Fig. 4. — TiO,—K,0—P,0; diagram.

The formation process of magma and ophiolitic rocks took place
in the Mureg ocean Zone. The emplacement on the ocean floor occurred
in a median ridge zone, as one can see in Figure 4 whose diagram drawn
up after P earce etal (1975) includes all the rocks in the oceanic basalts
field (OCB), with the exception of two unimportant rocks. This conclusion
is also supported by the projection of the basic rocks on the diagrams of
Figures 1 and 2, along the line of abyssal or ocean floor basalts and that
one of the Skaergaard intrusive rocks.

The ophiolitic rocks formed during the expansion of the Mures
ocean floor. This fact was demonstrated by calculating the differentiation
index (ID) of the CIPW norm for all the analyses, according to T h o r-
~ton and Tuttle (1960). The values of this index were marked in the
“prelevation places and then we traced the index isolines. As one can see
. from the map sketched in Figure 5, the ID isolines form elongated maxi-
mum and minimum zones displayed on alignments trending to the ENE —
WSW. This emplacement is conformably to the parallel banded distribu-
tion of the different rock types (basalts-pillow lava-anamesites and doleri- -
tes) of the entire outcropping area of the Mures ophiolites, from Pitirg
and Bruznic to Cizinesti and Almas-Seligte.

The parallel banded structure of the Mureg Zone may be seen both
on the geological maps on the scale of 1 : 50,000, sheets S&virgin and Rosia
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Noud, published in 1979, and on the maps drawn up as a result of aero-
magnetic geophysical researches.

Our petrological studies point to the fact that this parallel banded
structure of the ophiolitic complex may be noticed on more and more
reduced surfaces, as well. The banded structure reveals clearly enough
the process of successive flowing of ocean floor tholeiitic magmas (S a v u,
1980 a, b) in the axial ridge zone, during the spreading process which
occurred in the Mureg Zone. We may assume that further studies based
on trace elements especially the insensitive to secondary process ones,
determined on samples taken from squares big enough, will supply us
with new and valuable data regarding the above mentioned processes. 13

The rocks of the Lalesint-Bata basic complex present the charac-
teristics of ophiolites, just like it was demonstrated by Savu (1962 c)
for all the pre-Oxfordian basic magmatites of the Mures Zone. They are
projected on the diagram of Figure 6 within the basic ophiolites field from

a

L—F
L=

Fig. 6. — QLM diagram.

the Alps, Apennines and Dinarides, studied by Burri and Niggli
(1945). We mention also the fact that the Lalesint-Bata ophiolites occur,
on the diagrams of Figures 1 and 2, within the projection field of the
Alps, Apennines and Hellenides ophiolites, recently studied from the
petrological point of view by Beccaluva and Picecardo (1978).

Given their petrochemical features and their formation on the
Mures ocean floor during the Lower and Middle Jurassic, the basic rocks
studied by us correspond to the modern definition of ophiolites (Co 1e-
man, 1977 a, b).

13 More recent investigations performed by Sav u in 1981 have shown that the doleritic
rocks in the southern part of the region represent a sheeted dike complex.

6 — Ce553
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Having in view the fact that in the Lalesint-Bata region -spilitic
rocks alternate with basalts, anamesites and unspilitized dolerites, we
consider that among all the processes which bring about the albitization
of the basic rocks, descrlbed by Vallance (1960) and Amstutz
(1968) in his compendium, the magmatic differentiation is the main cause
for their generation even if the formatlon of a spilitic rock is influenced
by several factors. We agree on this origin of spilites having in view that
both these rocks and the basalts and anamesites have erupted on the
Mures ocean floor, but not all of them are spilitized as it were the case
if splhtlzatlon had occurred in the conditions of the reaction of l’chlS with
sea water during the eruption.

That is Why the hypothesis of the spilitization of the rocks on the
ocean floor by reacting with the salty water is not valid. It is possible
that the spilitic rocks had undergone some reactions with the water during
the submarine eruption, which could have led to the alteration of some
of the component minerals, as it is the case with the common basic rocks ;
however, this fact does not represent the major agent of spilitization.
This conclusion is supported also by the fact that the hialobasalts of
Table 1, rocks which abund in glass and contain only few plagioclase
crystals, contain 3.85 —4.32 9%, Na,O just like the spilitic rocks with dole-
ritic character.

The hydrometasomatic alteration cannot be taken into account
when speaking about the spilites genesis, as some authorsdo (Amstutz,
1968), because the rocks affected by hydrothermal solutions exhibit features
characteristic of hydrothermalites.

According to Dewey and Flett (1911), the spilitic magma
is basic, but contains more Na,O, water and CO,. Speaking about the
mugearites, Turner and Verhoogen (1960) consider that the
fractioned crystallization of the basaltic magma could lead to the forma-
tion of a sodic solution, which would represent a first step in the evolution
of spilites from basaltic magmas.

Battey (1956) mentions some similarities between the tholeiitic
and spilitic series and thinks that a high concentration of water may
influence the evolution of the tholeiitic magma towards a spilite-kerato-
phyre differentiation line. Speaking about the origin of northern Finland
spilites, Piispanen (1972) pleads for a tholeiitic parental magma.
The calcium of this magma was eliminated by fixing it to the carbonic
anion, situation favoured by the presence of volatiles, especially CO,
and H,0, in the magmatic melted mass,as M erilainen (1961)puts 1t

During the formatlon of the basalt-dolerite-spilitic complex, the
tholeiitic magma at depth has not suffered an advanced differentiation,
as it was the case with Julita gabbroic body (Fig. 7). It was a weak diffe-
rentiation, as the rocks of this complex occur on a restraint field of the
diagram which contains also the Patirs basalt-spilitic rocks of the same
ophiolitic complex from the Mure§ Zone.

Just like in the case of the Patirs rocks, the differentiation of the
tholeiitic mavma has led on the one hand to a great concentration of the
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residual magma in iron, according to F enner’s differentiation (1929)
and in titanium, according to the CIPW norm (Tab. 3) and on the other
hand to its Na,O and volatiles enrichment (S a vu, 1962 ¢). This is the
spilitic magma which occurs as an undercooled residual magma, out of
which. erystallized the rocks which contain albite and augite.

FeQ(tot)

(EART S I Mg0

Fig. 7. — FFeO tot.—MgO—Na,0 4 K,0 diagram.
y, differentiation line of the Julita gabbroic body (Savu et al., 1982 a); IB, boundary bet-
ween the tholeiitic rocks domain -(TH) and the calc-alkaline ones domain (CA) (IrvineBara-
gar, 1971).

The further differentiation of this magma leads to the occurrence
in the Mures Zone of granophyres and albitic aplites which close up the
ophiolitic magmatism (Savu, 1962 c),

Conelusions

This study leads to the following conclusions :

1. The complex of Jurassic —pre-Oxfordian ophiolitic rocks of the
Lalesint-Bata region consists of alternations of basalts, anamesites, dole-
rites and spilites; these rocks are distributed within different zones,
where one of the petrotypes is predominant.

2. The emplacement of the ophiolitic complex took place on the
Mures ocean floor, along an axial ridge, under spreading conditions.

3. Due to the Alpine tectonic processes, the ophiolites are obducted
over the Mesozoic sedimentary deposits which contain the products of
an Upper Jurassic submarine island arc volcanism.
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4. The ophiolitic rocks derived from a tholeiitic magma similar to
the magma out of which resulted the abyssal or ocean floor basalts and
the one in which originated the Skaergaard gabbroic body.

5. This magma underwent a weak differentiation, which led on the
one hand to the concentration of iron in the residual magmas, and on the
other hand, to their Na,O and volatiles, especially H,0 and €O,
enrichment.

6. The sodium and volatile-rich residual magma acted like an under-
cooled magma and led to the simultaneous crystallization of albite and
augite and the formation of the spilitic rocks.
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QUESTIONS

1. Nicolac: Which are the Si0,, K,0 and FeO*/MgO ratio values?

Answer : The Si0,, K,O contents and FeO*/MgO ratio values are the following:
Si0, = 45.47—51.70%, except for three spilites;
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K,0 = 0.09—0.48% ; FeO¥/MgO ratio presents values below 1.7 and 2 respectively, except for
some spilitic rocks. These data correspond to Miyashiro’s (1974, 1975) ,,abyssal tholeiites’
or to our ,,ocean floor basalts”.

Doina Russo-Sdndulescu: 1. From what you have said, should we under-
stand that the emplacement of the Skaergaard stratified body . occurred under typical ,,ocean
floor”” geotectonical conditions? :

2. Which is the mineralogical paragenesis of spilitic rocks‘7
3. Have you noticed any spatial preponderance of spilitic rocks?
Answer : 1. Yes. See also Miyashiro (1975).
2. Albite-augite (chloritc) — opaque ininerals.
3. No, I have not.

EXPLANATION OF PLATE
Pla,te II

Fig. 1. — Hialobasalt with chloritized glass, within which seccondary iron and titanium oxide
sticks may be noticed. Pirtul Mare, Nic.1X; x 50.

Fig. 2. — Basalt. Camenifa Valley,: Nic. 1I; x 45.

Fig. 3. — Basalt with globular separation of devitrified glass and plagioclase microlites.Came-
nita Valley, Nic. IT; x 45. -

Fig. 4. — Anamesite. Valea Afundati river, Nic. I1; x 37. ..
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1. MINERALOGIE — PETROLOGIE — GEOCHIMIE

; PETROLOGIA ROCILOR M AGMATICE

CONTRIBUTII LA STUDIUL PETROLOGIC AL CALDEREI
CALIMANTI?

DE
I0AN SEGHEDI?

Neogene voleanism. Subsequeni magmatism. Caldera. Pyroxenie andesites. Rocks chemistry,
Calc-alkaline magmatism. Magmatic differentiation. East Carpaihians. New eruptive,
Calimani.

Abstraet

Contributions to the Petrological Study of the Cilimani
Caldera. The Cilimani caldera represents a complex volcanic structure of the Neogene sub-
sequent magmatism. Volcanic activity has first an explosive, subordonately effusive character,
then it continues by effusive, subordonately explosive and intrusive manifestations (the strato-
volcanic stage with the explosive pre-caldera substage, the effusive pre-caldera and effusive-
explosive post-caldera ones). Finally, this activity is mainly intrusive (intrusive stage) and subor-
.donately effusive (final effusive stage). The main petregraphic feature of the eruptionsin this
region is given by the pyroxenic andesites, with recurrent manifestations. The present-day form
of the edifice is generated by collapse, as a consequence of a strong pressure fall within the
magmatic reservoir of several eruption centres, due to a high fluid magma ejection, of almost
10 km?®. The intrusive stock represents a moment of resurgence in the evolution of this caldera.
The chemistry (major and trace elements) supports the volcanological data regarding the recur-

-rence of the eruptive products in this region (from basic to acid-ones), according to the main
.evolution moments : the stratovolcanic stage : pre-caldera (group C,) and post- -caldera (group
C,); the intrusive stage (group C,) and the final effusive stage. The major-and trace element
distribution points to the derivation of the three groups of distinct parental magmas in relatively
- high pressure conditions. The comparison of the Cilimani caldera rocks with the magmatic
series’ generated under subduction conditions shows that the magmas have a typical calc-alka-
line composition, with specific features for each of the three successive groups (C,, Cy, Cy)- The Ni,
* Co, Cr, V, Sr content points to geochemical similarities with the typical island arc andesites
(Boccaletti etal,1973; Peccerillo and Taylor, 1976). Ba, La, Pb show for the
first members of these groups similarities with island arc andesites and for the extreme mem-
-bers (especially for groups C;, C,) similarities with continental margin ande51tes

1 predati la 29 aprilie 1980, acceptatd pentru publicare la 10 mai 1980 comumcaté

in sedinta din 30 mai 1980.
2 Institutul de geologie si geofizicd. Str. Caransebes nr. 1, 78344 Bucurestl, ‘32,
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1. Introducere

Obiectul prezentei lucrdri il constituie studiul petrologic al magma-
titelor neogene din cadrul edificiului calderei Cdlimani, una dintre cele
mai complexe structuri vuleanice ale arcului vuleanic al Carpatilor
Orientali.

In acest scop s-a avut in vedere descrierea tuturor tipurilor de roei
intilnite, tinindu-se cont de caracterul manifestdrilor eruptive (exploziv,
efuziv, intrusiv), volumul g§i repartitia lor in suprafatd.

Studiul petrochimic contribuie la caracterizarea magmelor din care
au luat nastere produsele vulcanice, precum §i la evidentierea unor carac-
teristici petrografice particulare evolutiei calderei vulcanice.

Lucrarea are in vedere prezentarea unei noi imagini de ansamblu
a evolutiei vulcanice a calderei.

2. Date privind istorieul cerecetirilor geologice

Primele date geologice asupra rocilor eruptive din muntii Cilimani
sint prezentate de Richthofen §i Hauer (1860), Hauer si
Stache (1863), PoSepny (187), Herbich (1873), Athana -
siu (1898).

Nichita (1934) alcituieste prima hartd geologicd a regiunii §i
descrie principalele tipuri deroci efuzive (andezite) si intrusive (diorite)
intilnite, la care adaugd si analize chimice; continud studiile (1937, 1948,
1952, 1953)® contribuind la rezolvarea unor probleme geologice gi meta-
logenetice,

In aceeasi perioadd mai fac cercetdri in regiune Z. Tor o k (1942,
1950, 1951, 1956)4, V. Poméarleanu (1953)5 P. Gotz (1953)5,
I. Treiber (1949, 1952, 1954)7. T6rok si Treiber, in urma
acestor cercetdri, ajung la concluzia ¢i in miezul muntilor Célimani existéd
un masiv subvulecanic intrusiv preefuziv, peste care urmeazi 4 serii de lave
andezitice §i dacitice.

Cercetdrile geologice §i petrografice sint continuate in toati aria
muntilor Cilimani de nord de citre S. Cosma et al. (1959) 8 Cam e-
lia Brestoiu et al. (1960)% Teodoru §i Teodoru (1961,
1963) 19, astfel incit Cosm a et al. (1964) stabilesc succesiunea in timp
a diferitelor tipuri petrografice pentru Cilimanii de nord, iar Teodoru
si Teodoru (1965) apreciazdi existenta in caldera C#limani a doud
faze de transformare postmagmaticd : Faza I este reprezentatd de cloriti-
zare, propilitizare, sericitizare, biotitizare gi turmalinizare, ce se succed
in zone concentrice §i se suprapun rocilor intrusive dioritice si andezitelor
adiacente. Faza a II-a este reprezentatd prin urmétoarele faciesuri de
transformare : cuartos, argilos, alunitic, care afecteazi mai ales piroclasti-
tele andezitelor piroxenice superioare. De faciesul cuartos leagd prezenta
acumuldrilor de sulf.

3,4,5,8,7 Arh, IGG, Bucuresti.
8,930 Arh, IGPSMS, Bucuresti
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In cadrul programelor de cercetare privind acumularea sulfului au
executat documentatii Cecilia Popescu (1962,1963)1, Cecilia
Soare (1964,1965)12 Cecilia Soare, Olimpia Vasilescu
(1966)13, B. Butnaru (1960)4, B. Butnaru, Cr. Prischak
(1966) 5, E. Butnaru etal (1967)1%,Cr.Prischak etal. (1971)17,
Cr. Prischak (1973)8. Balintoni (1970) considerd sulful legat
genetic de andezitele cu biotit, hornblends si cuart.

Stanciu, Medesan (1971 a, b) cerceteazi zona acumulirilor
de sulf si constatéd existenta urm#toarelor zone de alterare, datorate unor
solutii cu aciditate extrem de ridicata : alteratie slabi, cloritizare, argili-
zare §i silicifiere. Subsecvent in rocile silicifiate se acumuleazé sulf i hidro-
xizi de fier.

Au mai executat, in regiune, prospectiuni geologice S. Cosm a
(1968)%°, Cr. Prischak, Elena Crudu (1974)%, Cr. Pris-
chak etal (1977, 1978) %, prospectiuni geofizice — Gloria R i du-
lescu et al. (1965) 2 — magnetometrice, Suceavi, Fotopolos
(1970) — gravimetrice.

3. Caracterizare morfostructurald, geologicii si vuleanologica

Regiunea studiatd este situatd in muntii Cidlimani de nord cuprinzind
principala structurd vulcanici a acestora — caldera Cilimani.

Principalele culmi delimiteazi conturul topografic al calderei, cu
urmitoarele virfuri: virful Cdliman Cerbuc (2015 m), virful Céaliman
Izvor (2033), virful Voevodeasa (1886 m) la est ; virful Bradu Ciont (1990 m),
virful Retitis (2021 m), virful Pietricelul (1990 m), la sud ; virful Negoiul
Ungurese (2064 m), virful Pietrosul (2104 m) la vest; virful Negoiul
Romanese (1884 m), virful Tancului (1779 m), virful Izvorul Haitei (1954 m)
in interior.

Observatiile efectuate scot in evidentéd conturul semicircular al calde-
rei, deschiderea spre nord fiind apreciatd ca rezultat al unei puternice
eroziuni (Cosma et al., 1964).

Diametrul V—E al edificiului este de aproape 10 km.

Reteaua hidrografici din interior este centripetd si este tributard
pirfului Neagra. La exterior reteaua hidrograficd este centrifugé ; produsele
vulcanice alcituiesc un platou cu o pantd domoald.

Caldera este bine marcati morfologic si actual este rezultatul nu
numai al manifestirilor eruptive ce au generat-o dar §i al actiunii tectoni-
cii §i eroziunii diferentiate (ape curgitoare, glaciatiuni ete.) de-a lungul
timpului.

Cercetirile pe care le-am efectuat sint in acord cu observatiile fdcute
deR&dulescu etal. (1973), care considerd formarea calderei, in urma

1,12,13,18 Arh, IGG, Bucuresti.
20,21,22 Arh, IGPSMS, Bucuresti.
14,15,18,17,18 Arh, Min. Geol, Bucuresti.



90 1. SEGHEDI 4

unui collaps, produs dupd punerea in loc a andezitelor piroxenice de pe
bordura superioard a calderei. .

- Activitatea eruptivil din regiune apartine celui de al treilea ciclu al
vuleanismului neogen din Romania (R&dulescu, Borecosg, 1968).

Luind in consideratie succesiunes si raspindirea produselor eruptive,
legate de caldera Cilimani, este necesar mai intii s4 amintim de prima
etapd a manifestirilor vulcanice din regiune, cu un volum restrins de
produse, ce apare la extremitatea nordicd a structurii (spre depresiunea
Sarul Dornei) gi care se constituie ca o formatiune aparte vulcano-sedi-
mentard. Cercetdrile efectnate recent impreund cu Eugenia Nitol
(1980) 23 au condus la separarea cartografici a acestei formatiuni vulcano-
sedimentare, aleituitd in principal dintr-o masi de roci vulcanoclastice
hibride (epiclastice si piroclastice), preponderent grosiere, asociate subor-
donat cu curgeri de lave si tufuri. Aceastd formatiune este corelabild la
intreaga arie a lantului eruptiv Cilimani— Gurghiu—Harghita §i repre-
zintd compartimentul inferior al structurii vulcanice (R&dulescu
et al., 1964).

A doua etapi in evolutia vulecanismului o constituie produsele com-
partimentului superior, al edrui volum mare de roci vulcanice andezitice
se concretizeazi in regiune prin formarea importantului edificiu al calderei
Célimani. . _

Principalul obiect al lucrdrii de fat# il constituie evolutia vulcanicd
a calderei, care este prezentatd schematic in tabelul 1, comparativ cu
interpretiirile anterioare, ce au stat la baza delimitdrilor cartografice de
pind acum.

Observatiile de teren si laborator ne-au condus la o noud interpretare
a modului de desfisurare a proceselor vuleanice din regiune, pe care o
expunem in cele ce urmeazd. '

Dupi criterii vuleanologice si petrografice am separat trei stadii
principale de evolutie :

1. Stadiul stratovulcanic. Se caracterizeazd evolutiv prin trei substa-

dii : .
— Substadiul exploziv precalderi, in carecarac-
terul activititii vulcanice este exploziv si conduce la edificarea unei
formatiuni aledtuite preponderent din piroclastite grosiere, cu intercalatii
de lave cu.grosimi metrice.

Produsele acestui substadiu ocupé o suprafatd micé, situatd in partea
de nord a hirtii (pl. I) pe valea Neagra, de la piriul Hagiul Mic pind la
piriul Zipodiei. Ele au o dezvoltare mai mare innordul §i vestul calderei,
in legiturs cu existenta unor centre de eruptie in zona virfurilor Tdmau,
Pietrele Rosii, Doisprezece Apostoli, Méerigel, Ruscii. '

Andezitele piroxenice reprezint¥ petrotipul principal al acestui sub-
stadiu. Subordonat mai apar andezite cu hornblendd §i piroxeni gi andezite
bazaltice.

23 Arh. IGG, Bucuresti.
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AL CALDEREI CALIMANI

STUDIUL PETROLOGIC

TABELUL 1

Schemele privind evolufia vulcanismulul-in aria calderel Cdalimani
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— Substadiul efuziv precalderd aratd o activitate
vulcanicd, preponderent efuzivd (curgeri de lave groase, cu intercalatii
subtiri de piroclastite). Volumul mare de produse expulzate duce la con-
struirea celor mai proeminente edificii stratovulcanice din regiune.

Produsele care apartin acestui substadiu §i o bund parte a produselor
substadiului exploziv precaldersd provin din centre de eruptie, ce se inseriu
de-a lungul conturului topografic actual al calderei.

Asa dupd cum au fost observate si de cdtre Cosma et al. (1964)
se pot identifica urmitoarele centre de eruptie: virful Ciliman Izvor
(unde pare a se evidentia conturul unui crater), virful Voevodeasa, virful
Retitis §i virful Pietrosul ; toate aflate la aproximativ acelasi nivel topo-
grafic — 2000 m.

Avind in vedere distributia i extinderea in suprafaté a produselor
expulzate se observi ci centrele de eruptie din partea de est §i de sud au
eliberat un volum mai mare de material vulecanic efuziv, fatd de cele din
est. Apreciem ci fluiditatea lavelor a fost accentuatd, acest lucru fiind
sugerat de prezenfa unor suprafete ce separd nivele de rocd cu grosimi
centimetrice. Aceste suprafete au un aspect rugos, poros, cu depuneri
de minerale secundare in goluri si pori, ca efect al unor procese de degazeifi-
care §i fumarolizare. Directia i inclinarea principalelor suprafete de sepa-
ratie ne-au furnizat indiciile de localizare a centrelor de emisie din regiune
(puncte de mare altitudine, cu distributie radiard a suprafetelor de separa-

tie). :

Produsele acestui substadiu, mult mai omogene din punct de vedere
petrografic, sint reprezentate prin andezite piroxenice, in care am remarcat
sporadic si prezenta hornblendei.

La finele acestui substadiu are loc un eveniment important ce ne
permite s& considerdm actualul edificiu drept calderi. Se produce prabusi-
rea (collapsul) suportului magmatic din dreptul principalelor centre de
eruptie amintite. Efectele collapsului sint doveditein teren prin :

— un contur semicircular al edificiului, cu diametru de aproximativ
10 km la acelagi nivel topografic (2000 m),

— pereti abrupti spre interior (40—60°) in care deseori se distinge
alura retezatd a stratificatiei pinzelor de lave.

Collapsurile ce duc la formarea de caldere se apreciazi ci rezultd
prin retragerea suportului magmatic, datoritd cregterii sau diminuérii
presiunii rezervorului magmatic (Williams, Mec. Birney, 1968).

In cazul calderei Climani s-a produs o diminuare a presiunii rezervo-
rului magmatic a mai multor centre de emisie conjugate din regiune (Cili-
man Izvor, Voevodeasa, Refitiy, Pietrosul), in urma dislocirii unui volum
important de magmi fluidd, apreciat la cel putin 10 kms3,

In urma collapsului, rezultat probabil de-a lungul unor fracturi cu
aluri curbats in interior, se poate remarca si dezvoltarea unor fracturi
Perpendiculare pe marginea topografici a edificiului, dispuse radiar.
Intre fracturi de acest tip s-a produs; probabil, si pribusirea importants
dintre virful Pietricelul si virful Negoiul Romanesc (nivelul superior de
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lave, situat la aceeasi altitudine, apare retezat, de o parte §i de alta a
zonei de priabugire).

—Substadiul efuzivexploziv postcalder4i. Vul-
canismul subsecvent collapsului se situeaziin interiorul calderei §i este
reprezentat printr-un complex de lave §i piroclastite, cérora li se subordo-
neazd intruziuni minore (dyke-uri, corpuri).

Centrele de eruptie postcalderd se situeazd de-a lungul conturului
interior semicircular al acesteia simai putin in centrul sau spre exteriorul ei.

Tinind cont de preponderenta produselor explozive si efuzive am
separat douf tipuri de centre de eruptie:

— Centrele de eruptie preponderent explozive (piroclastite si subor-
donat lave).

Aceste centre apar mai net evidentiate in relief i mai restrinse in
suprafatd (virful Iancului, virful Negoiul Roménesc). Ele corespund pirtii
sudice a calderei i aproape ajung si-i atingé nivelul morfologic superior.
Asociat acestor centre s-a desfigsurat o activitate intensd postvulcanici,
ce a dus la silicifierea intensd a produselor initiale, insotitd de depuneri
importante de sulf gi in mai micd masuri de hidroxizi de fier (Stanciu,
Medesan, 1971 a, b).

— Centrele presupuse preponderent efuzive (lave si subordonat
piroclastite) se delimiteazd mai putin net. Ele se dispun pe laturile estice
i vestice ale interiorului calderei si sint marcate in morfologie prin denive-
lari (bombiri) de relief, care apar la baza pinzelor de lave retezate ale
substadiului efuziv precalderi. Eroziunea accentuatd si urmele activit&tii
glaciare fac deseori dificild separarea lor cartografici.

Directiile si inclindrile curgerilor de lavi, ce pornesc din aceste centre,
observate in aflorimente, indici tendinta de curgere spre interiorul calderei.

Aflat in centrul calderei, centrul de eruptie din virful Dumitrelul
apare mai net delimitat mortologic.

Suprafetele de separatie ale lavelor, din acest moment apar mai
putin evidente, probabil datoriti consolidirii unei magme cu o fluiditate
mai scézutd si cu grad mai mic de degazeificare. Ele separd nivele de roci
cu grosimi decimetrice sau metrice.

Remarcim ci produsele vulcanismului postcalders prezintd un volum
mai redus §i o extindere mai micé in suprafaté, in comparatie cu produsele
substadiilor anterioare.

Am constatat o mai largi variatie petrografici a produselor acestui
substadiu. Andezitele piroxenice apar preponderente, insotite de andezite
cu hornblendd si piroxeni si andezite piroxenice bazaltoide.

Faptul ci andezitele piroxenice postcalderi apar in imediata apro-
piere a celor precalderi (in partea de est) creeazi unele greutiti in delimi-
tarea lor cartograficdi. Criteriile de separare constau in sensul diferit al
incliniirii suprafetelor de separatie in prezenta in cadrul andezitelor piro-
xenice postcollaps a unor intercalatii de andezite cu hornblend4 gi piroxeni,
si de asemenea, a unor transforméri hidrotermale (argilizéri, propilitizari,
cloritiziri), ce afecteazsi mai ales produsele piroclastice postcollaps.
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IT. Stadiul intrusiv.. Succesiunea manifestdrilor eruptive in regiune
continuil cu intruziunea unuicorp (stock) subvuleanic alungit, de dimen-
stuni mari (peste 7 km lungime siintre 0,5 —1 km litime) in centrul calderei.
Stockul intrusiv este orientat NNV —SSE si prezintd o tendintd -de boltire
ce se accentueazi atit axial it si pe fracturi transversale spre NNV, atin-
gind cota maxim# (1900 m) in creasta. spre virful Pietrosul.

Din punct de vedere petrografic este aledtmt din monzodiorite §i
diorite.

Rocile intrusive vin in contact cu produsele stadiului stratovulcanie
(atit pre- cit si postcalderd). Temperatura mare in timpul intruziunii
a determinat formarea unei aureole de contact termic (faciesul corneenelor
cu hornblendi), dezvoltatdi pe o grosime intre 50 m—100 m.

Intre valea, Dumitrelul si creasta Iancului apar asociate rocilor
intrusive subvuleanice o serie de procese de transformare hidrometasoma-
ticd, ce se distribuie succesiv si suprapus In urmétoarele zone : zona cu
alb1t zona cu biotit, zona cu actinolit, zona argilici si zona cu cuart,
senelt 51 turmalin.

Activitatea eruptn’(h (,ontlnu@ in 1‘001une, cu intruziuni minore ce
strabat stockul intrusiv : corpul de micromonzodiorite cuartifere porfirice
din virful Izvorul Haitei ; corpul si dyke-ul de andezite piroxenice cu horn-
blendi, biotit si cuart dintre valea Neagra si piriul Retitis.

ITT. Stadivl efuziv-final. Lavele cu viscozitate mare si grad de dega-
zeificare accentuats duc la aparitia -domului extrusiv al andezitelor cu
biotit, hornblendi si cuart din virful Pietricelul. Aceste produse sint in
superpozitie atit peste lavele si piroclastitele andezitelor piroxenice pre-
calderd cit si peste cele postealderd (apartinind centrului din virful Negoiul
Romanese) si incheie astfel, activitatea vulcanicd legatd de caldera Cili-
mani, printr-un moment efuziv, redus ca volum i intensitate.

Principalele concluzii de ordin vulcanologic ce reies din examinarea
succesiunii - rocilor eruptive, legate de evolutia calderei Odllmam, sint
urmigtoarele :

—- Caracterul petrografic dominant al eruptiilor din regiune este
dat de andezitele piroxenice, cu manifestiri recurente.

— Eruptiile in regiune au la inceput un caracter exploziv, subordonat
efuziv, continud cu manifestiri efuzive, subordonat explozive si intrusive,
pentru ca spre final, activitatea eruptivi si ia caracterul unor manifestari
preponderent intrusive si foarte subordonat efuzive. Se diminueazi ener-
gia manifestdrilor eruptive in intervalul de timp, necesar definitivaril
structurii vulcanice rmajore.

— Forma actuald a edificiului este generatd prin collaps, ca urmare
a unei puternice sciideri de presiune in cadrul rezervorului magmatic al
mai multor centre de eruptie, datoritd expulzéirii unui volum mare
de magmi, apreciat la cel putin 10 km3, :



i

9 B _ STUDIUL PETROLOGIC AL CALDEREI CALIMANT 95

- . — Stockul intrusiv reprezintd un moment de resurgenti, in evolutia
calderei. La contactul cu formatiunile vulcanice adiacente se delimiteazs
0o zond de contact termie.

— Momentul final apartine unor produse efuzive, reduse ca volum,
cu viscozitate mare.

4. Caraecterizarea petrograflea a rocilor eruptive

Complexul vuleanic neogen din aria calderei Cdlimani este alcdtuit
din roci cu compozitie preponderent andeziticd, efuzive, explozive si intru-
sive. Descrierea principalelor tipuri de roci ia in consideratie criterii petro-
grafice-mineralogice in acord cu datele petrochimice.

TABELUL 2
Tipuri structurale ale rocilor din caldera Climant

1.Varietati inechigranulare (porfirice)

echigranulare

. ~ Afanitic . : I .
Sticlos microgranu[ar‘ Fin granular Mediu granula-r
Dimensiuni ’
Lmm - 0004 005 ,2
&
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1 &
2| 7
[r ]
3 _
& 2 m
-
o R4
T 2
=2
11
{ I |
I : {
|
| i :
! | L
| i
i 2%
. ysys |
2. Varietati |
!
I
1

Caracteristicile structurale ale rocilor eruptive din- regiune sint
redate in tabelul 2. Diferentierile intre rocile subvulcanice si vulcanice
s-au ficut pe criteriul relatiilor dintre dimensiunile in milimetri ale: elemen-
telor ce alcituiesc masa fundamentald si fenocristalele. :
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In tabelul 2 in cadrul fiecirei delimitdri structurale se fac i aprecieri
privind abundenta (9%,) tipurilor structurale intilnite in regiune, pentru
roci efuzive gi intrusive.

4.1. Andezite pirowenice

Cercetarile geologice efectuate in regiune au scos in evidentd faptul
c¢i andezitele piroxenice reprezintd petrotipul principal al andezitelor
ce participd la alcdtuirea structurii vulcanice (peste 709,).

Din punct de vedere mineralogic pe lingd piroxeni pot participa in
cantitati reduse hornblenda si olivina, fird a schimba esential caracterul
mineralogic al rocilor (dat aproape in exclusivitate de prezenta piroxeni-
lor si plagioclazilor atit ca fenocristale ¢it i ca microfenocristale in masa
fundamentala).

Deosebirile date de prezenta cantitativ variabild a augitului si hiper-
stenului nu ni s-au pirut esentiale.

Andezitele piroxenice sint prezente in toate momentele esentiale
din desfdsurarea activititii vulcanice, atit ca lave gi intruziuni eit si ca
elemente prinse in rocile piroclastice.

Compozitia modala si continutul in An 9, sint prezentate in tabelul 3.

Numai in situatia in care rocile caracterizate ca andezite piroxenice
petrografic au fost analizate chimic i ele au un continut de SiO, mai
mic ca 52 9%, am utilizat denumirea de andezit bazaltic. Cercetirile efectuate
scot in evidentd greutatea stabilirii pe cale petrograficd a diferentei intre
andezite si andezite bazaltice. Totodaté, am mentinut denumirea de
andezite piroxenice gi pentru rocile cu 8i0, = 59—629,, deoarece nu apar
diferente de ordin mineralogic. Consideram c& variatiille continutului in
Si0, al acestor andezite este datorat exclusiv, compozitiei masei lor fun-
damentale, care nu se preteazd la determindri mineralogice.

TABELUL 3

Minerale componente

Participare

%

Feldspat plagioclaz
Hipersten

Augit

Hornblendi

Olivini

[
01»&9

-

!
oS -1
SoH
S

Wt~

40-60 An %

Minerale opace si accesorii
Masa fundamentali

D
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| |
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Culoarea rocilor variazd, fiind cenugie-deschisdi, cenusie-verzuie-
deschisd, cenugie-inchisd sau cenusie-negricioasd. Variatia largd a culorii
rocilor este datoratd probabil varietdtii lor structurale i uneori transformé-
rilor postmagmatice suprapuse.
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Structura rocilor este porfiricd, compactd, uneori slab vacuolari.
‘Participarea augitului §i hiperstenului este aproape egali. Hornblenda
“este sporadicé in roci, mai mult sau mai pufin resorbité, deseori contururile
“ei fiind conservate de o masd find §i compacts de minerale opace.

Fenocristalele de plagioclazi sint maclate polisintetic §i zonate,
‘reprezentate mai ales de un andezin bazic (50 9, An). Zonarea este oscilato-
rie cu recurente, mai rar normald. Fenocristalele sint subhedrale pini la
anhedrale, alungite, avind dimensiuni medii de 2 —3 mm. Plagioclazii
confin uneori incluziuni mici de minerale opace, sticld sau piroxeni.

Fenocristalele de hipersten sint prismatic alungite, euhedrale. Dimen-
siunile medii sint de 5 —6 mm. Unele cristale au o coroan# subtire de supra-
cregtere de augit. In andezitele cu masa fundamentali microgranulard
fenocristalele si cristalele de hipersten din masa fundamentald sint trans-
formate intr-un agregat de minerale de tipul tale, bastit, probabil datoriti
unor solutii autometasomatice, ce nu au influentd asupra augitului, care
rédmine proaspdt. Fenocristalele de augit sint prismatice sau izometrice,
cu extinctia de 42 —45° (¢c/Ng). Cristalele de augit au dimensiuni medii
intre 2 —3 mm. In majoritatea rocilor prezintd macle dups planul (100)
din doi sau mai mul$i indivizi. Mai rar a fost intilnit 5i pigeonitul.

Masa fundamentald in cadrul succesiunilor de lave este variabild
ca structurd §i compozifie minerald. Poate fi sticloasd, hipohialini, eripto-
cristalind, microcristalind ; hialopiliticd sau pilotaxiticd. La structurile
microcristaline ale masei fundamentale participd plagioclazii, augitul,
hiperstenul, minerale opace §i accesorii. Uneori datorité proceselor post-
vulcanice in masa fundamentald este prezent cuartul, tridimitul §i calce-
donia.

Piroclastitele din stadiul stratovulcanic-substadiul exploziv precal-
derd din partea de nord a perimetrului sint aproape in totalitate alcituite
din andezite piroxenice, remarcindu-se printr-un important volum de
roci. Este vorba in principal de piroclastite grosiere (brecii piroclastice),
ale ciror elemente constitutive au dimensiuni metrice pind la milimetrice,
angulare si subangulare. Liantul este slab dezvoltat, avind un grad mare

e compactitate. Breciile piroclastice prezintd pe valea Neagra §i piriul
Zapodiei, o morfologie caracteristicd ruiniformé, luind forma unor coloane,
stilpi, ete.

J in afardt de andezite piroxenice care determini caracteristica prin-
cipald a acestor piroclastite, mai pot fi intilnite rar elemente de andezite
cu hornblendi §i piroxeni si andezite bazaltice. ’

Piroclastitele asociate andezitelor piroxenice apartinind substadiului
efuziv se prezintd de obicei ca intercalatii decimetrice sau metrice intre
pachetele de lavi si sint reprezentate in special de tufuri §i microbrecii.

Tufurile au de obicei o culoare cenusie-albicioasd. La microscop,
intr-o masi cu caracter cineritic se disting elemente de andezite piroxenice.

Breciile §i microbreciile sint alcituite din fragmente de andezite
angulare §i subangulare, de dimensiuni ce variazi intre 30 —0,6 cm.

Alteratiile hidrotermale ce privese stadiul stratovulcanic in special
legat de andezitele piroxenice sint variate §i neomogene, in raspindire

7 — ¢ 553
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si intensitate. In majoritatea lor sint legate de substadiul efuziv-exploziv
postealderd, afectind in principal rocile piroclastice. Se pot deosebi pe de
o parte alteratii reprezentate prin procese de propilitizare, cloritizare
si argilizare raspindite neomogen in exteriorul calderei si pe de altd parte
alteratia postvulcanicd din perimetrul Negoiul Roménesc-virful Iancului
de care se leagd zicamintul de sulf, ce a fost tratatd in detaliu de cerceté-
torii anteriori (Stanciu, Medesgan, 1971 a, b).

4.2. Andezitele st microdioritele cu hornblendd $i piroxent

Acest tip petrografic a fost intilnit sub formi de elemente in piro-
clastitele substadiului exploziv precalderd, ca lave intercalate intre cele
ale andezitelor piroxenice din substadiul efuziv-exploziv postcalderd sau
ca intruziuni minore (corpuri, dyke-uri) aparfinind aceluiagi substadiu
efuziv-exploziv. :

Lavele andezitelor cu hornblendé si piroxeni apar ca intercalatii cu
grosimi mici (de ordinul metrilor) i volum redus, astfel ¢i ele nu au mai
fost separate pe hartd din masa andezitelor piroxenice. Liavele au o culoare
cenugie-inchisd i sint masive. Se caracterizeazd printr-o structurd porfirica
bine pusid in evidentd de cristalele de hornblendd ce depisesc uneori
5 mm. Rocile intrusive apartinind acestui tip petrografic au o culoare
cenugie-deschis#i, deseori cu granulatie bine evidentiatd ce face ca din
punct de vedere al structurii roca sa treaci intr-un microdiorit porfiric
cu hornblendd. In aceste cazuri hornblenda poate atinge 1 —2 cm.

Analiza modali a acestor roci este prezentaté in tabelul 4.

TABELUL 4
Participare %
. § . Intruziuni Intruziuni
Minerale componente Lave andezitice andezitice microdioritice
Plagioclaz 35—41; 34—42; 62—64,5
32—80 AnY, 42—-50 AnY% 46—52 An9,
Hornblendi 7—9 6—10,3 15—18
Hipersten 1-2 2,4—2 3—5,3
Augit 2,5—3 3—5,2 6—9,4
Minerale opace si accesorii 1,8-2,2 1-2 2—-3
Masa fundamentali 49—59 36—52 —

Aspectele microscopice nu diferfi mult de cele ale andezitelor piro-
xenice, doar prin prezenta mai abundentd a hornblendei. Majoritatea
cristalelor apar cu contururi opacitizate. In zonele de reactie de la margi-
nea cristalelor, pe lingh oxizi de fier, pot apare gi plagioclazi sau piroxeni
fin granulari. Uneori intre zona de opacitizare si nucleul intern se inter-
pune o zond cu biotit. S-a ficut remarcatd in special prezenta unei horn-
blende brune (¢/Ng =8 —15°) mai putfin a celei verzi (¢/Ng =14 —20°),
Intotdeauna piroxenii sint prezenti fie ca fenocristale sau microfenocristale.
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4.3. Andezite piroxenice bazalioide

Au fost conturate pe o zond largd in interiorul calderei. La izvoarele
viii Dumitrelul, formeazd curgeri masive de lave asociate cu intervale
discontinue de piroclastite (tufuri grosiere si microbrecii). Perimetrul pe
care apar aceste roci este aproape identic cu cel in care Nichita (1934)
descria andezite cu augit.

In aflorimente roca apare negricioasi, masivi, deseori cu piroxeni
(augit) bine evidentiati.

TABELUL 5

Compoazifia modald a andezilului piroxenic bazalloid

Minerale componente Participare %
Plagioclaz 38,0-42,0 | 54-66 An %
Hipersten 3,8- 4,5
Augit 16-24
Minerale opace si accesorii 2,5-3
Masa fundamentald 35,0-41,0

Structura rocii este glomero-porfiricd sau porfiricd, masa fundamen-
tald microcristalind sau hialind.

Se observa treceri gradate dimensionale de la fenocristale la crista-
lele din pasté.

Fenocristalele sint aledtuite din plagioclazi i augit (ce alcituiesc
agregate din mai multi indivizi) gi rar hipersten.

Plagioclazii formeazd deseori agregate in cruce sau stelate cu conti-
nut mare in anortit, pind la 66 9%,.

4.4. Monzodiorite, diorite

Prezenta rocilor intrusive monzodioritice, in facies subvulcanic
in centrul calderei Cilimani, sub forma unui stock alungit, se remarcd
prin tipuri structurale petrografice caracteristice si prin aureola de meta-
morfism termic la contactul eu rocile andezitice din jur.

In functie de tipul structural petrografic au fost deosebite in cadrul
aceluiasi ansamblu structural-geologic urmétoarele tipuri: monzodiorite,
diorite, micromonzodiorite, micromonzodiorite porfirice, microdiorite porfi-
rice. Intre tipurile mentionate nu existd deosebiri esentiale in privinta
compozitiei mineralogice §i rocile par formate printr-un singur proces
principal de intruziune. Tipurile porfirice sint caracteristice in estul stocku-
lui (cu ele se asociazi fenomene de transformare metasomaticd). in zona
confluentei viii Dumitrelul Mic cu valea Dumitrelul Mare, afloreazs tipu-

19
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rile mediu gi larg granulare iar in restul perimetrutui afloreazd tipuri fin
$i mediu granulare, mai rar porfirice (tab. 2).

Analizele modale efectuate asupra a 17 probe (analizate §i chimic)
situeazd majoritatea rocilor in cimpul monzodioritelor spre monzodiorite
cuartifere si doar citeva in cimpul dioritelor, observindu-se de fapt, treceri
gradateintre diversele tipuri petrografice (tab.6, fig. 1). Rocile monzodioriti-

TABELUL 6

Analiza modald a subvulcanilelor analizaie chimic

N = g Plg ; Hip %Auv Hb | Bi | Fk | -Q l\flzi?ee—‘An % 111(;1(;10&‘ Q A ! P
ert.| 4 ’2 N : ” i } I opace | ° culoare ;
11195 [54,63{12,31]19,89| — — | 7,08 2,36} 3,7 |44—56{35,90| 3,68{11,05/85,28
2 | 280 |51,31)15,23{14,10; — — 10,m3‘3 2,08 2,33 |38—-54[31, 66! 3,26{16, 21|80, 52
_3_ 230 |62,47(16.31; 9,79 — — | 6,29 1,39A3,72 48 —58129,82| 1,99| 8,96/89,05
4 | CH, 53,2111, 85/16,82| — — 112,70| 1,89| 3,53 (44—58|32,20| 2,79(18,73{78,48
5| 2231 6,73{16,88/12,62] — — 15,90 4,1473,60_ 42—-56{33,1 | 6,34| 8,82/84,83
_G 320 |56,38/14,03{13,12] - — 10,71} 3,01 2,75 140—54{29,90{ 4,29(15,27{80,42
__z_ 517 {55,94|13, 98/13,28| — — 111,18 3,49 2,09 ?6——54 29, 35| 4, 94/15, 83(79, 22
__2_3__205A 47,4316, 63/16,10, — — 115,39 1,76] 2,65 |46—52{35,38| 2,72 23,83 73,44
i 347 159,11(13,40| 8,59} — — | 9,28} 5,84] 3,78 |44—56|25, 77| 7,86{12,50(79,03
_lg_ 518 |51,68/14,70110,50{ - — (15,12} 4,62 3,36 42-—-58 28,56] 6,4621,17/72,27
il_ 146 {51,20{15, 30{12,80 —-- — |14, 82| 2,80} 3,08 {42—56|30,90] 4,06|21,53{74, 39
_l%_ 194 158,15(12,31| 9,63} — — 19,82 5,65 3,39 (46--58|25,33| 7,65{13, 35|79,00
_1_3_ Z, |50,70{10,52{10,00| — | 4,14{16,08| 5,82 2,74 |36—52{27,40{ 8,01|22, 14/69, 83
i GR,{49,66{12,60|13,06| 2 — |15,14] 5,80| 2,75 |32—54(30,41| 8,21/21, 44|70,33
15 |m 220j51,65/14,20(14,33| — | 2,60(11,02 3,42 2,76 |34—52(33,91{ 5,17|16,67|78,15
__1_5__ Z, 152,63|11,80{11,00{ — | 3,94 13,15 4,38 _%_,—91_40-—56 29,81 6,24|18,74|75,02
17 | 171C|44, 68]49,21] 8,15 — — 122,34{12,76] 2,89 |38—48]20,25|16,00|28,00(56,00

ce predomind siimprimé acest caracter rocilor intrusive subvuleanice. Valo-
rile @A P normative (fig. 2) caleulate din analizele chimice (norma CIPW)
ne aratéd o distributie similaré a punctelor, pe latura A —P, cu valori mai
ridicate a termenului @, suprapunindu-se cimpului monzodioritelor cuarti-
fere (Streckeisen, 1967). ’
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An fost observate mai multe varietdti petrografice, firi a putea fi
separate pe harta geologicd :

—cu piroxeni (predominant)

—cu piroxeni i biotit

— cu piroxeni, biotit §i hornblendi

—cu piroxeni §i hornblends.

Mineralul principal este plagioclazul care are contururi subhedrales
rar euhedrale. Media dimensiunilor cristalelor este la micromonzodiorite
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Fig. 1. — Diagrama QA4 P modald a roci- Fig. 2, — Diagrama QAP normativé

lor intrusive, a rocilor intrusive.
Diagramme QAP modal des roches Diagramme QAP normatif des roches
intrusives. intrusives.

de 0,25 —1 mm, iar la monzodiorite intre 1 —3 mm. Toate cristalele sint
maclate, predominind maclele de hemitropie normald (albit) si complexi.
Media continutului in An 9, este de 42 —56 9,. Cristalele zonate sint frec-
vente, prezentind zone difuze §i restrinse mai ales spre marginea cristale-
lor. Zonarea este de obicei normal recurentd. Uneori cristalele de plagio-
clazi contin granule microscopice de piroxeni monoclinici si minerale opace
orientate in zone paralele cu marginea cristalelor.

Cristalele de hipersten sint alungit-prismatice, subhedrale §i euhe-
drale cu criapituri perpendiculare pe alungire. Dimensiunile medii pe
lungime sint cuprinse intre 1 —3 mm. In sectiuni subtiri, au extinctie
dreaptéd, sint incolore, rareori pleocroice, dupsd Ng — roz-pal, dupd Nm —
incolore sau verde-pal si dupd Np — brun-pal.

In cele mai multe cazuri hiperstenul este transformat in tale, bastit.

Augitul este fie scurt prismatic, fie usor alungit, subhedral, rar euhe-
dral. Are dimensiuni medii cuprinse intre 0,8 —2 mm. In sectiuni subtiri
este incolor si nepleocroic, maclat de obicei polisintetic dupd (100). Extinc-
tia ¢/Ng variaza intre 42 —45°, +2V =42 —58°.
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Biotitul, mairar intilnit, se prezintd in cristale izolate in masa rocii cu
contururi subhedrale, avind un pleocroism caracteristic in nuante de brun.

Hornblenda este rar prezentatd in rocile ce afloreazi. Este opaciti-
zatd, deseori pind la inlocuirea ei completd cu o mas# find de minerale
opace. Caracterele optice sint variabile ¢ : Ng = 15 —20°; —2V =48 —
76°. De obicei are contururi subhedrale, dimensiunile ei variind intre
0,8 —2 mm. '

Feldspatul potasic (ortoza) se dispune in interstitiile celorlalte cris-
tale, mai ales intre cristalele de plagioclazi, de obicei este submilimetric,
rareori avind aspect poichilitic. In asociatie cu cuartul formeazi concres-
teri microgranofirice. Constantele optice sint Ng | (010) =4—8°; —2V =
56—64°.

Impreund cu cuartul formeazi ultimele minerale de cristalizare
in roci, corodind deseori feldspatii plagioclazi cu care vin in contact.

Cuarful este interstitial, granular, anhedral formind uneori concres-
teri cu feldspatul potasic.

In masa monzodioritelor au fost intilnite roci aplitice. Ele apar ca
filonase cu grosimi centimetrice i reprezintd niste diferentiate tirzii, cu
o compozitie granitici-granodioriticd. Sint alcdtuite in principal din feld-
spat potasic §i cuart (in concresteri micrografice) si plagioclazi (oligoclaz).
Dintre mineralele melanocrate amintim augitul si hornblenda, care apar
sporadic si trec de obicei in uralit §i bastit.

4.5, Micromonzodioritele cuarfifere porfirice

Aceste roci alcdtuiesc un mie corp intrusiv ce stribate stockul monzo-
dioritic in zona virful Izvorul Haitei. Prezenta lor a fost semnalatd pentru
prima dath de Nichita (1934) care le-a denumit diorite cuartifere.
Roca are o culoare cenusie-albicioasd si prezintd o structurd porfiricd,
marcatd de fenocristale de plagioclaz cu dimensiuni medii de 7 —8 mm
(la microscop acestea sint puternic zonate, avind §i macle de hemitropie
complex#). Masa fundamentald este fin cristalizatd, echigranulard (cu
dimensiuni medii de 0,25 mm), alcdtuitd din plagioclazi (An 9%, = 38 —50),
hipersten (transformat in tale-bastit), augit, feldspat potasic (interstitial),
cuarf, minerale opace, apatit.

Analiza modald a unei astfel de roci se prezintd astfel :

TABELUL 7
Minerale componente Participare 9%,
Plagioclaz 58,80 AnY =
Hipersten 14,20 38—-50
Augit 11,90
Feldpsat potasic 9,60
Cuart 3,10
Minerale opace, accesorii 2,40
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4.6. Andezitele piroxenice cu hornblendd, biotit $i cuart

Formeazd intruziuni (dyke, corp) de mici dimensiuni in zona con-
fluentei piriului Iancului cu valea Neagra. Strabat stockul intrusiv-monzo-
dioritic in zonele cu alterfiri hidrotermale. La contactul cu andezitele
piroxenice ale substadiului efuziv-exploziv postcalderd de pe piriul Iancu-
lui intruziunea acestor andezite determin® formarea unor brecii tectonice
(circulatii ulterioare hidrotermale depun, in cadrul acestor brecii, hematit
$i cuart) (Treiber, 1956).

Mentiondm c& acest tip petrografic este descris i separat pentru
prima oard in perimetru.

Rocile au o structurd porfiricl, masa fundamentalf este microcrista-
lind, avind dimensiuni mai mici, dar apropiate de 0,05 mm.,

Augitul si hiperstenul au aceleagi caracteristici mineralogice ca si
in andezitele piroxenice.

Hornblenda (¢c/Ng =8 —16°) este bordatd de minerale opace si
nu depdseste 1 —2 mm in lumgime. Biotitul (0,2 —1 mm) are contururi
subhedrale, este corodat la contactul cu masa fundamentald. Cuarful
(0,2 mm) apare cu contururi izometrice, este corodat si se distribuie uni-
form in masa rocii.

TABELUL 8

Compozifia modald a andezitelor piroxenice cu hornblendd, biolit
st cuarf

Minerale componente | Participare 9%
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36-50 An %
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Plagioclaz 3,
Hipersten 6,
5,
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Augit
Hornblendi
Biotit
Cuart 1
Minerale opace si accesorii 1,
Masa fundamentald 46
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4.7. Andezitul cu biotit, hornblendd si cuarf

Apare pe o suprafatd restrinsd in virful Pietricelul si constituie un
dom efuziv de andezite cu o compozifie mai speciald, in superpozifie fatd
de andezitele piroxenice pre- §i postcalderd.

Culoarea rocii este cenugie-deschisd, structura porfiricd, definitd
mai ales de cristalele de plagioclaz ce pot atinge 4 mm lungime. Unele
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cristale de plagioclazi prezintd un nucleu cu aspect alterat, cu o bordurd
subtire limpede.

Microscopic pe lingé plagioclaz, biotit §i cuart se mai disting micro-
fenocristale de hornblendd, hipersten §i augit. Nichita (1939) si Cr.
Prischak et al. (1977) * mai mentioneazd si prezenta olivinei.

Sporadic au fost intilnite sfen §i apatit. S-a constatat c¢i atit biotitul
cit §i hornblenda §i cuarful sint corodate magmatic.

O analizd modald efectuatd aratd urmitoarea compozitie :

TABELUL 9

Minerale componente Participare 9%,

Plagioclaz 32 32-50 An %
Biotit 2
Hornblenda 1
Hipersten 2
Augit 1
Cuar{ 1
Masd fundamentald 59

5. Procese de metamorfism magmatic legate de intruziunea rocilor monzo~
dioritice

Se pot diferentia produse ale metamorfismului termie, ale metamor-
fismului metasomatic §i ale metamorfismului metasomatic hidrotermal.

Observatiile de teren efectuate au scos in eviden{s existenta unei
aureole de contact termic la contactul rocilor intrusive monzodioritice
cu andezitele piroxenice din perimetru.

Lirgimea aureolei de contact variazd intre 15 —50 m, uneori pind
la 100 m, fiind greu de urmdrit in teren. Uneori rdmin petece de andezite
piroxenice cornificate in partea superioard a intruziunii monzodioritice
(virful Izvorul Haitei §i pe creasta intre valea Dumitrelul si valea Izvorul
Fetii).

Rocile metamorfozate termic au in general un aspect pitat, duritate
accentuatd, se sparg in agchii sau concoidal. Reactiile au loc atit in rocile
intrusive monzodioritice cit §i in andezitele piroxenice pre- si postcalderd,
intensitatea recristalizdrii descrescind de o parte si de alta a limitei de
contact.

Asociatiile mineralogice nu diferd, fie c& transforméirile privese rocile
intrusive monzodioritice, fie andezitele piroxenice, deosebirile prin-
cipale urmdrind structura inifiald a rocilor.

24 Arh. IGPSMS, Bucuresti.
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Principalele asociatii mineralogice sint :

— plagioclaz (andezin) -+ diopsid

— plagioclaz (andezin) -+ diopsid 4 biotit

— plagioclaz (andezin) + diopsid 4 hornblendd - biotit.

Intr-un stadiu inifial de transformare se observii cum piroxenii
initiali recristalizeazf si sint pseudomorfozati de numeroase granule de
piroxeni (0,05 —0,8 mm) de tipul diopsid-hedenbergit, ca intr-o fazi mai
avansatd de recristalizare granulele de piroxeni de neoformatie s& impin-
zeascd toatd masa rocii, inclusiv cristalele de plagioclaz, s& alcdtuiascsd
aglomerdri §i uneori remobilizdri in cadrul rocii. Plagioclazii prezints
contururi difuze §i sint uneori albitizati.

Functie de asociatia mineralogicd rocile se incadreazd la faciesul
corneenelor cu amfiboli. Pe fisuri §i in goluri (centimetrice si subcenti-
metrice) in zona de contact termic (valea Neagra, saua intre virful Izvorul
Haitei §i virful Pietrosul) se depune uneori andradit, ca rezultat al procese-
lor pirometasomatice, cu care se asociazd spatial produse secundare ca
epidot, piritd, cuarf, caleit.

Principalele produse postmagmatice de naturd hidrotermald asociate
rocilor intrusive monzodioritice sint rezultatul unei activitdti controlate
de un sistem de dou& fracturi NV —SE si E —V (din.dreptul primului
afluent drept al v#ii Dumitrelul, aval-amont, pind in creasta Iancului
cota 1450 m). Procesele hidrometasomatice se distribuie succesiv si supra-
pus in urmitoarele zone : zona cu albit, zona cu biotit, zona cu actinolit,
zona argilicd si zona cu cuarf-sericit §i turmalind, afectind in principal
masa rocilor intrusive, partial aureola de contact termie si rocile vulcanice
inconjurdtoare.

6. Caracterizarea petrochimicd si geochimica a roeilor eruptive

Compozifia chimic# (elemente majore §i minore) a rocilor eruptive
din regiune contribuie impreund cu datele vulcanologice $i petrografice
la cunoasterea proceselor petrogenetice complexe in care a evoluat regiunea.

S-au urmirit probleme privind clasificarea petrochimicd a rocilor,
a distributiei principalelor elemente majore §i minore — functie de aparte-
nenta la diferite momente de eruptie. Au fost abordate aspectele privind
procesele de diferentiere magmaticd prin cristalizare frac{ionald. Caracte-
rul calco-alealin al magmelor, in acord cu modelul tectonicii plédcilor, suge-
reaza derivarea lor prin topirea partiald a litosferei oceanice subduse.

Cele 36 analize de silicaji pe care le utilizim au fost executate de
Didina Nacu (33 analize)si Aurelia Movileanu (3 analize)
si sint prezentate in tabelul 10. Pentru aceleasi probe, analizele spectrale
au fost executate de Alla Zé&méarcd (tab. 11),
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23 STUDIUL PETROLOGIC AL CALDEREI CALIMANI 109

6.1. Probleme de clasificare petrochimicd a rocilor

Rocile magmatice, caracterizate prin masé fundamentald si feno-
cristale, din cadrul seriilor calco-alcaline prezintd, in general, multe pro-
bleme de clasificare. Masa fundamentald este ori foarte fin granulari,
ori sticloasé, nu se preteazd la determindiri modale §i astfel nu reflects
concludent compozitia chimicd globald a rocilor.

Pentru compararea diagnozei petrografice cu diagnoza petrochimics,
am utilizat diagrama Q4P dupd Streckeisen (1967), care priveste
raporturile procentuale ale principalelor minerale normative, i diagrama
Si0,/K,0 dupd Peccerillo si Taylor (1976).

Proiectia valorilor in diagrama @A P normativi, — arati o dispunere
2 punctelor de proiectie in cimpurile 10, 10 *, 9,9 %, 4 (fig. 3).

Conform noilor sugestii privind nomenclatura (Streckeisen,
1979; Streckeisen, Le Maitre, 1979) rocile vulcanice proiec-
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Fig.3. — Diagrama QAP normativi a rocilor din caldera Cdlimani. Simboluri ca in tabelul 10.
Diagramme QAP normatif des roches de la caldeira Cilimani. Les mémes symboles du
tableau 10,

tate in aceste cimpuri sint desemmnate drept andezite, in eventualitatea

unui continut in SiO,, care nu poate fi mai mic de 52 9%, si nici mai mare
de 639%,.
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Rocile cu SiO, mai mic de 529, sint considerate bazalte.
Se observi ci, in general, este un acord intre datele petrografice
si cele petrochimice. Pentru rocile cu Si0, mai mic decit 52 9, s-a folosit

v
o
Ky00 i}
9 [+]
choshanilg ancezite bogate in K | decite
31 o bogate in K
o
/ Fig. 4. — Diagrama Si0, %/K,0%
absarokite cmdlez?'.c . - a rocilor efuzive din caldera Cili-
bozaltice . . .
2 bogate + .+ mani. Simboluri ca in tabelul 10,
inK .y . .
' gt gacite 11 Diagramme Si0,%/K,0%  des
he - . .
16 / roches effusives de la caldeira
~ =} oncezile ardezite —ye . R
12 L-" bazcitice Calimani. Les mémes symboles
1 - bazaite ot / du tableau 10.
e , -
b
Tndezite ; . q.—zd_;-zne ! dacite sdrace in K
013 Tralonte bazallice | sdrece in K
sarace K sdrace in K i
T
52 56 63 .
$i0,/

denumirea de andezite bazaltice i andezite piroxenice bazaltoide in acord
cu diagnoza petrografici efectuati.

Proiectia valorilor QAP normative pentru rocile apartinind stadiului
intrusiv, corespund si ele, in mare, cu determindrile petrografice. Denumi-
rea rocilor a fost stabilitd pe baza analizelor modale, care aratd o distribu-
tie a majoritdtii punctelor de proiectie in cimpul monzodioritelor (9)
(Streckeisen, 1967).

Clasificgrile rocilor eruptive in diagrama SiO,/K,0O (fig. 4), pe lingd
consideratiile de clasificare petrochimicd, are in vedere $i apartenenta
rocilor la seriile : tholeiitice de arc (I), calco-alcaline (II), calco-alcaline
bogate in K (III) si shoshonitice (IV). '

Criteriul departajirii andezitelor de bazalte este tot la 52 % SiO,.
Se mai face distinctia §i intre andezite bazaltice cu SiO, intre 52 —56 %
si andezite cu SiO, intre 56 —63 9,

Rocile vulcanice din regiune se proiecteazii dupd cum urmeazd :

—cele din stadinl stratovulcanic, substadiul exploziv precalderd
se incadreazd la andezite bazaltice;

— cele din substadiul efuziv precalderfi la andezite bogate in K;

— cele din substadiul efuziv-exploziv postcalderd, o parte la bazalte
si altd parte la andezite §i andezite bogate in X ;
—cele din cadrul stadiului efuziv final intrd in cimpul dacitelor.

Se observd apartenenta rocilor la seriile calco-alcaline §i calco-alca-
line bogate in K.
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6.2. Elemente magjore

Pe intreaga zond vulcanici a calderei Cdlimani continutul in SiO,
variazd intre 51,45 %, —65,419,.

Urmiérind variatia prineipalilor oxizi 9, (K,0, K,0 + Na,0, Fe,0, -+
~+ FeO, Ca0, MgO) functie de confinutul in Si0, %, (fig. 5), avind in vedere
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Fig. 5. — Variatia K,0%, Ky0% + Na,0%, Fe,03% -+ FeO%, CaO %, MgO %, functie de
5i0,%. Simboluri ca in in tabelul 10.
gruparea Cj; ---em-euee gruparea Cy; —~—— gruparea C,,
Variation de K;0 %, K;0% + Nay,0%, Fe;03% -+ FeO %, CaO %, MgO %, en fonction de Si0,%.
Les mémes symboles du tableau 10,
groupe 01 e groupe Cy; ——— groupe Cg,
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succesiunea vuleanismului din regiune, am constatat c¢d se pot separa
trei grupéri principale de roci ce prezintd aluri de distributie petrochimics
specifice :

— prima, grupare (C,) este reprezentatd de produsele stadiului strato-
vulcanic precalderd (substadiile exploziv §i efuziv). Reprezintd primul
si cel mai important moment vulcanic — atit ea volum cit §i ca extindere.
Se edificd principalele aparate vulcanice ce domind regiunea din punct
de vedere morfologic (SiO, 9, =51,90—-61,07);

— a doua grupare (C,) reprezintd produsele stadiului stratovulcanie
postealderd (substadiul efuziv-exploziv), cu un volum mai mic de produse,
restrins mai mult la interiorul calderei (Si0, = 51,45-—-61,97);

— a treia grupare (C;) o constituie produsele stadiului intrusiv, cu
‘un volum insemnat pentru astfel de produse, restrins in suprafats la inte-
riorul calderei vulcanice (SiO, 9% = 53,87—63).

Cele doud probe analizate din andezitele cu biotit, hornblendd si
cuart apartinind stadiului efuziv final sint luate in discutie fird a fi consi-
derate o grupare aparte (Si0, = 63,16 —65,11).

Variatia valorilor X,0 9% si KZO + N aZO prezintd o alurd identicad
in sensul cre$te1 ii 8i0,. In raport cu C, se observii o imbogitire in alcalii
la C; si o siricire la C,. In ansamblu, rocile se 1ncadreaza in seria calco-
alealing.

Diagramele FeO,; 4 FeO/Si0, si Ca0/Si0, au o alurd aseminitoare,
valorile ¥e,O; - FeO si CaO scidzind functie de SiO,. Lmille de tendinta
pastreazd un paralehsm al grupelor in ordinea Cyy G, Cs.

Valorile MgO prezinti o dispersie mai accentuatd. Cimpul C, aratd
o constantd a valorilor functie de SiO,, iar cimpurile C,, C; o descrestere
a valorilor in directia cresterii continutului in SiO,.

6.3. Hlemente minore

Abundenta in elemente minore & rocilor din regiune a fost comparatd
cu situatiile similare din literatura pentru magme generate in condlt;u

de subductie a litosferei (T ay lor, 1969; Jake s, Gil 1 1970; Jake 8,
White, 1972).

Abundenta in elemente minore ,,incompatibile” Ba, Sr, Pb, La este
caracteristici seriilor calco-alcaline.

Remarcim corelatia pozitivi bund a Ba (fig. 6) in raport cu SiO,
a grupelor C,, C,. (Proba 727 se situeazi mai lateral de alura liniei de
tendintsd, a grupului C,).

Alura grupului C; prezintd o usoard tendintd de crestere fatd de
Si0,, cu o dispersie mai mare a valorilor pentru SiO,, intre 53—56 9 si
aritind afinitdti cu seriile calco-alcaline de margini continentale.

Andezitele bogate in K ale grupului C, prezinti confinuturi in Ba
de asemenea cu afinitd{i pentru seriile calco-alcaline de margini continen-

tale (5 akes, White, 1972). Celelalte andezite ale grupului C; si cele
ale grupului C, au afinititi cu seriile calco-alcaline de arc insular.
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Sr prezintd o mic# variatie, raportat la confinutul in SiO, al rocilor,
la toate cele trei grupéri (240 —460 ppm) (fig. 7). Acest interval de continu-
turi indicd afinitdti cu seriile calco-alcaline de arc insular.

Ba
ppm

1000~

500+
4001
300
2004

100 4

T T U

55 60 65
Si0, %

Fig. 6. — Diagrama Ba functie de Si0, %
a rocilor din caldera Cilimani. Simboluri
ca in tabelul 10 si figura 5.
Diagramme Ba en fonction de Si0,9%
des roches de la caldeira Cilimmani. Les
mémes symboles du tableau 10 et
figure 3.

50

o

Fig. 8. — Relatia La/Yb functie
de Si0,% a rocilor din caldera
Cilimani. Simboluri ca in tabelul
10 si figura 3.
Relation La/Yb en fonction de
5i0,% des roches de la caldeira
Cilimani. Les mémes symboles
du tableau 10 et figure 5.

Sr
288‘ ;‘——.-.—.-.—'—-4-4_'_ o
A . . . _,_..Q.'.-»"o'
3004 ImmEEER TS A
+ *m7
200
1004
‘ S5 80 65
30 . SiOZ %

Fig., 7. — Diagrama Sr functie de Si0,%
a rocilor din caldera Céalimani, Simboluri
ca in tabelul 10 si figura 5.
Diagramme Sr en fonction de Si0,%

des roches de la caldeira Célimani.
Les mémes symboles du tableau 10
et figure 5.
o
+
20 Cal @
—+ + +
N a
w05 ooE e
- .
5
T o7 T T
55 60 65
i Si0, %
Fig. 8

Raportul La/YDb (fig. 8, 9) aratd o foarte slabd tendintd de crestere
fatd de SiO, si X,0, situatie de asemenea caracteristicii rocilor calco-

alcaline din arcuri insulare.

Zr prezintd o corelatie bund cu SiO, (fig. 10) pentru toate cele 3

grupdari C;, C,, C,.

8 ~— c. 553
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Exceptie fac probele 708 si 727 din cadrul grupului C, — cu continut
mai mic. Proba 511 se situeazi si la excentric fatd de grupul C,.

Ni s1 Co au o abundentd scizutd, mai caracteristicsi seriior calco-
alcaline de arc insular. '

Continutul in Cr este variabil (3—180 ppm) si este caracteristic
seriilor calco-alcaline de arc insular.

La/ a
4 .
/b 20+ R " o L. °
154 . oo -
! S
R o
“ + +.
10 R
SA
10 20
gl i) Kzo%

Fig. 9, — Relatia La/Yb functie de K,09% a rocilor din caldera
Cilimani. Simboluri ca in tabelul 10 si figura 5.
Relation La/Yb en fonction de K,0 % des roches de la caldeira
Cidlimani. Les mé&mes symboles du tableau 10 et figure 5,

Ir
pom
| Fig. 10. — Diagrama Zr functie
2004 de S8i0,% a rocilor din caldera
_ s Célimani. Simboluri ca in tabe-
| a lul 10 si figura 5.
| o Diagrammme Zr en fonction de
] Si0,% des roches de la caldeira
100 Cilimani. Les mémes symboles
- +727 du tableau 10 et figure 5.
20 T % e
Si10, %

_ Urmarind variagia Ni §iCr fatd de SiO, (fig. 11, 12) se observi, in

general o aliniere a valorilor paralel cu cresterea SiO, cu o ugoars tendints
de scidere la grupul C,. Din nou fac exceptie probele 727 si 708 81 in parte
895 (grupul C;) cu valori mici pentru Ni, Cr, Co.



29 STUDIUL PETROLOGIC AL CALDEREI CALIMANI

115

Vanadiul prezintd o gami de variatie intre 55—330 ppm, carae-
teristicd seriilor calco-alealine, precum si o clard tendintd de scidere a

valorilor in raport eu SiO, (fig. 13).

100
Ni
pm - *\\

50 . \

4
+ 835
n +70R 104
+727
T T T T T T +:Der T T
50 55 60 65
™ T ———— +— Si0, %
>> 60 Si0. % 6 Fig. 12, — Diagrama Cr functie
2 de Si0,% a rocilor din caldera
Fig. 11. — Diagrama Ni funciie de 5i0,% Célimani. Simboluri ca in tabelul
a rocilor din caldera Cdlimani. Simboluri 10 i figura 5.
ca in tabelul 10 si figura 5. Dijagramme Cr en fonction de
Diagramme Ni en fonction de Si0,% Si0,% des roches de la caldeira
des roches de la caldeira Cilimani. Les Calimani. Les mémes symboles
mémes symboles du tableaun 10 et figure 5. du tableau 10 et figure 5.
\
ppm |
3004
Fig. 13. — Diagrama V functie de Si03% ]
a rocilor din caldera Cilimani. Simboluri 2907
ca in tabelul 10 si figura 5. h
Diagramme V en fonction de Si0,% ]
des roches de la caldeira Cilimani. Les ]
mémes symboles du tableau 10 et figure 5, 100:
4 4 =
B [w]
+727
. 20 H T T T ¥ T ¥ T T T T T ¥ i il
- 50 55 60 65
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Cuprul prezintd un interval larg de variafie (9—180 ppm) ca de
altfel si Zn (32—140 ppm), aritind afinitdfi cu seriile calco-alcaline de arc.
insular (Andriambololona, Dupuy, 1978). Din nou se remarci
valori mai sciizute ale probei 727 in Cu (12 ppm) §i Zn (32 ppm) $i ale
probei 788 in Cu (9 ppm), comparativ cu celelalte probe ale grupului C,.

Celelalte elemente minore din tabelul 10 nu au mai fost comentate.
Abundenta lor corespunde valorilor pentru roci andezitice din cadrul serii-
lor calco-alcaline.

6.4. Discutia datelor §i petrogeneza

Datele petrochimice gi geochimice subliniazé o serie de caracteristici
specifice pentru fiecare din cele trei grupari (C;, C,, Cs3), ce vin in sprijinul
interpretarilor vuleanologice efectuate :

—Stadiul stratovulcanic precalderd reprezentat
prin grupul C, se caracterizeazi printr-o cregtere evidentd a K,0, Ba,
Pb, La, Li i mai putin a La/Yb, Zr, Ga, Cu — de la membrii mai bazici
la cei mai acizi. In acelasi sens se produce o scidere a Fe,O; + FeO,
Ca0, V, Sc (De remarcat ¢i continuturile in Fe,O; 4+ FeO si CaO depisgesc
valorile grupirilor C,, C; pentru acelagi SiO,).

Toate aceste caracteristici sugereazi un slab proces de diferentiere
prin cristalizare fractionats.

Probabil faza ce s-a separat in camera magmaticd a fost clinopiroxe-
nul, unul din mineralele mafice ce poate avea un rol in imbogitirea in
Si0, si elemente minore ,,incompatibile’ (tendintd de a ingloba in reteaua
cristalind a Se¢, V, Cr, Zn si a produce o sciidere in aceste elemente a lichidu-
Iui rezidual, odatd cu cresterea ratiei La/YDb).

Aparitia unor produse bogate in SiO, si mai ales in K,0 nu poate fi
insd explicati doar prin diferentierea datoratéi cristalizérii fractionate a
clinopiroxenului. Peccerillo gi Taylor (1976) in cazul unor roci
similare colectate din lantul Cdlimani— Gurghin —Harghita (andezite
bogate in K) presupun (in urma efectudrii unor analize de paminturi rare,
ce indicd o puternicd fractionare raportatd la chondrite) cd o parte din
magme prezintd imbogitiri in K0, datoritd unor particularitdfi dobindite
chiar din momentul genezei lor, datoritid unei puterniee imbogéitiri in gra-
nat a reziduului rezultat in urma topirii partiale a:plicii descendente.

Admifind ca valabile aceste observatii, putem presupune ci produsele
din suita C; s-au format prin topirea partiali a litosferei oceanice la pre-
siune ridicat, ce conduce la separarea unei magme si a unei faze reziduale
imbogatitd In granat. Pe parcurs in camere magmatice succesive cristaliza-
rea §i fractionarea clinopiroxenilor produce o slabi diferentiere a acestei
magme, regdsitd in suita de roci analizate chimic.

—Stadiul stratovuleanic postcalderd (grupa-
rea Cp). In cadrul grupirii C, are loc o crestere a K,0, Ba, Pb, Zr, mai
moderatd a raportului La/Yb, functie de cresterea continutului in SiO,
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al rocilor. Se obscrvi, unele aseminiri cu grupa C,;. Se sugereazi un proces
slab de diferentiere prin cristalizarea fractionatd a clinopiroxenului.

Probele 708, 727 (andezite cu hornblendd si pirexeni) reprezintd
produse diferentiate in raport cu celelalte andezite ale acestei grupiri.
Se produce o sciddere accentuatii a abundentei MgO, Ni, Co, Cr, Se, V,
Cu, Zn, Zr §i o crestere a Ba, La, La/Yb. Acesta presupune derivarea
lor dintr-o magméi rezultatd prin fractionarea olivinei, clinopiroxenului
§i zirconului, In conditii de saturatie cu H,O (sugerati de prezenta in roci
a amfibolului).

Este posibil ca rocile din aceastd grupare (C,) si apard dintr-o sursi
comuns de magmi, prin procese de diferentiere, in mai multe camere
magmatice succesive. Pe de altd parte, cele doud tendinte evidentiate pot
fi interpretate i ca indicind ascensinnea in faza postcalders a uneimag-
me din camere magmatice diferite.

—Stadiul intrusiv (gruparea C,;) prezintd o mare
omogenitate petrograficd. Se observi cresterea K,O, Ba, La, Zr, Pb functie
de SiO,.

Aratd cele mai mari valori pentru Sr comparativ eu C; 5i Cyy ca de
altfel si pentru K,O + Na,O.

In acelasi sens are loc sciderea Fe,O, + FeO si mai putin evident,
a Cr si Ni. _

Magma ce a generat stockul intrusiv a suferit un proces slab de dife-
rentiere in situ prin cristalizarea fractionati a piroxenilor, convecfie i
concentriri locale ale lichidului rezidual din care au rezultat aplitele, la
nivelul de punere in loc neexistind dovezi ale existentei mai multor faze
de intruziune.

Proba 511 (corp intrusiv micromonzodioritic, virful Izvorul Haitei)
nu se incadreazi intotdeauna grupirii, reprezentind un puls magmatic
distinct.

—Stadiul efuziviinal, prezent prin dousi analize, are
caracteristici geochimice particulare; se observd valori ridicate ale Ba,
La, Li §i La/YDb.

Tinind cont de faptul ci rocile prezinta cel mai ridicat conginut in
Si0, din regiune, continuturile in elemente feromagneziene apar ridicate
Cr (83—100 ppm), Ni (31-—46 ppm). Valorile pentru Zr (130—160 ppm)
si Se (115—12 ppm) apar scizute comparativ cu roci din regiune cu acidi-
tate comparabild.

V are, de asemenea, valori mici (66 —85 ppm) asemanitoare cu ale
probelor 708, 727 din stadiul C,. Continuturile in Cu, Pb, Zn, Co sint
aseminitoare cu cele ale andezitelor piroxenice din regiune.

Nu avem elemente suficiente pentru a face consideratii privind
derivarea acestor roci prin procese de cristalizare fractionatd. Este posibil
ca magma din care au derivat aceste roci sd fi suferit un proces de conta-
minare cu roci adiacente camerei magmatice (Balintoni, 1970).
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7. Coneluzii

Studiul chimic sprijind interpretarile vuleanologice privind recurenta
produselor eruptive din regiune (de la bazic la amd) conform momentelor
principale ale evolutiei calderei.

: . —— precalderd (gruparea C

— Stadiul stratovulcamc = gostcalder'z“u(g(grgparea 1(%2)

— Stadiul intrusiv (gruparea C,)

— Stadiul efuziv-final.

Distribufia elementelor majore §i minore %uﬂeremza urmatoarele
caracteristici petrocenetlce 3

1. Gruparea C, ar rezulta prin fractionarea clinopiroxenului ; aparitia .
unor produse bogate in X,0 se poate explica prin fractionarea granatului
in momentul generirii magmei prin topire partiali, conform celor sugerate
de Peccerillo si Taylor (1976).

2. In cadrul grupului C, se separd o parte de produse caracterizate
printr-un proces slab de fractionare a clinopiroxenilor §i o altd parte puter-
nic diferentiatd (andezite cu hornblendd si piroxeni) ce ar rezulta prin
cristalizarea fractionatd a olivinei, chnoplroxenuhu i a zirconului.

3. Produsele grupirii C,; indicd procese slabe de diferentiere in situ
prin acumularea piroxenilor si concentrarea lichidelor reziduale mai acide.

Se apreciazd conditii de derivare a celor trei grupiri din magme
parentale distincte, in conditii de presiune relativ ridicati.

Recurenta de produse oarecum similare pe acelagi areal (andezite
$i diorite piroxenice) aratd posibilitatea unei repetiri a fenomenului de
generare a magmelor prin topire partiald posibil lnﬂuentatcn 5i de schimba.-
rea in timp a compozitiei plicii descendente.

Compararea rocilor din caldera Cdlimani cu serii magmatice generate
in conditii de subductie aratd ci avem de-a face cu magme de compozitie
tipic calco- alcahna, ce au caracteristici specifice pentru fiecare dintre
cele trei grupédri succesive (C;, C, Cj). :

Continutul in elemente minore Ni, Co, Cr, V, Sr indic# similitudini
geochimice cu andezitele tipice de arc insular (B occaletti et al.,
1973;Peccerillo, Taylor, 1976). Ba, La, Pb indici pentru primii
termenl ai grupdrilor similitudini cu andezitele de arc insular iar pentru
termenii extremi (mai ales la gruparile C,, C;) similitudini cu andezitele
din margini continentale. Se pare ca grosimea litosferei pe care se dezvolts
arcul Vulcamc are un rol important in desemnarea caracterelor tipurilor
demagme (Miyashiro, 1974). Desi vulcahismul din Cilimani a evoluat
pe un fundament de tip continental, grosimea acestuia pin la discontinui--
tatea Moho nu a fost mai mare de 30—40 km (Ridulescu- et al,
1976), comparabild cu cea din arcurile insulare Kurile, Indonpezian, ceea
ce ar putea explica ponderea mare a afmlta,tu elementelor minore ale roci-:
lor din regiune cu cele provenite din arcuri insulare. . :
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CONTRIBUTIONS A L'ETUDE PETROLOGIQUE DE LA CALDEIRA
CALIMANI

(Résumé)

Cette étude envisage une image nouvelle sur I'évolution volcanique de la caldeira Cali-
mani. Pour cela, on a eu en vue I'étude des caractéres pétrographiques et chimiques des magma-
tites de Ia région.

Caractérisation géologique ef volcanologique

La région investiguéce se trouve au nord de la chainc éruptive des Cilimani— Gurghiu—
Harghita, la partie la plus méridionale de la zone volcanique néogéne des Carpates.

La caldeira Célimani représente I’un des édifices les plus importants de la chaine éruptive
des Carpates (4 contour semi-circulairc au diameétre d’environ 10 km) appartenant au comparti-
ment supérieur de la structure volcanique de cette région-Ja (Rddulescu et al, 1964).

Selon les critéres volcanologiques et pétrographiques, les processus volcaniques se dérou-
lent comme il suit :

1. Le slade stralo olcanique

~

— Le sous-stade explosif de pré-caldeira est représenté par un grand nombre de pyroclas-
tites grossiéres, aux interealations minces de lave (généralement de l’ordre des métres), au
nord-ouest de I’édifice. Du point de vue pétrographique, on rencontre des andésites basaltiques,
des andésites pyroxéniques et des andésites 4 hornblende et pyroxénes.

— Le sous-stade cffusif de pré-caldeira est représenté par des écoulements de lave épais
aux intercalations minces des pyroclastites, affleurant a I’extérieur de I’édifice, surtout vers
Vest et sud, en partant des centres d’ éruptlon Cédliman Cerbue, Ciliman Izvor, Voevodeasa,
Retitis, Pietrosul. Pétrographiquement, on reconnait des andésites pyroxémques a hornblende

- intermittente.

Vers la fin de ce sous-stade apparait le collapsus, ses effets étant démontrés par le con-
tour semi-circulaire continu et les parois abruptes vers 'intérieur (40—~GO°), ol on distingue les
nappes ‘de lave nettement coupées. On considére que le collapsus s’est produit a la suite d’une
pression diminuée du réservoir magmatique de plusieurs centres d’émission conjugués aprés
Ia dislocation d’une grande quantité de magma fluide.

— Le sous-stade effusif-explosif de post-caldeira est représenté par une activité restreinte
a Yintérieur de la caldeira. On rencontre des écoulements de lave, des pyroclastites et des intru-
sions. On a délimité les centres prépondérent explosifs (les cimes Negoiul Roménesc et Iancului)
et les centres prépondérent effusifs, a V’intérieur de la ealdeira. Pétrographiquement, on recon-
nait des andésites pyroxéniques basaltoides, des andésites pyroxéniques, des andésites & horn-
blende et pyroxénes.

11. Le stade intrusif

L’activité éruptive continue par I'intrusion d’un grand stock allongé vers le NO—SE,.
qui se trouve au centre de la caldeira, étant long d’environ 7 km et large de 0,5—1 km. Du
point de vue pétrographique il est représenté par des monzodiorites et diorites. Une auréole
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de contact thérmique (le faciés des cornéennes aux amphiboles) cst générée au contact avec
les produits du stade stratovolcanique.

Ultéricurement, le corps de micromonzodiorites quartziféres porphyriques de la cime
Izvorul Haitei est traversé, lui aussi, par le corps et le dyke d’andésites pyroxéniques a horn-
blende, biotite et quartz (la vallée de Neagra).

111. Le stade effusif (final)

Cc stade appartient aux laves visqueuses au degré de dégazéification trés élevé, qui
engendrent 'apparition du déme extrusif au cime Pietricelul (andésites a biotite, hornblende
ct quartz). Cc moment cffusif-1a, trés court, achtéve 'activité liée a4 1’évolution de la cal-
deira Cailimani.

Caraclérisadion pétrographique

A T'intéricur du complexe voleanique de Paire de la caldeira Cdlimani, on a identifié ies
types ct variétés pétrographiques suivants : ‘

1. andésites pyroxéniques ’

. andésites et microdiorites 4 hornblende ct pyroxénes

. andésites pyroxéniques basaltoides

. monzodiorites, diorites

. micromonzodiorites cuartziféres porplyriques

. andésites pyroxéniques a lhornblende, biotite et quartz
. andésites a biotite, hornblende et quartz.

Les andésites pyroxéniques représentent le pétrotype principal qui participe & la consti-
tution de la structure volecanique (le stade stratovoleanique). Elles consistent en phénocristaux
de plagioclase (50 —60 % An), augite, hypersthéne (trés rarement hornblende et olivine), englo-
bés dans unc massc fondamentale hialopilitique ou pilotaxitique.

Les andésites a hornblende et pyroxénes ont été rencontrées plus rarement comme é1é-
ments indépendants dans le sous-stade cxplosif de pré-caldeira. Elles appartiennent surtout
au sous-stade effusif-explosif de post-caldeira oit clles {orment des laves, pyroclastites ou intru-
sions mineures. Les minéraux principaux qui apparaissent comme phénocristaux sont les plagio-
clases (35—529% An), la hornblende, l¢ hypersthéne et I'augite.

La hornblende est représentée par une variété brune ¢/Ng = 8—15°, rarement verte
e/Ng = 14—20°. Les contours des cristaux de hornblende sont opacitisés, jusqu’a leur remplace-
ment total avee des oxides de fer. Parfois, entre la zonc d’opacisation ct le noyau interne s’inter-
pose une zone a biotite.

Les andésites pyroxéniques basaltoides appartiennent au sous-stade cffusif-explosif de
post-caldeira. Elles apparaissent 4 ’intérieur de la caldeira dans sa partie occidentale. Les phéno-
cristaux consistent surtout en plagioclases (54—66 % An) qui forment des aggrégats en croix
ou en étoile, en augite qui forme des aggrégats de plusieurs membres et en hypersthéne.

Les monzodiorites et les diorites représentent les types pétrographiques qui participent
4 la constitution du stock intrusif a l'intérieur dc la caldeira (le stade intrusif), Du point de
vue struetural-pétrographique, on a distingué des : monzodiorites, diorites, micromonzodiorites,
micromonzodiorites porphyriques, microdiorites porphyriques. La dénomination des roches cst
faite selon le diagramme QAP (Strecckecisen, 1967).

Les minéraux suivants participent a la composition des roches : les plagioclases (42—
56 9% An), le hypersthéne, 'augite, la biotite, 1a hornblende, le feldspath potassique (orthosoaé)
ct le quartz,

[S1 SNV )
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La masse des rochcs sous-volcaniques-monzodioriliques contient des aplites, qui apparais-
scnt comme filonnets aux épaisscurs centimétriques. Ceux-cireprésentent des différenciés magma-
tiques tardifs, 4 composition granitique-granodioritique.

Les andésites pyroxéniques a hornblende, biotite et quartz forment deux intrusions
mincures (dyke, corps) & la zone de confluence entre le ruisscau Iancu et la vallée Neagra,
qui traversent les roches sous-volcaniques monzodioritiques. Dans la masse fondamentale micro-
granulaire, on distingue des phénocristaux ct microphénocristaux de plagioclase (36 —50 % An),
hypersthéne, augite, hornblende, biotite ct quartz.

L’andésitc A biotite, hornblendc et quartz se trouve sur une airc restreinte vis-a-vis de
la cime Pictricelul ct représcnté les sculs produits du stadc cffusif final. Les phénocristaux et
les microphénocristaux consistent en plagioclascs, biotite, hornblende, hyperstlicne, augite,
olivine et quartz renfermés dans une masse fondamentale vitreuse, parfois microgranulaire.

r

Processus de métamorphisme magmatique corrélés avec Uintrusion des roches monzodioriliques

On distinguc des produits du métamorphisme thermique, du métamorphisme métasoma-
tique et du meétamorphisme métasomatique hydrothermal.

Les investigations en terrain ont révélé I'existence d’une auréole de contact thermique,
dans la zone de contact entre les roches intrusives monzodioritiques et les andésites pyroxéni-
ques de cc périmétre-14. La zonc de contact est large de 15—50 m, quelquefois 100 m. On a
distingué les suivantes associations minéralogiques de néoformation :

— andésine 4 diopside

— andésine 4+ diopside 4 biotite

— andésine + diopside + hornblende < biotite.

Les principaux minéraux de néoformation sont représentés par de pelits grains de pyro-
xénes (0,05—0,8 mm) du type diopside-hedenbéfgite. L’association minéralogique indique le
faci¢s des cornéennes aux amphiboles. :

Sur les fissures et dans les creux, dans la zone de contact thermique, on recontre de I’an-
dradite associé spatiellement 4 1'épidote, la pyrite, le quartz et le caleite. Dans la partie sud-est
du stock intrusif, les processus hydrométasomatiqlies ont une distribution successive, superposée
dans les zones suivantes : la zonc 4 I’albite, la zone 4 biotite, 1a zone &4 ’actinolite, 1a zone argili-
que et la zone au quartz, séricite et tourmaline.

Caractérisation pétrochimique et géochimique

*L’étude de la composition chimique d’un nombre de 36 roches représentant les pétrotypes
principaux de la caldeira Cilimani, envisage la classification pétrochimique des roches, les proces-
sus de différentiation par eristallisation fractionnée des magmas-d’origine, en fonction dc leur
appartenance aux différents moments d’éruption.

La comparaison entre la diaguose pétrographique et celle pétrochimique est faite suivant
les diagrammes QAP de Streckcisen (1967) et le diagramme SiO,/K,0 de Peccerillo
et Taylor (1976).

On note, généra]efnen‘_t, un accord entre les données pétrographiques et celles pétrochimi-
ques, aussi que la préférence pour la diagnose pétrographique au lieu de la dénomination de
roches,

Suivant la variation des principaux oxides % (K,0, K;0 + Na,0, Fe,04 + FeO, CaO,
MgO) en fonction de la teneur en SiO, %, en tenant compte de la succession du volcanisme dans
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cettc région-la, on constate qu'on peut séparer trois groupes principaux de roches, a distribution
pétrochimique caractéristique.

— Le groupe C, est représcnté par les produits du stade stratovolcanique de pré-caldeira,
les sous-stades explosif et effusif (Si0,% = 51,90—61,07).

— Le groupe C, représente les produits du stade stratovolcanique, le sous-stade effusif-
explosif post-caldeira (Si0,% = 51,45—61,97).

— Le groupe C4 contient les produits du stade intrusif (810,% = 53,87—63).

Les deux échantillons analysés des andésites a biotite, hornblende ct quartz appartenant
au stade effusif final entrent cn discussion sans étre considérés comme un groupe indépendant.

L’abondance en éléments cn trace des roches de la région est caractéristique pour les

v
séries calco-alcalines générées en conditions de subduction (Taylor, 1969; Jakes, Gill,

1970; Jakes White, 1972).

La distribution des éléments en trace en fonction du fer revéle que:

— Ba, La, Pb des éléments riches en SiO, % ct K,0% présentent des affinités avec les
séries calco-alealines des marges continentales, tandis que pour les ¢léments qui manquent de
Si0, et K,0 9% les aflinités envisagent les séries calco-alcalines des arcs insulaires.

— Le strontium varie en fonction de SiO,, montrant des alfinités pour les séries calco-
alcalines d’arc insulaire.

— Lerapport LajYh, Ni, Co, Cr, Cu, Zn indicue aussi des affinités avee les séries calco-
alcalincs d’arc insulaire,

Les données pétrochimiques ct géochimiques indiquent des traits caractéristiques aux
trois groupes (Cy, Cs, Cg) qui renforcent les descriptions volcanologiques.

1. Les produits du stade stratovolcanique (lcs sous-stades explosif ct cffusif de pré-caldeira
— représenté par le groupe C,) sont lc résultat de I’accumulation du clinopyroxéne au stade
résiduel ; les produits riches en 1,0 se sont formés a la suite dela division du grenat au moment
de la génération du magma par la fusion partielle, suivant I’interprétationde Peccerillo
et Taylor (1976).

2. A Tintérieur du groupc C,, on distinguc d’une part les produits caractérisés par une
différentiation faible des clinopyroxénes et d’autrc part les produits intensément différenciés
(andésites a hornblende ct pyroxénes), résultés de la cristallisation fractionnéc de 1’olivine, clino-
pyroxéne et zircon.

3. Les produits du groupe C, indiquent de faibles processus de différentiation in situ par
Paccumulation des pyroxénes et la concentration des liquides résiduels plus acides.

On considére que les trois groupes sont dérivés des magmas parentales distinctes, dans
des conditions de préssion relativement haute.

La récurrence des produits plus ou moins similaires sur le méme aréal (andésites et diori-
tes pyroxéniques) démontre Icxistence d’un phénoméne répété de génération des magmas par
fusion partielle, influencé aussi par le changement en temps de¢ la composition de la plaque
descendante.

L’épaisseur de la lithosphére, ol se développe ’arc volcanique, semble jouer un role
important pour la désignation des caractéristiques des types de magma (Miyashiro, 1974).
Quoique le volcanisme des Cilimani ait évolué sur un fondement continental, son épaisseur
jusqu’a la discontinuité de Moho n’excédait pas 30—40 km (Rddulescu etal, 1976); cette
épaisseur peut étre comparée a celle des arcs insulaires Kurile et Indonésien, ce qui explique
le poids levé de I’affinité entre les éléments en trace des roches de la région et ceux provenus
des arcs insulaires.
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EXPLICATION DES PLANCHES
Planche I

Carte géologique de la partie centrale de la caldcira Calimani — échelle 1 : 25.000.

1, alluvions ; 2, andésites a biotite, hornblende et quartz; 3a, monzodioritcs, diorites ;
3b, micromonzodiorites quartziféres porphyriques; 3¢, andésites pyroxéniques & hornblende,
biotitc et quartz; 4a, andésites pyroxéniques basaltoides; 4b, andésites pyroxéniques; 4c,
andésites, microdiorites 4 hornblende et pyroxénes; 5, andésites pyroxéniques 4- hornblende ;
6a, andésites basaltiques ; 6b, andésites pyroxéniques ; 6¢c, andésites a hornblende et pyroxénes.
Métamorphisme thérmique: 7, cornéennes a pyroxeénecs 4- amphiboles + biotite; 8, dépots
de zéolites; 9, zoncs de changement métasomatique associées aux sous-volcanites: a, zone a
quartz 4 séricite 4 tourmaline ; b, zone argilique ; ¢, zone a ’actinolite ; d, zone a biotite; ¢,
zone i l’albite. Transformations post-volcaniques de 1’aire des accumulations de soufre: 10,
silicifiation, argilisation, chloritisation. Transformations post-volcaniques a lintérieur dela
caldeira : 11a, argilisations ; 11b, chloritisations ; 11c, propilitisations ; 12a, pyroclastites grossi-
¢res ; 12b, pyroclastiteé intermédiaires et fines; 13a, laves et pyroclastites non-différenciées;
13b, laves ; 14a, corps intrusifs ; 14D, dome extrusif ; 15, stock intrusif : a, varietés fines granu-
laires (porphyriques ou équigranulaires); b, variétés moyennes granulaires (porphyriques ou
équigranulaires) ; 16, bréehies voleano-tectoniques; 17, limite cratériale ; 18, centres d’éruption
de pré-caldeira; 19, ceutres d’éruption dc post-caldeira ; 20, coupe géologique ; 21, fractures;
22, contour topographique de la caldeira volcanique; 23, directions des écoulements de lave;
24, forage structural accompli. '

Planche I

Fig. 1. — Micromonzodiorit porliric. Fenocristal de plagioclaz (Plg) intr-o masi echigranulara;
valea Dumitrelul. Nic. +; x 20,

Micromonzodiorite porphyrique. Phénocristal de plagioclase (P1g) dans unc masse
équigranulaire ; la vallée Dumitrelul. Nic. 4 ; x 20.

Fig. 2. — Monzodiorit. FFeldspat potasic (Fk) si cuar{ (Q) interstitiale; cristale de plagioclaz
(Plg); valea Dumitrelul, Nic 4 ; x20.
Monzodiorite. Feldspath potassique (Fk) et quartz (Q) interstitiaux; des cristaux
de plagioclase (P1g) ; 1a vallée Dumitrelul, Nic 4- ; x 20,

Fig. 3. — Aplit granitic. Structurd micrograficd intre feldspat potasic (Fk) si cuart (Q). Foraj
26168, Nic. +; x 40. '
Aplite granitique. Structure micrographique cntre le feldspath potassique (Fk) et
le quartz (Q). Forage 26168. Nic. +; x 40.

Fig. 4. — Micromonzodiorit porfiric. Structurd granofiried; valea Neagra. Nic. 4+ ; x 50.
Alicromonzodiorite porphyrique. Structurc granophyrique ; vallée de Neagra. Nic. + ;
x 50.

Planche IIT

Fig. 1. — Andezit piroxenic. Cristale idiomorfe de augit (Au), hipersten (Hy) si plagioclaz (Plg)
intr-o maséd fundamentald sticloasit; virful Negoiul Roménesc. Nic. 4 ; x 20.
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Fig.

Fig.

Fig.

Andésite pyroxénique. Cristaux idiomorphes d’augite (Au), hypersthénc (Hy) et
plagioclase (Plg) dans une masse fondamentalc vitreuse ; la cime Necgoiul Rominesc.
Nic. 4+ ; X 20.

. 2. — Andezit piroxcnic. Cristale idiomorfe de plagioclaz (Plg) si augit (Au) intr-o masi

fundamentalii microlitici oriecntatd. Crecasta Pietrosul. Nic, 1I; X 25,
Andésite pyroxénique. Cristaux idiomorphes de plagioclase (P1g) ct augite (Au) dans
unc masse fondamentale microlitique orientée. La créte Pietrosul. Nic, IT; x 25,

3. — Andczit cu hornblend4 si piroxcni, Cristale idiomorfe de hornblend opacitizatid (Hb)

si piroxeni intr-o masi fundamentald fin granulari, slab orientatf, Valea Negoiului.
Nic. +; X 20,

Andésite 4 hornblendce ct pyroxénes, Cristaux idiomorphes de hornblende opacitisée
(Hb) et pyroxéncs dans uune masse fondamentale fine granulaire, pcu oricntée. La
vallée Negoiului. Nie. 4 ; X 20.

4. — Andeczit piroxenic bazaltoid. Agregate de cristale idiomorfe de plagioclaz (Plg) dispuse

in crucc; valea Dumitrelul Miec. Nie. 4 ; X 25.
Andésite pyroxénique basaltoide, Aggrégats de cristaux idiomorphes de plagioclase
(Plg) disposés en croix ; la vallée Dumitrelul Mic. Nic. 4 ; X 25.

Planche IV

1.— Andezit piroxenic cu hornblenda, biotitsi cuar{. Cristale idiomorfc de plagioclazi

(Plg), hipersten (Hy) si cuarf corodat (Q) intr-o masé fundamentald microgranulari ;
valeca Neagra. Nie. +; X 20.

Andésite pyroxénique a hornblende, biotite et quartz, Cristaux idiomorphes de plagio-
clases (Plg), hypersthéne (Hy) et quartz corrodé (Q) dans unc masse fondamentale
microgranulaire ; la vallée de Neagra. Nic. +; X 20.

Fig. 2.— Andezit cu biolit, hornblendi §i cuart. Cristal de plagioclaz cu aspect alterat (Plg)

in interior si microfenocristale de hipersten (Hy), hornblendd (Hb) si biotit (Bi) intr-o
masd fundamentald microgranulard; virful Pietricelul. Niec. 1I; X 25, ‘
Andésite & biotite, hornblende et quartz, Cristal de plagioclase altéré (Plg) & 1'inté-
ricur et microphénocristaux de hypersthéne (Hy), hornblende (Hb) et biotite (Bi) dans
une masse fondamentale microgranulaire ; la cime Pietricelul. Nic. II; X 25,

Fig. 3.-— Corncani cu diopsid si biotit. Microcristale de diopsid si biotit pseudomorfozeazi

un piroxen initial si sint rispindite si in masa fundamentali. Creasta Iancului. Nic. II;
X 50. g

Cornécune a diopside et biotite. Microcristaux de diopside et biotite qui pseudomorpho-
sent un pyroxéne initial étant répandus dans la masse fondamentale. La créte Iancului.
Nic. IT; X 50.

Fig. 4. — Corneand cu diopsid, hornblenda si biotit Structuri granoblastici in care apar agre-

gate de hornblenda (Hb), microcristale de diopsid (Di) si biotit (Bi) ; valea Dumitrelul,
Nie. IT; X 50.

Cornéenne & diopside, hornblende et biotite. Structure granoblastique contenant des
aggrégats de hornblende (Hb), microcristaux de diopside (Di) et biotite (Bi); la vallée
Dumitrelul, Nic. IT; X 50. ‘
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1. MINERALOGIE — PETROLOGIE — GEOCHIMIE

PETROLOGIA ROCILOR MAGMATICE

STRUCTURA ERUPTIVA DE LA MADARASUL MARE DIN PARTEA
CENTRALA A MUNTILOR HARGHITA!
DE
CONSTANTINA STANCIU 2

Neogene volcanism. Stratovolcano. Eruptive structure. Andesites., Microdiorites. Calc-alka-
line magmatism, Post-magmatic alteration. Cu—Mo alteration of porphyry type. Hg. East
Carpathians. New eruptive, Harghila.

Sommaire

Lastructure éruptive de Mddarasul Mare, de la partie cen-
trale des Monts Harghita. Cette étude a comme objet 1a structure éruptive andésiti-
que de Midirasul Mare des Monts Harghita ot on rencontre les produits du volcanismc néogéne
calco-alealin, 11 y en a un stratovolcan (andésites aux pyroxénes et/ou amphiboles) percé par des
microdiorites (associées a I’andésite d’injection, la bréche intrusive et le granophyre), dont le
produit final est représenté par les laves d’andésite aux pyroxénes. Les microdiorites ont con-
trélé une altération post-magmatique et une minéralisation de Cu—Mo du type porphyry.
Une activité hydrothermale distincte s’est manifestée ultérieurement prés de la surface, autour
“de certaines fractures a Hg.

1. Introdueere

Regiunea la care ne referim se localizeazi in partea axiald a Harghitei
centrale, la izvoarele viilor Miadarasul Mare §i Ivo, unde este cunoscuté
o structurd vulecanicd andeziticd. Pe considerente regionale (R & d u-
lescu et al, 1964) ea aparftine compartimentului superior, stratovul-
canic i este agezatd peste platoul vuleano-sedimentar — compartimentul

inferior.

1 Predatd la 21 mai 1980, acceptati pentru publicare la 27 mai 1980, comunicatd in
sedinta din 30 mai 1980.
2 Institutul de geologie si geofizicd. Str. Caransebes nr. 1, 78344 Bucuresti, 32.

9 — ¢, 553
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1]

Timp de mai multi ani, regiunea Middrasul Mare a constituit obiec-
tivul unui program de explorare preliminard care a ciutat si elucideze,
care este potentialul economic al acestei zone in ceca ce priveste cinabrul,
substantd cunoscutf din secolul trecut, fiind bine vizibild la suprafati.
{n acest scop au fost executate galerii (VII, VIII si IX) si foraje de 300 m
adincime (F.1, 9, 10, 11, 12, 13, 14).

O prim# observare asupra acestor lucriri, pe care am efectuat-o
in 1975 ® a prilejuit atit constatarea cd mineralizatia de cinabru trebuie
cercetatd intr-o arie mult mai restrinsd, dar mai ales identificarea unor
elemente structurale, eruptive si de alterare-metalizare cu totul inedite
in regiune i deosebit de semnificative prin similitudinea cu numeroase
aspecte caracteristice zonelor in care se dezvoltd alteratii si mineralizatii
diseminate de Cu—Mo, tip ,,porphyry”’. Aceasta a condus la elaborarea
unei noi ipoteze de lucru care a stat la baza programului de executie mini-
erd, incepind din anul 1976 (Stanciu et al.)% care a fost dirijat spre
zonele cu elemente noi.

In aceastd lucrare sint prezentate intr-un cadru general datele de
cunoastere noi, procurate de cercetarea petrograficd $i mineralogicéi care
impreund cu cea geochimicd, incd nu s-a incheiat (Stanciu et al,
1978 —1980) °; numai anumite aspecte de detaliu sint aduse in discutie
pentru argumentarea unor situatii deosebite.

2. Alte cercetiri

Vreme indelungatd, activitatea geologicd din regiune a fost aproape
in intregime concentrati asupra cinabrului.

Prima mentiune despre existen{a unei mineralizatii de cinabru se
giseste in luerarea monograficd intocmitd in 1855 de AknerS.

In1948 St. Ghika-Budesti”a executat o prospectiune regio-
nald a ivirilor de fier, mercur si caolinit din muntii Harghita.

C. Gheorghiu (1933)% avanseazd investigirile, propunind
lueriri miniere de cercetare a mercurului in zona M#dirasul Mare si presu-
pune ci existd o compartimentare tectonicd in blocuri.

Lucia Tandsescu (1961)° prelungeste cercetarea cu stu-
diile mineralogice, referindu-se in special la produsele de alterare asociate

mineralizatiei de cinabru, a cirui formare este controlatd de fisuri si
falii. - :

3,45 Arh. IGG, Bucuresti.

S-au executat foraje de 650 m (F. 16, 17, 18, 19) si 300 m adincime, din subteran (F.2
si 3 din gal. VIII), silucrdri miniere (gal. XIsi extindere gal. VIII); concomitent s-a continuat
si ccercetarca in adincime a zonei cu cinabru prin gal. X (la 50 m adineime de gal. VII) si

forajul 15 (de 650 m adincime). Se prevede si executarea unui foraj structural,

& Lucrarea cste citatd intr-un proiect geologic intocmit de C. D1 nu etal., 1973; Arh.
IPEG—TIarghita.

789 Arh. IGG, Bucuresli.
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intr-o lucrare de ansamblu privind cunoasterea structurii geologice
a pirtii centrale a muntilor Harghita 1%, aparutd in 1965, Riddulescu
prezintd o interpretare nou# evidentiind un complex inferior piroclastic
in bazi (paralelizat cu secventele piroclastice din complexul vulecano-
sedimentar) si mai multe aparate vulcanice andezitice, in loc de unul
singur cum era figurat anterior.

Pe harta geologicd 1 : 200.000 (foaia Odorhei) Vasilescu (1968)
a consemnat un singur tip de andezit, cu piroxeni, care formeazd curgeri
importante §i marcheazi stingerea activitdtii vulcanice.

Date suplimentare substanfiale pentru zona Midirasul Mare si cea
invecinatd de la Ivo au apirut recent in doud rapoarte de sintez#, pentru
substantele utile din muntii Harghita, elaborate de M. Setel et al.
(1973, 19(4)11 Urmirind harta geologicd 1 :50.000 din figur#, sint de
semnalat urm#toarele rezultate : enstent;a unei structuri vulcanice de
tip calderd, cu o largd depresiune, delimitatd de Muntele Mic, Muntele
Porcul, Piatra Cioplitd, Caciula Bradului (bazinul de receptie al viilor
Midéirasul Mare si Ivo). La aledtuirea structurii participé andezite cu piro-
xeni si hornblendd,, care apar cu precidere in interiorul calderei, $i andezite
cu piroxeni, mai tinere, mult extinse la exterior (lave dominante si cu totul
subordonat piroclastite ; roci halocristale reduse); in text, sint sesizate
doud intervale de mierodiorite interceptate de gal. VII si F.30.

Structura eruptivd este traversatd de doud fracturi principale, cu
directii NNE si VNV care se intersecteazd in interiorul calderei. O arie
de alterare hidrotermald cu iviri de cinabru si izvoare minerale se dezvolta
in partea depresionar#; dezvoltarea ei pare a fi sub controlul fracturilor
amintite. Tueriirile de cercetare minierd recomandate de autori — foraje
de 300 m, de 650 m si unul de 1500 m — vizeazd cinabrul in extindere
si eventuale mineralizatii auro-argentifere §i polimetalice.

in anul urmitor, N. Botar (1975)12 a prezentat harta zonei
Midirasul Mare, scara 1: 5000, cu aceeasi alcdtuire petrograficd si detalii
in aria hidrotermald, separind roci argilizate, situate spre exterior gi roei
silicifiate, la interior. Am anexat aceastd hartd (pl. I), prezentului articol
pentru localizarea lucrdrilor miniere $i de foraje, renuntind la delimitarea
cartograficd a produselor de alterare hidrotermald, ficuti de Bot 4.

Existd un important volum de date geofizice pe care se sprijind
multe dintre observatiile geologice obt{inute. Sursele de informatii provin
din : prospectiunile gravimetrice de detaliu (M. Suceavid si A.
Proca, 1967)13; prospecfiunile gravimetrice, magnetometrice §i elec-
trometrice de mare detaliu (D. Hanich i Elena Hanich, 197214,
L. Podoleanu, A. Piduref, V. Pruni, 1976)15; teza de

doctorat privind anomaliile gravimetrice din muntii Harghita de Proc a
t L

10 7ona care ne intereseazi se situeazd in imediata vecinitate a regiunii cercetate de
Ridulescu.

11 Arh. IGPSMS, Bucuresti.

12 Arh. IPEG, Harghita.

13,1415 Arh, IGPSMS, Bucuresti.
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(1979) 18 gi schita regionald a anomaliilor gravimetrice de Suceavi
(1980) 17, ‘

N. Ittu (1975)18 a efectuat misuritori de susceptibilitate magne-
ticd, asupra carotelor, concomitent cu primele observatii geologice ficute
de autorul acestei lucriri.
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Harta geologicd a regiunii piriul Ivo — piriul Cocoizag — piriul Minei (bazinul superinr
al viii Méiddrasul Mare) (dupd Setel et al.,, 1974).

1, andezite cu piroxeni; 2, andezite cu piroxeni si hornblendd ; 3a, lave; 3b, roci holo-
cristaline ; 3¢, aglomerate ; 4, arie cu transformiri hidrotermale ; 5, iviri cu cinabru; 6, izvoare
minerale ; 7, marginea craterului ; 8, pozitia suprafetelor de separare a curgerilor de lavi ; 9, falie,
Minei brook region (upper basin.
of the Madirasul Mare valley) (according to Setel et al., 1974).

1, pyroxenes andesites ; 2, pyroxenes and hornblende andesites ; 3a, lavas ; 3b, holocrystal-
line rocks; 3c, agglomerates; 4, hydrothermal transformation area; 5, cinnabar occurrences ;.
6, mineral springs; 7, crater border; 8, position of parting surfaces of lava flows; 9, fault.

18 Arh. Fac. Geologie-Geografic, Universitatea Bucuresti.

17 Arh. IGG, Bucuresti.

18 Date in manuscris [.G.G.; reprezentiri grafice ale valorilor kapametrice se gisesc
in rapoarte geologice citate la pct. 5.
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3. Informatii geoiogiqe_' privind zonele din adineime

Domeniul situat sub structura eruptivi cercetats ,,ajunge” la nive-
lul. observatiei noastre prin citeva elemente pe care le individualizeazi
procesele tectomagmatice sub form# de anclave : sedimentare, corneene
si roci magmatice — microdiorite §i gabbrouri.

Anclavele de corneene sugereazd existenta in adincime a unor aureole
de contact termic si 1mphclt o intruziune generatoare. Metamorfismul
de contact a afectat roci sedimentare, producind urméitoarele asoclatu de
minerale caracteristice faciesului corneenelor cu hornblends :

1, cuart-diopsid-biotit (in texturdi rubanatd);

2, cuart-feldspat-biotit (cu tendintd de aranjare paraleld);
3, cuart-feldspat-hornblendi ;

4, cordierit-cuart-biotit.

in afard de acestea mai aparé asociatia cuart-caleit (5).

Deducem e¢d zona sedimentard din admmme care a fost supusé unui
metamorfism de contact este reprezentatﬁ prin roei marno- arglloase
(asociatiile 1—4) care apar reprezentatlve si au fost observate si in citeva
anclave nemetamorfozate, §i gresii cuartitice (asociatia 5). Asemenea roci
pot tine atit:de secventele sedimentare din formatiunea vulecano-sedimen-
tard dar mai ales de substratul sedimentar al acestei formatiuni; funda-
mentul poate fi echivalat cu depozitele sedimentare care apar in rama
esticd a bazinului Transilvaniei care au un pronuntat caracter marno-
argilos si sint de virstd de la Miocen mediu pind la Pannonian.

Anclavele de microdiorite (cu piroxeni) reprezintd intruziuni care, e
posibil; si fie chiar implicate in metamorfozarea rocilor sedimentare din
infrastructurd observindu-se numeroase ocurente in care anclavele de
microdiorite §i de corneene sint prezente in aceeasi sectiune subtire. Este
greu de precizat insd dac# aceste intruziuni microdioritice s-au format
timpuriu in cadrul manifestdrilor eruptive care au edificat compartimen-
tul stiperior, sau sint formatiuni intrusive prevulcanice; ultima posibili-
tate se potriveste cu ideile lui Térok (1956) care a postulat existenta,
unui fundament subvuleanic preefuziv in lantul Cdlimani—Harghita 19,
Similitudinile de compozitie mineralogicd si structurdi dintre anclavele
.de microdiorit §i intruziunile microdioritice din structura vulcanics fac
msa mai plauzibild prima interpretare.

Anclavele de gabbrouri (gabbrou cu piroxeni si microgabbrouri
‘cu amfiboli) pot fi exphca,te in felul urmiator. O p0s1b1hta,te ar fi legarea
lor de intruziuni baziceé neogene, care se subintelege ci sint mai vechi
decit edificiul cercetat; in acest caz gabbrourile- anclava se pot paraleliza
~atit cu microgabbrourile. care apar intr-un mic;corp in caldera Cédlimani
(descrise de Cosm a et al.,, 1964, dar nerecunoscut de I. Seghedi,

1% Anclave similare celor gésite de noi, de microdiorite §i corneene din andezitele cu
piroxeni 4 hornblendi din sudul Harghitei (cariercle de pe valea Oltulm) sint interpretate de
Amalia Szoke (1964) in sensul lui Torok (1956).

19
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1979) 2 cit si cu filoanele de microgabbrouri (asociate cu dolerite) din
zona Dornigoara, munfii Birgiu (N. Vridsmasg §i Sultana Vrids-
ma g, 1979) 2L O altd posibilitate ar fi ca aceste anclave sd provind din
unitdtile zonei cristalino-mezozoice ce se afli in subasmentul lantului
vulcanic, cunoscindu-se prezenta rocilor gabbroice mezozoice in cristalinul
Bistritei (Pitulea, Musat, 1965; Bercia et al, 1967).

In sfirsit se poate invoca §i ipoteza ci aceste gabbrouri-anclavi
sint- cogenetice cu rocile gazds fiind aduse din zona de formare a mag-
melor.

4. Struetura eruptivi

Desi regiunea cercetati are dimensiuni miei (4,600 kmp), activitatea
eruptiva din cuprinsul ei a fost complexi, existind o succesiune de manifes-
tdri tectono-magmatice din care unele au implicatii importante asupra
proceselor de alterare §i mineralizare.

Fenomenele magmatice din zona Midirasul Mare au edificat o
structurd complicatid alc#tuitdh din andezitele unui stratovulcan si micro-
diorite intruse subsecvent. Ilustrarea grafics este prezentatdi in plansa II,
care cuprinde trei sectiuni geologice cu orientarea generali N—S; in

TABEL

Formafiunile structurii Maddrasul DMare

Activitate . Formatiuni Formc dc acumulare

_Vulcanicé IT efuzivid Andezit cu p.iroxeni Lave, filoanc

Explozie marginali Brecie intrusivi Corpuri neregulate verticale
s |IRjectie marginald Andezit de injectie (xenolitic)] Zoni lineari
% Injectie fisuratd tardivi Granofir Filonas
E Principald Microdiorite cu piroxeni Filoane, apofize, dyke-uri
] Microdiorite cu amfiboli

Vulcanici T mixta Andezit cu piroxeni sifsau Lave, piroclastite, dyke-uri

amnfiboli

vabelul anexat sint inscrise succesiunea activitdtilor eruptive i produsele
lor. '

20 Arh. 1GG, Bucuresti.
21 Arh. IGPSMS, Bucuresti.
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4.1. Activitatea vulecanicd I

Andezite cu piroxeni stjsau amfiboli

» Primele manifestiri eruptive sint reprezentate din o masd principald
de produse andezitice alcdtuitd indeosebi din lave si subordonat din piro-
elastite, strabdtute de corpuri eare aun fost interceptate pe intervale varia-
bile, de la citiva metri la 275 m (F.16). Distributia areald a produselor
extrusive prezintdi anumite tendinte, observindu-se importanta lavelor
in partea sudic#, iar a piroclastitelor in cea nordici (F.14 — pl. II); in
sectiunile I—I" i TI—II" am demarcat printr-o linie ipoteticd produse
separabile in partea superioard de produse globale in partea inferioari;
pentru cele din urm# existind datele unui singur foraj, 16.

Volumul de material care constituie structura andeziticd ne apare,
dupéd valorile misurate in foraje, cu o grosime de 750 m (intre cotele
1350 m §i 600 m). Tipul petrograftic fundamental este andezitul cu piro-
xeni si amfiboli, dar participarea variabild a elementelor mafice poate
conduce la separarea unor subtipuri ca: andezit cu piroxeni §i andezit
cu amfiboli.

Semnalim prezenta eraticd in aceste andezite a urmétoarelor anclave :
corneene (provenientd sedimentars, F.15 §i F.16 — 4 ocurente) $i gabbrouri
(Gal. VIIT si F.2 subteran — 3 ocurente).

Rocile andezitice au suferit aproape in intregime alteratii post-
magmatice de diferite intensitéti §i, intr-o - masurd cu totul redusi, efectele
metamorfismului termic.

4.2. Activitatea intrusivd

Etapa magmaticd subsecventd este in intregime intrusivd si s-a
manifestat in spatiul complexului stratovulcanic, care cste stripuns in
mai multe locuri de corpuri microdioritice de care se leagd genetic andezite
de injectie i brecii intrusive, situate in-zonele lor marginale slibite.

4.2.1. Mricrodiorite

Microdioritele apar in corpuri mici, care constituie un ansamblu
de filoane, apofize i dyke-uri, cu compozifie si structurd destul de omo-
gend, cu contacte discordante fatd de masa andeziticd preexistents si cu
aureole de metamorfism de contact, nereprezentabile cartografic. Zonele
interceptate in foraje se glsesc intre 0-m §i 650 m adincimesi prezintd
dimensiuni de ordinul metrilor i zecilor de metri; numai in F.10 rocile
ocup# aproape in intregime coloana de 300 m. Din punct de vedere minera-
logic existd doud tipuri: microdiorite c¢u-piroxeni care sint dominante gi
microdiorite cu hornblendd, si sporadic cuarf. Sint sesizabile mici variatii
structurale, constatindu-se treceri de la.aspectele echigranulare, rar intil-
nite, la cele porfirice, care sint frecvente; aceste microdiorite sint lipsite
de anclave de orice tip.
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Rocile microdioritice sint afectate partial de alteratia postmagmaticd
$i in foarte micd masurd de endometamorfismul de contact (in F.13 intre
m 45 si m 70).

In conformitate cu distributia pe care o au breciile intrusive si
andezitul de injectie fatd de zonele microdioritice, se pare c# pitrunderea
magmei in zonele laterale ale corpurilor mai importante s-a produs fortat
(aceste roci sint prezente) pe cind in spatiile mici — filoane, apofize —
intruderea a fost pasivii (aceste roci sint absente).

Intr-un moment tardiv diferentierea magmaticsi se manifesti ca
injectie fisurald minord, care extrasd prin presiune, se infiltreazd pind la
209 m — F.13; aici apare ca filonag (3 mm grosime) de granofir (cuart
§i feldspat alcalin concrescute grafic), care stribate andezitul.

Informatiile geologice obtinute de noi asupra zonelor microdioritice
corelate cu datele gravimetrice sint capabile s& sustind o imagine privind
structura adincd. Toate argumentele conduc la ideea c& microdioritele
observate lingd suprafalé reprezinti zona superficiald, apicald a unui
mare corp subvulcanic situat la izvoarele piriului Madéirasul Mare §i pirful
Ivo. Acesta se reflectd intr-o anomalie de maxim 22 de mare intensitate
$i extindere, care dupd Suceavi (1980) 23 se localizeazd 1a intersectia
unui aliniament tectono-magmatic regional cu un aliniament tectonic
transversal neactivat magmatic ; elementele gravimetrice locale, ca zonele
de apex si gradientii puternici care le inconjoar#, localizeazé culminatiile,
respectiv flancurile foarte inclinate, ale masei intrusive. Intr-o ierarhizare
a maximelor gravimetrice stabiliti de Proca in 1979 2* pentru sase
zone intrusive depistate in Harghita centrald si de nord, corpul subvuleanic
care ne intereseazd se situeazi prin masa sa foarte mare pe primul loc.

4.2.2. Andezite de injectie

Andezitele de injectie apar in numai trei ocurente interceptate de
F.9 i F.10 (pl. IT) pe distante mici cuprinse intre 5—15 m separindu-se
transant atit fati de microdiorite cit si de andezitele primei etape vul-
canice.

In coloana F.10 ne-am imaginat ci aceastd rocd s-a format prin
injectie in lungul corpului microdioritic constituind o bordurd lineard
a acestuia. Caracterul lor, pronuntat xenolitic este observabil numai prin
analiza microscopici care araty prezenta frecventd a anclavelor de gab-
brouri, corneene (provenitd din sedimente) si microdiorite, (inconjurate de
coroane amfibolice), rotunjite de coroziunea magmaticd. Un aspect parti-
cular il constituie textura amigdaloidd a rocilor in care spatiile libere
(< 5 ecm diametru) sint umplute cu calcit.

22 S anomaliile magnetomelrice terestre evideniiate prin prospecliunile de mare detaliu
de citre Hanich si Hanich (1972)si Podoleanu et al. (1976) sugereazi cxistenfa
accluiasi corp subvulcanic. Op. cif. pet. 14 si 15.

2 QOp. cil. pct. 17.

24 Op. cit. pet. 16.
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In mod obisnuit fenocristalele de plagioclaz (uneori zonate) sint
corodate si cataclazate pin# la fragmentare. Se mai remarcé : microzone
cu fenocristale aliniate prin miseare fluidalé ; aspectul permanent tulbure
al plagioclazilor datorité unei mari cantititi de incluziuni §i o cristalinitate
variabild a pastei; specia de element mafic nu se poate preciza fiind per-
manent substituit §i prin aceasta deformat.

Existd o generald metamorfizare termicd a rocii. Se poate pune
intrebarea dac# anclavele de corneene provenite din sedimente sint antre-
nate dintr-o aureoli de contact termic situatd in adincime sau au fost
metamorfozate concomitent cu masa andeziticd. Prima posibilitate pare
a fi plauzibild deoarece corneenele sint similare cu cele care sint incluse
intr-o brecie (se va prezenta In continuare) nemodificatd termie.

Precizarea relatiei de timp dintre acest andezit si intruziunea micro-
dioriticd este dificila existind observatii care aparent se contrazie. Astfel,
pozitia sa In bordura corpurilor microdioritice si anclavele de microdiorit
ar pleda pentru originea sa mai noud, in schimb neoformatiile de contact
sugereazdi cfi aceastd rocd este anterioari intruziunii. In aceastd ultimi
interpretare, anclavele microdioritice din andezitul de injectie au evident
o altd origini. '

Aceste roci hibride s-au format prin injectii fortate precedate de
un mecanism ruptural manifestat in marginea spatiului microdioritului,
unde pitrunde o magmai ascensionald, care a topit si inglobat roci preexis-
tente din adincime.

4.2.3. Brecia tntrusivd

Brecia intrusivé este o maséd de formé neregulati care a fost intercep-
tatd discontinuu in lungul dyke-urilor microdioritice, unde apare in volume
mici. Numai pe flancul nordic al corpului din zona F.11 s-a g#sit o brecie
cu dezvoltare practic continud de la suprafatd pind la adincimea de 300 m ;
in F.13 brecia intrusivd se situeazid in acoperigul corpului.

Considerate in general, rocile reprezintd un amestec heterogen de
fragmente angulare si rotunjite prinse intr-o matrice eruptivd find cu
aspect clastic, transportat in lungul fracturilor pin# la suprafata actuali.
Dimensiunile fragmentelor variazd mult, de"la submilimetrice pini la
centimetrice (rar peste 10 cm diametru). Este interesant de semnalat ci
in cuprinsul breciei apar doud volume de corneene (din sedimente meta-
morfozate) care frapeazi prin dimensiunile lor mari de 5 m (F.2 subteran
Gal. VIII) si 25 m (F.11). O parte din materialul inglobat a fost gisit
pe loc, fiind furnizat de formatiunea andeziticd, de corneenele provenite
din aceasta si cu totul redus de masa microdioriticd ; cea mai mare parte
insé a fost expulzatd din adincime, de unde sint aduse fragmentele de roci
sedimentare cuartoase, rare corneene (de origind sedimentar#) i roci
pelitice ; dezagregarea agregatelor de cuart din sedimente accentueazs
caracterul clastic ale breciei, care in loc de fragmente contine o multime
de granule de cuart rotunjite. O asemenea mas# haoticd poate fi comparati
cu ,,mixtura breccia’’ descrisd de Camus (1975) pentru zacdmintul de
cupru, ,,porphyry type” de la El Teniente (Chile).
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O puternicd stirimare a materialului inglobat ajunge sd se confunde
cu pulberea expandanti, situatie observati uneori in locurile in care se
gidsesc Imateriale omogene, obscure, de compozitie indistincté.

Desi brecia a suferit intense transformairi chimice, provocate de solu-
tiile postmagmatice care au circulat ugor prin masa sa poroasi, ca poate
fi separatd, avind contacte nete. Bxistd §i situatii mai putin frecvente
de trecere gradati spre masa andezitichd adiacentd formatd in prima etapd
de activitate vulcanici. Dislocarea laterali a acesteia, impusii de intru-
ziunea microdioritici, urmatid de invadarea in spatiile libere — goluri
si erdpdturi centimetrice — a unui material tufaceu, care ajunge si ocupe
cele mai fine fisuri, constituie un aspect secundar derivat de la locurile
unde activeazd brecia propriu-zisi.

Generarea breciilor este o problemé mult controversatéi. Dintre
numeroagele explicatii, cea mai potrivitd pentru situatia noastra este
cea a lui R. T. Walker (In Bryant, 1963), care leagd acest tip
de brecie de actiunea explozivd a gazelor colectate sub presiune ridicata ;
dupé depresurizare expansiunea este atit de violentd incit au loc deschideri
verticale pe care sint evacuate fragmente de rocd de naturi diferite.

Brecii similare au inceput si fie identificate tot mai mult in cuprinsul
lantului Calimani-—Harghita cu ocazia analizdrii rocilor intrusive din
lucrari miniere si foraje. Primele informatii au fost obtinute in structura
Sumuleu — muntii Gurghiu (Constantina Stanciu in rapoarte,
S. Peltzetal, 1975,1976) % gilaIvo (Constantina Stanciu
et al., 1977) 2. Aceleasi roci apar si in structurile Seaca-Tédtarca (munftii
Gurghiu) §i Zebrac-Mermezeu (muntii Cilimani) §i sint denumite de S.
Peltz et al. (1977—1980) ?%, brecii endogene.

In structura Miad#rasul Mare, ulterior intruziunilor s-au produs
remarcabile procese postmagmatice de alterare si mineralizare, care au
condus la formarea de neoformatii de compozitii extrem de diferite, unele
fiind insotite de calcopiritd-molibdenit sau de cinabru.

4.3, Activitatea vulcanicd IT
Andezite cu piroxensi

A doua activitate vulcanicd din zona Midirasul Mare corespunde
din punct de vedere regional cu sfirgitul vuleanismului, cind erup abundent,
andezitele cu piroxeni.

In cazul cercetat, eliberarea lavelor se produce dupi alteratia hidro-
termald a produselor etapelor anterioare pe care lavele le stripung sau le
acoperd, raminind dupd eroziune sub formi de petece izolate, in cadrul
ariei hidrotermale (pl. I, IT); numai la exteriorul acesteia, acest tip de
andezit devine important.

25,28,27 Arh. I1GG, Bucuresti.
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5. Produsele metamorfismului de eontaet

La contactul maselor dioritice fierbinti cu rocile preexistente s-a
produs o metamorfozare termicd care nu este nici universali (binuim
ci se dezvoltd numai in jurul dyke-urilor) si nici larg dezvoltatd (grosimile
deduse sint de ordinul metrilor i citorva zeci de Inetri).

Rocile afectate sint unele andezite, ale primei activitdti vulcanice,
de la contact (exocontact), intreaga masd de andezite de injectie si mici
zone microdioritice (cndocontact).

Aureola. de contact apare observatiei discontinud fie ¢4 limitele ei
fiind neregulate se abat de la axul forajelor, fie ¢ii in mod real dezvoltarea
sa are intreruperi in functie de capacitatea termicd a masei magmatice.
In mod evident o principald cauzi a acestei discontinuitdti o reprezints
suprapunerea de produse de alterare hidrotermald ; de la aparitii nesemnifi-
cative de neoformatii se ajunge treptat la substitutii avansate care sterg
caracterul de metamorfit termic dobindit anterior.

Datele mineralogice arati o mare uniformitate de compozitie a
andezitelor de injectie §i a microdioritelor porfirice metamorfozate care
au un singur component metamorfic, diopsidul aldturi de plagioclazii
magmatici. Transformarea andezitelor este mai complexi cohstatindu-se
urmitoarele asociatii:

1, plagioclaz (magmatic)-diopsid ;

2, cordierit-cuart -+ biotit 3,

3, cuarti-biotit.

Asociatiile enumerate apartin faciesului corneenelor cu hornblendé.

In aria eruptivé Célimani-Harghita, fenomenul de contact termic
a mai fost recunoscut in doud situatii : in marginea estici a masivului
vuleanic Harghita, unde F.320—Tusnad a interceptat strate de Sinaia
metamorfozate de un corp de andezit (Constantina Stanciu,
1979) » i in interiorul calderei Cilimani, unde existd iviri de corneene
la. contactul unor mase intrusive cu o formafiune andeziticd preexistenté
(Seghedi, 1979)%.

6. Produsele postmagmatice

Desi cunoagterea produselor de alterare, insotitd uneori i de substante
metalifere, nu este completd, datoritd faptului c¢id unele lucrdri miniere
sint mult distantate intre ele, existd totusi suficiente dovezi care sustin
ci in cadrul procesului postmagmatic, care se prezintd universal, au avut
loc o succesiune de activititi hidrotermale a cdror evolutie s-a destisurat
in dou# faze distincte 31.

28 Biotitul din cornecne cste o varietate bruni-roscatid cu pleocroism intens.
2D, P. Ridulescu et al. (1979). Arh. IGG, Bucurcsti.

30 Op. cil. pet. 20.

3L Primele idei asupra evoluliei au fost expuse in 1977 ; Op. cil. pct. 26.
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Faza 1

Prima fazi postmagmaticd, manifestatd pe spatii mari a generat
alterarea rocilor insotitd de o mineralizatie sdraci, de tip diseminat.

Evolutia transforméirilor este ilustratid in mod simplificat in plansa 111
unde am reprezentat fondul struetural prin componentele principale :
complexul stratovulcanic andezitic §i intruziunea microdioriticd pene-
tranta.

Roca fundamentald (A) pe care se desfisoard procesele de alterare
este reprezentati printr-un propilit, de genezd autometamorficd i de
naturd andeziticd si microdioritica 32; in ea se conservi pe alocuri relicte
mici in stare proaspatd

intr-un prim stadiu de lungi durats, care std sub controlul intru-
ziunilor microdioritice, a ciror amplasare este insotitd de eliberarea fluide-
lor postmagmatice, s-a format succesiv, aproape intreaga serie de roci
alterate : biotitice-amfibolice-cloritice- serlcltlce -argilice (local carbonatice) ;
rocile prezintd dezvoltiri zonale si concentrice si apar atit in cuprinsul
microdioritelor cit si in formatiunea andezitici.

Primele transformiri de tip biotitic si amfibolic (uneori -cloritic)
constituie zonele centrale, in evidente relatii spatiale cu microdioritele.
Dezvoltarea lor areali actuald este mult reduss fatd de cea initiald (B)
datoritd substitutiilor cu roci formate ulterior. In aceastd primi grupi
de roci, maygnetltul si apoil pirotina apar frecvent sub formi de diseminiri
fine, venule §i filonase; uneori starea de magnetitizare este extrem de
intensé si se evidentiazd intervale distincte cu valori ridicate de susceptibili-
tate magneticd (mésurdtori executate de It tu, 1975) 23. Corelarea pozi-
tivd dintre magnetit si calcopiritd, bine cunoscutéd in cazul mineralizatiei
,porphyry type” nu a fost depistatd pind in prezent. Existd totusi, in
partea inferioard a F.16 o mineralizatie (diseminéri gi fisuri fine) de calco-
piritd insotité de pirotind continutd de rocile cloritice i propilitice ; aceasta
apare omogen pe intreg intervalul inferior (m 444-—m 660), atrigind
atentia prin continuturile ridicate de Cu (300—2000 ppm) 3* care indivi-
dualizeazdi o veritabildi zond cupriferd, nedepisitd de talpa forajului
(pl. II).

Alterarea continui cu transformiri de tip sericitic, putin reprezen-
tate si de tip argilic larg rdspindite (C); ele se produc progresiv prin supra-
puneri partiale peste transformirile precedente si indeosebi lateral;
special formatiunea gazdid este cea afectatd. Mineralul metalic frecvent
intilnit este pirita, la care se adaugd pirotind, rar blendd. Molibdenitul
este semnificativ (disemingri locale in masa rocilor argilizate) mineralogic,
dar nu are continuturi importante.

33 Propilitizarea este o iransformare propric ficcdrui produs cruptiv : andezite si micro-
diorite.

33 Op. cil. pel. 18.

2 20 probe analizate : analist Constanfa Udrescu coautor la rapoartele mentio-
nate — op. cit. pct. 5, 26,
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Al doilea stadiu, suprapus transformirilor anterioare s-a manifestat
in zonele de puternicd tectonizare, mai ales a zonelor argilice, unde apar
restrictiv roci gi filoane turmalinice (D). Introducerea unor solutii bogate
in bor, care au migrat ascendent — prin difuzie si infiltratie — in lungul
unor linii de slabd rezistentd a creat un mediu special favorabil forméirii
unor mari cantititi de turmalini. Pirita si marcasita sint mineralele meta-
lice comune. In eiteva locuri a fost oasm si molibdenit ; singurul interval
important apare in Gal. VIII pe o dlstanl,:a de 3m unde Mo = 360—
800 ppm 3. Dintre ocurentele locale mentionim pe cea interceptatd de
F.14 cu Mo = 1000 ppm 35,

Multe din aspectele caracteristice zdcimintelor cuprifere ,,porphyry
type” prezentate de Sillitoe (1973), Hollister (1973) silan o-
vici et al. (1977) se recunosc in modelul propus pentru structura
Médaras.

In ultimii ani, in lantul vuleanic Cilimani- -Harghita, au fost iden-
tifmate numeroase structun (Constantina Stanciu, 1977)%7, care
contin part;ial sau in intregime roci alterate -4 mineralizatii de Cu, similare
celor de la Méddrag. Acestea sint: Ostoroy (Staneciu, 1976), Sintimbru
51 Baile Harghita in muntii Harghita ; Sumuleu, Seaca-Tatarca (Stanciu,
1973) si Fincel-Lipusna in muntii Gurghiu.

Faza 2

A doua fazi hidrotermald s-a manifestat tardiv, in relatie cu un sis-
tem de fracturi care apar in partea sudici (deschis de gal. VII, X1, F.1,
F.9). Acestea au controlat activitatea unor solutii de temperatursd scizuté,
care au depisit suprafata prezentatd. Neoformatiile acestei faze sint de
tip epitermal si este posibil 84 se suprapuns peste alteratia preexistentd
din faza 1. Transformdrile specifice sint de tip argilic si silicic dezvoltin-
du-se ca aureole inguste si simetrice, in jurul fracturilor cu cinabru. Pro-
dusele acestei faze apar intr-un spatiu cinabrifer restrins (pl. II); ele
sint comparabile cu cele din zicimintul de Hg — Sintimbru, muntii
Harghita.

7. Coneluzii

Principalele idei, care s-au desprins din cunogtintele dobindite pin
in prezent asupra structurii eruptive Midiras, sint urmitoarele :

— Peste un fundament prevuleanic se afld platoul vulcano-sedimen-
tar pe care se asazd o structurd stratovulcanicid de andezite cu piroxeni
gi/sau amfiboli stripunsd de microdiorite asociate marginal cu andezite
de injectie si brecii intrusive. Sub influenta intruziunilor s-a dezvoltat
o redusd aureoli de contact succedatdi de importante procese postmag-
matice. Ulterior au erupt andezitele cu piroxeni care marcheazd sfirgitul
activitifii vulcanice ;

3 Op. cit. pct. 34.
36 Arh. IPEG—Harghita.
37 Arh. IGG, Bucuresti.
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— Prezenta anclavelor de corneene provenite din fundamentul
prevulcanic are dublu sens : pe de o parte indicé posibilitatea ca depozitele
sedimentare din care provin si fie ale bazinului Transilvaniei, Miocen
mediu-Pannonian, iar pe de alti parte dovedeste existenta unei aureole
de metamorfism termic;

— Anclavele de gabbrouri considerate in sens de roci pre-neogene
sugereaza cd in fundamentul prevulcanic se gisesc i unitdfi ale zonei
cristalino-mezozoice ; intr-o altd interpretare ele pot fi insd aduse din zona.
de generare a maghielor andezitice;

— Cercetirile executate pini in prezent nu oferd explicatii satisfdci-
toare in ceea ce priveste momentul de formare a andezitului de injectie
(xenolitic) care are semnificatii contradictorii; dupd anclavele de micro-
diorite pe care le contin este postintrusiv iar dupd neoformatiunile de
contact este preintrusiv;

— Desi pentru economia actuali, zonele cu mineralizatie diseminaté.
situate in adincime nu sint rentabile, cunoasterea lor in extindere este
interesanti de aflat. Existd suficiente dovezi pentru a crede ci sansele
de a gisi noi zone cuprifere nu sint de neglijat;

— Rocile si filoanele turmalinice din zdcdmintele ,,porphyry’”
Cu—Mo din alte pirti ale globului sint cunoscute ca medii excelente pentru
concentrarea metalelor. In situatia noastri zonele turmalinice contin molib-
denit local i numai accidental prezintd confinuturi interesante;

— Se contureazi o distributie zonald a mineralizatiei : mineralizatie
diseminatd de Cu bine individualizatd, in adincime, asociatd cu roeci pro-
pilitice dar mai ales cloritice (aceasta nu inseamn#, cé sint epuizate si alte
posibilitdti de asociere); mineralizatie diseminatéi de Mo, dispersatd pe.
spatii intermediare mari in asociatie cu roci argilice si turmalinice ; minera-
lizatic filoniand tardivid de Hg, lingd suprafatd, cu aureole argilice si
silicice.
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INTREBARI

Doina Russo-Sdndulescu: 1. Ce virstd atribuiti andezitelor de injectie fati
de microdiorite, dat fiind faptul cd cle apar la marginile corpurilor de nicrodiorite ? Este posibil
sd fie- faciesuri marginale ?

2. Cunosc din rapoartele dumneavoastrd ci ati intilnit mai multe tipuri de anclave;
acum nu le-afi citat pe toate. In afari de cormeenc, microdiorite si gabbrouri ati mai intilnit
si alte.anclave in cadrul andezitelor studiate ? Eiste deosebit de interesant de stiut acest lucru
pentru un nou pas inainte in cunoasterca fundamentului lantului vulcanie neogen, sau, eventual,
chiar pentru concluzii asupra genezei si adincimii la- care au luat nastere magmele andezitice.

Rdspuns : 1. Am aritat dificultatea care existd in ceea ce priveste precizarea relatiei de
timp dintrc andezitele de injectie si intruziunea microdioriticd. Oricum, nu le consider facies
marginal al corpurilor microdioritice. !

2. Imi pare bine cd nu ati trecut cu vederea ceed ce am consemnat Trecent in raportul
din 1980 despre existenla si problemele care le ridicid o anclavi de piroxenit. Problema insi nefiind
fncd suficient elucidati, nu am adus-o in discutie.
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MADARASUL MARE ERUPTIVE STRUCTURE (CENTRAL PART
OF THE HARGHITA MOUNTAINS)

(Summary)

The M#dirasul Mare andesitic eruptive structure lies in the axial part of the Harghita
Mountains ; these mountains lic to the south of the Neogene, calc-alkaline, volecanic chain of
the East Carpathians.

The interest for this zone has been stimulated by the recent identification (in galleries
and drill holes) of some eruptive, structural and hydrothermal alteration-mineralization elements,
very similar to those characteristic of zones with Cu~—Mo disseminated mineralizations of porphyry
type. These have been noticed while studying the cinnabar, known for a long time in this zone.

Aecording to regional data, the Midédrasul Mare eruptive structure (upper compartment)
is supposed to liec over the volcano-sedimentary plateau which covers a pre-volcanic basement.

The areas overlain by the eruptive structure investigated by us are pointed out by the
different enclaves. The hornfelses enclaves (the hornblende facies) reveal the presence of a ther-
mic contact aureola formed at the expense of the sedimentary sequences from the volcano-sedi-~
mentary formation and, above all, of the sedimentary deposits (Middle Miocene-Pannonian)
lyingin the Transylvanian Basin. The gabbro enclaves seemto belong to the Crystalline-Mesozoic
zone of the basement ; in another opinion, they are supposed to have come from that zone of
andesitic magma generation. The microdiorite enclaves may be generated by a pre-effusive
subvolcanic basement or, according to a better opinion, they could have come from early intru-
sions of the structure under discussion. ’

The direct investigation of the upper compartment indicates the presence of an andesitic
stratovolcano pierced by microdiorites which have generated a reduced thermic metamorphism
and important post-magmatic processes (Fig., Pl. II, 111, Table).

The first volcanic activity presents a mixed character; it generated the
main andesitic mass consisting of lavas, secondary pyroclastics and bodies. The main petro-
graphic type is representcd by the pyroxenes andjor amphiboles andesite. These andesitic rocks
have underwent, almost wholly, post-magmatic alterations of different intensities and a weak
thermic metamorphism.

The intrusive activity had a subsequent manifestation within the strato-
volcanic complex.

The microdiorites occur as small bodies, constituting an assemblage of veins, apophyses
and dykes with rather homogeneous composition and structure, discordant contacts against
the pre-existing andesitic mass and with contact metamorphism aureolas (unmapped). Mineralo-
gically one distinguishes : pyroxenes microdiorites and hornblende and scarce quartz micro-
diorites, The microdiorites are partially affected by the post-magmatic alteration and very
little by the contact endometamorphism. In a late moment, a granophyre veinlet formed by
fissural injection. Gravimetric data show that the surface microdiorites represent the superficial
apical zone of a big subvolcanic body. ) '

In the weakened marginal zones of big microdiorite bodies there are injection andesites
and intrusive breccias. ¢ )

The injection andesites, forcedly intruded in the ruptural zones, occur clearly within
narrow linear spaces. The rocks present an obvious hybrid charactér, got by the inclusidn of
an increased xenolith quantity (hornfelses, microdiorites, gabbros), as well as a general thermic
metamorphisation.
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The intrusive breccias occur as discontinuous, irregular masses consisting of mixed angular
and rounded fragments (andesites, microdiorites, hornfelses, sedimentary rocks) included in a
fine eruptive matrix with clastic features.

The second volcanic activity includes the pyroxenes andesite eruptions
which cross or cover the previous products.

Contact metamorphism. The dioritic masses have brought about the thermic
metamorphisation of pre-existing rocks, which is neither universal nor continuous. It affected
the andesites belonging to the first volcanic activity, from the contact zone (exocontact), the
whole mass of injection andesites and restraint microdiorite zones (endocontact). The mineralo-
gical assemblages point to the hornblende hornfelses facies.

The postmagmatic processes evoluated during two distinct phases. The
first phase manifested on wide areas and brought about the hydrothermal alteration of rocks,
together with a disseminated Cu— Mo mineralization (Pl. III). The main rock (A) is represented
by a propylite of autometamorphic genesis and andesitic-microdioritic nature ; small fresh relicts
may be encountered. First, under the influence of microdiorite intrusions, there formed the
following sequence : biotite rock-amphibole rock-chlorite rock-sericite rock-clay rock (carbonate
rock, locally) ; these rocks had a zoned and concentrical development. The first transformations
of biotitic and amphib»lic (sometimes chloritic) type with magnetite, pyrrhotite + chalcopyrite
represent the central zones spatially related to microdiorites. The initial areal development (B)
of the mentioned rocks was much reduced by later substitutions of sericitic and especially argil-
lic type (C), accompanied by pyrite, pyrrhotite and local molybdenite and blende occurrences.
The second stage overlaps the previous transformations and may be encountered in the strongly
crushed argillized zones. During this stage there occur, on restraint spaces, rocks and tourmaline
veins (D) with pyrite, marcasite and some molybdenite. The second hydrothermal phase has
a late surface occurrence, being related to a fracture system controlling the epithermal activity
which could have overlain the pre-existing alteration. The alteration generates mainly clay
rock and silica rock, while cinnabar lies on the fractures.

‘We call the attention on the zoned distribution of the mineralization (P1. II) : chalcopyrite,
homogeneously disseminated in propylitic and chloritic rocks at depth ; molybdenite, as local
occurrences within wide argillic and tourmaline areas; cinnabar at surface, on small areas,
associated with clay rocks and silica rocks. We consider that the copper zone allows further
investigation, although Cu, Mo and Hg global contents have proved unsatisfactory up now.

EXPLANATION OF PLATES

\

Plate I

Geological map of the Madédras zone, by N. Bot4ar (1975), scale 1 :10,000.

1, pyroxenes andesite ; 2, breccia ; 3, pyroxenes and/or amphiboles andesite ; 4 a, lavas;
4 b, pyroclastics ; 5, fault ; 6, hydrothermalized area (clay rocks and silica rocks) ; 7, mineralized
spring ; 8, old gallery ; 9, recent gallery ; 10, 300 m deep drilling; 11, 650 m deep drilling:19
profile line.



144 CONSTANTINA STANCIU 18

Plate 11

Maddrasul Marc eruptive structure, Harghita Mountains.

1, pyroxenes andesitc; 2, intrusive breccia; 3, injection andesite ; 4, miicrodiorite ; 5,
pyroxenes andfor amphiboles andesite : a, non-differentiasted products ; b, lava ; ¢, pyroclastite ;
d, body; 6, hypothetical boundary between lavas and other non-differentiated products; 7,
bulks of cnclaved hornfelscs (sedimentary origin) ; 8, cinnabar fissurcs and fractures; 9, disse-
minated molybdenite (local occurrence); 10, mineralized zones; 11, gallery; 12, drilling.

Plate III
Livolution scheme of first phase post-magmatic processes.
A, propylitic (autometamorphic) and fresh rocks; B, first alteration stage: 1, biotite!
amphibolic zone ; C, first alteration stage : 2, sericitic-argillic zone ; D, second alteration-deposi- -
tion stage; rocks and tourmaline veins.
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1. MINERALOGIE — PETROLOGIE — GEOCHIMIE

PETROLOGIA ROCILORE MAGMATIOR

.STUDIUL PETROLOGIC AL BANATITELOR DIN REGIUNEA
MAGUREAUA VATEI-VALEA BIRTINULUI (APUSENII DE SUD)

DE
AVRAM STEFAN?2 GHEORGHE ISTRATE? CONSTANTA UDRESCU?2

Banatites. Monzodiorites, Magmatic differentiation. Petrochemistry. Trace elements. Horn-
felses. Apuseni Mounlains.

Abstract

Petrological Study of Banatites fromthe Miagureaua Vatei-
Birtin Valley Region (South Apuseni Mountains). Theintrusive bana-
titic (Laramian) bodies from Midgureaua Vatei intrude and metamorphose at their contact
the Mesozoic magmatites and the Jurassic and Cretaceous sedimentary deposits. Just like all
over the South Apuseni Mts., the banatitic rocks of this zone crystallized in subvolcanic, hyp-
abyssal conditions. Two main intrusions have been distinguished : a small one (1.0/0.5 km) on
the Cornet hill, north of the Ponor valley, and a more larger one, which extends over 9 km
eastward, from Migureaua Vatei to the Birtin basin; its width reaches to the SW of Urzica
peak 1.5 km, but generally is less than 1 km thick. Numerous small bodies and apophyses
surround the main intrusions. Although there are some unhomogeneities within the bodies, the
mineralogical composition is rather uniform, the variations consisting only in the quantity of
minerals. Thus, the quartz monzodiorites, characteristic for most granular or porphyric rock
bodies, present transitions to quartz monzonites and even monzonites to the border of main
intrusions, especially at their contact with Ncojurassic limestoncs. The more basic, dioritic,
quartz-dioritic and monzodioritic varieties ever present are slightly represented. The granodio-
rite-granites which occur generally within central zones of the main intrusions or as independent,
more or less porphyric rock bodies, do not differ mineralogically from quartz monzodiorites.
Given the similar mineralogical composition and the geochemical peculiarities, the banatitic
magma seems to have had a uniform, mainly quartz-monzodioritic composition, and to have
undergone a weak differentiation process. The crystallisation of the main quartz monzodioritic
magma was preceded by the crystallisation of small volumes of diorites and monzodiorites.
The subsequent alkali and silica enrichment has led to quartz monzonites, granodiorite por-

1 Predatd la 20 mai 1980, acceptatii pentru publicare la 26 maj 1980, comunieati in

sedinta din 27 mai 1980. -
2 Institutul de geologie si Seofizici. Str. Caransebes nr. 1, 78344 Bucure sti, 32.
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phyries and granodiorites formation. The aplites and microgranites, which consist mainly of
potassic feldspar and quartz, present a very low frequency. Residual fractions of the morc and
more acid magma generated pneumatolytic and hydrothermal phenomena on restraint areas,
especially in the eastern extremity of the main intrusion. The pyroxene hornfelses as well as
the spurrite, tilleyite and gehlenite occurrences within the contact aureola in the Magureaua
Vatei region (Istrate etal,1978; Stefan ectal, 1978) support the assumption that the
banatitie magma had a high temperature (more than 700°C) and consolicated at rather small
depth.

I. Introducere

Aria de rispindire a magmatitelor banatitice de la M#igureauna Vatei
se extinde la est de localitatea C#zinegti, in bazinele viilor Cerboaia,
Ponor i Birtin.

In cercetdrile pe teren si in studiile efectuate in laborator s-au urms-
rit in detaliu rocile eruptive banatitice i produsele de metamorfism termic
si metasomatic afiliate : celelalte formatiuni ne-aun preocupat intr-o mai
miecd mé&surd.

Date mineralogice asupra unor produse pirometasomatice au fost
deja prezentate (Stefan et al, 1978; Istrate et al., 1978), iar in
lucririle publicate de Ghitulescu §i Socolescu (1941), Soco-
lescu (1944), Cioflica (1960)si Jude et al. (1973) sint consem-
nate unele date asupra magmatitelor banatitice §i/sau produselor termice
$i metasomatice afiliate lor din regiunea pe care am cercetat-o.

II. Geologia regiunii

Corpurile intrusive de roci banatitice de la Migureaua Vatei stribat
§i transformd la contact magmatitele mezozoice §i depozitele sedimentare
jurasice §i cretacice.

1. Magmatitele mezozoice

La sud de Vata, magmatismul mezozoic s-a manifestat in dous
faze (Giugcd et al., 1963). Intr-o prim# fazi s-au pus in loc bazalte,
dolerite §i gabbrouri, iar in cea de-a doua, andezite cu augit i hornblends,
andezite cu hornblendd si biotit, riodacite si riolite.

Bazaltele :ocupd cea mai largd suprafatd, constituind fondul
hértii geologice (pl.); in partea centrald a regiunii acestea sint acoperite
de calcarele jurasice §i de depozitele senoniene. _

Bazaltele de culoare inchisd, cenugii-verzui sau roscate cind sint
alterate, sint, de reguld, afanitice dar uneori se constats treceri spre roci
fin faneritice-anamesitice. In general roca este omogens, compacti, dar pe
alocuri prezintf texturi vacuolare.

Structura rocii este de obicei porfiric §i mult mai rar intergranulars.
Sub microscop, roca apare constituits dintr-o masi fundamentald cu struc-
tura i@rsertalé in care plutesc fenocristale de labrador si augit. Mai rar,
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in pasta sticloasd, maronie, se observa microlite aciculare de plagioclaz
care uneori sint orientate imprimind structurii un caracter pilotaxitic.
In mod obisnuit interstitiile ‘plagioclazilor sint ocupate de granule de mine-
rale opace, augit §i, uneori, sticld, de obicei cloritizaté.

Plagioclazul, maclat, dar nezonat, este rareori proaspit fiind aproape
intotdeauna acoperit cu o peliculd de minerale argiloase sau inlocuit de
epidot, caleit, sericit §i albit.

Augitul alotriomorf din masa fundamentald precum si in fenocrista-
lele idiomorfe apare rareori proaspit. De obiceil este uralitizat sau cloritizat.

In bazaltele amigdaloide, care se dezvoltd in apropiere de Migureaua
Vatei, alveolele sint umplute de obicei cu clorit sau calcedonie. Alteori
cloritul este inconjurat de un inel de cuart fin granular sau de calcit.
Mai rar amigdalele sint cidptusite cu zeoht1 si calcus

In apropierea corpurilor banatitice, bazaltele sufers intense transfor-
méiri. La SV de Migureaua Vatei, pe lingd actinot (format pe seama augi-
tului) se intilnesc epidot, calcit si silice depuse pe fisuri, imprimind rocii
bazaltice un aspect brecios.

Doleritele au fostintilniteintr-o singurd ivire, pe valea Ponoru-
lui, la sud de Cézinesti unde apar ca facies marginal al unor gabbrouri
ce formeazi un corp de mici dimensiuni.

Maeroscopic, roca masivad, de culoare negrlcmasa, este fin granulard,
totusi se disting cu ochiul hber plagioclazul §i piroxenul.

Sub microscop, roca cu structurd ofiticd §i subofiticd sau intergranu-
lard apare constituitd din labrador idiomorf, augit §i hipersten, precum
si magnetit.’

Plagioclazul (Ang_g) de obicei maclat, foarte rar, usor zonat, este
adeseori albitizat, iar alteori calcitizat.

Piroxenul este complet uralitizat si cloritizat.

Gabbrourile apar pe 200 m in cursul inferior al v#ii Ponorului, la
nord de ivirea de dolerit spre care trec treptat prin intermediul unui
facies porfiric.

Magcroscopic, in roca masivd de culoare cenugie-verzuie, se disting
minerale femice cu dimensiuni de 3 —4 mm gi stinghii alungite (5 —6/1 —
2 mm) de plagioclazi.

Sub microscop, roca apare constituitd din diopsid (aproape complet
uralitizat si cloritizat) labrador (An,) si ilmenit. Structura rocii este hipi-
diomorf-granulard cu treceri spre ofiticd.

Plaglocla,zul de reguld idiomorf, se prezintd maclat §i foarte slab
zonat ; este in general proaspit si numai rareori caleitizat sau albitizat.

Doua analize chimice executate in laboratoarele IOMC reprezentind
un bazalt negru, fin, compact, din valea Birtinului (1) si gabbroul din
valea Ponorului (2) sint prezentate in tabelul 1. Pe diagrama QAP (Stre c-
keisen, 1967, 1973) proiectate pe baza calculelor din norma CIPW
rocile se plaseazd pe linia AP, la limita domeniului bazaltic, respectiv
gabbroic. Prin planimetrare gabbrourile se plaseazd in coltul P al diagra-
mei, roca necontinind feldspat potasic si cuart liber.
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Pe diagrama QML cele doud roci analizate se proiecteazd in cimpul
delimitat de Giuscd etal (1963) pentru ofiolitele din faza I din masivul
Drocea.

In rocile bazme analizate chimic au fost determinate §i continuturile
in elemente minore, care prezintd urmitoarele valori pentru proba 1,

TABELUL 1
Compozifia chimicd (%), paramelrii Niggli, minerale normative $i valorile Q A P

pentru I‘OClle bazaltice (1) si gabbroice (2) din regiunea Magureaua Vafei—
valea Birtinului .

1 2 Parametrii Niggli Minerale normative

SiO, 52,03 47,99 si 130,50 107,22 ap 0,60 0,24
TiO, 0,77 0,38 ti 1,45 0,64 il 1,46 0,73
Al O, 17,15 17,20 al 25,34 22,64 or 6,01 1,17
Fe,04 3,02 4,78 fm 43,42 45,37 ab 36,15 21,96
FeO 5,78 2,14 c 19,21 26,08 an 23,21 34,12
MnO 0,09 0,10 alk 12,03 5,91 c 0,50 -
MgO 6,80 9,96 p 0,27 0,09 mt 4,39 6,05
CaO 7,15 10,90 k 0,14 0,05 di - © 0,61
Na,O 4,28 2,60 | mg : 0;59 0,73 en — 8,57
K,0 1,02 0,20 c/fm 0,44 0,57 hy 23,63 20,51
P,0; 0,25 0,10. | w ' 0,32 0,66 ol 0,15 0,15
CO, 1,67 1,22 Q 30,45 28,81
S 0,03 0,02 M 28,00 34,98
H,0* 1573 L 41,55 36,20 Q 0 0
H,0~ 0, 11 0,26 gz —17,63 |—16,43 A .4 290D 2,1

100 15 99,58 P 90,8 97,9

Analist: Elena Codoban,

respectiv 2: Pb —9, < 2; Co —40,17; Ga — 23,16; Ni —105, 110;
Co — 28,32 ; 01’——270 190 V—280 900 Se ——2828 Y——2214
Yhb ——23$117,,Be—1,2 Sl <l Zr —150 53 ; Ba ——18512 Sr—
390, 160; Li — 85,3.

Andez1tele cuaugit si hornblenda au un pronuntat
aspect porfiric imprimat in special de fenocristalele larg dezvoltate de
amfibol, ce depdsesc uneori 1 cm. Pe hartd sint separate in virful Migu-
reaua Va’pe1

s Sub microscop, roca apare constituiti (hntr -0 masi fundamentald
hialopilitici sau intersertald compusé din plagioclazi, hornblendd, magnetit
si sticld. De reguld pasta este invadatd de clorit.’

Fenocristalele sint,reprezentate .prin- augit (de obicei inlocuit cu
actinot), hornblendd verde §i plagioclaz. Adesea hornblenda prezinti o
coroand opaciticd. Plagioclazul, de obiceitulbure, este maclat si uneori
zonat. Frecvent este pseudomorfozat de albit sau zeoliti. Dpldotul inlo-
cuieste plagioclazul si mineralele femice sau apare in cuiburi ori pe fisuri,



5 PETROLOGIA BANATITELOR DE LA MAGUREAUA VATEI 149

uneori aldturi de cuart in masa fundamentald. Aspectele vacuolare sint mai
rare, iar cind apar alveolele sint umplute cu clorit, cuart saw zeoliti si caleit.

Andezitele cu hornblendd §i biotit apar tot in
partea de nord-vest a regiunii, la est si nord de Migureaua Vatei, sub
forma unor corpuri de mici dimensiuni.

Macroscopic, sint roci masive, de culoare cenugie sau roz, cu aspect
porfiriec. Cu ochiul liber se pot distinge rare fenocristale de hornblendi,
foite de biotit, plagioclaz, precum si cuart si clorit in alveole.

Sub microscop, roca apare constituitd dintr-o pastd in care se disting
citeodatd microlite fine, aciculare, de plagioclaz, care muleazi atit feno-
cristalele cit i alveolele umplute de clorit, cuart si zeoliti. De obicei masa
fundamentald este criptocristalind, iar alteori este microcristalind. Feno-
cristalele de hornblend® sint uneori proaspete si in acest caz biotitul
este in cantitdti reduse. Alteori se observéd vechi contururi bazale de horn-
blends tapisate cu biotit precum si biotit dezvoltat in foite largi, indepen-
dente, cu dimensiuni de 2 —3 mm de culoare brund-roseatd, usor opaciti-
zate §1 adesea cu incluziuni de apatit ; destul de des biotitul este epidotizat.
Intr-un dyke subtire de la nord de Migureaua Vatei, biotitul, in
foite larg dezvoltate, este verde-deschis, contine incluziuni de apatit si
este opacitizat in lungul planelor de clivaj. Plagioclazul maclat este de
obicel fisurat, zdrobit si invadat de albit si unori de epidot. Diaclazele
ce stribat roca sint umplute cu epidot §i cuart.

Riodacitele au fost intilnite Intr-un dyke subtire in valea
Qerboaia, la nord de virful Cornetu. Sint roci masive, porfirice, de culoare
albd-rozie, in care, cu ochiul liber, se disting cristale alungit-prismatice
de feldspati.

Sub microscop, roca apare constituitd dintr-o masid fundamentald
cuarto-feldspaticii granotiricd, care constituie peste 909, din suprafata
sectiunii. Fenocristalele sint reprezentate prin feldspat plagioclaz acid,
albit oligoclazic i mai rar biotit. Plagioclazul este adesea psendomorfozat
de sericit si caleit. Intreaga roch este strébitutd de fisuri umplute cu silice
fin granulard.

Riolitele sint roci porfirice, masive, de culoare albid-gidlbuie,
uneori rozie, in general alterate, in care se pot distinge macroscopic, rare
eristale de feldspat, cuart i biotit. Le-am intilnit in valea Cerboaia strdbé -
tind bazaltele §i in valea Prihodisgte prinse ca blocuri in masa depozitelor
senoniene.

Sub microscop, roca apare constituitd dintr-o masd fundamentald
(<< 709%,) criptocristalind sau granofiricd in care sint inglobate fenocristale
de plagioclaz, cuart, ortozd, biotit i foarte rar, hornblendd. Uneori cuartul
nu apare in fenocristale, alteori nu apare ortoza, in schimb biotitul este
omniprezent.

Plagioclazul, un oligoclaz cu continut maxim de 29 9, An, este adesea
mai acid, cu relief negativ. De obicei este acoperit cu o peliculd cenusie
de minerale argiloase, care caracterizeazi de obicei alteratiile feldspatilor
potasici. In alte cazuri plagioclazul este caleitizat sau sericitizat. Cind
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este ceva mai proaspdt ori in nucleele ce au scidpat alteratiei se observi
macle polisintetice, dar nu se observd zone.

Feldspatul potasic, un ortoclaz cu —2V =70° apare in cristale
simple sau maclat Karlsbad ori Baveno; este mai putin alterat decit
plagioclazul.

Biotitul este de obicei baueritizat, dar alteori apare doar usor cloriti-
zat sau opacitizat. In stare proaspdtd se intilneste destul de rar. Conjine
incluziuni de apatit §i minerale, opace. _

Cuartul se intilneste mai ales in granule mirunte in masa fundamen-
tali, dar aproape intotdeauna §i ca fenocristale puternic corodate.

Rocile au fost analizate chimic i parametrii @ A P calculati din norma,
CIPW le plaseazd in cimpul riolitelor.

2. Depozitele jurasice

Depozitele jurasic-superioare sint reprezentate prin calcare recifale,
bine dezvoltate in bazinele viilor Ponor, Cerboaia si Prihodiste, repauzind
peste lavele bazaltice din faza I de eruptie; ele sint stribatute de andezi-
tele din cea de a doua fazi a magmatismului mezozoic. Calcarele neoju-
rasice sint roci fine, compacte, de culoare cenusie, in baza cédrora, Cio -
flica (1960) intr-o serie de puncte a semnalat prezenta unor intercalatii
de silexuri cu grosimi centimetrice, iar pe valea Ponorului a sesizat aspectul
brecios al acestora, in care cimentul fragmentelor de calcare este o argili
gilbuie-roscatd. De obicei insi, calcarele sint transformate in marmure
de culoare albd, cu granulatie variabild gi cu atit mai pronuntatd cu cit
se gisesc mai aproape de principalele corpuri intrusive (din dealul Cornetu
si Miigureaua Vatei-valea Birtinului). In ' masa marmurelor si uneori chiar
in calcarele practic nerecristalizate, in imediata apropiere a corpurilor
de roci banafitice, s-au format skarne cy interesante parageneze minera-

logice.
3. Depozitele cretacice

In regiunea cercetatd depozitele sedimentare cretacice apartin
Barremian-Apt{ianului si Senonianului.

Depozitele barremian-aptiene, separate ca atare de G. Mantea
et al. (1963) 3 apar pe hartd in bazinul viil Prihodigte ; anterior au fost
considerate aptiene de Ghitulescu si Socolescu (1941).

Litologic, aceste depozite sint reprezentate prin sisturi argilo-mar-
noase, usor micacee, foioase, de culoare roscati-violacee sau verzuie. De
obicei sint intens cutate, tectonizate, cu numeroase oglinzi de frictiune.
Peste gisturile argilo-marnoase se dispun gresii cuartoase, in bancuri
decimetrice, precum si conglomerate poligene, in alternante cu marne
grezoase §istoase §i cu gresii calcaroase §i calcare.

3 Arh. 1GG, .Bucure’sti.h ok )



7 PETROLOGIA BANATITELOR DE LA MAGUREAUA VATEI 151

Orogeneza austricd este trédatd in regiune prin cutarea stratelor
barremian-aptiene precum si prin exondarea teritoriului, care s-a mentinut
pind in Senonian (Mantea et al., 1963)«

Depozitele senoniene, separate de Ghitulescu si Socolescu
(1941) side Mantea etal. (1963)° se dispun discordant fie peste forma-
tiunile sedimentare jurasice sau cretacic-inferioare, fie peste produsele
magmatismului bazic. Pe harta noastrd au fost separate in partea centrals
a regiunii cercetate. In zona viilor Prihodiste si Vitisoara marnele si argi-
lele sistoase cenusii prezintd intercalatii de gresii si marne grezoase micacee,
uneori conglomerate, care predomind spre piriile superioare. Sisturile
grezo-marnoase de culoare cenugie-negricioasd, stratificate in plici subtiri
cu foite de micd pe fetele de separatie, uneori cu urme cidrbunoase (din
bazinul vaii Vatigoara) sint transformate in corneene dure, cu biotit, in
aureola corpului de monzodiorit cuartifer.

In imprejurimile virfului Cornetului, peste roci bazice si calcare
jurasice se dispun gresii siltitice si marnocalcare cenusii-negricioase, fin
stratificate, cu rare alternante de calcare cenusii-albicioase fine, usor
recristalizate. In cadrul zonei de aflorare a acestor depozite, pe pantele
vestice ale virfului Cornetului, aproape de virf, am identificat blocuri
numeroase de minereu alcdtuit din magnetit martitizat gi bariting.

La sfirgitul Senonianului, diastrofismul laramic conduce la exonda-
rea definitivid a regiunii precum §i la crearea unor dislocatii dintre care
unele de amploare regionald (Ianovici et al., 1969). Fracturile tectonice
laramice sau altele mai vechi reintinerite au servit drept cii de acces
pentru magmatitele banatitice.

III. Rocile banatitice

Ca peste tot in Apusenii de Sud si In aceastd zoni rocile banatitice
au fost consolidate in conditil subvulcanice si hipabisice, lipsind formati-
unile efuzive, cunoscute in Vlideasa s§i bazinul Rusca Montani.

Pe harta geologicd anexaté (pl. ) sint conturate doud intruziuni
principale : una de dimensiuni mai miei (1/0,5 km) in dealul Cornetului,
la nord de valea Ponorului si o alta de formé# alungité, care se urméireste
de la Migureaua Vatei, 9 km spre est, pind in bazinul superior al viii
Birtinului ; l4timea acestui din urmé# corp, cu valoare maximi la SV de
virful Urzica, nu depiseste 1,5 km §i se mentine in general sub 1 km.
Un roi de corpuri mirunte se disperseazé in jurul intruziunilor principale.
Desi in cadrul corpurilor principale existd4 neomogenitéti care au fost
semnalate de Cioflica (1960) si de Jude et al. (1973) compozitia
mineralogici rimine in general aceeasi, variatiile fiind date de proportia
in care participi mineralele constituente. Astfel de la monzodiorite cuarti-
fere caracteristice majoritdtii corpurilor de roci griauntoase sau porfirice
se trece, spre periferia intruziunilor principale, mai ales cind vin in contact
cu calcarele neojurasice, la monzonite cuartifere §i chiar la monzonite.

45 Op, cit. pet. 3,
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Derivatele mai bazice, dioritice, cuartdioritice si monzodioritice sint slab
reprezentate. Granodiorit-granitele dispuse in general in zonele centrale
ale intruziunilor principale saw in corpuri independente de roci mai mult
sau mai putin porfirice nu difers mineralogic de monzodioritele cuartifere.
Pe harti am separat: diorite-diorite cuartifere, monzodiorit-monzonite,
porfire cuarf-monzodioritice, monzodiorite cuartifere, monzonite cuarti-
fere, porfire granodioritice, granodiorit-granite si microgranite si aplite.

1. Diorite-diorite cuarfifere

Dioritele si dioritele cuartifere se deosebesc mineralogic numai prin
cantitatea de cuart. Pe hartd am separat diorite in valea Seaci, afluent
drept al viii Cerboaia, la limita sudicd a corpului de monzodiorit cuartifer,
in apropiere de contactul cu marmurele. Roci de compozitie cuartdioriticd
au fost intilnite §i separate pe harti intr-un corp ceva mai bine dezvoltat
de pe valea Ponorului, la sud-vest de virful Cornetului.

Macroscopie, rocile masive prezintdi adesea neomogenititi, zone
bogate in minerale melanocrate sint inglobate intr-o masé mai deschisé
la culoare, preponderent feldspatici.

Privite sub microscop rocile dioritice sau cuartdioritice se deosebesc
de monzodioritele cu care se asociazi prin cantitatea mai mare de minerale
feromagneziene si prin continutul scdzut in feldspat potasic.

Mineralul predominant este plagioclazul, care se prezinti in cristale
in general idiomorfe, maclate dar nu intotdeauna zonate. Dimensiunile
cristalelor de plagioclazi variazi in limite largi (6,6/2,1—0,2/0,1 mm).
Continutul in anortit al plagioclazului variazd de obicei intre 44—529%, An,
dar in corpul din valea Ponorului intr-un cristal puternic zonat nucleul
prezintd 65 9%, An In timp ce zona de la periferia cristalului are 379, An.
De obicei mineralul este proaspit, mai rar fiind pseudomorfozat de sericit
sau albit.

Ortoza xenomortd adesea In concresteri grafice cu cuartul apare ca
plaje in interstifiile dintre plagioclazi §1 minerale femice. Dimensiunile
cristalelor sint reduse (0,7/0,4—0,05/0,02 mm).

Cuartul se prezintd in general in granule de dimensiuni reduse
(1,4/0,5—0,04/0,02 mm).

Dintre mineralele femice, hiperstenul, adesea bastitizat, este corodat
magmatic de augit si amindous de hornblenda verde. Biotitul in cantitéiti
mari in corpul din valea Ponorului lipseste in ivirea din valea Seaci ;
corodeazd atit piroxenii cit §i hornblenda. Mineralele accesorii sint repre-
zentate prin magnetit, apatit si sfen, iar cele secundare prin epidot, actinot,
clorit < sericit §i albit. Proportiile in care participd mineralele la alcituirea
rocilor precum si valorile QAP si indicele de culoare sint prezentate in
tabelul 2.

2. Monzodiorite-monzonite

Monzodioritele trec, prin cresterea continutului in ortoz& spre mon-
zonite, de aceea, pe hartd, le-am grupat Impreund. Monzodioritele apar
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in valea Cerboaia, in partea de sud a corpului de monzodiorite cuartifere,
in apropierea contactului cu calcarele jurasice, transformate in skarne
cu granati, vezuvian, wollastonit i melilit. Roca este masivd, de culoare
cenusie, cu tente verzui, in care se disting cu ochiul liber, plagioclazi si
biotit proaspdt precum gi prisme de minerale femice transformate.

Sub microscop roca nu se deosebeste prea mult de diorite. La alci-
tuirea rocii participa plagioclaz idiomorf (Any, _s), cuart, ortozd, hipersten,
augit, amfibol, biotit, apatit, sfen, magnetit si/sau ilmenit i secundar
fluorin#, epidot §i clorit. Roca este in general proaspatd dar uneori plagio-
clazul este ugor sericitizat sau albitizat. Piroxenii in general uralitizati
sau albitizati sint uneori corodati de biotit. Ortoza xenomorfi, in plaje,
rareori maclati, este de obicei pertiticii. In tabelul 2 se prezinti doui
analize modale pentru rocile monzodioritice.

Monzonitele apar intr-un dyke ce stribate calcarele din versantul
drept al vdii Cerboaia in zona de bifurcatie a acesteia. Macroscopic roca
nu se deosebegte de monzodiorit iar microscopic se dovedeste a fi mai
bogatd in feldspat potasic (tab. 2). Mineralele femice aratd clar o serie
de reactie continud de la piroxen la biotit.

3. Porfire cuarf-monzodioritice

Jude etal (1973) au descris aceste roci ca microdiorite porfirice
dar noi am argumentat (S tefan, 1980) de ce preferim denumirea de
porfire. Analizele chimice de care dispunem ne-au permis s& le definim
ca porfire cuar{-monzodioritice. Din roeci de acest tip sint constituite
majoritatea dyke-urilor si apofizelor care se intilnesc in vdile Ponor,
Cerboaia si Birtin.

Sint roci porfirice, de culoare cenusie, in masa ciirora se disting cu
usurintd fenocristale de plagioclaz §i ceva mail rar piroxeni §i amfibol.

Sub microscop, roca de obicei alteratd, tulbure, prezintd o magi
fundamentald (30 —709%, din volumul rocii) constituitd in cea mai mare
parte din microlite de plagioclaz la care se adaugd cuarf §i ortozd. Mine-
ralele femice din masa fundamentald sint greu de recunoscut fiind complet
cloritizate. In unele corpuri mirunte si mai ales in cele mai indepirtate
de intruziunile principale (cursul inferior al vdii Cerboaia) masa funda-
mentald poate fi §i mai fin granulard sau chiar sticloasd roca trecind spre
un andezit. In acest caz microlite aciculare de plagioclaz, orientate sau
fird nici o ordonare, plutesc intr-o masi sticloas? iar in cadrul acesteia
se disting fenocristale de plagioclaz, piroxen, hornblendd si uneori biotit,
de obicei transformate. In cadrul aceluiasi corp, usor de urmirit pe directie,
la cca 100 m, roca este un porfir cuarf-monzodioritic tipic, cu masa funda-
mentald microgranulard si, de data aceasta, ceva mai proaspdt. Astfel
de treceri spre roci afanitice se mai intilnesc §i in cadrul altor corpuri
mirunte i uneori chiar la limita celor doud corpuri mai mari, dar variatia
structurald descrisd in cadrul dyke-ului de 1 —3 m grosime, situat la 1 km
spre est de Cizdnesti, in ambii versanti ai vdii Cerboaia, ni se pare cea
mai caracteristicd pentru banatitele din regiunea de la sud de Vata.
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Fenocristalele de feldspat plagioclaz (in proportie de 15—45% din
volumul rocii §i cu dimensiuni ce variazd de la 3,5/2,0 — 0,7/0,3 %, mm)
sint zonate §i maclate. Continuturile in anortit sint de asemenea variabile
(38 —52%, An). Plagioclazul este rareori proaspit de obicei ecrista-
lul fiind invadat dinspre exterior citre centru de o peliculd cenusie de mine-
rale argiloase. Uneori plagioclazul este stribitut de o retea find de fisuri
umplute cu albit, iar alteori este sericitizat sau pseudomorfozat de epidot.
Destul de des este zeolitizat, iar in alte cazuri esteinlocuit complet de sericit
gifsau caleit.

Cuartul, intilnit foarte rar ca fenocristale este corodat de masa fun-
damentald.

Mineralele femice sint de obicei transformate si se pot recunoasgte
fie ca relicte fie dupd contururi.

Piroxenul monoclinic (4 —129%,) cu dimensiuni variabile (1,3/1,0 —
0,03/0,02) apare adesea corodat de hornblenda verde iar in apropierea
corpului cuar{-monzodioritic este inlocuit cu actinot. De obicei insd,
piroxenul este inlocuit prin clorit, uneori asociat cu calcit, alteori este
pseudomorfozat de epidot.

Hornblenda verde, In fenocristale si microlite (2,5/1,0 —0,4/0,2 mm)
participd in proportii variabile la alcituirea rocii (1 —6 %,). In unele cazuri
hornblenda predomind asupra piroxenului si ca gi acesta este adesea inlo-
cuit de minerale secundare. Am intilnit ins% §i cazuri in care piroxenul
gl biotitul sint pseudomorfozate in timp ce hornblenda se pistreazi
proaspita.

Biotitul, in foite cu dimensiuni variabile (0,9/0,5 —0,1/0,04 mm)
este subordonat hornblendei si piroxenului (1 —39%,) pe care le corodeazid
adesea. De obicei biotitul este inlocuit prin clorit in masa ciruia se pot
intilni granule de epidot, minerale opace §i apatit. Trecerea biotitului in
clorit se face uneori prin intermediul unui biotit verde, pleocroic.

4. Monzodiorite cuartifere

Monzodioritele cuartifere sint rocile predominante in cadrul faciesu-
rilor granulare. Au fost descrise fie ca granodiorite (Cioflica, 1960)
fie ca diorite cuarfifere (J u de et al.,1973). Macroscopic, monzodioritele
cuargifere sint roci masive griuntoase de culoare cenugie-negricioas?,
cind sint proaspete, sau cenugie-verzuie cind sint alterate.

Privitd la microscop, roca prezintd textura masivid gi structurd
hipidiomorf-granulard. La alcituirea rocii participd : plagioclazi, cuart,
ortozd, hipersten, augit, hornblendf verde §i biotit, ca minerale principale
si apatit, magnetit, mai rar sfen — ca accesorii. Secundar apar : epidot,
calgit, sericit, clorit, albit §i zeolifi (tab. 2).

Feldspatii plagioclazi in cristale cu dimensiuni variabile (2,4/1,2 —
0,2/0,1 mm) reprezintd 50 —68°, din masa rocii si se prezintd in unele
cazuri in doud generatii. Astfel in extremitatea estich a dyke-ului Migu-
reaua Vafei-valea Birtinului, in valea Pietrii, la limita nordicd a corpului
cantonat in bazalte, monzodioritele contin, pe de o parte, cristale submili-
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metrice maclate si in general nezonate cu continuturi mai scizute in anor-
tit (26—339,), iar pe de altd parte, cristale mai largi de 2 —3 mm, maclate
i intens zonate in care compozitia plagioclazului, mai bazic, variazd de
la un nucleu cu 51559, An, spre zonele periferice mai acide cu un conti-
nut de 41—439%, An. Mai spre est, in valea Vitisoara, in acelasi dyke,
spre limita sudicd a corpului, plagioclazul cu variatii evidente de dimen-
siuni sugereazd o structurd seriatd. Fenocristalele mai largi, intens zonate
prezint® cele mai ridicate confinuturi in anortit, ajungind in unele zone
la valori neobisnuit de mari (78 —809, An); de obicei insd confinuturile
plagioclazilor variazd intre 48—65 %, An. Pe ansamblu insd monzodioritele
cuartifere au continuturile obisnuite cuprinse intre 42 —54 9, An. Plagio-
clazii sint in general proaspeti mai rar pseudomorfozati de albit, sericit,
epidot si caleit.

Ortoza, in plaje xenomorfe (1,7/1,1—0,3/0,2 mm) umplind spatiile
libere, prezintd uneori concregsteri grafice sau micrografice cu cuarful.
Nu apare maclatd decit foarte rar i este in general tulbure, datoritd mine-
ralelor argiloase care o acoperi.

Hiperstenul este prezent intotdeauna dar in proporfie subordonati
fatd de augit. Uneori apare inconjurat cu o coroani de augit.

Augitul este mineralul femic principal. Apare rareori proaspdt i
poate fi corodat magmatic cu hornblendd verde si biotit. De obicei este
partial sau total uralitizat. In unele cazuri piroxenii sint inlocuiti complet
de clorit i se recunose doar dupéd contururile bazale. Dimensiunile cristale-
lor de piroxeni variazi intre 1,5/0,5—0,4/0,2 mm. :

Hornblenda verde apare in proportii variabile (tab. 2). Apare fie
in cristale independente (1,2/0,8—0,2/0,1 mm) fie ca o coroans in jurul
piroxenilor. Uneori este corodatd de biotit. Prin alteratie trece in clorit,
in clorit §i caleit 4- cuart 4- oxizi de fier.

Biotitul in foite de dimensiuni variabile (0,3/0,2—-0,1/0,1 mm)
include adesea apatit si este in general proaspdt. Uneori insd este inlocuit
de clorit, alteori de epidot si clorit, la care se pot adduga granule de oxizi
de fier.

5. Monzonite cuarfifere

Monzonitele cuartifere se situeazi de obicei la periferia corpurilor
de monzodiorite cuar’glfere, respectiv granodiorit-granite i sint foarte
greu de separat pe teren de primele.

Mineralogic sint constituite in principal din plagioclazi, ortozds
cuart, piroxeni, amfiboli §i biotit. Accesoriu apar apatit, zircon, magnetit,
sfen iar secundar se formeazi : epidot, clorit, caleit, sericit. Frapeazi
proportia ridicatd de ortozi.

Plagioclazul, in general proaspit, este maclat si zonat si prezmt&
con@muturl in anortlt compara,bﬂe cu cele ale monzodioritelor cuartifere
(42—559% An). Frecvent apare invelit de feldspat potasic care se insinu-
eazd §i pe plane de clivaj sau fisuri; uneori procesul evolueazid dinspre
exterior spre centru, conservindu-se doar nuclee, in general proaspete,
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de plagioclaz. Aceste aspecte se constatd exclusiv in imediata vecinitate
a calcarelor cind pe distante mici de 1--2 m se formeazd -endoskarne.
Uneori plagioclazul este strabidtut cu fisuri fine umplute cu albit.
Piroxenul, in general uralitizat, apare de obicei in cantitdti subordo-
nate hornblendei. ' :
Biotitul proaspit corodeazd magmatic atit augitul cit si hornblenda.
Uneori este cloritizat.
Ortoza §i cuartul formeazd uneori concresteri grafice.

6. Porfire granodioritice

Rocile porfirice granodioritice s-au intilnit la periferia corpurilor
de granodiorit-granite in dealul Pietrilor gi respectiv in valea Ponorului
si in dealul Cornetului, precum §i in citeva corpuri independente din bazi-
nele viilor Cerboaia i Ponor.

Intr-o masi fundamentali constituitii din cuart (in granule mirunte
de 0,13—0,05 mm) si ortozd (in plaje) sint inglobate fenocristale de plagio-
claz, cuart, hornblendd, piroxeni gi biotit.

Plagioclazul, maclat si zonat este un andezin cu 38—459, An;
este corodat de masa fundamentald. De obicei apare inconjurat de o coroand
albiticd, limpede, din care pornesc vinigoare subtiri spre interiorul feno-
- eristalului. Uneori plagioclazul este sericitizat, dar mai ales pseudomorfozat
de zeoliti; mai rar este calcitizat si epidotizat.

Piroxenul si amfibolul sint transformate.

Biotitul, mai abundent decit hornblenda, apare de obicei proaspéit,
dar uneori este epidotizat sau cloritizat.

Ca minerale accesorii apar: apatit, magnetit i sfen. :

Faciesuri porfirice mai pregnante, uneori cu o masd fundamentald
afanitics se intilnesc la extremitatea nordicd a corpului din dealul Cornetu-
lui precum §i la est de virful Méigureaua Vatei la izvoarele piriului Vai-
soarei. .

7. Granodiorit-granite.:

Pentru partea de est a corpului principal cu orientare est-vest
Jude etal. (1973) au separat, in bazinele viilor Birtin, Pietrilor §i Arsd,
granodiorite cu o bordurd de microdiorite porfirice. Pe harta anexata
(pl.) am conturat granodiorit-granite, in aceastd zond, precum si in
aria valea Ponorului-dealul Cornetului. Analizele modale ca §i parame-
trii QAP calculati din norma CIPW (Johansen, 1939) ne-au ajutat
s4 conturim mai exact corpurile de granodiorit-granite, care mineralogic
(calitativ) sint asemin#toare cu monzodioritele cuartifere.

' Sub microscop roca apare in general mai sdracd in minerale fero-
magneziene i mai bogatd in cuarf, iar hornblenda si biotitul predomind
asupra piroxenului. In partea de sud-vest a intruziunii din dealul Cornetu-
1ui, roca in esent# graniticdi, cu cuiburi de turmalind; este lipsitd de piro-
Xen proaspit. Se pare ci amfibolul fibros, in cantitati reduse, a inlocuit
complet piroxenul. Biotitul domini hornblenda pe care o §i corodeazé.
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Masa principald a rocii este constituitd din plagioclaz si cuart.
Accesoriu se adaugd magnetit, sfen si apatit, iar secundar s-au format::
epidot, clorit si sericit.

In partea de est a regiunii, granodiorit-granitul se deosebeste de
cel descris mai sus prin dezvoltarea mai largd a plagioclazului (pind la
4/2 mm) in raport cu mineralele femice care nu depasesc dimensiunes
maxim# de 1,5 mm. In masa acestor roci am intilnit atit piroxeni (hiper-
sten si augit) cit si hornblendd §i biotit; acesta din urmi predomind.

Plagioclazii din corpul solitar de la cotul v&ii Ponorului sint maclati
5i de obicei mai bine zonati decit in alte cazuri. Au fost determinate, cu
mésuta universald, continuturi ale zonelor, de 349, An in nucleu, 289, An
in zona mediand si 309, An in zona externd. S-au intilnit insd §i cristale
nezonate, cu continuturi in anortit mai ridicate (37—429, An).

Plagioclazii din corpurile din extremitatea esticd a dyke-ului sint
incd si mai slab zonati si prezintd in general continuturi mai putin variabile
(35—399, An). De obicei plagioclazii sint ugor sericitizati, iar unele cristale
sint intens albitizate, in timp ce altele se mentin relativ proaspete.

Ortoza pertiticd, uneori maclatd, manteleazéi adesea cristalele de
plagioclaz ca §i in cazul monzodioritelor cuartifere. Variatia compozitiei
mineralogice a rocilor granodiorit-granitice este prezentatd in tabelul 2.
' In leg#iturd cu punerea in loc a granodiorit-granitelor din extremita-
tea esticd a corpului principal s-au manifestat cu intensitate fenomene
pneumatolitic-hidrotermale care au condus la aparitia unor asociatii
constituite in principal din cuart, turmalind, epidot §i sericit, ce amintesc
formatiunile de graisen sau cuarfite secundare. In aceastd zond, pe valea
Pietrilor, valea Arsd si Culmea Borii, rocile banatitice sint foarte intens
‘sericitizate si impregnate cu sulfuri; in special pirit#. In aceeasi zoni au
fost cercetate prin galerii, actualmente inaccesibile, citeva filoane cu sulfuri
polimetalice, fird insd a avea continuturi importante de metale.

8. Microgranite si aplite

Atit unele cit si altele apar ca filoane inguste (de 10—30 cm) strib-
tind toate celelalte roci banatitice.

Microgranitele apar in partea de nord-vest a regiunii, la sud-est de
Migureaua Vatei. Sint roci fine, masive, de culoare roz in care se sezizeazs
rare fenocristale de plagioclaz. i

In sectiuni subtiri plagioclazul (An ~ 37) in proportie reduss (<< 109,)
este puternic corodat de masd fundamentald (909,) microgranulari con-
stituitd din cuart si ortozd. Sint prezente §i minerale femice opacitizate
precum si sfen in cantitéti reduse.

Intr-o sectiune subtire ce provine din aplitul ce stribate monzodiori-
tul cuartifer de la izvoarele viii Seaca, ramificatie principald dreapta
viii Cerboaia, am observat doar doud fenocristale de plagioclaz corodat
de masa micropegmatici format# din cuarf si ortozsi. In afari de ortoza
pertiticé, uneori maclats i de cuart se mai observi citeva granule de mine-
rale opace precum §i 2 cristale de biotit baueritizat.
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Intr-un alt filonas ingust intilnit pe un afluent drept al viii Ponorului,
la sud de dealul Cornet, alituri de biotitul proaspéit am observat si un
cristal de hornblends. Biotitul, cele citeva granule de minerale opace,
plagioclazul invadat de ortozd precum si hornblenda nu depisese 539, din
suprafata sectiunii.

In incheierea prezentirii tipurilor petrografice separate in zona
Méagureaua Vatei, consideram utild, o discutfie succintd asupra nomencla-
turii pe ecare am folosit-o pornind de la diagrama QAP (Streckeisen,
1967, 1973). Proiectiile pe diagrame s-aun ficut pe bazé de integrari (fig. 1 a)
s1 pe baza caleulelor din norma CIPW (fig. 10).

Nomenclatura pe care am adOptat o fine seama atit de coulpoz1tn
mineralogicd i chimied a rocilor cit si de aspectele lor structurale.
general nomenclatura folosits este fidels celei propusede Streckeisen
(1967 1973) desi unele proiectii, pe baze de analize chimice (fig. 1 b)
mai ales in cazul rocilor puternic alterate sint uneori deplasate fatd de
cimpul caracteristic (analizele 9, 13, 23 in tabelul 3).

Un prim aspect care se desprinde din examinarea diagramelor QA4 P
este acela e¢d majoritatea rocilor se plaseazi in cimpul monzodioritelor
cuartifere si granodioritelor. O altd observatie este aceea ci prin integrare
unele roei se plaseazd in eimpul monzonitelor cuartifere (fig. 1 a, pro-
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Fig. 1.— Diagrama QAP : (a) datele analizelor modale ; (b) analize normative ; 1, roci plani-
metrate neanalizate chimic; 2, roci analizate chimic.

Le diagramme QAP : (a) données des analyses modales; (b) analyses normatives : 1, roches
planimétriques non-analysées chimiquement ; 2, roches analysées chimiquement.

5 Cifrele 1—26 din diagrama QA P-normativi (fig. 1 b) corespund numerclor curente
din tabelul 3.
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bele 113 si mai putin probele 83 si 82) ; pornind de la compozitianormata,
aceleagi roci se proiecteazd in cimpul monzodioritelor cuartifere (fig. 1 b,
nr. 17, 21, 19). Acest fapt se explicd, cel putin in cazul probei 113, prin
aceeca cd pentru analiza chimicd s-a folosit un egantion mult mai mare,
in care neomogenitétile au fost anulate, in timp ce in sectiune a fost surprinsi
o zond mai bogatd in feldspat potasic.

Din dispunerea pe diagrama si din observatiile mineralogice reiese
¢ magma generatoare pentru rocile eruptive banatitice a avut o compozi-
tie unitarid cuart-monzodioriticd, care a suferit o slabé diferentiere.

IV. Caracterele geochimice ale roeilor banatitice si coneluzii
petrogenetice

Rocile banatitice din regiunea Migureaua Vatei-valea Birtinului,
reprezentate prin corpuri intrusive subvulcanice si hipoabisice, prezinté
structuri variate, dar din punct de vedere al compozitiei mineralogice
diferentele nu sint prea mari. Pentru a surprinde insi variatiile de compo-
zitie am recoltat si analizat chimic un numér de 23 egantioane si am folosit
incd 3 analize publicate de Jude et al. (1973). Probele numerotate de
la 1—26 (tab. 3) provin din roci proaspete, in general, si astfel, mai ales
pentru rocile porfirice, ce n-au putut fi planimetrate, rezultatele analitice
prelucrate au ajutat la definirea tipului petrografic. '

Din tabel reies variatiile continuturilor in oxizi putindu-se sesiza
valorile ceva mai ridicate in CaO (cu media 5,26) si K,O (cu media alcaliilor
=5,96, din care K,0 = 30,5 9%,), aseméinitoare in aceastd privintd cu rocile
banatitice din imediata apropiere, din partea de sud a muntilor Bihor
de la Hilmagiu) care au CaO =4,72 si media alcaliilor 7,41, din care
K,0 =46,8%, Stefan in Lazar et al, 1977)%.

Datele analitice proiectate pe diagrama Peacock (fig. 2) indicd o
valoare a indicelui alcali-calcic de 57,5 care evidentiazd caracterul sub-
alcalin al magmelor prin a ciror diferentiere s-au format rocile banatitice
din regiunea Mdigureaua Vatei.

Analizele chimice din tabelul 3 au fost prelucrate si s-au calculat
parametrii Niggli (tab. 4) precum si compozitia normatd CIPW cu valorile
QAP (tab. 5).

Relatiile intre parametrii Niggli au fost prezentate grafic (fig. 3a,
3b, 3ec).

Astfel, pe diagrama QM L (fig. 3 a) proiectiile apar grupate strins,
deasupra liniei PF, in cimpul rocilor saturate, dovedind caracterul calco-
alcalin si consanguinitatea acestor roci.

Pe o alti diagrami, alk-al (fig. 3 b) toate proiectiile se grupeazd
in domeniul compozitiei intermediare sau sirack in alcalii.

In sfirsit, in diagrama fm-al (fig. 3 c) proiectiile se grupeazi in cimpul
izofal sau in imediata apropiere a acestuia subliniind din nou consanguini-
tatea rocilor analizate i o slab# diferentiere a magmei.

¢ Arh. IGG, Bucuresti.
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Fig. 2./ Diagrama Peacock (Ca0, Na,O + K,0/8i0,).
Le’ diagramme Peacock (Ca0, Na,0 + K,0/8i0,).
’ TABELUL 5
Compozifia normatd CIPW si valorile QAP
Nr. . .
probei Q or ab | an | di hy |en| ¢ il fmt|{hm| ap Q A P
1 [37,40{12,62{21,80; 8,82 — — 15,325,92/0,69!1,39/0,96| 0,3446,37{15,64/37,97
2 (17,73]17,90{31,44{18,57, — |. — |7,17/|0,02{0,85|1,48/1,54| 0,34/20,70{20,90/58, 38
3 |17,48(18,35!31,23|16,96(1,60/: 7,05 — | — |1,27/3,25] — | 0,34}{20,79/21,84(57,35
4 |27,78| 6,57|25,80{18,15 — | 9,11} — i4,76(0,84(4,13| — | 0,34{35,48| 8,39/56,15
5 (15,16|18,35/31,54(18,85|0,40(10,01} — | — |1,24(2,64] — | 0,34/18,06]|21,87(60,05
6 117,01§17,5227,25/20,57] — 12,65] — {1,53/0,84{0,58 — | — {20,65{21,27/58,06
7 |14,24/19,01/31,91|18,74/2,34| — 17,09] — |1,00/2,95|0,34| 0,34/16,97|22,65/60,36
8 |15,22/19,72|28,82|21,96{0,39(: 9,33] — | — 10,84[1,39| — | 0,34|17,75|22,9959,23
9 131,80(11,34(25,68| 1,98} — — 18,15(6,99(0,48(1,98{1,81}| 0,17/44,91{16,01{39,06
10 {13,45/20,30/31,86(19,77(2,58| 4,84 — | — |1,63|3,94] — | 0,34{15,75{23,77|60,47
11 |22,14{14,46:21,69|21,21} —| — |[8,88/3,21|1,37{1,53}2,90| 0,34|27,84{18,18/53,96
12 |14,93{19,01{30,13(17,53|1,76| ‘7,21 — | — |1,51|4,87] — | 0,3718,29{23,28!58,40
13 [24,28(13,62(25,57[12,12 — | — |8,883,84i0,78!3,02/1,07| 0,34]|32,10|18,01|49,86
14 |15,81{12,18(30,71{20,40| — — |8,57|1,25[1,22/2,78|1,44| 0,41/19,98|15,39(64,61
15 |14,85{16,40(26,20{20,57|. — |14,50| — [2,50/0,84| — | — — 119,03{21,02(59,94
16 {16,62{16,96{26,46(12,93| — {14,27| — [5,05{1,30(1,05 — | 1,51{22,76{23,24|53,98
17 10,97{12,52|27,04|20,15, — 11,20 —~ | — |0,85|1,16] — | 1,31{13,76/27,00;59,23
18 17,01({14,46/30,03|22,21| — '4,55 — |2,01}1,24]2,39] — | 1,54/20,33]17,27(63,40
19 112,10{21,57{23,68/20,85| — {12,72| — |3,29|1,14/0,58] — — {15,47]27,58/56,94
20 {13,10|20,96{23,68{17;57| — 13,81} - |3,66]1,05|1,46| — | 0,70{17,39i27,8354,77
21 9,41[22,13{24,94(22,04] — (12,06 — {2,25(1,05|2,25| — | 1,08{11,98/28,18;59,83
22 |14,08(19,80(19,02/18,87) — (14,37 — 14,50/0,852,55| — | - |19,6127,5852,79
23 122,87(18,01/12,68)11,37 - 113,51} -~ |(7,02|0,38(1,07| — | 0,70/35,22/27,73|37,03
© 24 [10,14|13,01(32,70j18,43|1,89| 19,27} — |1,30|1,81/3,49] 0,44/13,67;17,51|68,82
25 4,93|13,90/27,46)29, 0810, 04|18,50| — .| — |1,05[1,02| — — | 6,54(18,44|75,01
26 |11,34| 9,18(24,94(|26,02] — [17,70; — |2,43(1,43|2,12{ — | 1,65/12,84]15,86!71,29
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Pentru elementele minore dispunem de 19 analize spectrale ce sint
prezentate in tabelul 6. Din analiza continuturilor prezentate se desprind
citeva observatii :

— continuturile in elemente minore feromagneziene sint corelabile
cu acelea inregistrate in rocile banatitice de la S&virgin gi mai mari decit

Q
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Fig. 3. — (a) Diagrama QLM ; b) diagrama alk-al; (c) d_iaf'grama fm-al.
(2) Le diagramme QLM ; (b) lc -diagramme @alk-al; «(c) le diagramme fm-al.

cele inregistrate in zona Hilmagin (Stefan, in Lazir et al, 1971)
§1 mai ales in Vlideasa (Istrate, 1979; $tefamn, 1980); Ni prezinti
valori ceva mai mari in rocile banatitice. de la Miigureaus Vatei.

7 Arh, IGG, Bucyresti.
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— Ba, in rocile banatitice de la Migureaua Vatei se prezinti in
cantititi comparabile cu cele de la Sivirsin, prezentate de Savu et al.
(1967) si cu valori mai mici decit in Viideasa.

TABELUL 6

Elemente minore (p.p.m.) in rocile banatitice de la Mdgureaua Valei —

valea Birtinului

NT. Nr. -
ert. pl;'gi- PhiCu |Ga|Sn | Ni{Co |Cr{ V]| Sc!|Y IYbila Be | Zr | Ba | Sr | Li
11066 | 34/13,5/17 3 14 |12 16 48| 7 |18 1,6] 34 | 2,4] 160} 460 240_£
2/030 | 20126 18,5/ 3 | 23 116 | 48 | 80[14 [18 | 2,6/ 42 | 1,9, 160| 420/ 360 50
31065 | 64/20 (20 |4 |15 |14 | 22| 95 8,521 1,9| 30 | 2,2/ 160 550, 440; 24
4/043 | 28/41 115,5! 2,5 36 115 | 52 | 57/10 116 | 1,4} 30 | 2,2) 210/ 380 500/ 29
5668 | 1731 116 4 124111 31 85 9 {16 1,9] 30 | 2,2 155 440 420{ 21
6/035 | 18138 118 | 4 | 31 |16 | 57 | 110114 {18 | 2,3} 36 | 1,7 120/ 460, 360 27
7(111 | 34/30 {23 | 5,5 18 |{11,5{ 55 | 95{12 (20 | 2,5| 40 | 1,8| 150| 520! 330] 32
_8_16 14|16 {15,5] 3 8,511,5] 24 8512 13,5_}_,2 33 | 1,4 120; 90 200ﬁ
91103 | 28137 120 | 3 |29 |21 44 | 140{17 {20 | 2,2 37 2,2| 145| 460, 480; 38
_1190_1_?1__1320 16 (3 | 42113 | 75 { 110{12 {17 | 1,4} ndt| 2,1 140} 570 380 52
_2_3;?_ 2821 |20 | 2,5 23 {15 | 32 | 115{13,5(15 1,6/ ndt| 2,1} 230| 420) 520! 34
12 17 | 17|50 {18 | 4,5 42 |18 | 60 | 12514 |19 | 1,8} 32 | 1,6{ 190 540 380| 23
13 113i§ 70 {16 | 4 | 37 {18 | 66 | 150{16,5(23 | 2,4 _ilﬁ_ 2,3] 175| 480! 380! 37
14) 128) 19|64 117,5| 4,5 31 115 | 47 | 120/12,5/16 1,6indt | 1,7/ 145 460 600; 40
15/ 82 1 1560 |17 | 5,5 36 (18 | 80 ) 14518 |21 | 2,4) 40 | 1,7| 180 520 440| 34
16 24 ] 26/120 |19 |9 | 28 |19 | 62 | 14518 |20 | 1,8 37 | 1,9! 200 600; 440; 27
_ﬂ 83 | 24i65 |14 6,5{ 51 {21 100 | 170,17 |22 2,3_‘{2_ 1,1} 160; 480 370! 36
E22A 34|52 |15,5| 9 18 |11 53 701 9 {15 1,2| 34 | 2,3 180 155 320__?
19114 | 221110 {19 | 6,5 50 [22 | 63 | 160 18,?17 1,8 30 | 1,8] 140; 480; 550; 37

— Sr apare in cantititi ceva mai‘reduse decit la S&virsin dar mai
ridicate decit in Vlideasa.
— 1In sfirsit, Li apare in cantititi mai mari in banatitele de la Migu-
reaua Vatei decit in cele de 1a Sivirgin, dar mai reduse decit in Vldideasa.
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Confinuturile elementelor minore determinate, impreund cu cele
majore, cu care se asociazd geochimic, au fost proiectate in functie de
valorile SiO,® (fig. 4).

In concordanté cu diferentierea slab% a magmei cuart-monzodioritice
se observdh o tendin{® de scidere a continuturilor de V, Se¢, Co, Ni, Cr
i Cu paralel cu cea a Mg si Fe total (fig. 4 a). In cazul Ni si, mai ales,
a Cr §i Cu, se observd o dispersie a punctelor de proiectie.

Ba, in continuturi ce variazi slab in jurul valorii medii de 446 ppm
(cu exceptia unor roci intens hidrotermalizate in care continuturile de Ba
sint mai scizute — proba 06 si 22 A) prezintd o comportare similard cu
cea a K (fig. 4 b). Lipsa unei variatii clare a acestor doud elemente se
explicd prin prezenta feldspatului potasic in cantitdti comparabile in toate
tipurile de roci analizate.

Desi Ca aratd o tendinté clard de scidere odatd cu cresterea continu-
tului de Si0,, Sr aratd o dispersie accentuatd a valorilor (200 — 600 ppm),
fird a se remarca o tendintd de evolutie. Aceastd comportare se explicd
prin prezenta Ca nu numai in reteana plagioclazilor dar si in cea a piroxeni-
lor si amfibolului a ciror cantitate descreste in defavoarea biotitului pe
mésura diferentierii pe cind Sr este prins in reteaua feldspatilor §i mai
ales a plagioclazilor, a ciror compozitie si proportie nu variazi prea mult
de la un tip de rocd la altul.

Zr, Y, Yb, Be si Ga se comporté# ca elemente inerte in cursul diferen-
tierii (fig. 4 ¢) continuturile lor oscilind in jurul valorilor medii : Zr — 160,
Y —18,2; Yb —1; Be —1,9 5i Ga —17,6 ppm.

Intre anumite perechi de elemente minore existd corelafii pozitive
puse in evidentd de diagramele din figura 5.

Pe diagrama Cr —Ni (fig. 5 a) cea mai mare parte a rocilor banatitice
se proiecteazd intre dreptele cu valoarea raportului Cr/Ni de 1,25 §i 2,5.

Diagrama V —-Sc evidentiazé corelatia pozitivd dintre aceste ele-
mente, valorile raportului V/Sc fiind cuprinse intre 7 si 10.

Raportul Ni/Co (fig. 5 c) prezintd variatii mai mari, intre 1 i 3,5,
observindu-se totodatd o descrestere a acestui raport pe masura avansirii
diferentierii.

Datele geologice, mineralogice si geochimice permit schifarea unei
imagini privind natura si evolutia magmei care a generat rocile banatitice
din regiunea Migureaua Vatei-valea Birtinului. Pornind de la marea
asemiinare a compozitiel mineralogice si de la datele geochimice rezultd
¢ magma a avut o compozitie uniformi, in esentd cuart-monzodioriticd
si a suferit un slab proces de diferentiere.

Dupit consolidarea unor volume reduse de diorite si monzodiorite
s-a consolidat masa importanti de monzodiorite cuartifere si varietdjile
lor porfirice. Prin imbogitire in alcalii §i cuary, din restul magmei s-au
consolidat monzonite cuartifere, granodiorite §i porfire granodioritice ;

8 Valorile indicelui Nockolds-Allen (1953) oscileazd pentru majoritatca rocilor banatitice
in limite extrem de reduse {intre 6 si 7) asa incit acesta nu a putut fi utilizat ca indice de
diferentiere.
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volumul acestora, la nivelul actual de aflorare, nu depéiseste 209, din aria
de dezvoltare a rocilor banatitice din aceastd regiune. In sfirsit, aplitele
$i microgranitele, constituite in esentd din feldspat potasie si cuart, au o
frecventd cu totul redusd. Formatiunile reziduale ale magmei banatitice
devenitd tot mai acidd au produs fenomene pneumatolitice §i hidrotermale
pe arii restrinse, mai ales in extremitatea esticd a intruziunii principale.

Compozitia ceva mai bazicd decit granodioriticéd ce este caracteristici
altor masive banatitice din eciclul intruziunilor laramiece propriu-zise
(ciclul IX) gi prin urmare temperatura mai ridicaté a rezervorului magma-
tic a determinat un metamorfism intens la contactul cu rocile inconjuri-
toare. Acest fapt este evidentiat in primul rind prin prezenta corneenelor
in facies piroxenic, cu asociatiile mineralogice caracteristice prezentate
de Winkler (1967). Ocurentele de spurrit, tilleyit si gehlenit cunoscute
in regiunea Migureaua Vatei (Istrate et al, 1978; Stefan et al,
1978), sprijind de asemenea ideea cd magma banatiticd a avat o tempera-
turd ridicatd (peste 700°C) si ci s-a consolidat la adincimi reduse (H o s-
chek, 1974; Reverdatto, 1970; Pertev, Smulovici,
1972).

Desi 0 contaminare la scari micd in zona contactului corpurilor
intrusive cu calcarele jurasice este evidentd prin aparitia unor faciesuri
petrografice alcaline, nu avem convingerea ci caracterul in ansamblu
cuart-monzodioritic al magmei a fost determinat exclusiv de acest fenomen.
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INTREBARI i

Doina Russo-Sdndulescu: 1.Pehartdsipe profil ati figurat diversele faciesuri
petrografice ca avind limite oarecum transante. Este vorba intr-adevir de limite nete sau exist&
treceri gradate intre rocile monzodioritice si faciesurile monzonitice i chiar mai acide?

la. Dacéd sint treceri gradate si nu.de stripungere cum sint figurate pe profil, aceste
treceri le considerati datorate diferentierii magmatice la nivelul de punere in loc a acestui corp ?

2. Citeva date mai de aménunt privind constitutia plagioclazilor (compozifie anortitici
si aspecte morfologice) in .diversele faciesuri petrografice descrise.

3. Opinia dumneavoastra asupra originii magmei monzodioritice care a dat na,stere aces-
tui corp. ) )

Raspuns : 1. In corpurile de roci banatitice mai larg dezvoltate existd treceri intre’ variets-
tile cuarf-monzodioritice §i monzonitice. De aceea separatiile efectuate pe harti sint conturate
prin limite lltologxce Rocilé descrise s-au format prmtr—un proces de dlferentlere magmaticd,
insotit pe alocuri de contaminare.

2. Datele de aminunt, pe care nu le-am expus, sint cuprinse in lucrare pentru fiecare

varietate petrografica descrisd. Aspectele morfologice ale feldspatilor plagioclazi nu dlfera ‘prea
mult de la o roci la alta. -
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3. Originea magmelor care au generat rocile hanatitice din {ara noastri este incomplet
elucidatd ; nu avem nici in-cazul de fafd argumente suficiente pentru una sau alta din.ipotezele
care au fost emise.

DISCUTII

H. Savu: In cazul rocilor ofiolitice (Jurasic—Preoxfordian) si al vulcanitelor de
arc insular (Jurasic superior), cred ci referirea numai la lucrarea -elaboratide Gius c i etal.
(1963) este prea puiin spus in raport cu numirul mare de lucriri ' apirute de atunci si pinid
acum si cu noile idei asupra evolutiei magmatismului mezozoic al zonei oceanice Mures.

_ Raspuns : Lucrarea pe care am citat-o este unanim acceptata de cercctétori. in lucrarile
recente ideile asupra evolutiei magmatismului mezozoic din Muntii Apuseni diferd de la un autor
la altul si nu ne-am propus o dezbatere a lor in aceastd lucrare.

L’ETUDE PETROLOGIQUE DES BANATITES DE LA REGION
DE MAGUREAUA VATEI-VALLEE DE BIRTIN (MONTS APUSENT
DE SUD)

(Résumé)

Les corps intrusifs dec roches banatitiqucs de Migureaua Vatei traversent et transforment
daus leur zone de contact les magmatites mésozoiques et les dépéts sédlmentalres ]lll‘aSSlqueS
et crétacés.

Au sud de Vata, le magmatisme mésozoique s’est manifesté en deux phases (Giuscd
et al., 1963). Les basaltes, les dolérites ct les gabbros ont &té mis en place comme membres
de la formation ophiolitique pendant la premi¢re phase, tandis que les andésites a augite et
hornblende, les andésites 4 hornblende et biotite, les rhyodacites et les rhyolites ont été mises
en place durant la deuxi¢me phase comme produits du volcanisme d’arc insulaire (Savu et
al., 1981). Les hasaltes sont les plus répandus, constituant le fond de la carte géologique ( pl. );
au centre de la région ils sont surmontés par les calcaires jurassiques et les dépdts sénoniens,

I. Les roches ‘banatitiques

Comme partout dans les Monts Apuseni de Sud, dans cette zone aussi, les roches banati-
tiques se sont consolidées dans des conditions sous-volcaniques et hypabyssales. Surla carte géo-
logique annéxée, on a tracé deux intrusions principales : I'une, plus petite (1/0,5 km) et I'autre,
plus allongée, s’étendant sur 9 km de Miagureaua Vatei vers I’est, jusqu’au bassin supérieur de
la vallée de Birtin ; sa largeur atteint la valeur maximum a SWde la cime Urzica, ne dépassant
pas 1,5 km et se mamtmant généralement sous 1 km. Les intrusions pr1n01pa1es sont entourées
par de nombreux thltS corps. Bien que les corps principaux contlennent des mhomogénéltés
leur composition minéralogique est tou]ours la méme, les variations étant générées par la quan-
tité de minéranx composants. Ainsi, les monzodiorites quartziféres caractérlsthue pour la plupart
des corps de roches granulaires ou porphyriques passent & monzonites quartziféres et méme a
monzonites, vers la périphéric des intrusions principales et surtout au contact avec les calcaires
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néojurassiques. Les dérivés plus basiques, dioritiques, quartz-dioritiques et monzodioritiques
ne sont pas si bien représentés. Les granodiorite-granites des zones centrales des intrusions princi-
pales formant des corps indépendents de roches plus ou moins porphyriques ne se distinguent
pas minéralogiquement des monzodiorites quartziféres. Sur la carte on a délimité: diorites-
diorites quartziféres, monzodiorite-monzonites, porphyres quartz-monzodioritiques, monzodio-
rites quartziféres, monzonites quartziféres, porphyres granodioritiqucs, granodiorite-granites
et microgranites et aplites.

La nomenclature adoptéc envisage tant la composition minéralogique et chimique des
roches que leurs aspects structuraux. Généralement, la nomenclature correspond a celle de
Streckeisen (1967,1973). Les projections sur les diagrammes QA P ont 4 1a base des analy-
ses modales (Fig. 1a) et des calculs de la norme CIPW (Fig. 1b).

L’examen des diagrammes QA P revele le fait que la plupart des roches se trouve dans
le champs des monzodiorites quartziféres et des granodiorites.

La position sur le diagrainme aussi que les observations minéralogiques démontrent que
le magma qui a généré les roches éruptives banatitiques a eu une composition quartz-monzodiori-
tique et a subi une faible différentiation.

I1. Remarques sur le chimisme des banalites de la région

Les roches banatitiques de la région Magureaua Vatei-vallée de Birtin, représentées par
des corps intrusifs sous-voleaniques ¢t hypabyssaux, ont des structures variées ; du point de
vue de la composition minéralogique, les différences ne sont pas trop grandes.

Afin de distinguer les variations de la composition, on a analysé chimiquement 23 4chantil-
lons et on a utilisé aussi 3 analyscs publiées par Jud e ct al. (1973). Les échantillons 1—26
(tab. 3) proviennent généralement des roches fraiches et ainsi I'interprétation des résultats chimi-
ques a mené A la définition du type pétrographique, surtout pour les roches porphyriques qu’on
n’a pas planimétrées. Le tableau indique les variations des contenus d’oxides, relevant les valeurs
les plus élevées de CaO (a moyenne 5,26) et K,0 (2moyenne des alcalis 5,96, % ou KZO = 30,5 %),
qui ressemblent de ce point de vue aux roches banatitiques des régions environnantes (de Héilma-
giu, au sud des Monts Bihor) dont Ic CaO = 4,72 % et la moyenne des alcalis = 7,41 9% ol
K,0=46,8% (Stefan dans Lazdar et al, 1977).

Les données analytiques projetées sur le diagramme Peacock (Fig. 2) indiquent la valeur
57,5 de I'indice alcali-calcique démontrant le caractére sous-alcalin des magmas dont la différen-
tiation a généré les roches banatitiques de la région de Migureaua Vatei.

En ce qui concerne les éléments en trace, nous disposons de 19 analyses spectrales pré-
sentées dans le tableau 6. L’analyse des contenus mentionnés ci-dessus, nous méne aux conclu-
sions suivantes :

Les teneurs en éléments en trace ferromagnésiens peuvent étre corrélées avee ceux des
roches banatitiques de Sivirgin, dépassant ceux dela zone de Hilmagiu(Stefan dansL a Z4r
et al., 1977) et surtout de Vlddeasa (Istrate, 1979; Stefan, 1980). Les valeurs de Ni
sont plus élevées dans les roches banatitiques de Migureaua Vafei.

Les teneurs en éléments en trace déterminés, bien que celles en ¢léments majeurs
qui s’associent géochimiquement, ont été projetées sclon les valeurs de SiO2 (Fig. 4).

La faible différentiation du magma quarfz-menzodioritique est acéompagnée par 1a dimi-

nution des teneurs en V, Sc, Co, Ni, Cr et Cu parallélement & celles en Mg et Fe total (Fig. 4a). Au
cas de Ni, et surtout de Cr et Cu, on constate la dispersion des points.
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Bien que la tendance de Ca soit de diminution avec 1’accroissement de Si0,, Sr prisente
une dispersion accentuéc des valeurs (200 —6C0 ppm), sans qu’on constate aucune tendance
d’évolution. On explique cela par la présence de Ca, non seulement dans le réseau des plagio-
clases mais aussi dans ceux des pyroxénes et de 'amphibole qui diminuent au détriment de la
biotite a4 mesure que la différentiation avance; Sr est englobé dans le réseau des feldspathes
ct surtout des plagioclases, dont la composition et quantité varient d’un type de roche a I’autre.

Zr, Y, Yb, Be et Ga agissent comme éléments inertes pendant la différentiation (Fig. 4c)
et leurs teneurs oscillent autour des valeurs moyennes : Zr — 160; Y — 18,2; Yb — 1; Be —
1,9 et Ga — 17,6 ppm.

1I1. Obserpations pétrogénétiques

Ayant en vue les compositions minéralogiques similaires et les données géochimiques,
il résulte que la composition du magma a été uniforme, essentiellement quartz-monzodioritique,
et qu’elle a subi une faible différcntiation.

La consolidation des diorites et monzodiorites, en petits volumes, a été suivie par la
mise en place des monzodiorites quartzifércs et leurs variétés porphyriques, en grand nombre.
L’enrichissement en alcalis et quartz a engendré la formation des monzonites quartziféres, des
granodiorites et des porphyres granodioritiques du reste de magma.

Les aplites et les microgranites, formées de feldspath potassique et quartz, ont une fré-
quence tout a fait réduite. Les formations résiduelles du magma banatitique, devenu plus acide,
ont généré des phénomeénes pneumatolitiques et hydrothermales sur des aires restreintes, sur-
tout dans l’extrémité cst de l’intrusion principale.

La composition, surtout basique que granodioritique, caractéristique aux autres massifs
banatitiques appartenant aux intrusions laramiennes proprement-dites (cycle I, Istrate,
1979) et la température plus élevée du réservoir magmatique ont généréle métamorphisme intense
au contact avec les roches enncaissantes.

La présence des cornéennes en faciés pyroxénique dans les auréoles de contact, bien que
les occurrences de spurrite, tilleyite et gehlenite identifiées dans la région de Madgureaua Vatei
(Istrate etal,1978;Stefan etal., 1978) pledent pour I’idée suivant laquelle le magma
banatitique a eu une température élevée (plus de 700°C) et qu’elle s’est consolidée prés de la
surface.

Bien qu’on reconnait une contamination réduite dans la zone de contact entre les corps
intrusifs et les calcaires jurassiques, par I’apparition des faciés pétrographiques alcalins, le carac-
tére quartz-monzodioritiqur du magma n’a pas été déterminé exclusivement par ce phénoméne-1a.
Il semble représenter plutdt un trait caractéristique engendré par les conditions géotectoniques
o ce magma s’est formé.

EXPLICATION DE LA PLANCHE

La carte géologique de la région Migureaua Vatei-vallée de Birtin.
1, Sénonien : argiles, grés, conglomérats; 2, Barrémien-Aptien : schistes argileux, grés,
conglomérats ; 3, rhyolites; 4, rhyodacites; 5, andésites 4 hornblende et biotite ; 6, andésites
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alaugite et hornblende ; 7, Jurassique supéricur : calcaires ; 8, gabbros ; 9, dolérites ; 10, basaltes ;
‘11, microgranites et aplites; 12, granodiorites-granites (a), porphyres granodioritiques (b);
13, monzonites quartziféres ; 14, monzodiorites quartziféres (a), porphyres quartz-monzodiori-
tiques (b) ; 15, monzodiorites-monzonites ; 16, diorites-diorites quartziféres ; 17, produits du méta-
morphisme de contact : a, marnes ; b, cornéennes ; 18, ¢, skarns 4+ magnetite ; d, biotitisations;
e, tourmalinisations; 19, zones d’altérations hydrothermales: a, filons; 20, anciens travaux

miniéres.
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I S Project 39: Ophiolites of Continents and Comparable Oceanic Rocks
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PETROLOGY AND GEOCHEMISTRY OF DALSLANDIAN
ULTRAMAFIC AND BASIC METAMORPHOSED ROCKS OF THE
. GETIC UNIT (LOTRU MOUNTAINS)?

BY
HARALAMBIE SAVU 2 CONSTANTA UDRESCU? ERNA CALINESCU?

Basic rocks. Ultramafic rocks. Dalslandian. Metamorphosed rocks. Isogrades. Sillimanites
Petrochemisiry. Trace elements, Magmatic differentiation. Tholeiitic magma. South Car-
pathians. Crystalline Getic Domain. Lotru Mountains,

Sommaire

Pétrologie et géochimie de roches dalslandiennes basi-
quesetultrabasiquesmétamorphisées, del'unité Gétique (Monts
de Lotru). Les roches basiques et ultrabasiques dalslandiennes, métamorphisées dans les
conditions de I'isograde sillimanite, se sont formées dans une zone océanique précambrienne.
Elles forment, dans les schistes cristallins dalslandiens, de petits corps constitués de harzburgi-
tes et différents types d’orthoamphibelites, parmi lesquelles on remarque les titanamphibolites.
La composition chimique des roches et la distribution des éléments en trace désignent la diffé-
rentiation du magma primaire vers un magma abondant en Fe et Ti. Le magma primaire a
eu un caractére vtholeiitique et s’est formé dans le manteau supérieur, Les produits de sa diffé-
rentiation apparaissent comme éruptions au fond de I’océan dalslandien, étant métamorphisés
en péridotites et orthoamphibolites.

Introduction

The Getic crystalhne of the South Carpathians, which belongs
to the Upper Precambrian A (850 m.y.) — Dalslandian cycle — con-
tains numerous bodies of basic and ultramafic metamorphosed rocks.
The rocks from the Lotru Mountains, studied by us (Fig. 1), have been

1 Received on November 21, 1979, accepted for publication on November 26, 1979, pre-
sented at the Meeting of Martch 7, 1980.
? Institutul de geologie si geofizici. Str. Caransebes nr. 1, 78344 Bucurestl, 32.
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pointed out by S avu (1968) between the years 1961 —1964 and marked
on the maps on the scale of 1:50,000 Voineasa and Milaia, which may
be consulted for details. Besides these ultramafic bodies, the paper presents
also, in view of comparison, some other outerops lying outside the region
presented in Figure 1, which were encountered on the occasion of the
drawing up of the Voineasa (Savu, Schuster, 1975) and Mindra
(Pavelescu, 1970) maps. These outecrops have also been mentioned
by Ghika-Budesti (1934); Pavelescu and Pavelescu
(1964). This paper has in view the petrographie, mineralogical, geochemical
and genetical aspects of the above menmoned ultramafic and basic rock
bodies.

Oceurrence of Ultramafic and Basic Roek Bodies

The most characteristic Dalslandian ultramafic bodies from the
Lotru Valley basin, between Voineasa and Valea lui Stan, may be encoun-
tered on the Piscoaia Valley, at Voineasa, Ciunget and on the Sasa-Proeni
peak, east of the Piscoaia Valley (Fig. 1). The other bodies, studied by
us, lie within the Galbena lake zone on the Latorita Valley, on the Balindru
Valley, Hanes peak, Delusel peak, to the west and north-west of the peri-
meter of Figure 1 (Savu, Schuster, 1977).

The ultramafic bodies occur as concordant lenses, intercalated in
the terrigenous and basic voleanic crystalline schists of the paragneiss
and orthoamphibolite (C,) complex and rarely of the lower (C;) complex
(Savu, 1968) of the Sebes-Lotru series, which were metamorphosed
at the level of the sillimanite isograde passing to the kya,mte one upwards
to the north.

‘The ultramafic body, with the biggest dimensions, lies on the
Piscoaia Valley, below the Arsura hill (Fig. 1). It trends to the E —W,
parallel to the crystalline schists foliation, with a length of almost 750 m
and a thickness of about 500 m. The ultramafic rocks present, just like
those in California (Loney et al., 1971), a foliation (S,) parallel to the
foliation (8;) of the terrigenous crystalhne schists and consist of peridoti-
tes, usually amphibole and tale harzburgites, partially serpentinized and
serpentinites. The mass of this body contains a metamelagabbro schlieren,
almost 2 m thick. One may also notice green actinolite-tremolite amphi-
bole veins and clusters and thin veins of white chrysotile asbestos.

Such an amphibole vein presents an inner median zone which con-
sists of tale and actinolite-tremolite amphibole that passes laterally to a
thin, amorphous serpentinite zone, followed by a grainy serpentinite one
passing thus to the partially serpentinized peridotite (Fig. 2).

In the Piscoaia Valley basin one may also encounter other seven
small ultramafic bodies, out of which, one lies at the confluence of this
valley with the Petrosita Valley, three bodies lie on the western slope and
the last three ones lie on the eastern slope of the Piscoaia Valley, near
its mouth. These bodies consist also of serpentlmtes and partially serpenti-
nized peridetites.
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Fig. 1.— Distribution of Dalslandian ultramafic and orthoamphibolitic bodics
in the Sebes-Lotru series (Getic Nappe) between Voincasa and Valea lui Stan

(according to Savu,

1961—1964).

1, terrigenous crystalline schists (a); migmatites (b); 2, orthosmpbhibolites; 3,
ultramafic rocks ; 4, pegmatites ; 5, Danubian Autochthon ; 6, mylonites ; 7, Alpine

overthrust ; 8, fault.

TFig. 2.— Metasomatic vein in serpenti-
nites.
1, median zone with talc and actinolite-
tremolitic amphibole; 2, serpophytic
material; 3, serpentinite; 4, partially
serpentinized peridotite.
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East of Voineasa, two other ultramafic bodies lie on the hills between
the mouth of the Vitaful Valley and that one of the Voinesita Valley
(Fig. 1). They consist of serpentinites and peridotites, as well, which con-
tain scarce clusters of talc and green hornblende of the actinolite-tremolite
group.

pAnother ultramafic body lies north of Ciunget, on the Chica Lupului
crest (Fig. 1), where it associates with titanamphibolites and diopside and
garnet titanamphibolites. The amphibolitic rocks form here a bigger
concordant intercalation which lies within the crystalline schists of the
Sebes-Lotru series.

Within the area of the accumulation lake Galbena on the upper
course of the Latorita river, between Coasta Benghii and the Puru peak,
the Dalslandian crystalline schists of the Getic Nappe contain several
ultramafic rocks and amphibolite bodies, out of which we analysed the
both rock types.

Petrography and Mineralogy

Petrographically, the rocks of the bodies studied by us consist of
ultramafic and basic rocks.

1. Ultramafic rocks. The ultramafic bodies of this region consist mainly
of peridotites, the variety harzburgite, and serpentinites, sometimes asso-
ciated with amphibolic rocks. The ultramafic rocks contain products of
metasomatic alteration which consist of amphiboles, tale and sometimes
chromiferous chlorite.

a) Peridotites. The peridotites are black, fine-grained rocks.
They consist of the following characteristic mineral paragenesis : olivine-
rhombic pyroxene-hornblende-talc-magnetite, which formed during the
regional metamorphism. These minerals generate other secondary ones
in the conditions of the serpentinization process. Frequently there cccur
fine primary iron oxide grains, inchided in the olivine or associated with
tale and secondary iron oxides, forming a fine dust grouped together in
swarms, resulted from the replacement of olivine by antigorite, a mineral
which contains the -dispersed iron oxide dust (Pl., Fig. 1).

The olivine forms irregular crystals, generally of reduced dimensions,
with magnetite inclusions. The o¢livine crystals are often crossed by a
network of serpentine veinlets which lead finally to the formation of the
cellular structure. According to their texture, these veinlets are simple
or zoned. The last have the lateral parts consisting of serpentine and the
medium zone made of quasi-amorphous serpophyte.

The orthopyroxene is usually represented by an enstatite, less fre-
quent than the olivine. It occurs as prismatic crystals, sometimes partially
or wholly bastitized. The Voineasa bodies contain frequently bronzite
;;vith iron oxide separations on the cleavages and partially replaced by

astite.

According to the olivine and pyroxene frequency, the body on the
Arsura hill seems to present a banded structure : some bands abund in



ot

PETROLOGY, GEOCHEMISTRY OF ULTRAMAFIC AND BASIC ROCKS — LOTRU MTS 179

olivine and tend to dumtes, while others contzun besides olivine, pyroxene
and amphibole.

The hornblende is a green- coloul ed varlety of ‘rhe aetlnohte tremo-
lite group. Under the microscope, the mineral is colourless or slightly
coloured and has the extinction angle ¢ A Ng =15 —17°. The amphibole
contains iron oxide grains and sometimes partially serpentinized olivine.

The talc appears in well individualized colourless lamellae, which
form sometimes clusters associated with p111na1y maone’ute which some-
times occurs in skeleton-like crystals.

b) Serpentinites. These are blaek to dark green coloured
rocks, with conchoidal breaking and very . fine grained, formed at the
expense of peridotites. They consist mainly of antigorite — with olivine
relicts — amphibole crystals, tale, chlorite and opaque iron oxide grains.
Sometimes the serpentine replaces wholly the olivine and generates the
characteristic cellular structure .which consists of antigorite lamellae
with olivine relicts in the central zone of the ,,cells’’; when the olivine
is replaced wholly, the central part of these cells contains a swarm made
of secondary iron oxide dust. These fine grains may occur in concentrical
or 111e0u1ar narrow bands. The iron oxides cover also the fissures Whlch
Cross the serpentinites (Pl., Fig. 2).

The mainly antlcrorltlc mass of serpentlmtes contains sometlmes
bastite pseudomorphoses after orthopyroxene with which opaque iron
oxide  grains do associate.

Both the bodies on the Pdscoaia Valley and espeelally those in the
Voineasa-Ciunget region contain serpentinites with two chlorite types :
a green chlorite and & chromiferous one.

The first type forms often around some iron oxide grains or clusters.
The chromiferous chlorite — kiimmererste — is rather characteristic for
the serpentinites of this region. It is of violet or light red-violet colour.
This mineral associates with iron oxides into clusters. The eastern body
at Voineasa contains a metasomatic alteration zone with a veinlet that
consists exclusively of kdmmererite, associated with fine iron oxide grains,

In the highly migmatized zones to the west of Voineasa, the ultra-
matic rocks of “he lower complex (C,) of the Sebeg-Lotru seriesreact with
the migmatic solutions and pass to the marginal parts of the bodies, more
exposed to these interactions, into an amphlbole and phlogopite ultra-
mafic schists, like at the mouth of the Balindru Valley and on the Hanes
crest.

Such an example is g1ven by the reaction zone between an ultra-
mafic body on the Hanes crest, south of the $teflesti peak, and an anatec-
tic pegmatite body. Here, the serpentinite body consists of antigorite
with olivine relicts and actinolite-tremolite amphibole. Between this one
and the pegmatite body, there formed ultramafic schists of hornblenditic
character which may be divided into two zones : a light greenish amphibole
zone associated with phlogopite, lying in the neighbourhood of the serpen-
tinite mass and another zone consisting of highly pleochroic amphibole,
phlogopite, some plagioclase (An,) and many sphene crystals towards
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the pegmatite. The reaction phenomena among the rocks may be repre-
sented geochemically by the SiO,, Al,O,, FeO, Ca0O, V and Sc increase
from serpentinite to pegmatite and the Fe,0O;, MnO, MgO, Cr, Ni and Co
decrease in the same direction (Tab. 1 and 2, samples a, b and c).

The Galbena serpentinites underwent mylonitization phenomena
along the overthrust plane of the Getic Nappe. They are crossed by several
lamination planes, along which the antigorite lamellae are being distorted
and on which iron oxide grains and small magnesite patches do occur.
The whole rock is impregnated with magnesite which appears as very
fine grains to small crystals, pointing to an incipient listvenitization pro-
cess. The pseudomorphoses after the pyroxene consist of blue chlorite
which occurs in distorted lamellae impregnated with magnesite, too.

¢) Metamorphosed melagabbros. The body on the
Arsura hill, on the upper course of the Piscoaia Valley, contains meta-
melagabbro (orthoamphibolite) separations which consist of plagioclase,
green hornblende, biotite, talc and magnetite grains. The plagioclase
(Ang,) forms small crystalloblasts, polysynthetically twinned and weakly
sericitized which occur within the interstices of the amphibole prismatic
crystals. The amphibole represents almost 859, of the rock mass and
presents a weak pleochroism : Ng =light greenish-bluish; Nm ==light-
brown; Np = colourless; ¢ A Ng = 20°. The amphibole associates with
rare lamellae of light brown-yellowish pleochroic biotite, impregnated
with a fine, opaque dust. Talc lamellae may be rarely encountered.

2. Basic metamorphosed rocks. These rocks occur in association within
the same complex of Dalslandian crystalline schists, being represented
by orthoamphibolites metamorphosed at the level of the sillimanite zone.
The amphibolites at Chica Lupului and the lake Galbena have been stu-
died. ’

a)Titanamphibolites. The titanamphibolites on the Chica
Lupului summit consist of a green hornblende, garnet, clinopyroxene,
sphene and scarce plagioclase. They pass into common amphibolites
with hornblende and plagioclase 4 garnet, rare apatite crystals.

The hornblende is a dark green amphibole with a pronounced pleo-
chroism : Ng =dark green; Nm = brown-greenish; Np = yellowish;
¢ A Ng =20°. The pyroxene is a colourless diopside (¢ A Ng = 38°),
partially replaced by amphibole and limonite. The garnet, which forms
crystalloblasts with a diameter that exceeds 1 cm, is light red. It includes
hornblende, plagioclase and opaque mineral grains which lend it a poikilo-
blastic structure. The plagioclase forms small crystals with polysynthetic
twins. The sphene occurs frequently in idiomorphic crystals pointing to
the high metamorphism degree of Dalslandian formations of the sillimanite
zone. The opaque ilmenite and -magnetite grains are usually surrounded
by sphene grains and crystalloblasts (Pl., Fig. 3,4).

b)) Amphibolites. In the Galbena lake area, basic rocks are
represented by common amphibolites which consist of green hornblende
and plagioclase, and sometimes biotite. Due to the diaphthoresis process
and the transformations associated with the overthrust, the rocks are
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mylonitized and retromorphosed so that they present numerous lamina-
tion planes, along which both hornblende and plagioclase are being crushed
and replaced by a fine material, consisting of secondary amphibole crystals
and very fine zoisite and epidote grains. All over the rock the plagioclase
is saussuritized, while the hornblende loses colour and gets impregnated
with a fine, opaque dust.

Geochemistry

In view of the petrochemical and trace elements distribution study,
in the rocks from the Lotru Mountains, 33 samples have been analysed
chemically and by emission spectrography ; 24 samples are represented by
ultramatic rocks, 2 by hornblenditic schists and the rest represents diffe-
rent orthoamphibolite types (Tab. 1).

a) Petrochemistry. The different oxide contents of the
rocks from the ultramafic bodies point to their similarity. Thus, one may
notice no variation of the chemical components, these being homogeneous
bodies which did not differentiate ,,in sitw”. This may be easily inferred
from the analysis of the main ultramafic body, on the Arsura hill, with
the samnples no. 15 to 23 (Tab. 1) which represent a N —S geochemical
profile, drawn transversally on the body, along the Piscoaia Valley. One
may see that, except for the melagabbro level (analysis no. 20), which
is a rock corresponding to a fm-gabbroid magma with component values
different from those of peridotites, the other ultramafic rocks are almost
identical as regards their chemical composition. The Niggli parameters
(Burri, 1959) of the ultramafic rocks usually point to peridotitic mag-
mas (Tab. 2).

Petrochemically, the amphibolitic rocks (analyses no. 27 —33)
correspond to two groups of rocks, namely : (1) the Latorita amphibolites,
which may be assigned to common gabbroid magmas and (2) the Chica
Lupului titanamphibolites, which correspond to pyroxenitic and horun-
blenditic magmas. The latter contain 8.54-10.399, TiO, — which gave
their name — and 21.78-24.97 9%, total Fe,0,; (Tab. 1), exceeding the con-
tents of the vanadiferous titanomagnetite gabbros from the Drocea Moun-
tains, which are differentiated ,,in situ” (Cioflica, Savu, 1962).

The fact that, on the one hand, the serpentinite bodies associate
with common amphibolites corresponding to gabbroic or normal basaltic
magmas and with Fe and Ti-rich amphibolites, and on the other hand,
all these rocks lie especially within complex (C,) of the Sebes-Lotru series,
once rich in basic voleanic material, points to their strong correlation.
All these basic and ultramafic products belong to the initial magmatism
of the Dalslandian cycle (Savu et al, 1978).

On the whole, these magmatic products point to the differentiation
of an initial magma to Fe and Ti-rich magmas, as one can infer from the
diagram of Figure 3. The differentiation of the Fe and Ti-rich magma
took place at depth — like in the case of the vanadiferous titanomagnetite
gabbros of the Alpine sheeted dykes from Dumbridvita — its products
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TABLE 2
Niggli Parameters
a) Different bodies in the Loiru Basin
N Sam- . . R
[} ple Qz si al ¢ fm | alk | k ti P Q L { M |Magma type
11 18 |—44.67) 55.33] 1.29] 5.42{93.29] — | — — — | 4.23] 2.47|93.30| peridotitic
2| 4a |—40.56] 59.44] 1.57| 0.74/97.69] — | — | 0.18 |0.02| 6.85} 1.26,91.89| peridotitic
3f 11 |—40.46] 59.54| 1.48] 1.02{97.50f — | — | 0.03 {0.01] 6.85| 1.84/91.31| peridotitic
4y 5 [—40.75] 59.25} 1.75| 0.37|97.88] — | — | 0.05 |0.02] 6.85! 0.58/92.57| peridotitic
5/ "7 |—40.19; 59.81) 2.22! 1.20(96.58] — | — | 0.04 | — | 7.42| 2.22|90.36| peridotitic
6/ 16 |—40.11) 59.89) 2.03| 1.85/96.12) — | — | 0.03 | — | 7.36] 3.43(89.21| peridotitic
7| 5a |—41.25] 58.75| 2.18| 1.63/96.19] — [ — | 0.03 | — | 6.79] 3.04/90.17| peridotitic
8| 13 [—38.07 61.93| 1.86] 1.77/96.37) — | — | 0.06 | — | 8.42] 3.24|88.34! peridotitic
9| 14 |—39.67) 60.33| 1.93; 2.11/95.96] — | — [ 0.01 | ~ | 7.55] 3.57/88.88| peridotitic
10; 8 |—37.73] 62.27) 2.14| 1.96/95.90] — | — | 0.05 | — | 8.76] 3.57/87.67| peridotitic
11| 10 |—35.93| 64.07 1.92| 7.88/90.20] — | — | 0.06 | — | 9.63} 3.47/86.90] peridotitic
12! 6 |—37.23| 62.77] 2.43; 1.68/95.89] — | — — — | 9.20} 3.05|87.75| peritotitic
13} 1a |—34.16| 65.84| 2.26| 2.45/95.29] — | — — — |10.77| 4.03{85.20| peridotitic
14; 7347{—39.89] 62.43] 0.67] 4.43/94.32| 0.58(0.50; — — | 7.29] 2.29:90.42{ peridotitic
b) The Body on the Arsura Hill (Pdscoaia Valley)
15; 96 [—38.84 63.92} 2.58] 2.68/94.05] 0.69| 0.71| — | — | 9.04] 5.87/85.09| peridotitic
16; 97 |—38.81| 63.99] 3.41} 4.31{91.58] 0.70] 0.71] — | — | 9.52] 7.33/83.15| peridotitic
17/ 98 |—45.12| 57.12} 2,21} 4.25[92.98] 0.56{ 0.50 — | — | 5.13| 5.20/89.67| peridotitic
18y 99 |—43.09] 59.75] 2.94| 3.47/92.88| 0.71| 0.62] — | — | 6.90| 6.70{86.40| peridotitic |
19] 75 |—45.30f 56.38| 3.26f 3.77{92.55] 0.42| 0.40{ 0.04] — | 5.50] 6.90|87.60| peridotitic |
20] 76 |—39.87| 76.85/25.54|24.94(45.34} 4.18] 0.40| 0.12/ — [21.30j43.14/35.56) fm-gabbroid {
21) 77 |—44.42] 57.82| 3.11| 5.37/90.96} 0.56] 0.33] — | — | 6.07| 6.82{87.11] peridotitic
221 79 [—45.10{ 58.10{ 3.63| 3.37{92.20| 0.80] 0.66] — | — | 6.23} 8.18|85.59| peridotitic
23] 82 [—46.0 | 56.08| 3.47| 3.73]92.28| 0.52| 0.33] — | — | 5.32| 7.48/87.20| peridotitic
¢) Rocks on the Hanes Crest
24| a |—41.39] 58.61| 3.01] 3.48/{93.51] — — [ 0.04] — | 7.19] 5.58{87.23| peridotitic
25| b [—27.77| 87.83}16.22(27.56|52.32| 3.90 0.37| 5.00]0.49(21.96{28.21{49.83 —
26 ¢ |—17.62| 92.58| 8.81|25.37(63.27| 2.55 0.64] 2.06/0.23(22.59|16.51|60.90 —
d) Garnet Titanamphiboliles onthe Chica Lupului Summit
271 2 |—30.50| 88.18}11.75|21.76/61.82| 4.67| — {15.09{0.27{18.61/22.37|59.02] hornblenditic
28| 1 [—25.46] 84.30[13.77(27.03{56.76| 2.44] — [13.77|0.26{20.29|22.64]57.07] pyroxcnitic
291 3 |—14.16{105.68] 9.93(25.96|59.15] 4.96] — |51.32/0.28/23.73|18.89!57.38| pyroxenitic
30| 4 |—15.01} 99.15/10.48|23.80|62.18| 3.54] — |18.41/0.2822.82/18.12|59.06 hornblenditig
e) Basic Rocks on the Lalorifa Valley
311 20 |~ 2.16{147.52 27.15!22.68 37.75(12.42| 0.17{ 1.99(0.33{34.63]40.97|24.40| leucogabbroid
39| 19 |—23.82| 93.02|17.81]27.80;50.18] 4.21| 0.08| 0.36}— 2|24.3330.67j45.00| gabbroid
33| 17 |—56.08| 64.08{18.99/26.87(49.10} 5.04| 0.13! 1.81/0.13 12.19‘37.91 49 .90| gabbroid
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being emplaced afterwards in the formations of the Dalslandian geosyn-
cline, either as a lava flow or a titanium ferrogabbro intrusion; then fol-
lowed the metamorphism and the Dalslandian foldings.

FeO (tot)

AN

Na,0+K,0 ' / — MgO

I'ig. 3. -— Differentiation diagram of initial magmas from the Dals-
landian oceanic zone (Na,0 + K,0—TFe0 (tot) —MgO).
1, ultramafic rocks; 2, amphibolites; 3, titanamphibolites.

b) Trace elements distribution. Within the ultra-
mafic rocks of this region, the trace elements vary inside restricted limits
(Tah. 3), fact which may be seen clearly on the diagram of Figure 4. This
diagram also shows the homogeneity of the ultramafic body on the Arsura
hill, which stands out by the close values of the trace elements contents
that fall within the variation domains of these elements concentrations
in the other peridotitic bodies from the Lotru Mountains.

The medium values 3 registered on the diagram are close to the
medium values of ultramafic rocks mentioned by literature (Tur e-
kian and Wedepohl, 1961; Vinogradov, 1962; Goles,
1967) : 1600 —2400 ppm Cr, 1500 —2000 ppm Ni, 110 ppm Co, 40 ppm
V and 15 —16 ppm Sc. The COr/Ni ratio generally depasses 1, its medium
value being 1.19, and the Ni/Co ratio oscillates around the medium value
of 17.6.

3 The tracc elements contents of the melagabbro (sample 76) and of ¢ wo ultramafic
schists, a and b, of the Hanes summit have not been considered for the estimation of the
medium valuecs.
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In the melagabbro level on the Arsura hill, only Cr and Sc present
values characteristic for the ultramafic rocks, while the other elements
present values close to those of basic rocks. The ratio values Cr/Ni = 14.8
and Nif/Co = 3.15 differ from those characteristic for the ultramafic rocks.

TABLE 3
Trace Llemenis (ppm) in the Ullramafic Rocks from the Lotru Mounlains
a) Differeni DBodies in lhe Lolru DBuasin

O | = ; ; | I

No [SA o boNil G | Volose | Cu o N

ple | ! ‘, ; J } N Co

| i ! = i | l
1 18 | 2700 | 2350 { 143 40 10,5 7 1.15 16.4
2 4a | 3000 | 2600 | 148 | 57 12 38 1.15 17.5
3 11 2700 | 2500 130 | 39 14 42 1.08 19.2
4 5 1850 | 3000 132 46 11,5/ 11 0.62 22.7
5 7 | 2700 | 2400 130 61 13 27 1.17 18.5
6 16 1750 | 2400 140 | 59 14 5| 23 0.73 17.2
7 5a | 3800 | 2500 154 | 62 12 13 1.52 16.3
8 13 2600 | 2350 135 59 15 20 1.11 17.4
9 14 | 2850 | 2600 | 150 | 60 13 9.5 1.10 17.3
10 8 | 2900 | 2300 | 120 | 75 14.5 9 1.26 19.2
11 10 | 2900 | 2450 | 157 | 74 16.5; 26 1.18 15.6
12 6 3000 | 3100 | 136 86 18.5; 35 0.97 22.8
13 la | 3600 | 2800 | 140 | 85 20 2.9 1.28 20.0
14 7347 | 2100 { 1950 ; 110 46 10 17.5 1.08 17.7
by The Body on the Arsura ITill ( Piscoaia Valley)
15 96 | 2900 | 2300 135 47 14 9.5 1.26 16.3
16 97 | 2500 | 2300 | 135 48 10.5} 8 1.09 16.3
17 98 | 2800 | 2400 | 148 44 11 62 1.17 16.2
18 99 | 2600 | 2200 [ 120 47 12 12 1.18 18.3
19 75 3000 | 2200 | 130 45 10.5; 21 1.37 16.9
20 76 | 2750 186 59 | 108 14.5] 16.5| 14.8 3.15
21 77 2300 | 2100 | 115 42 10.5 4.5 1.10 18.3
22 79 3000 | 2200 126 42 11 11 1.37 17.5
23 82 2600 | 2050 115 | 39 11 15 1.27 17.8
¢) Rocks on the Ilanes Crest

24 a 4000 | 2000 220 48 12 25 2.00 9.1
25 b | 1600 | 440 68 170 | 39 7.5 38.63 6.5
26 ‘ c 520 135 60 330 1 50 { 160 3.85 2.3

The trace elements distribution within the basic metamorphosed
rocks (Tab. 4) points to the differentiation of the initial basaltic magma
into a Fe and Ti-rich magma. This differentiation is marked especially
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by an increase of the Zr content, element which, alone or in correlation
with Ti, is a marker of the basic magmas differentiation (Savu, Udre-
secu, 1975).

Having in view this geochemical characteristic of Zr, on the diagram
of Figure 5 we have drawn the main trace elements variation within basic

ppm.
5000 Cr
Ni
+ 3000 + 2800
2393
1000 7
] U 1
500 + 7
T 2 2
300 —X%3
1 Co
2—»138 v
100 7 '
]
i 1 85
30 A
Sc
13

10
Fig. 4. — Trace elements concentration areas and medium contents of ultramafic
rocks.
1, ultramafic rocks from the Lotru Mountains ; 2, ultramafic rocks from the Arsura
Hiil body ; 3, ultramafic rock medium values in the Lotru Mountains.

rocks depending on its variation. One may notice a linear increase of the
Y, Yb and V contents concomitantly with the Zr increase and the sudden
decrease of the Or and Ni values in the same direction. The cobalt is not
affected by the differentiation process and its values present a slight
oscillation within the rock series of Table 4. The same behaviour of trace
elements during the tholeiitic magmas differentiation has been recently
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mentioned by Beccaluva et al. (1977) for the ophiolitic rocks in
Corsica.

The very high Zr contents of the amphibolitic rocks from the Lotru
Mountains, which reach the value of 560 ppm and correspond to a very

high TiO, content (10.39 %), represent an extreme case of a basic magma
differentiation.

p.p.m.
Cry

10003

500 -

300 S

Pt ot adl

11l

—T T T T T L T

T T 111
10 30 50 100 300 500  Zr(ppm)

T
0
i
| | .
! !
19 17 20 1 72 43 Sample
number

Fig. 5.—Cr, Ni, V, Y and Yb variation diagram according to Zr contents of
basic metamorphosed rocks.
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TABLE 4

Trace Elements (ppm) in the Basic Rocks from the Lotru Mounltains
a) Garnet Titanamphibolites on the Chica Lupului Summil

{ ] 1
No S;{:‘ Ni | Co | Cri vise| Y ivyplzr |Pp | Cul Ga|Ba| sr| Li
i : & |
1 2 26 60 3 |620 | 77 70 | 44 | 360 9 30 19 | 22 | 190 45
2 1 30 55 4| 600 | 70 65 | 46 | 280 25 | 30 18 | 22 | 360 18
3 3 16 44 21 380 | 57 92 | 7 560 7 30 19 | 28 | 215 20
4 4 18 52 5| 470 | 62 88 | 6 550 8 52 17 | 36 | 220 24
b) Amphibolites on the Latorifa Valley
5 20 32 ‘ 31 44] 2007 37| 24 [ 2.2 90 20 401 22 | 820§ 680 16
6 19 | 240 52 | 860] 120! 45(<10 | <1 (<10 | <2 | 135 8 60| 240 26
7 17 | 145 55 | 200, 280; 50| 17 | 2.2 30 | <2 | 135 11 65| 240 22
!
Average
basic -
. 130 48 { 170 250 | 30 21 2.1} 140 6| 87 17 | 330| 465 | 17
rocks |

* According to M. Kraft and R. Schindler (1961).

Origin of Imitial Magmas and Reck Genesis

The Dalslandian initial magmatites formed, like the other eruptive
rocks of the same age from the South Carpathians, within an oceanic
zone, probably a primordial one (Giusgcd et al., 1969; Savu et al.,
1978). They originate in a tholeiitic magma, as one may see on the dia-
gram of Figure 6, drawn up according to Floyd and Winchester
(1975). These magmas were formed in the upper mantle, by partial or
whole melting of ultramafic materials and erupted in the oceanic zone.
The ultramafic bodies intruded or have been insedimented at the same
time with an intense sedimentation, being then metamorphosed, as we
have mentioned in a previous paper (Savu et al, 1977).

Being formed during the initial stage of the Dalslandian geosyncline
(ocean), the basic and ultramafic rocks have the same petrochemical
features as the Alpine ophiolites studied by Burri and Niggli (1945).
That is why, on the QLM diagram (Fig. 7) the common amphibolites on
the Latorifa valley are projected on the field of basic ophiolites, while
all the ultramafic rocks lie within the projection field of the Alpine ultra-
mafies from the corner M. The titanamphibolites ocecur in an intermediary
position.

These initial magmatites were highly metamorphosed at the sil-
limanite isograde level, together with the sedimentary deposits which
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included processes of anatectic migmatization at a temperature of 650 —
700°C and a pressure of almost 10 kb (S a v u, 1975). Under these condi-
tions, the basic rocks recrystallized to orthoamphibolites with or without
garnet and diopside, while the ultramafic bodies — whose initial petro-

PZ O5 %
' o1
40 x2
0,8
Fig. 6. —P,05 %——Zr diagram.
1, amphibolites ; 2, titanamphibo- 06 - a[kaﬁne
lites.
044
| / © 7 d
021 tholeiitic
o

T ¥ T T T ZF‘ pm)
100 200 300 400 500 (ppm)

graphic constitution rests unknown — passed to peridotites, with a fine
granulation and a manifest foliation and the characteristic paragenesis
olivine-rthombic pyroxene-actinolite-tremolite hornblende-talc-magnetite.

Q

M- L

Fig. 7.— QLM diagram.
1, ultramaftic rocks; 2, amphibolites; 3, titanamphibolites.
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It is worth mentioning the fact that this paragenesis, characteristic
for the ultramafic rocks of the metamorphic terrains, differs wholly from
the characteristic paragenesis of primary peridotites (magmatic), associa-
ted with the Alpine ophiolites from the Drocea Mountains, which consists
of olivine-poikilitic clinopyroxene-brown hornblende-phlogopite (S a v u,
1962).

Under the action of late and postmetamorphic solutions, at the
same time with the autoretromorphism phenomena inside the silico-
aluminous crystalline schists, the ultramafic bodies are affected by meta-
somatosis processes and especially by serpentinization. Their serpentiniza-
tion is partial or even general, while the necessary water for the conversion
of primary minerals into secondary ones comes from outside, by means
of the solutions generated by the regional metamorphism (Savu et al,
1977).

Thus, such as Coleman and Keith (1971) put it, the serpen-
tinization of ultramafic bodies is more intense on their margins, along
the foliation planes, lamination planes and faults, where the listvenitiza-
tion processes do also occur.

As a rule, normal serpentinization is accompanied by water addition
and the increase of the rock volurne. We mention that, in certain conditions,
Si0, and sometimes K,O are being introduced together with the water.
The silica, the MgO and the CaO which are mobile during the serpentiniza-
tion process, generate metasomatic amphibole, serpentine and talc veing
along some fissures and faults just like in Figure 2; this situation has
also been noticed in the case of other Dalslandian bodies (Savu
et al., 1976).

Coneclusions

The present study leads to the following main conclusions :

The Dalslandian ultramafic and basic rocks, metamorphosed under
the sillimanite isograde conditions, were formed within a Precambrian
oceanic zone.

Within the Dalslandian crystalline schists they form small harzbur-
gite bodies and different orthoamphibolite types, out of which the titan-
amphibolites stand out.

The chemical composition of the rocks and the trace elements dis-
tribution point to the differentiation of the initial magma into a Fe and
Ti-rich magma.

The initial magma had a tholeiitic character and formed in the
upper mantle.

Its differentiation products have erupted on the Dalslandian ocean
floor, where they were metamorphosed into peridotites and orthoamphibo-
lites.



19 PETROLOGY, GEOCHEMISTRY OF ULTRAMAFIC AND BASIC ROCKS — LOTRU MTS 193

REFERNCES

Beccaluva L., Ohnenstetter D, Ohnenstetter M., VenturelliG.
(1977) The trace clement geochemistry of Corsican ophiolites. Conir. Mineral. Petrol.,
64, p. 11-—-31, Berlin.

Burri C.(1959) Petrochemische Berechnungsmethoden auf aqulvalenter Grund]age ‘Stuttgart,
334 p.

— Niggli P. C. (1945) D1e jungen Eruptivgesteine des mediterranen Orogens. Ziirich.

Cioflica G., Savu H. (1962) Neue Beitrige zur Kenntnis der Bildungsméglichkeiten
der Titanomagnetite im Drocea- Gebirge. Rev. Géol.-Géogr., V1, 1,p. 123 —137, Bucuresti.

Coleman R. G, and Keith T. E. (1971) A Chemical Study of Serpentmlzatlon Burro
Mountain, California. Jour, Petrol 12, 2, p. 311328, Oxford. h

Floyd P. A. and Wimchester J. A, (1975) Magma type and tectonic setting dis-
crimination using imobile elements. Earth Planet. Sci. Leit., 27, p. 211 —218.

Ghica-Budesti $t. (1934) Etudes géologiques et pétrographiques dans les Muntii Lotrulyj
(Carpathes Méridionales — Roumanie). An. Inst, Géol. Roum., XVI, p. 5—68, Bucuresti,

Giusca D, Savu H., Bercia I., KrdutnerH. (1969) Sequence of Tectonomag-
matic pre-Alpine Cycles on the Territory of Romania. Acta Geol, Acad. Scienf, Hung.,
13, p. 221 —234, Budapest.

Goles G. G.(1967) Trace elements in ultramaficrocks. In,,Ultramafic and Related Rocks’’ J.
Willie Ed. John Wiley, p. 352362, New York. )

Kraft M, Schindler R. (1961) Periodisches System der Elemente. Berlin.

Loney R. A,, Himmelberg G. R, and Coleman R. G. (1971) Structure and
petrology of the Alpine-type Peridotite at Burro Mountain, California, U,8.A., Jour,
Petrol., 12, 2, p. 245—310, Oxford.

Pavelescu L., Pavelescu Maria (1964) Cercetéri geologice §i petrografice in capitu.
de est al autohtonului Carpatilor Meridionali, D.S. Cem. Geol., L|1, p. 51—63, Bucuresti

Pavelescu Maria (1970) Harta geologici a R. S. Romania, sc. 1 : 50,000, foaia Mindra,
Ed. L.G.G. Buecuresti,

¢

Savu H. (1962) Asupra unor iviri de roci nltrabazice din partea centrald a geosmclmalulm
Muresului. D.S. Com. Geol., XLV, p. 59—89, Bucuresti.

— (1968) Sienitele cu nefelin de la M#laia §i poziia lor in structura cristalinului Lotrului.
D.S. Inst, Geol., LIII/3, p. 79—117, Bucuresti.

~— (1975) Particularités des types de métamorphisme régional préalpin sur le territoire de
la Roumanie. An. [.G.G., XLVY, p. 219—239, Bucuresti.

— Schuster A. C. (1975) Harta geologicd a R. S. Roménia, scara 1 50.000, foaia,
Voineasa, Ed. I.G.G. Bucuresti.

— Udrescu Constanfa (}975) Distribution of Zr in some basic rocks from Romania
and its petrological significance. X-th Congress CBGA, 1V, p. 214221, Bratislava, 1973,

— Vasiliu Cecilia, Popescu Florica (1976) Amfibolii actinolitici din z#ci-
mintul de talc de la Pirvova (Muntii Sememc) D.S. Inst. Geol. Geofiz., LXII/2 p. 73—86,
Bucuresti.

— Schuster A, C. (1977) Tectonica si metamorfismul sisturilor cristaline dalslandiene

din regiunea Voineasa-Lacul Vidra (Muniii Lotrului). D.S, Insf, Geol, Geofiz., LXIII}5,
p. 101—123, Bucuresti.

13 — c. 553



194 H. SAVU et al. 20

— Maier O, Neacsu Vasilica, Udrescu Constanta (1977) Petrografia
i geneza corpului de roci ultrabazice de la Cuca — Muniii Semenic. D.S. Inst,” Geol.

Geofiz., LXI11/1, p. 113—130, Bucuresti.

Maier O, Bercia I, Hirtopanu I (1978) Dalslandian metamorphosed for-
mations in the Southern Carpathlans Rev. Roum. Géol. Géophys., Géogr., Geologze, 22,
p. 7—17, Bucuresti.

Turekian K. K., Wedepohl K, H. (1961)Disfribution of the elements in some major
units of the Earth’s crust. Bull. Geol, Soc. Am., 72, p. 175—-192, Washington. '
Vinogradov A. P. (1962) Average contents of chemical elements in the principal types

of igneous rocks of the Earth’s crust. Geochemistry, 1962, p. 641 —664.

?

QUESTIONS

H. Hann: 1. Is the contact between a pegmatite and an ultramafic body discordant
or concordant? Which is the variation of mineral granulation (namely of amphiboles) from
the ultramafic body to the pegmatite? X
2. Which are the other proofs of reaction between pegmatite and the ultramafic body, besides
the amphibole pleochroism variation ?

Answer : 1. The ultramafic bodies are concordant with the crystalline schists, just like
their foliation, which formed at the same time with the terrigenous rock foliation.

2. The modification of the mineralogical associations, starting from the contact with the
pegmatite body towards the inner part of the ultramafic . body. Such cases are known in lite-
rature. )

M. Sindulescu Having in view the fact that the rocks described in the paper have
formed in an oceanic domain, characterized by an oceanic crust (without a granitic cover),
do the authors consider implicitely that the whole pile corresponding to the Sebes-Lotru series
has formed in an oceanic domain"?

Answer :In1969, Gius cd etal. mention in their paper that this series of metamorphic
formations has formed in an oceanic zone lying on the East European continent borders. Mag-
matic products and metamorphosed sedimentary rocks, formed in different regions of the Earth,
such as the Apallachians, the Urals etc.

Doina Russo-Sdndulescu: If these small lenses (except for the somewhat
bigger body on the Piscoaia valley) are supposed to form an ophiolitic complex, will you tell
us something about the emplacement of these basic and ultramafic rocks among the schists
which were initially of sedimentary terrigenous nature?

Answer : You are making a confusion, as in the paper we do not show that the rocks
under discussion form an ophiolitic complex. The emplactment of the basic magmatic rocks,
out of which resulted the concordant amphibolites of C complex including ,,paragneisses and
amphibolites”, has occurred concomitantly with the deposmon of pre-metamorphic terrigenous
rocks. At the same time, the ultramafic rocks have been emplaced and then they were meta-
morphosed together with the sediments. The metamorphism was so intense that it wiped out
any proof which could show if the ultramafic rocks have been intruded in the pre-
metamorphic sedimentary rocks or included in them as olistoliths torn off , another zone of
the Dalslandian ocean, parallel to the one in which they occur at present.
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DISCUSSIONS

M. Trifulescu: 1. The ultramafic rocks are younger, as they contain metamorphic
rock enclaves from the Lotru series, while the amphibolites of the Lotru series are older.
2. The ultramafic rocks occur on a directional alignment, parallel to the Lotru fault, on which
:the Méinadileasa ultrabasites do also occur, being included in the Danubian domain, shifted
as compared to the Getic one, on which the upper mantle magmas did migrate.

3. The Pdscoaia ultrabasites are crossed by Paleozoic pegmatites. Thus their exact age is hard
to establish, starting from Dalslandian to Upper Paleozoic. The Paleozoic pegmatites form
reaction metasomatic aureolas with the asbestos, phlogoplte, vermiculite and talcum, that is
-they are younger than the ultrabasites.

4. The Fe and Ti contens should be given as soluble Fe and TiO, in order to use them as
prospection criterion.

Answer : 1, The basic and ultramafic rocks, being metamorphosed concomitantly with
the terrigenous crystalline schists, should have the same age as the latter, or should have formed,
at least, during the same Dalslandian tectonomagmatic cycle.

2. No ultramafic body is known in t‘he Getic Nappe, along the Lotru fault. The situation is
the same for the Danubian Autochthon. If one looks at the map of this region, one realizes
that the position of these rocks is quite different.

3. Being formed during the Dalslandian metamorphism, the Sebes-Lofru pegmatites cannot
be of Paleozoic age. On the contrary, the fact that they cross the ultramafic bodies demon-
strates that the latter have been emplaced before this metamorphism.

4. The clements linked to the metallic minerals may be calculated on the basis of the global
chemical analysis.

EXPLANATION OF PLATE

Fxg 1. — Peridotite from the central part of the Dealul Arsurii ultramafic body. Péscoaia
valley. Nie. IT; X 20.

Fig. 2. Serpentinite with olivine relicts. Piscoaia valley. Nic. I1; x 20.

Fig. 3. Titanamphibolite with magnetite grains surrounded by several sphenc crystaIs Chica
Lupului crest. Nic. IT; x 20.

Fig. 4.— Small magnetite grain aggregates, surrounded by several sphene crystals, all included
in amphibole. Titanamphibolites on the Chica Lupului crest. Nic. II; X 20.
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Abstract

MineralogicalCharacteristics ofthe Moldovit{a Sandstone
(East Carpathians). The paper deals with heavy minerals within the Moldovifa sand
stone (Middle Eocene). The following paragenetical association: garnets + rutile + zircon
was established. )

A) Date stratigrafice generale

In bazinele v#ilor Moldova si Moldovita Paleogenul din cadrul
pinzei de Tarcdu prezintd unele particularitdti faciale, motiv pentru care
s-au deosebit in cadrul acestei unitdti dous domenii faciale : unul vestic
(intern) situat intre pinza sisturilor negre, la vest, si linia teetonicd Poiana
Crucii, la est, pe care l-am numit faciesul de Ciuméirna-Vama (A le x a n-

drescu, Brustur, 1979). La est de linia tectonicd amintitd se dez-
voltd domeniul faciesului estic (extern) cunoscut sub numele de facies
de Putna (Joja, 1953).

Faciesul de Ciumfrna-Vama se caracterizeazid prin dezvoltarea
predominantd a doud entitdti litostratigrafice (strate de Ciumérna si
gresia de Moldovita) situate intre stratele de btraja, din culcus si stratele
de Plopu, -din acoperis.

1 Predatd la 16 decembrie 1979, acceptatd i)entru publicare la 20 mai 1980, comunicata
in sedinfa din 18 aprilie 1980.

2 Institutul de geologie si geofizicd, Str. Caransebes nr. 1, 78344 Bucuresti, 32.
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- Faciesul median (al gresiei de Tarciu) avind o mare dezvoltare la
sud de valea Blbtrltel nu a, fost intilnit ca a,tare, asa cum s-a susjinub
anterior. In acceptia c# gresm, de Tarciu se afunds in zona Secu-Buhalnita
(valea Bistritei), sub pmza $1St111‘1101’ negre (Béncila, 1955, 1938),
aceasta ar trebui s# se giseascd, in aceastd parte, dispusd spafial, la vest
de faciesul de Ciumirna-Vama, prinsd probabil sub planul de 1nca1ecare
a unitdf{ii de Audia.

a) Gresia de Moldovita (Lutefian superior). Denumirea de gresie
de Moldovita a fost propusd si utilizatd de Alexandrescu (1871—
1973) 3 pentru a desemna acea entitate litologicd, situatd peste stratele
de Ciumdirna 2, din culcus, si stratele de Plopu din acoperis. (Numele
provine de la valea Moldov1ta, in bazinul cireia aceastd entitate este
mai bine dezvoltatd).

Grosimea gresiei de Moldovita atinge cca 400 m in zona vesticd
(anticlinalul Micldusa) si scade treptat spre est (exterior), ajungind la
cca 100 m (sinclinalul Ciumirna-Molid) si se efileazd la partea externd a
domeniului faciesului de Ciumirna-Vama. Pentru acest episod arenitic,
situat sub stratele de Plopu, s-a utilizat i numele de strate de Tazldu
(Ionesi, 1967, 1971).

La alcatulrea gresiei de Moldovu;a, participd roci pelitice, arenitice
si ruditice, imprimind acestei entitd{i caractere de fluxo-turbidit proximal,
avind un grad ridicat de imaturitate.

Rocile pelitice sint reprezentate prin sisturi argiloase cenugii si
yisturi argiloase virgate (rosii §i verzi) asa cum se constatd pe pu iul Palti-
nului la vest de Vatra Moldovitei.

Arenitele si ruditele constituie elementele principale ale gresiei de
Moldovita. Primele se dispun in strate submetrice sau metrice (1—-3 m),
fiind constituite preponderent din granule de cuart (609%) si feldspati
(20—259%,), la care 'se adaugd in proportii variabile muscovit §i biotit
(10—12%), fragmente litice (metacuartite, gnalse cu microclin, micrite
si elemente de slsturl verzi de tip dobrogean) in proportie de 10 209,
51 bioclaste [fragmente de cochilii de brahiopode, bivalve, foraminifere
(globigerinide, nummuliti §i discocycline), briozoare, melobesiee etc.],

_iar ca minerale autigene glauconit (1—8 %) ) §i piritd. Proportia dintre
granulele 'de cuarf §i feldspati imprimé& uneori caracterul arcozian sau
subarcozian al gresiei de Moldovita.

Ruditele se individualizeaz# la baza ritmurilor arenitice, avind
10 —35 cm grosime sau in alte cazuri mai mult si sint alcituite preponde-
rent din elemente de sisturi verzi de tip dobrogean, la care se adaugi
proportii variabile de sisturi cristalofiliene (metacuarfite, gnaise) si roci
sedimentare (micrite §i marnocalcare preexistente). Detritusul organic
este reprezentat prin fragmente sau cochilii intregi de nummuliti si disco-
cycline. Elementele componente imprima3, rudltelor un caracter pregnant
petromictic.

3 Harta geologicd a R.S.R., sc. 1:50.000, foaia Cimpulung (1974), Arh. IGG, Bucuresti.
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Gresia de Moldovita urméireste directia celorlalte formatiuni, care
sint dispuse NV —SE, si de la vest citre est, apare pe urmétoarele structuri :
in valea Paltinului, apare in flancul unui anticlinal prins sub planul de
incilecare a unitidtii de Audia, apoi in anticlinalele Micldusa-Deia si Argel-
Vama, $i mai spre est in flancurile sinclinalului Ciumérna-Molid. In valea
Suha bucovineani, apare in flancurile sinclinalului Géinesti-Stulpicani (la
nord-vest de muntele Girileu-Stulpicani) precum si pe piriul Brusturosu-
Plotonita. : A

In majoritatea locurilor enumerate, se observd in mod clar pozitia
stratigrafici a gresiei de Moldovita care este situatd peste stratele de
Ciumirna-Sucevita si suportd stratele de Plopu. - ,

Microscopic, in gresia de Moldovita se recunosec resturi de organisme
(nummuliti, discocycline, globigerinide si alte foraminifere) care de obicei
apar in episoadele in care sint mai abundente elementele de sisturi verzi
dobrogene (piriul Palamania, piriul Sildtrue, piriul Paltihului ete.).
Aceastd asociere dintre foraminiferele mari i elementele verzi dobrogene
ar sugera ipoteza ci concomitent cu elementele verzi dobrogene au fost
aduse si resturile de organisme (Alexandrescu, Brustur, 1979).
Gresia de Moldovita a oferit, insd, si numeroase puncte in care se gisesc
concentrate foraminifere mari (Micldusa, Doabra ete.) din care Tones i
(1963, 1971) a determinat asociatii bogate de nummuliti, assiline, disco-
cycline si asterocycline. Dupd prezenta acestor foraminifere, gresia de
Moldovita poate fiatribuitd uneipértia Eocenului medin (Ionesi, 1971).

b) Caractere mineralogice. Caracterele mineralogice ale gresiei de
Moldovita sint redate prin speciile mineralogice, gradul de sortare, frecventa,
repartitia granulelor componente §i natura liantului.

Textura este psamiticd (@ = 2—0,063 mm), grosierd sau mediu-
grosierd, cu grad de sortare mediu (8 = 0,35—0,80), cu structurfd com-
pacti. ? o
Liantul, de naturd argilo-carbonatics (2—5%), cu un grad redus de
participare, poate fi in unele cazuri de atingere sau in altele bazal. Mai
rar se observi-ciment de naturd silicioasd (opal-calcedonie) §i remobilizéri
ale -silicei prin corodarea grinulelor de cuar} sau feldspati.

. Caracterul geometric al granulelor variazé de la rotunjite si subro-
tunjite (Ro = 0,7—0,9), la coliurcase si subcolturoase, intre termenii
extremiexistind tranzitii gradate, functie de natura elementelor compo-
nente, de conditiile de alterare §i de durata transportului. In general,
fragmentele litice sint mai colturoase sau angulare, in raport cu fragmen-
tele mai mici sau granulele minerale. Materialul clastic este atit alogen
cit i autigen ; din prima grupé cel mai de seami reprezentant este cuartul,
participarea sa procentuald in multe cazuri depdsind 60%. Feldspatii
(ortoclazi si plagioclazi) apar in procente mai mici, rareori pdstrindu-gi
maclele polisintetice, clivajele zonate sau maclele in retea cel mai adesea
apar cu grade diferite de alterare (sericitizare). 3

Micele sint frecvent reprezentate prin mmuscovit gi mai putin biotit,
ultimul prezentind diferite grade de‘alterare (decolorare prin pierdere de
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Fig. 1. — Schitd geologicd cu localizarea profilelor analizate (dupa harta 1.G.G. foaia Rid#u,
completaté).

1, Cuaternar (terase + aluviuni); 2, pinza sisturilor negre (Audia-Cernahora); pinza de
Tarcéu ; 3, Oligocen (marne bituminoase si menilite inferioare, gisturi disodilice, gresie de Fusaru,
gresie de Kliwa si strate de Vinetisu); 4, Priabonian (strate de Plopu si gresia de Lucé-
cesti) ; 5, Lutetian (gresia de Moldovita); 6, Lutetian-Paleocen (strate de Straja, strate de Ciu-
mirna-Sucevila si strate de Putna); 7, Neocomian-Senonian (sisturi negre, strate de Cirnu si
strate de Hangu) ; 8, linia Audia (LA); 9, falie inversd ; 10, falie impartanti ; 11, falie transver-
sald; 12, profile analizate : 1/, piriul Paltinul (Pdusa); 2’, piriul Micldusa ; 3‘, piriul Deia ; 4/,
pirtul Lupodia ; 5%, pirful Tocila ; 6, piriul Doabra ; 7, piriul Scoruset-Dragosa ; 8’, pirful Puiul-
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Fe i Mg si cloritizare). Tot dintre alogene mentionim mineralele grele
(turmalind, zircon, rutil, granati, monazit, anatas ete.) gi fragmentele
litice. .

Autigenele sint reprezentate in primul rind prin oxizi de fier, glauco-
nit, caleit ete.

Gradul avansat de imaturitate al gresiei de Moldovita reflectd condi-
tiile de sedimentare ale bazinului respectiv, mare parte a materialului
alogen fiind produsul mai multor cicluri de sedimentare. Prezents elemente-
lor de sisturi verzi de tip dobrogean ar sugera ipoteza cé detritusul ar pro-
veni in parte din regiuni situate la estul (exteriorul) bazinului de sedimen-
tare, al cdrui uscat elibera material pentru bazinul flisului marginal.
Cantitatea redusd de clastice care ar putea s& fi provenit din nuecleul
cristalin al Carpatilor indicd un transpert mai redus din aceastd zoni.
Faptul c¢i gresia de Moldovita prezintd o grosime mai mare in partea
vestici nu implicd si obligativitatea ca materialul ei detritic s proving
din regiuni vestice, fiinde# odatd debusat in bazinul flisului paleogen
marginal, acest material ar fi putut si.fi fost redistribuit de curentii marini.
Astfel, ne gisim in fata a doud arii principale de alimentare : una situaté
in zonele externe, care furniza elementele de sisturi verzi si cealaltd situati
in partea vesticd, care furniza materialul cristalofilian.

B) Continutul in minerale grele

Din gresia de Moldovita (fig. 1) s-au colectat un numdir de 52 de
probe, care provin din 12 profile aparfinind celor 5 structuri principale :
anticlinalele Paltinul (valea Piusa), Micldusa (viile Micliusa gi Deia),
Argel-Vama, (viile Moldovita si Moldova), sinclinalele Ciumdrna-Molid
(vaile Lupoaia, Doabra, Toeila, Scoruset-Dragosa, Puiul-Dragosa) 5i Gdinesti-
Stulpicani (valea Suha bucovineand i piriul Brusturosu-Plotonita).

Dupd operatiile de preparare si tratare a probelor in laborator,
in vederea examenului microscopic, s-au obfinut urmétoarele clase granu-
lometrice : 0,50—0,25 mm; 0,25—0,16 mm; 0,16 —0,10 mm i 0,10—
0,06 mm. Din valorile cantitative ale celor patru clase granulometrice
obtinute (fig. 2) s-a constatat ci cele mai bogate in specii minerale grele

Dragosa ; 9’, valeca Moldovei (cabana Vama); 10°, valea Moldovei-Vama (versantul drept);
11’, valea Suha bucovinean#-Stulpicani; 12°, pirtul Brusturosu-Plotemniia.

Esquisse géologique avec I’emplacement des profiles analysés (d’aprés la carte de I'IGG,
feuille RAd3uti, augmentée).

1, Quaternaire (terrasses - allavions); 2, nappe des schistes noirs (Audia-Cernahora) ;
nappe de Tarciu ; 3, Oligocéne (marnes bitumineuses et ménilites inférieures, schistes dissodili-
ques, grés de Fusaru, grés de Kliwa et couches de Vinetisu) ; 4, Priabonien ‘(couches de
Plopu et grés de Luc#Hcesti) ; 5, Lutétien (grés de Moldavila) ; 6, Lutétien-Paléocéne (couches de
Straja, couches de Ciumdirna-Sucevifa et couches de Putna);7, Néocomien-Sénonien (schistes
moirs, eouclies de Cirnu et couches de Hangu); 8, ligne Audia (LA); 9, faille renversée; 10, faille
principale ; 11, faille transversale; ‘12, profiles analysés : 1°, e ruisseau Paltinul (Piusa); 2/,
le ruisseau Micldusa ; 3’, le ruisseau Deia ; 4/, le'ruisseau Lupoaia ; 5, le ruisseau Tocila ; 67, le
ruisseau Doabra; 7%, le ruisseau Scoruset-Dragosa ; 8’, le ruisseau Puiul-Dragosa; 9/, la val-
lée de la Moldova (le chalet Vama); 10, la vallée de la Moldova-Vama (le versant droit);11’,
la vallée de Suha bucavineani-Stulpicani; 12/, le ruisseau 'Brusturosa-Plotonita.

14 - ¢,553 45
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sint.clasele miei (0,16—0,10 mom si 0,10—0,06 mm). Din insumarea tuturor
valorilor cantitative, s-au obtinut valorile medii pe profile care sint ilus-
trate in tabelul 2. Procente mai ridicate de minerale grele s-au constatat
in zonele interne (vestice) ale gresiei de Moldovita (anticlinalul Micldusa-

mg
0800 -
0,700 1
0,600/
0500+
0.400 ]
0300/
0,200

0,100+

Profite

1 2 3 4 5 6 7 8 9 10 1w 2

Fig. 2. Valorile cantitative medii ale mineralelor grele din gresia de
Moldovita.

1, piriul Paltinul (P4usa) ; 2, piriul Micliusa; 3, piriul Deia; 4, piriul

Lupoaia ; 5, piriul Tocila; 6, piriul Doabra; 7, piriul Scoruset-Dragosa ;

8, piriul Puiul-Dragosa ; 9, valea Moldovei (cabana Vama) ; 10, valea Moldo-

vei (versantul drept); 11, valea Suha bucovineani-Stulpicani; 12, piriul

Brusturosu-Plotonifa.
- Les valeurs quantitatives moyennes des minéraux lourds du grés de Moldo- ‘
vita.

1, le ruisseau Paltinul (Piusa) ; 2, le ruissean Micldusa ; 3, le ruisseau

Deia ; 4, le ruisseau Lupoaia ; 5, le ruisseau Tocila ; 6, le ruisseau Doabra ;

7, le ruissean Scoruget-Dragosa ; 8, le ruisseau Puinl-Dragosa; 9, 1a vallée

de ]a Moldova (le chalet Vama); 10, la vallée de la Moldova (le versant

droit) ; 11, 1a vallée de Suha bucovineans-Stulpicani ; 12, le ruisseau Brus-
' _turosu-Plotonita.

Deia). Valori mai mici cantitative aw fost determinate pe structurile
Ciumirna-Molid (piriul Tocila) si G#inesti-Stulpicani (valea Suha buco-
vineani) si piriul Brusturosu-Plotonita. In zona anticlinalului Argel-Vama,
valorile medii ale mineralelor grele, pe profile, sint apropiate si moderate.

@) Analiza mineralogicd a fractiei grele din gresia de Moldovita &
pus in evidentd prezenta urmitoarelor specii minerale, a ciror participare
procentuall ¢ este redatd in tabelul 1 : minerale opace, granati, rutil, zircon,
staurolit, turmalini, hornblend#, disten, epidot-zoizit, sfen, s1111mam1;
monazit, clorlt “hipersten, cloritoid, brookit, biotit si anatas

f

4 La calcularea pi'oqéntelor s~a tinut seama de greutatea ,specificé a fiecdirui mineral.
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Prin insumarea valorilor procentuale pe specii minerale, pentru
fiecare profil in parte, s-au obfinut valorile procentuale medii redate in
tabelul 2, la care vom face referiri.

Din examinarea rezultatelor obtinute, reiese ci din toate profilele
enumerate, cele mai mari acumuliri cantitative revingranatilor, ale ciror
procente variazd intre 45,68—69,99%, (valea Plotonita — valea Suha
bucovineand, tab. 2). Din repartitia valorici a granatilor se observd ci
cele mai ridicate valori (peste 649%,) se gisesc pe profile apropiate (valea
Moldovei, structura Argel-Vama) si structura Géinegti-Stulpicani, in timp
ce valorile minime au fost identificate pe profilele Tocila i Brusturosu-Plo-
tonita. Granatii apartin varietdtilor almandin si grosular si apar sub forma
de granule eolfuroase sau rotunjite (ageminitori din acest punct de vedere
acelora din gisturile verzi dobrogene).

In ordine procentuals, oxizii fierului (mineralele opace) urmeazi
granatilor, care in contrast cu acestia, prezintd concentratii maxime in
profilul viii Tocila (29,959%,), valori medii in profilele Doabra, Scoruset-
Dragosa si Puiul-Dragosa, iar valori minime de cca 6,02%, in valea Suba
bucovineand, la Stulpicani. Oxizii sint reprezentati prin magnetit, hematit
si limonit (ultimele doud autigene).

Din grupa mineralelor foarte rezistente la alterare si transport
(rutil, zircon, turmalind), zirconul apare in acumuliri mai notabile in pro-
filele Miclduga-Deia, Doabra, Scoruset-Dragosa, Tocila si Stulpicani.
Concentriri maxime (239,) au fost evidentiate in profilul Brusturosu-Plo-
tonifa, iar minimele (5,96%,) in profilul Lupoaia. Abundenta acestui
mineral in unele profile, comparativ cu cantitatea din sectiunile subtiri
(din aceeasi probd), nu este prea mare, dacd raportdm valorile procentuale
ale zirconului la cantitatea totali de minerale grele care nu depiseste
0,250 mgY%,.

Conservarea contururilor, a fefelor de prismi, ca si zonarea $i menti-
nerea perfectd a virfurilor piramidale ar pleda pentru un transport relativ
nu prea indepirtat si destul de rapid, daci nu admitem regenerarea auti-
gend a acestul mineral.

Raportul dintre valorile cantitative ale zirconului si rutilului este
invers, observindu-se ci acolo unde unul dintre ele creste, celilalt este
in sciddere. Astfel, cele mai ingemnate valori cantitative au fost intilnite,
pentru rutil, in profilul Lupoaia (10,07%, tab. 2).

Anatasul i brookitul au aparitii sporadice. Rutilul cu cele doud
modificatii polimorfe, impreund cu zirconul, monazitul i turmalina alcd-
tulesc grupa mineralelor stabile.

Hornblenda apare in cantiti$i mici in toate profilele, nedepdsind 29,
ceea ce ar sugera un aport foarte slab din zona sisturilor cristalofiliene
mezometamorfice. Ea apartine varietdf{ii de hornblendd verde cu pleo-
croism evident §i facies prismatic. Faptul cd hornblenda se altereazd
destul de ugor nu explicd procentele mici in care apare sau chiar lipsa ei.
Mai plauzibild ar pirea. ipoteza, conform céreia detritusul inifial a fost
sidrac in acest mineral. -
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Spre deosebire de grupa mineralelor foarte. rezistente mentlona,te
mai sus, granatii, hornblenda, epidotul-zoizitul §i biotitul, desi sint mine-
Tale tot primare, sint insd metastabile, cu un grad scazut de rez1stenta
la alterare si transport.

n procente scizute a fost gisitd turmnalina bruni, in tlmp ce epldo-
tul-zoizitul, sfenul (pl., fig. 2), sillimanitul (pl., fig. 12), cloritul; cloritoi-
dul (pl. fig 8), monazitul, anatasul, biotitul §i hiperstenul .au aparitii
cu totul sporadice.

b) Caractere morfoscopice. In ideea ci aspectele morfoscoplce ale
principalelor minerale grele ar putea sugera indicii privind agentul, distanta,
durata transportului, am examinat modul de prezentare morfoscopici
care a relevat urmétoarele caracteristici redate in tabelul 3.

Grupa mineralelor opacesecaracterizeazs in general prin predo-
Iminarea formelor rotunjite in majoritatea profilelor, exceptle facind granu-
lele probelor profilelor Scoruset-Dragosa, Puiul-Dragosa si valea Moldovei
(la Vama) unde predominé formele colturoase. Abundenta formelor rotun-
Jjite sugereazd un transport mai indelungat si posibilitatea‘existentei unor
remanieri repetate. Granulele colturoase, dimpotrivd, sugereazi un tran-
sport rapid, pe distante scurte, fird si fi avut timpul necesar de glefuire
si rotunjire.

Amestecul de forme rotunjite cu forme colturoase din aceleasl specii
minerale ar sugera coexistenta unor granule detritice transportate pe dis-
tante mdelungate, cu cele transportate pe distante scurte. »

Granatii apar frecvent cu forme colturoase (pl., fig. 4) cu
suprafefele neregulate, rupte in trepte (pl., fig. 1), sparte sau cu aspect
mamelonar (pl.,, fig. 3) foarte aseminitori celor din formatiunea gisturi- -
lor verzi dobrogene. Acest fapt conduce la presupunerea ci sursa de ali-
mentare a fost nu prea indepértatd gi transportul s-a efectuat pe
distante scurte.

Pe lingd formele colfuroase au fost identificate frecvent cristale
idiomorfe, in habitus hexoctoedral (010), dodecaedral (110) si rombodo-
decaedral (111), bine conservate, provenind probabil din zone apropiate,
printr-un transport scurt gi in mediu umed (cunoscut fiind faptul ¢& tran-
sportul eolian favorizeaza accelerarea rotunjirii granulelor) Frecventa
cea mai ridicatd din toate profllele analizate o detin, insd, granulele rotun-
jite (pl., fig. 5).

COemstenta multiplelor aspecte morfoscopice ale granatilor (eule-
drale, colfuroase, rotunjite §i mamelonare) constituie mdlca,‘gu asupra
‘ ex1stente1 mai multor surse si areale de alimentare, distantate diferit fatd
de bazinul de sedimentare initial.

, Butilul apare frecvent sub forms de prisme sau granule alun-
. gite, ugor rotunjite terminal §i mult mai rar cu aspect colfuros. Cele mai
- numeroase forme euhedrale au fost gisite in profilele Paltinul si Micldusa-
" Deia, in zonele mai vestice (interne) ale gresiei de Moldovita, unde sint
consemnate $i cele mai ridicate valori procentuale (8,79—6,59 %), precum
si in ambele flancuri ale sinclinalului Clumarna-\dohd, insd in procente
- mai reduse (5,5619%,). Mai rar au fost 1nt11n1te macle in genunchi (112),
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concresteri pe fetele laterale de prisma (100) sau inmuguriri (111) (pl.,
fig. 9, 10).

s Celelalte dou& modificsiri polimorfe, pitraticd (anatas) si rombicd .
(brookit) au aparitii sporadice, sub form4 de cristale idiomorfe, cu rare
rupturi in unghi drept, ele fiind mai frecvente in profilele structurii Ciu-
mirna-Molid (piraiele Scoruset-Dragosa, Puiul-Dragoga, Doabra ete.).

Zirconul, ca sirutilul, apare in majoritatea profilelor sub form#
de cristale euhedrale bipiramidale (pl., fig. 6, 13) cu clivaje bine conser-
vate, cel mai adesea dupd fata (110) si mai putin dupd fetele (111) si cu
terminatii piramidale (331). Luind in considerare caracterul zonat al
unora dintre granulele de zircon, in mod logic ne conduce la presupunerea
¢ ele ar putea proveni mai ales din roci gnaisice, decit din granite. For-
mele colturoase, intilnite de altfel destul de rar, sint mai ales rezultatul
fragmentdrii cristalelor in procesele de sedimentare. ‘

Turmalina bruni apare in mod curent sub form# de prisme
alungite, paralele cu axul principal, cu striajiuni verticale §i clivaje dupa
fata (1120), retezate la unul sau la ambele capete. Cristalele perfecte (pl.,
fig. 7), contururile bine conservate, ca i dimensiunile lor mari, indic
un transport scurt si rapid. Granulele de turmalini au fost intilnite in
‘majoritatea profilelor analizate, mai abundente fiind in profilele Micldusa-
Deia, Scoruget-Dragosa, Puiul-Dragosa si Doabra. :

Staurolitul a fost intilnit in toate profilele, in majoritatea
probelor, numai sub form# de granule colturoase, niciodatd rotunjite sau
alterate si in mod cu totul accidental euhedrale (pl., fig. 11). Mai abun-
dent a fost intilnit in profilele Micliusa-Deia si are o arie de rispindire
foarte mare. Staurolitul este unul dintre mineralele caracteristice gisturilor
cristalofiliene mezometamorfice, fiind intilnit in formapiuni sedimentare
de la cele mai vechi, pinid la cele mai recente,

C) Provenienti si arii terigeno-mineralogice

In urma studiului optic al mineralelor grele din gresia de Moldovita,
8- ajuns la concluzia ci aceasti entitate litostratigraficd este caracteri-
zat# prin asociatia paragenetics de tipul granafi - rutil - zircon. Aspectul
morfoscopic al granulelor indicé coexistenta formelor idiomorfe, colturoase
sau rotunjite, fapt care ar putea conduce la presupunerea ci unele dintre
minerale se gisesc in aceastd entitate, intr-un ciclu ulterior de remaniere
din rocile de origine (cristalele idiomorfe de granati, sfen, zircon), iar altele
ar proveni din formatiuni preexistente, dupi repetate remanieri (majorita-
tea granulelor rotunjite). In aceastd privintd, este cazul si facem menti-
unea ¢ o serie de autori (Pettijohn, 1957; Papiu, 1960; Mil-
ner, 1962; Ridulescu, 1965; Parfenoff et al, 1970; Pe t-
tijohn et al, 1972; Carozzi, 1975; Anastasiu, 1979 etc.)
considerd in general ci in arenite, granulele componente provin in medie
de 409, din materialul altor sedimente, 409, din rocile metamorfice §i
numai 209, din rocile eruptive. Inscriindu-ne pe aceastd linie, considerim
ca remaniate din aceste sedimente preexistente, granatii, rutilul, cloritoidul
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si zirconul, cu contururi rotunjite; din roci.metamorfozate granatii,
epidotul-zoizitul, staurolitul, distenul, hornblenda verde gi turmalina
cu contururi subrotunjite sau prismatice; din'roci intrusive, zirconul si
turmalina cu contururi euhedrale, sfenul, monazitul, anatasul si brookitul,
cu contururi rotunjite sau neregulate ; din pegmatite, o parte din granati,
monazitul §i turmalina.

Daeé formatiunile preexistente (roci sedimentare, metamorfice sau
eruptive) care au furnizat o parte din mineralele grele analizate, astdzi
sint greu de localizat, in schimb, din prezenta unora dintre granulele de
granati, cu caracterele optice specifice formatiunii sisturilor verzi dobro-
gene, ca §i prezenta granulelor de cloritoid (pl., fig. 8) si sfen (pl.,
fig. 2) sugereazd un aport substantial la formarea gresiei de Moldovita,
din sisturile verzi dobrogene. In sprijinul acestei afirmatii, pledeazi si
directiile de curenfi din faciesurile flisului eocen din Carpatii Orientali
(Contescu etal., 1966). Participarea in procente reduse, a detritusului
mineral din formatiuni cristalofiliene (Proterozoic-Paleozoic) ale Carpatilor
Orientali 1a constitutia gresiei de Moldovita, ar explica si cantititile sci-
zute de hornblendii, epidot-zoizit, disten si sillimanit, in aceastd entitate
litostratigrafica (pl., fig. 12).

D) Coneluzii

La alcituirea gresiei de Moldovita participd roci pelitice, arenitice
si ruditice, cu vidite caractere de fluxoturbidite proximale.

Pozitia stratigraficd a gresiei de Moldovita este destul de clari,
gresia situindu-se intre stratele de Ciumérna, la partea inferioar# si supor-
tind stratele de Plopu, la partea superioari.

Analiza mineralelor grele din-arenitele componente ale acestei enti-
tdti litologice a pus: in evidentd urmitoarele :

~ Abundenta mineralelor grele in clasele granulometrice mai mici
(0,16 —0,10 mm gi 0,10—0,06 min);

Frecventa mai ridicatd a tuturor speciilor de minerale pe structura
Micldusa-Deia. ' : :

Zonele mai vestice (interne) ale gresiei de Moldovita se caracterizeazi
prin cantitdti mai mari de rutil §i zircon, iar spre est (exterior) se constatd
o diminuare a acestora.

Procentele sciizute de participare a hornblendei se explicd prin canti-
tatea redusé de detritus mineral provenit din nucleul de sisturi cristalo-
filiene ale Carpatilor Orientali.

Prezenta granatilor cu aspect retrometamorfozat, aseminitori ace-
lora din gisturile verzi dobrogene, ca $i prezenta cloritoidului ar constitui
indicii asupra unui aport substantial de detritus mineral provenit din gistu-
rile verzi dobrogene, fapt confirmat si de directiile de curenti din fligul
paleogen. :

Coexistenta multiplelor aspecte morfoscopice ale mineralelor grele
din probele analizate constituie dovezi cd acest material ar putea proveni
din mai multe surse §i areale de alimentare distantate ca timp §i spatiu
fatd de bazinul initial de sedimentare.
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Freeventa granulelor cu conturnri rotunjite (minerale opace, granati,
rutil, zireon) sugereazi ei acestea au suferit remanieri repetate din forma-
tiuni sedimentare preexistente.
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INTREBARI

C. Vinogradov: 1, Prin continutul relativ ridicat (40—60 % din totalul minerate-
lor grele) in granati gresia de Moldovita pare si-si fi procurat o parte din mineralele grele din
sursd vestied (atlt gresia de Tarcdu cit si gresia de Fusaru au continuturi ridicate in granati)?

2. Pe de altd parte zirconul, rutilul si turmalina sint caracteristice surselor estice in care
granatii lipscsc sau sint sporadici 7-

Rdspuns : 1. Prezenia in gresia de Moldovita a granatilor cu aspect retrometamorfozat,
asemdéndtori acclora din sisturile verzi dobrogene ca si prezenga cloritoidului ar constitui indicii
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asupra unui aport substantial de detritus mineral provenit din sisturile verzi dobrogene, carc
se intindcau in faja Carpatilor sub formé dec cordiliere.

2, Asociatia rutil, zircon, turmalind indici doar provenicenta lor din roci intrusive, in cazul
formelor euhedrale.

CARACTERES MINERALOGIQUES DU GRES DE MOLDOVITA
(CARPATES ORIENTALES)

(Résumé)

Le Paléogéne des vallées Moldova et Moldovita, appartenant a4 la nappe de Tarciu,
présente quelques particularités faciales qui nous ont porté a distinguer dans cette unité deux
domaines faciaux : 1’un eccidental (intcrne) situé entre la nappe des schistes noirs (Audia), a
I’oucst, et la ligne tectonique Poiana Crucii, & 1’est, qui a été dénommaée le faciés de Ciumdrna-
Vama. Le domaine du faciés externe est connu sous I¢e nom de ,,faciés de Putna’.

Le faciés de Ciumirna-Vama cst caractérisé par le développement prédominant de deux
entités lithostratigraphiques (les couches de Ciumirna et le grés de Moldovita), situées entre
les couches de Straja, du lit, et les couches de Plopu, du toit.

A la constitution du grés de Moldovifa (Lutétien supéricur) participent des séries péli-
tiques, arénitiques et ruditiques. Les arénites constituent 1’élément principal, étant faites surtout
de : grains de quartz (60 %), feldspaths (20—25 %), micas (10—12 %), {ragments lithiques (méta-
quartzites, gneiss, micrites ct éléments verts du type dobrogéen, 10—20 %) et bioclastcs (frag-
ments de coquilles de brachiopodes, lamellibranches, foraminiféres (nummulites, discocyclines
etc), bryozoaires, mélobésiées ctc).

L’analyse des minéraux lourds des arénites constituant le grés de Moldovita a mis en
¢vidence :

— I’abondance e¢n minéraux lourds dans les classes granulométriques plus petites (0,16 —
0,10 mm et 0,10—0,06 mm);

— la fréquence élevée de toutes les espéces minérales sur les structures plus occidentales
(Panticlinal Micldusa-Deia) ol sont concentrées dc grandes quantités de rutile et de zircon;

— les pourcentages réduits de la participation de la hornblende sont expliquables par
un moindre apport du noyau cristallophyllien des Carpates Orientales ;

— la présence des grenats d’allure rétromorphisée, pareils 4 ecux des schistes verts dobro-
géeus, ainsi que la présence du chloritoide, peut constituer un indice sur un apport substantiel
de détritus minéral provenant des schistes verts dobrogéens, fait confirmé également par les
directions des courants du flysch paléogéne :

— la coéxistenee des multiples aspects morphoscopiques des minéraux lourds est une
preuve que ce matéricl pourrait provenir de plusieurs sources et aréals d’alimentation ;

— la fréquence des grains a contours arrondis (minéraux opaques, grenats, rutile, zircon)
suggére lc fait que ceux-ci ont subi des remanicments répétés des formations préexistantes;

~ la paragenc¢sc caractéristique est donnée par des grenats 4 rutile 4 zircon.
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EXPLICATIA PLANSEI
Fig. 1.— Granat rupt in trepte (proba 11, valea Moldovei-Vama), NII; .x 320.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Grenat cassé en gradins (¢chantillon 11, vallée de la Moldova-Vama), N I1; x 320.

. 2.~ Sfen (proba 1, piriul Erusturosu-Plotonita), N II; x 320.

Sphéne (échantillon 1, ruisseau Brusturosu-Plotonifa), N II; x 320.

. 3. — Granat cu aspect mamelonar (proba 11, valea Moldovei-Vama), N II; X 320.

Grenat d’aspect mamelonnaire (échantillon 11, vallée de la Moldova-Vama), N IT;
X 320. ) ;
4.— Granat cu contururi ecolfuroase (proba 14, valea Moldovei-Vama), N II; X 320.
Grenat a contours angulaires (échantillon 14, vellée de la Moldova-Vama), N II;
X 320. :
5.— Ansamblu dc minerale grele (proba 1, piriul Tocila), N II; X 320: a, disten; b,
granati; c, monazit,
Ensemble de minéraux lourds (échantillon 1, ruisseau Tocila), N II; x 320: a, dis-
théne; b, grenats; c, monazite.
6. — Ansamblu de minerale grele (proba 2, piriul Tocila), N IT; x 320: a, zircon ; b, rutil ;
¢, mincrale opace.
Ensemble de minéraux lourds (échantillon 2, ruisseau Tocila), N II; x 320: a, zircon;
b, rutile; c¢, minéraux opaques. -
7.— Turmalind (proba 11, valea Moldovei-Vama), N II; x 320.
Tourmaline (échantillon 11, vallée de la Moldova-Vama), N II; X 320.
8. — Cloritoid (proba 2, piriul Doabra), N II; x 320.
Chloritoide (échantillon 2, ruisseau Doabra), N II; X 320.
9. — Rutil (proba 6, piriul Deia), N II; x 320.
Rutile (échantillon 6, ruisseau Deia), N II; Xx 320.
10.—Rutil inmugurit (proba 6, valea Moldovei-Vama), N II; X 320.
Rutile en bourgeons (échantillon 6, vallée de la Moldova-Vama), N II; X 320.
11.—Staurolit franjurat marginal (proba 11, valea Moldovei-Vama), N II; x 320.
Staurotide a frangeons sur les bords (échantillon 11, vallée de la Moldova-Vama),
N II; X 320. : .
12.—Sillimanit (proba 15, valea Moldovei-Vama), N II; X 320. )
Sillimanite (échantillon 15, vallée dc la Moldova-Vama), N II; x 320.
13.—Zircon (proba 7, piriul Micldusa), N II; X 320.
Zircon (échantillon 7, ruisseau Micliuga), N II; X 320.
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GEOCHIMIE

DISTRIBUTIA U, TH, K IN STRUCTURA ERUPTIVA COMPLEXA
ZEBRAC-MERMEZEU, MUNTII CALIMANI DE SUD!
DE
SERGIU PELTZ2 ANCA TANASESCU? ELEONORA VAJDEA?®

U, Th, K method. Geochemical distribution. Eruptive body. Andesites. Radioactivily — rocks.
Petrogenesis. East Carpathians. New eruptive. Cdlimani Mountains.

Abstraet

U, Thy K Distributioninthe Complex Zebrac-Mermezeu Erup-
tive Structure, South Cdlimani Mountains (East Carpathians).
This structure is the most important eruptive body lying in the southern part of the Cilimani
Mts. Following the succession of eruptions in the edifying of the eruptive structure one distin-
guishes : green hornblende 4 pyroxenes andesites and pyroxenes -+ green hornblende andesites
(known as Zebrac-Mermezeu andesites) ; pyroxenes - green hornblende porphyritic microdiori-
tes; pyroxenmes - green hornblende - scarce quartz andesites; endogenous breccias with
andesite fragments, microdiorites, siltic sedimentary rocks and tuffisitic binder. All petrotypes
are hydrothermalized (propylitization, argillization, silicification, carbonatation). Thcre have
been made 94 gamma spectrometry analyses which offered a detailed image of U, Th, K dis-
tribution in all types of constituent rocks. By means of these data, our investigation envisages :
a) U, Th, K distribution within petrotypes and their characterization by the statistical methods;
b) the comparison of radioactivity between the Zebrac-Mermezeu body and other volcanic areas ;
c) petrogenetic implications. The Zebrac-Mermezeu andesite presents a homogeneous U and
Th distribution (V = 32.28% and 27.44%) and an unhomogeneous K one (V = 76.6%). U and
Th distribution within porphyritic microdiorites is homogeneous (V = 23.49% and 21.979%).
The unhomogeneity of K distribution is more accentuated -when compared to the Zebrac-Mer-
mezeu andesite, due to the diverse hydrothermal alteration processes. The quartz andesites
occur as a homogeneous formation as far as U and Th distribution is concerned and an unho-
mogeneous one, as regards K (V = 68.38 %), due to the intense hydrothermal alteration, but
different on analysed rocks. Although, endogenous breccias are characterized by the fragments
petrographic heterogeneity, they present a normal homogeneity degree of U and Th distribution

’:/i. o

1 Predati la 8 mai 1980, acceptats pentru publicare la 9 mai 1980, comunicati in sedinta
din 30 mai 1980. :

2 Ipstitutul de geologie si geofizicd. Str. Caransebes nr. 1, 78344 Bucuresti, 32.
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(V = 25.109 and 23.28 %). As a conscquence of the different intensity of the hydrothermal
process acting on a lithologically heterogeneous formation, K distribution shows an obvious
unhemogeneity dcgree (V = 61.69%). The Zebrac-Mermezeu andesite differs from similar
petrotypes in the Cilinani and Gurghiu Mts., being a less radioactive one. One notices thc mode-
rate and constant decrease of radioactivity from the Zebrac-Mermezeu andesites to micro-
diorites and endogenous breccias. With the intensification of hydrothermal activity, especially
of argillization, the K content increases from the Zebrac-Mermczeu andesite to endogenous
Dbreecias. Given its U and Th contents, the Zebrac-Mermezcu andesite, which represents an
important eruptive moment of the first volcanic stage in the south Cilimani Mts, (Pannonian-
Pontian), is less radioactive tham similar andesites in the €ilimani and Gurghiu Mts. which
belong to the sccond eruptive stage (Pliocene). This fact adds at the general remarks (Pelt z
et al., 1973) on the radioactivity increase in the C&limani—Harghita andesites during the volca-
nism, the youngest being more radioactive ones.

1. Introducere

In ultimii ani aria vulcanici Zebrac-Mermezeu din sudul muntilor
C#limani a constituit obiectul cercetirilor geologice, petrologice si metalo-
genetice detaliate urmérindu-se prin aceasta cunoasterea structurii geolo-
gice §i perspectiva mineralizatiilor hidrotermale asociate.

cadrul studiilor petrologice s-a acordat atentie geochimiei vuleani-
telor si in acest context distribufiei U, Th, K. Cercetirile pe aceastd linie
pe care autorii le-au efectuat in regiunea Zebrac-Mermezeu se incadreazs
in preocupirile lor constante din ultimul deceniu si care au vizat studiul
distributiei U, Th, K in vulcanitele proaspete §i hidrotermalizate din dife-
rite arii crateriale gi extracrateriale ale muntilor Cilimani— Gurghiu—
Harghita.

O primd sintetizare a rezultatelor obtinute a fost publicatd in 1973
gl priveste geochimia U, Th, K in recile vulcanice din muntii Cilimani—
Gurghiu —Harghita si Pergsani. Lucrarea a scos in evidentd contributia
acestor eercetiri la eunoasterea particularititilor geochimice ale diferite-
lor tipuri de roci vulcanice gi pe aeeastd eale la elucidarea unor probleme
petrogenetice. Totedatd, a rezultat eontributia cercetirilor la caracteriza-
rea faciesurilor de transformare hidrotermals, cu implicatii pentru cunoas-
terea. perspeetivei metalogenetice.

Pentrue corpul eruptiv Zebrac-Mermezen dispunem de aproape 160
analize spectra,le gamma care ofers i lma,gmea, detaliaté asupra distributiei U,
Th, K in toate tlpurl}e de roei, areal gi in adineime (650 m). Se poa,te
cons1&era, e& analizele con&bﬂ:me primul fond reprezentativ de date care
se referd la un eorp eruptiv din aria vulcanicd Cilimani— Harghita.

Pe aceastd bazi, studiul efectuat are in vedere : a) distributia T,
Th K in petrotipurile care alcituiesc corpul Zebrac-Mermezeu ; b) carac-
ten:rarea petrotipurilor pe baza prelucririt statistice a datelor ; c) compara-
rea radioactivitdtii corpului Zebrac- Mermezeu cu alte arn Vulcamce,
d) impleatii petrogenetice.
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2. Cadrul geologic si petrografie

Regiunea Zebrac-Mermezeu din partea centrald a sudului muntilor
Cilimani prezintd o alcituire geologicsd complicatéi. Este una dintre pufinele
regiuni din partea centrald a muntilor Célimani— Gurghiu—Harghita
in care aldturi de formatiunile eruptive afloreazd si cele sedimentare ale
fundamentului.

Corpul eruptiv Zebrac-Mermezeu afloreazd pe suprafata de cca
10 kmyp in bazinul superior al viilor care i-au dat numele, la 7 km nord
de valea Muregului $i de centrul localitatii Stinceni (fig. 1). Acest corp
se situeazil intr-o arie de ridicare a fundamentului datoritd unor fracturi
orientate NV—SE, V--E, NE—S8YV. Corpul stribate depozite sedimentare
oligocene (intilnite numai in foraje) miocene §i probabil pannoniene ;
contactul vestic i nord-vestic al corpului cu depozitele sedimentare este
bine deschis de valea Zebrac si afluentii acesteia (fig. 1).

Fig. 1.— Schi{d gecologicil a regiunii
Zebrac-Mermezeu (dupd S. Peltz,
1969, completata).

1, Cuaternar : a, aluviuni; b, terasc;
vulcanite neogene; 2, piroclastite
cu elemente de andezit piroxenic +-
andezit bhazaltic; 3, andezit cu piro-
xeni : a, lavd, b, corp; 4, andezit cu
hornblendi ; 5, {cnoandezit cu horn-
blendi ; 6, piroclastite : a, cu elemente
de andezii piroxenic; b, cu elemente
de andezit piroxenic -+ andezit amfi-
bolo-piroxenic; 7, structura cruptiva
complexd Zebrac-Mermeczeu : a, ande-
zit cu hornblendi 4 piroxeni; b,
microdiorit porfiric; ¢, brecii endo-
genc ; 8, depozite scdimentare imio-
cene ; 9, falie.

Esquisse géologique dela région
Zebrac-Merinczeu (d’aprés S. Peltz,
1969, augmentée). 1, Quaternaire: a,
alluvions; b, terrasses; volcanites
néogénes; 2, pyroclastites aux é}é-
ments d’andésite pyroxénique - an-
désite basaltique; 3, andésitc aux
pyroxénes: a, lave, b, corps; 4,
andésite 4 hornblende; 5, phénoandésite & hornblende; 6, pyroclastites: a, aux éléments
d’andésite pyroxénique ; b, aux é)éments d’andésite pyroxénique - andésite & hornblende + pyro-
xénes ; 7, structure éruptive compléxe Zebrac-Mermezeu : a, andésite 4 hornblende + pyro-
xénes ; b, microdiorite porphyrique ; ¢, bréches endogénes ; 8, dépdts sédimentaircs miocénes ;

9, faille.
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La alcituirea corpului Zebrac-Mermezeu participd : andezite cu
hornblend# verde -+ piroxeni, andezite cu piroxeni -~ hornblendi verde,
microdiorite porfirice cu piroxeni si hornblend4 verde, andezite cu piroxeni,
hornblendii verde si cuart sporadic (microlite), brecii endogene cu frag-
mente de andezite, micradiorite, roci sedimentare gi cu liantul tuffisitic.

Andezitele cu hornblendd verde 4= piroxeni si cele cu piroxeni 4
hornblends verde constituie petrofondul corpului eruptiv si au fost denu-
mite andezite de Zebrac-Mermezeu (Peltz, 1969; Peltz et al., 1981).
Pe baza datelor petrochimice sustinute $i cu observatii privind distributia
unor elemente minore, andezitul cu hornblendd verde g- piroxeni nu se
deosebeste ca petrotip de andezitul cu piroxeni #- hornblendd verde;
ambele andezite apartin aceluiasi fond de magmi cu caracter mai acid
(Si0, > 58 ).

Andezitul de Zebrac-Mermezeu constituie un lacolit care s-a pus
in loc in primele momente ale deruldrii vulcanismului din regiune dar dup
primele eruptii ale vulecanului Bitca (andezite cu hornblendd si piroclasti-
tele lor) (P eltz, 1969). Momente ulterioare de activitate eruptivd, in
spatiul lacolitului au complexat structura initiald (Peltz et al, 1981).
Acestea reprezintd, in ordinea succesiunii eruptiilor : intruziunea micro-
dioritelor porfirice, eruptia andezitelor cu cuart sporadic si formarea unor
cupole, faza explozivd ratatd, cu formarea breciilor endogene cu liant
tuffisitic. Astfel, s-a edificat o structurd eruptivd complexi andezito-
dioritici ce incorporeazd si coloane de brecii.

Activitatea eruptivd s-a derulat in prima etapd din desfisurarea
vulcanismului in muntii Cdlimani care a avut loc intre Pannonian (zona E)
i Pontian. Aliniamentul tectono-magmatic major caldera Cilimani (mun-
tii Calimani)—caldera Fincel-Lipugna (muntii Gurghiu) strabate cu direc-
tia N—S corpul eruptiv Zebrac-Mermezeu. Fracturi apartinind acestui
aliniament au avut un rol important in desfisurarea eruptivismului pre-
cum si a activitdtii hidrotermale asociate.

Toate petrotipurile ce constituie structura eruptivd complexs Zebrac-
Mermezeu sint afectate de transforméri hidrotermale. Propilitizarea pre-
zint& extindere regionald in cazul andezitului de Zebrac-Mermezeu ; argili-
zarea §i in mai micd misurd silicifierea si carbonatarea caracterizeazi
zonele din jurul fracturiler §i fisurilor mineralizate precum si corpurile
de brecii. Forajele care au cercetat corpul Zebrac-Mermezeu pind la adin-
cimi de 650 metriindicd dezvoltarea propilitizirii in corpurile microdioritice
si a argilizérii in corpurile de brecii endogene (Stanciu in Peltz
et al., 1977—1980) 3.

Singurele, andezitele de Zebrac-Mermezeu, prezintd sectoare neafec-
tate de transformdrile hidrotermale in partea vesticd a corpului de pe
piriul Piltiniy dar mai numeroase in partea estici pe valea Mermezeu ;
acestea constituie veritabile relicte in masa andezitului propilitizat.

3 Arh. IGG, Bucuresti.
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3. Distributia U, Th, K si observatii comparative

Studiul distributiei U, Th, K in petrotipurile care alcituiese structura,
eruptivi complexé Zebrac-Mermezeu se bazeazs pe : a) 30 analize pe probe
de andezit tip Zebrac-Mermezeu. Acestea provin din aflorimente situate
pe viile Zebrac, Piltinis, Popii, Mermezen (fig. 1) si din carotele forajelor
executate in sectoarele piriul Aurig, Dealu Ursulm, valea Zebrae, piriul
Piltinig. Dintre cele 30 probe analizate, un numér de 8 reprezint andezi-
tul pro(wpa’c b) 19 analize pe probe de microdiorit porfirie, reprezentind
corpuri cercetate cu foraje in sectoarele valea Zebrac, Dealu Ursului,
piriul Popii; ¢) 18 analize pe probe de andezit cu piroxeni 4 hornblend#
§i cuart sporadic reprezentind corpul Dealu Ursului cercetat cu galeria
Auris si forajul Dealu Ursului; d) 27 analize pe probe din corpurile de
brecii endogene care au fost cercetate cu galeria Auris si forajele piriul
Auris, Dealu Ursului, piriul Péaltinis (fig. 1). Domeniile de variatie §i valo-
rile medii pentru U ppm, Th ppm, K ¢ impreuni cu valorile raportului
Th/U sint prezentate pe tipuri de roci in tabelul 1.

TABELUL 1

Domeniul de variatie $i valorile medii ale U, Th, K, ThjU {n structura eruptivd
complexd Zebrac-Mermezeu

I Andezit cu piroxeni 4 hornblendd; n = 30
U ppm Th ppm K% Th/U
0,6—2,2 3,2-7,9 0,3—-3,8 2,23—-7,67
1,1 4,3 1,0 4,19
IT Microdiorit porfiric, hidrotermalizat; n = 19
0,7—1,6 2,6—-6,3 0,3—3,6 2,00—6,71
1,0 4,0 1,2 4,37
I11 Andezit cu piroxeni, hornblendi si cuari, hidrotermalizat; n = 18
0,7—1,8 2,9--5,8 0,4-3,4 2,2-5,14
1,1 3,9 1,1 3,69
IV Brecii endogene ; n = 27
0,5-1,3 2,3—-5,9 0,2--3,5 2,67—-9,20
0,9 3,6 1,3 4,38

Pentru andezitul -de Zebrac-Mermezeu valorile inscrise in tabelul 1
reprezintd faciesul proaspit si cél hidrotermalizat, acestea fiind conside-
rate impreuni ca reprezentative pentru tipul de roci ce constituie structura

19
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eruptivi. Andezitul proaspit se caracterizeazi prin urméitoarele domenii
de variatie: U ppm = 0,6—1; Th ppm =4-—-59; K% = 0,3—0,9;
Th/U = 4,40—6,66. Compararea datelor ecvidentiazé o radioactivitate
mai scizutd a andezitului proaspét.

Dacd se compard andezitul de Zebrac-Mermezeu cu andezitele din
Cilimani se observi urmitoarele : a) continuturile medii in elemente
radioactive sint identice in limita erorilor de analizd pentru andezitul de
Zebrac-Mermezeu §i andezitul cu hornblendi din Célirnani; b) continutu-
rile medii in elemente radioactive sint usor mai ridicate in andezitele cu
piroxeni + hornblendd din Cédlimani faté de andezitul de Zebrac-Merme-
zeu (btab. 2).

Compararea andezitului de Zebrac-Mermezeu cu petrotipuri similare
din muntii Gurghiu (tab. 3) aratd concentratii mirite ale acestora din
urmi in cazul rocilor proaspete si al celor hidrotermalizate. Din cele pre-
zentate rezultd cd andezitul de Zsbrac-Mermezeu diferd de andezitele
cu piroxeni 4 hornblend# din muntii Célimani $i din unele arii crateriale
din muntii Gurghiu in sensul c& este mai sirac in elemente radioactive.

Tipurile petrografice care vor fi examinate in continuare reprezinti
roci propilitizate si argilizate. Exceptind un singur sector — craterul
Seaca-Titarca si un singur tip de roci — breciile endogene (tab. 3), in
stadiul actual de cunoastere nu sint date comparative cu alte regiuni
vulcanice din aria C#limani—Gurghiu —Harghita.

In ceea ce priveste microdioritul porfiric cu piroxeni 4 hornblendi
valorile domeniilor de variatie ale U, Th, Th/U precum si valorile medii
ale U si Th sint mai mici comparativ cu andezitul de Zebrac-Mermezeu
(tab. 1). Continutul de K este crescut in microdiorite si aceastd situatie
poate fi pusi pe seama argilizdrii. Din examinarea datelor inscrise in tabelul

TABELUL 2
Domeniul de variafie si valorile medii ale U, Th, K, ThiU in andezile cu

hornblendd (I) si andezite cu piroxeni 4 hornblendd (II) din munfii Cdlimani
(Peltz et al., 1973)

U ppm Th ppm K 9% Th/U
I 0,6—1,6 2,0—8,7 0,6—2,0 2,5—-4,8
1,1 3,7 1,0 3,6
IT 0,6—4,9 2,6—14,4 0,6—4,0 1,6—7,4
2,0 5,6 1,4 3,2

1 se observd ci la andezitul cu piroxeni 4 hornblendd verde si micro-
lite de cuart sporadic valoarea medie a U este egali cu aceea
determinatd la andezitul de Zebrac-Mermezeu, iar valoarea medie a Th
este mai micd comparativ cu acelagi andezit; o ugoard crestere apare
la valoarea medie a K, aceasta ca §i la microdiorite in corelare cu argiliza-
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rea mai avansati. Comparativ cu petrotipurile comentate anterior, la
breciile endogene se observd o ugoars scidere a U si Th; cresterea K se
explicd prin aceea ci breciile cantoneazi cele mai intense argiliziri. Bre-

TABELUL 3

Domeniul de variatie si valorile medii ale U, Th, K, ThiU fin rocile vulecanice
din ariile crateriale Seaca-Tdtarca, Sumuleu, Fierdstraie (munf{ii Gurghiu)

Localizare U ppm Th ppm. K% ThjU
Andezit cu hornblendi 4 piroxeni, hidrotermalizat; n = 9
Seaca-Tétarca 1,0—-1,8 6,3—13,0 0,7—1,5 4,20—8,67
foraje 1,4 8,7 1,1 6,5
Brecii endogene hidrotermalizate; n = 4
0,8-—-1,3 3,4—8,4 0,3—1,5 2,61-8,89
1 6,1 1,0 6,4
Andezit cu hornblend# - piroxeni, proaspit; n =5
Sumuleu 0,7—-1,1 5,0—6,2 0,0—2,6 | 5,00~7,75
0,9 5,52 1,74 | 6,30
Andezit cu hornblendi 4 piroxeni, hidrotermalizat; n =7
suprafata 0,5-3,4 5,0—15,2 0,0—2,6 4,47—20,00
1,2 7,54 1,83 8,00
Andezit cu hornblendi 4 piroxeni, proaspit; n=9
Sumuleu 0,8-1,2 4,4—6,4 1,4--3,7 3,35—6,37
foraje 1,0 5,23 2,45 5,11
Andezit cu hornblendd 4 piroxeni, hidrotermalizat; n =6
0,2—-0,7 5,9—-7,0 1,2-2,1 9,83—33,00
0,47 6,66 1,80 16,73
Andezit cu hornblend# 4- piroxeni, proaspdt; n = 8
Fierdstraie 0,9-1,5 5,2—7,0 0,9-1,7 4,07—6,66
suprafati 1,24 6,15 . 1,41 5,08

ciile endogene din corpul Zebrac-Mermezeu prezintd continuturi mai sci-
zute de elemente radioactive in special de Th, comparativ cu rocile similare
de la_Seaca-Titarca (tab. 1, 3). '

n cele patru tipuri de roci eruptive care aleftuiese corpul Zebrac-
Mermezeu valorile U si Th sint apropiate. Aceasta confirmi datele petro-
chimice §i cele privind distribufia unor elemente minore ce caracterizeazi
andezitele (Ni, Co, Cr, V, Se¢) privind apartenenta petrotipurilor in discutie

| 54577
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la acelagi fond de magmi andezitici (Pelt z, 1969; Peltz et al.,
1978, 1979, 1980)*. : . :

" Din examinarea domeniilor de variatie ale U si Th (tab. 1) se observi
ci cele mai ridicate valori apar in cazul andezitului de Zebrac-Mermezeu,
ratd de valoarea medie a Th = 4,3 ppm In aceste andezite se inregistreazy
o scidere redusé dar constantd la celelalte petrotipuri in ordinea proceselor
magmatice care le-au generat (tab. 1). Considerindu-se thoriul un bun
indicator al radioactivitdfii vulcanitelor din aria Cilimani—Harghita
(Peltz et al., 1973), datele de observatie pentru aria Zebrac-Mermezeu
atestd o ugoard scidere a radioactivitdtii magmei andezitice in decursul
edificiirii structurii eruptive. Continuturile primare de elemente radioac-
tive au fost influentate de procesele hidrotermale ; aceasta se reflectd in
ugoare variatii ale vnlonlor K in corelare mai ev1denta cu armhzarea (cazul
breciilor endogene). ‘

4. Caracterizarea petrotipurilor pe baza distributiei U, Th, K

Existenta unui reprezentativ fond de date analitice a permis aborda-
rea cu ajutorul metodelor statistice a studinlui distributiei U, Th, K, cu
scopul de a caracteriza mai complet (pe baza radioactivititii) petrotlpurlle
ce constituic corpul Zebrac-Mermezeu.

In cadrul prelucririlor statistice s-au construit pentru U ppm,
Th ppm, K ¢, pe tipuri petrografice curbe de frecventd ale colectivitdtii
partiale. In acest scop domeniul de existents a U, Th, K a fost impértit
in intervale elementare, fiecare continind un anumit numir de rezultate
ale misuratorii. Tungimea intervalului de gruparé a fost calculatd dupi
formula lui Sturges (in Tiron, 1977). Pentru fiecare element s-au
calculat parametrii curbei de frecventé; mediand {(Me), modulul (Mo),
media (X), abaterea standard (v), In vederea determindrii normalitdtii
distributiei, simetriei si gradului de omogenizare.

Gradul de omogenizare al petrotipurilor a fost determinat dupd
valorile coeficientului de variatie (V) si dupé valorile coeficientului de asi-
metrie (Cas). Cunoasterea gradului de omogenizare serveste la interpreta-
rea valorii medii a U, Th, K in cazul fiecirui tip petrografic respectiv al
corpurilor ce constituie structura complexs, daci aceste valori sint sau
nu semnificative. Sint prezentate grafic curbele de frecvents be tipuri
petrografice ale elementelor minore U, Th, X (fig. 2—5), precum §i grafice
de corelatie Th—U, U—XK, Th—XK, Th/U K cu valorile coeflclennlor
de corelatie respectivi (fig. 6—9).

4 Arh. IGG, Bucuresti.



DISTRIBUTIA U, TH, K IN STRUCTURA ERUPTIVA ZEBRAC-MERMEZEU 223

%% A
n:30§
50 {
. i
0 { Me =114
; Mo = 1,08
30 4 X =10
[ U -+0.36
204; as >0
0 | Cas=0,05
01 v :32,38%
| 1
1.5 1.8 2.1 24 Uppm
£9/o A
n‘:30
] Me
!
50 Mot Me= 4,15
pu Mo =4,00
L0 1 : N l X =43
' : § =+118
' |
30 1 = ! as»>0
| ‘ Cas=0,25
20 1 ! V = 27,4465/
l
10 - |
1 Fj
;
R ! + + t
08 16 24 32 4LO¥ L8 56 64 72 8 Thppm
fese
n=30 ,
Me
s0{  Moj
| Me= 0,92
LQ } Mo=0,82
| X =10
36 | g =:0.76
i
]
/ ! as >0
20
i Cas=0,23
!
10 : Vv =78,69%,
i
]
d N
06 X1,2 18 24 30 36 42 K /%

Fig. 2. — Curbe de frecventa ale colectivitdtii partiale, andezit de Zebrac-Mermezeu.
Courbes de fréquence de la collectivité partielle, andésite de Zebrac-Mermezeu.



224 S. PELTZ et al

1% Me
n=19 MOJ'
60 ! Me =1,00
! Mo =098
50+ ! %X =1,0
! g =:0.24
404 |
" : as =0
30 | Cas=0,04
: V = 210,14 °/u
201 - 1
1
I
|
10 / : \
0,4 08 X 12 1.6 uppm
4 Me
to/e
n=19 MO:
704 t
1 Me =4,
561 { Moz 4,03
! X 240
5 : T -:(,87
%
0 : cs <0
| Cas=0,02
20 4 | v =21,87%
|
i
201 {
i
10 A \
/ '
et I | -
16 32 X 48 6,4 Th ppm
¢
n=19 Me
Me =112
501 Mo = 0,9
Moy % =12
40+ /‘\ 7 =:095
PN
30+ : as>0
' : Cas =0,30
20 A :
. : V=78,5%
10 _/ : \\\
i
| ~
06 1,2 18 24 3 3.6 K%
X

Fig. 3.— Curbe de frecvenid ale colectivititii parfiale, microdiorit porfiric.
Courbes de fréquence de la collectivité partielle, microdiorite porphyrique.



11

DISTRIBUTIA U, TH, K IN STRUCTURA ERUPTIVA ZEBRAC-MERMEZEU

19,
n=18 Me=1,22
. Mo;=0,80 Mo,=1,32
40 5 Me %=1,1
' | . T=%031
301 Moy, 1Moy as;> 0 Ggg<0
2 /"N Cas;=060 Cas2=9.70
207 i q ! V=28,0%
N TN
107 /1 !
] ]
A | P
T T L L + T gy
02 04 06 08 1 X12 14 15 18 2 Uppm
1%
n=18
50 - Me Me = 0,96
Mo ! Mo = 0,80
! X =11
“0 /E\\ ¢ =£075
! as»>0
30 A i
N Cas =040
- o
2 | E \ v =68,38%
i N
10 P )
:
3 ~J e T\ N
95 1% 15 2 25 3 35 K%
Me =3,75
0% Mo1 =33 Mozl-"«,83
n=18 % =39
g -+0,93
501 Me  gg 50 csz2 <3
Moy Casy=0,64 Casz=085
401 /}\ V 223,945
1 1
30 !
|
]
20 1 : A\ 1Mo,
| \ !
101 i ] N
! ) ! ) ﬁsﬁ— )
1 1 t -
05 1 15 2 25 3 35%4 45 5 55 6 Thppm

Fig. 4.— Curbe de frecventd ale colectivititii parfiale, andezit cu piroxeni + hornblenda si
cuar} sporadic.
Courbes de fréquence de 1a collectivité partielle, andésite aux pyroxénes + hornblende et quartz
sporadique.

1§ « €.553



226 . 5, PELTZ et al.

12

f2/s
n=27 Me = 0,95
40+ Me Mo = 1,00
‘Mo X =0,9
301 \ §=-:023
1
20 4 | as < 0
i 7 Cas=0,4
10 4 ! v =25,10%
! i
! \
T T !
0,2 04 06 G8%X 1,2 14 Uegpm
£%
n:27’ y Me = 3'60
' Mo= 3,38
40 Mo! X =36
/-\ 7 =:+083 . -
|
30 -
i \ as >0
1 Cas=0,24
20 - .
! V=23,28%
{
10 : \ .
i
A | =
06 12 18 24 30 36 42 48 5S4 6 66 Thppm
: X
£%%
n=27 _
Me 21,20
40 1 Mo0=0,78
Mot Me . X =13
o -+
30 1 /:L\\ g =:08
! \ ~- as >0
20 ! N
I Cas=0,62
1 V=61,69%
10 | ]
! h{ﬁ—
05 1. 15 2 25 3 35 K%

4

Fig, 5. — Curbe de frecvenli ale colectivitdtii partiale, brecii endogene.

Courbes de fréquence de la collectivité partielle, briches endogeénes.



13 DISTRIBUTIAY, TH, K INJSTRUCTURA ERUPTIVA ZEBRAC-MERMEZEU 227
Th Th
ppm ppm
8 . 8 1 .
7 . 7 ] . 8
d .
6 4 o 6
5 4 54
* x.f. x LN o‘ x xX*. x
& 4 0 O0e ® 8 Ll ce® 0 e
. ++ Q. ) * R +...°.
3] X 4 +‘ 3] 4t x
24 r= 0,402 24 r = 0,385
T 74
1 2 Uppm 1 2 K°/,o
a b
Thiyt
8 | .
x
7 4 U
o ° 3 ppm
6 A x 3
5 4 + - x
"*“ 2 © . -
4 - N . 2 4
° - x x
x* . - L)
34 . . B
x X ° . s x .
2- 1A . :++;°o
+' -] 0‘ I3
1-4 o + x
1 2 3 K e 1 3 K%
o d
° 2 + 4

Fig. 6. — Diagrame  de corelajie, andezit de Zecbrac-Mermezeu.

1, valea Zebrac ; 2, valea Mermezeu ; 3, foraj Dealu Ursului ; 4, foraj, piriul PAltinis.
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4.1. Andezite de Zebrac- Mermezeu

Din punct de vedere al distributiei uraniului andezitele de Zebrac-
Mermezeu degi reprezinti o colectivitate de andezite cu hornblendi -
piroxeni §i andezite cu piroxeni - hornblendf constituie o formatiune
omogend (coeficient de variatie = 32,289,). Curba de frecventd prezinti
o foarte usoars asimetrie pozitiva (Cas = 0,05), ceea ce face ca valoarea
mediei asimetrice de 1,1 4+ 0,36 s& fie caracteristici pentru andezitele de
Zebrac-Mermezeu.

Distributia thoriului prezintd un grad mai accentuat de asimetrie
pozitivid: in comparatie cu distributia uraniului (Cas = 0,25); valorile
apropiate ale medianei, modulului §i mediei aritmetice (4,15; 4,0; 4,3),
ca §i valoarea V = 27,449, indicd raspindirea omogend a continuturilor
de Th in andezitele de Zebrac-Mermezeu (fig. 2). In acord cu observatia
cu caracter regional care atestd faptul ef Th este un bun indicator al radio-
activitdtii vuleanitelor (Peltz et al.,, 1973), se poate admite pe baza
datelor statistice o distributie omogend a Th in andezitul ce constituie
petrofondul structurii eruptive complexe Zebrac-Mermezeu.

Intre U si Th existd tendinta de corelatie dati de valoarea 0,409,
a coeficientului de corelatie (fig. 6). Potasiul urmeazs linia generald de
distributie cu o asimetrie pozitivi (valoarea mediei aritmetice de 1,0 -
0,76 este mai mare decit valoarea frecventelor maxime Mo = 0,32). Sub
aspectul distributiei K andezitul de Zebrac-Mermezeu apare ca o formati-
une neomogeni (V = 76,6%). In acord cu Biji si Biji (1979) o serie
este omogend dacd prezintd un coeficient de variatie sub 409,. Aceastd
neomogenitate a distributiei K in andezitul de Zebrac-Mermezeu se explicd
prin aceea ci au fost analizate probe reprezentind andezite proaspete,
propilitizate iar in numir redus, argilizate si carbonatate.

Pentru andezitele in discutie existd o tendintd de corelatie Th-—K,
U—K; aceastd corelatie apare ca nesatisficidtoare in cazul probelor repre-
zentind rocile hidrotermalizate mai ales argilizate din coloanele forajelor
(fig. 6).

4.2. Microdiorite porfirice

Aceste roci prezintd o distributie normald si omogeni a uraniului,
caracterizatd printr-o simetrie aproape perfecti a curbei de frecventd
(Mo ~ Me ~ X). Omogenitatea distributiei uraniului in probele analizate
care provin din dou# corpuri microdioritice, Cizdtura-Popii §i Zebrac,
este reflectatd si de valoarea coeficientului de variatie = 24,49, (fig. 3).

Thoriul evidentiazd aceeasi distributie normald cu o curbid de frec-
ventd aproape simetricd (Me = 4,11; Mo = 4,03; X = 4,0). Valoarea
coeficientului de wvariatie = 21,979, indicd de asemenea o formatfiune
omogend. :

La microdioritele analizate (fig. 7) valorile coeficientilor de corelatie
pentru Th—U, r = 0,096, pentru Th—K, r = —0,29 evidentiazi lipsa
unei corelatii intre elementele radioactive.
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Atrage atentia asimetria pronuntati — Mo # X — a distributiel K
in microdioritele interceptate cu forajele piriului Popii, Dealu TUrsului,
valea Zebrac (fig. 3). Astfel, frecventa maximi se situeazd la valoarea
de 0,9 pe cind valoarea mediei aritmetice este 1,2 indicind o asimetrie
pozitiviy (frecventele concentratiilor mai mici sint mai numeroase §i mai
apropiate de valoarea medie). Media aritmetici de 1,2 nu constituie o
mirime caracteristicd, fapt indicat si de valoarea mare a coeficient lui
de variatie (V = 79,59%,). Tofi acesti parametri evidentiazi neomogenita-
tea microdioritelor sub aspectul distributiei potasiului, manifestatd si
cu un grad mare al dispersiei valorilor, precum g§i de abaterea standard
a mediei = 4-0,95. Neomogenitatea microdioritelor se datoreazd probabil
nu numai metasomatozei hidrotermale ci §i unei prezente diferite a K in
magma din care au cristalizat aceste roci. Admitem acest punct de vedere
deoarece alteratia hidrotermald predominant propiliticé este mai omogens
comparativ cu alte tipuri din corpul Zebrac-Mermezeu §i care vor fi exa-
minate in continuare.

4.3. Andezite cu piroxeni -+ hornblendd verde §i cuarf sporadic

Distributia uraniului datéd de curba de frecventd prezintd un aspect
bimodal cu domenii de frecventd cuprinse intre 0,8—1 si 1,2—1,4. Desi
coeficientul de variafie calculat pentru intreaga colectivitate caracteri-
zeazd o serie omogend (V = 28,0 %), repartitia bimodald se poate datora
existentei a doud populatii, probele fiind recoltate atit din forajul piriul
Popii (valori mai ridicate ale U si ale Th) cit §i din sectorul Dealu Ursului.

Aspectul bimodal se mentine §i in distributia Th. Media aritmeticéd
(X = 3,9) a intregii formatiuni se situeazd intre cele dous zone de frecvente
maxime (Mo, = 3,3 §i Mo, = 4,8), mai apropiatd de valorile mici (fig. 4).
Din cele prezentate rezultd continuturi ugor diferite in cele doud corpuri
de andezit cu cuarf{ sporadic, respectiv Dealu Ursului §i piriul Popii.

Existd o corelayie directd intre U §i Th (r = 0,504) pentru probele
din cele dous corpuri (fig. 8). Intre Th—X, U—K, Th/U—K, corelatiile
8int cu mult mai slabe (r = 0,07) (fig. 8).

Potasiul nu prezintd aspectul bimodal al U §i Th, curba de frecventd
mentinindu-gi forma asimetricd pozitivé (Cas = 0,4), precum si gradul
de neomogenitate (V = 68,38 %). Situatia se explicd prin hidrotermaliza-
rea diferentiatd (propilitizare, argilizare, silicifiere, carbonatare), a andezi-
telor analizate mai ales in sectorul Dealu Ursului de unde provine majori-
tatea probelor analizate.

4.4. Brecii endogene

Spre deosebire de celelalte petrotipuri distributia uraniului prezint#
o curbd de frecventd cu asimetrie negativi (Cas = 0,4), deci o tendint#
de predominare & valorilor mai mari ale concentratiilor de U ; in consecinti,
media aritmeticd (X = 0,9) este mai reprezentativi pentru valorile mai
mari ale seriei. ‘
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In cazul breciilor endogene caracterizate prin heterogenitatea com-
ponentilor (fragmente de andezite, andezite cuartifere, microdiorite, roci
sedimentare), se mentine in general un grad admis de omogenizare dat de
valoarea V = 25,10 9 (fig. 5). Thoriul prezintd o distributie a cirei curbi
de frecventd indicd o ugoard asimetrie pozitivd (Cas == 0,24). Valoarea
medie X = 3,6 4 0,83 este reprezentativi pentru omogena distributie
a elemontulul (V = 23,28 %).

Curba de frecvent;a a distributiei potasiului este caracterizatd de o
asimetrie pozitivd (Cas = 0,62) si un grad pregnant de neomogenizare
(V = 61,69 %). Aceastd neomogenizare se explicid prin intensitatea dife-
ritd a ‘plOCBSlﬂul hldrometa&omamc care s-a grefat pe o formatiune hetero-
gend din punct de vedere litologic. In aceqt sens se poate face mentiunea
cd asupra neomogenitdtii distributiei K influenteazd fragmentele de roci
sedimentare cu K ¢/ diferit comparativ cu andezitele si microdioritele
din brecii. Ilustrind cele de maisus, diagramele din figura 9 indicd o slabs
corelatie intre elementele radioactive (de ex. Th—U, r = 0,057).

5. Concluzii

Pentru structura eruptivd complexd Zebrac-Mermezeu din sudul
muntilor Cilimani dispunem in prezent de 94 analize de spectrometrie
gamma care oferi imaginea detaliatéi asupra distributiei U, Th, K in
toate tipurile petrografice, areal si in adincime (650 m). Aceste analize
constituie primul fond reprezentativ de date care se referi la un corp
eruptiv din aria C#limani— Gurghiu —Harghita. Pe aceastd bazd s-a efec-
tuat studiul distributiei U, Th, K in petrotipurile care constituie corpul
Zebrac-Mermezeu, folosindu-se in scopul caracterizirii acestora prelu-
crarea statisticd a datelor. Rezultatele au fost ¢comparate cu cele obtinute
pe roci similare din muntii Cilimani §i muntii Gurghiu.

Andezitul de Zecbrac-Mermezeu constituie o formatiune omogen#
in privinta distributiei U gi Th (coeficient de variatie V = 32,28 % la
U si 27,44 % la Th), dar neomogend in ceea ce priveste K (V = 76,6 %).

In microdioritele porfirice U si Th se distribuie omogen (V la uraniu
= 24,4 %, V la thoriu = 21,97 %). Spre deosebire de andezitul de Zebrac-
NIermezeu nu apare corelatla Th—TU (r = 0,090). Neomogemtatea distribu-
tiei K este mai accentuata, comparativ cu andezitul de Zebrac-Merme-
zeu ; aceasta se datoreazd alteratiei hidrotermale dar si unei prezente
diferite a K In magma din care au cristalizat microdioritele.

Apartenenta andezitelor cu cuart la doud corpuri diferite este ilus-
tratd de aspectul bimodal al curbei de frecventd a colectivititii partiale,
la uraniu si thoriu. Potasiul nu prezintd aspectul bimodal al U si Th,
curba de frecventd avind o formé asimetricd pozitivdl (Cas = 0,4). Neomo-
genitatea distributiei K este pronuntata (V = 68,38 %) datoritd alteratiei
hidrotermale intense dar diferite a rocilor analizate.

Breciile endogene desi caracterizate prin heterogenitatea petro-

graficd a fracrmentelor prezmta un grad admis de omooemtate a distribu-
tiel valorllor U si Th (V = 25,10 % §i 23,28 %). Ca urmare a intensitdtii
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diferite a procesului hidrotermal grefat pe o formatiune heterogens din
punct de vedere litologic (inclusiv fragmente de roci sedimentare), distribu-
tia K evidentiazd un grad pregnant de neomogenizare (V = 61,69 %).

Andezitul de Zebrac-Mermezeu diferd de petrotipurile similare din
muntii Cilimani i muntii Gurghiu (craterele Seaca-Téatarca, Sumuleu,
Fieriistraie) fiilnd mai putin radioactiv. In cadrul andezitului de Zebrac-
Mermezeu faciesul proaspit este mai putin radioactiv in comparatie cu
faciesul hidrotermalizat (propilitizarea este cea mai extinsid).

La celelalte petrotipuri care alcituiesc structura complexd Zebrac-
Mermezeu se observd scidderea radioactivititii in sensul succesiunii eruptii-
lor : andezite de Zebrac-Mermezeu — microdiorite porfirice — andezite
cu cuart — brecii endogene. Pe de altd parte in corelare cu intensificarea
activitdpii hidrotermale mai ales a argilizarii creste continutul de potasiu
de la andezitul de Zebrac-Mermezeu la breciile endogene. Diferentele
intre valorile medii de U, Th, K ale fiecdrui petrotip sint reduse, ceea ce
confirmé in acord cu datele petrochimice apartenenta la un fond comun
de magmi andeziticd. Pe baza continuturilor de U si Th, andezitul de
Zebrac-Mermezeu reprezentind un moment eruptiv important din prima
etapd (Pannonian-Pontian), a desfisuririi vulcanismului in sudul muntilor
Cdlimani este mai putin radioactiv decit andezite similare din muntii
Cilimani $i muntii Gurghiu dar care apartin celei de a doua etape eruptive
(Pliocen). Aceastd constatare completeazi consideratiile de ordin regional
(Peltz et al, 1973) privind cresterea radioactivitatii andezitelor din
aria Cilimani— Gurghiu —Harghita in cursul desfisurdrii vulcanismului,
cele mai tinere fiind mai radioactive. '
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LA DISTRIBUTION DE U, TH, X DANS LA STRUCTURE ERUP-
TIVE COMPLEXE DE ZEBRAC-MERMEZEU, MONTS QALIMANI
DE SUD

{Résumé)

Le corps éruptil Zebrac-Mcermezeu cst situé dans la partic centrale du sud des Monts
Cilimani, a 7 km nord de la valléc du Murcs ct du centre de la localilé Stinceni (fig. 1). Ce
corps, afflcurant sur une surface de 10 km?2 représente la plus grande siructure éruptive connue
jusqu’a présent dans cctte région. Celui-ci consiste en: andésites 4 hornblende verte -+ pyro-
xénes et andésites aux pyroxéncs 4 hornblende verte qui constitucnt cnsemble le pétrofond
du corps, étant connues sous le nom collectif des andésites de Zebrac-Mermezeu ; microdiorites
porphyriques aux pyroxénes + hornblende ; andésites aux pyroxéncs, hornblende verte et quartz
sporadique, bréches endogénes aux fragments d’andésites, microdiorites, roches sédimentaires
ct le lianl tlulTisitique.

L’andésite de Zchbrac-Mermezeu constitue un laccolite mis en place durant les premiers
moments de I’activilé volcanique de¢ la région. Les moments suivants de I'activité éruptive
ont compliqué Ja structure initialc du laccolite. Suivant la succession des éruptious, on signale :
I'intrusion des microdiorites porphyriques, I’éruption des andésites a quartz sporadique, la phase
explosive ratée et la constitution des bréches cndogénes.

Tous les pétrotypes censtituant la strueture éruptive complexe de Zebrac-Mermezeu
ont subi des transformatlions hydrothérmales (propilisation, argilisation, silicification, carbona-
tation).

I.’activité éruptive ainsi que I'activité hydrothérmale associée onl été contrdlées par des
fractures appartenant a Palignement tectono-magmalique et métallogénétique mmajeur de la
caldeira Ciliman (Mouts Cdlimani) — caldeira Fincel-Lipusna (Monts Gurghiu) qui traverse
du nord au sud le corps dec Zebrac-Mermezeu jusqu’au sud des Monts CAlimani.

Le corps éruptif de Zebrae-Mermezeu a été investigué par I'interméde de plus de cent
analyscs de spcetrométrie gamma qui nous ont offert unc image détailléc sur la distribution de
U, Th, K pour tous les types de roches constituantes. En partant de ces données-1a3 — les pre-
micres concernant un corps éruptif de P’aire Cilimani— Gurghiu— Harghita — notre étude
envisage : a) la distribution de U, Th, K dans les pétrotypes constituant le corps de Zcbrac-
Mecrmezeu ; b) la caractérisation des pétrotypes par l’interprétation statistiquc des données;
c) la comparaison dec la radioactivité du corps aux autres aires volcaniques; d) implications
pétrogénétiques.

L’andésite de Zebrac-Mermezcu sc distingue des andésites similaires (aux pyroxénes -+
hornblende ou & hornblende 4 pyroxéncs) des Monts Cilimani et certaincs aires cratériales des
Monts Gurghiu (Sumuleu, Fierdstraie, Seaca-Titarca, tableaux 1, 2, 3), par sa radioactivité
réduite. En ce qui concerne I’andésite de Zcehrac-Mermezen, lc faciés frais est moins radioactif
que le facies hydrothérmalisé (la propilitisation est la plus répandue).

Pour les autres types de roches constituant la structure complexe, on constate la diminu-
tion de la radioactivité sunivant la succession des éruptions: andésite de Zebrac-Mcrmezeu
microdiorite porphyrique — andésite 4 quartz — bréches endogénes. Ainsi, les bréches endo-
génes présentent les moindres valeurs moyennes de U et Th (tab. 1). En corrélation avee l’'inten-
sification de I'activité hydrothérmale, surtout de I’argilisation, la valeur moyenne de K s’accroit
en partant de l’andésite de Zebrac-Mermezeu vers les bréches endogénes (tab. 1).
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Les différences entre les valeurs moyennes de U, Th, K de chaque pétrotype sont en
général réduites ; ccla confirme les observations pétrochimiques et géochimiques determinées
par ’appartenance des pétrotypes eonstituant le corps de Zcbrac-Mermezeu, a un fond commun
de magma andésitique,

Selon les contenus de U, Th I’andésite de  Zebrac-Mermezcu représentant un moment
éruptif important de la premiére étape pannonienne-pontienne du volcanisme au sud des Monts
Cdlimani, peut é&tre considérée moins radioactive que les andésites similaires des Monts Cdlimani
ct Gurghiu, appartenant & la seconde étape éruptive (pliocéne). Cette constatation s’ajoute
aux considérations régionales (P eltz et al, 1973) sur l'accroissement de la radioactivité de
I’aire Cilimani— Gurghiu—Jarghita au cours du déroulement du volcanisme; les andésites
les plus récentes sont les plus radioactives.

L’existence des donnécs analytiques représcntatives a facilité 1’étude de la distribution
de U, Th, K a l’aide des méthodes statistiqhes. Ainsi on a abouti a une caractérisation plus
compléte, par 'interméde de la radioactivité, des pétrotypes constituant le corps de Zebrac-
Mermezeu.

Dans le cadre des interprétations statistiques on a dressé pour U, Th, K les courbes de fré-
quence de la collectivité partielle suivant les types pétrographiques. On a calculé les parametres
de la courbe de fréquence pour chaque ¢lément : médiane’ (Me), module (Mo), moyenne (X),
écart standard (), afin d’identifier la normalité de la distribution, la simétrie et le degré d’homo-
généisation. La derniére a été determinée suivant les valeurs du coefficient dé variation (V) et
les valeurs du coefficient d’asymétrie (Cas). Les figures 2—5 présentent les courbes de fréquence
des éléments en trace U, Th, K par types pétrographiques ; les figures 6— 9 indiquent les corré-
lations entre Th— U, U—X, Th—K, le rapport Th/U—K et les valeurs des coefficients de corré-
lation respectifs.

L’andésite de Zebrac-Mermezeu représente une formation homogéne (fig. 2).en ce qui
concerne la distribution de U et Th (V = 32,28 % pour U et 27,44 % pour Th), mais non-homo-
géne en ce qui concerne K (V = 76,6 %). U et Th des microdiorites porphyriques out’ une distri-
bution homogéne (V = 24,4% pour U et V = 21,97 % pour Th). A I’encontre de I’andésite de
Zebrac-Mermezeu, la corrélation Th—U en eost absente (r = 0,090, {ig. 7). On constate aussi
P’absence de la corrélation Th—K (r = Q,29,'fig. 7). La distribution non-homogéne de K est
plus accentuée par rapport a I'andésite de Zebrac-Mermezeu, a cause de ’altération hydrothér-
male et 4 la présence dlfferente de K dans le magma parental des microdiorites.

L’appartenance des andésites A quartz & deux corps différents est démontrée par ’aspeet
bimodal de la courbe de fréquence de la collect1v1te partielle pour l'uranium et le thorium.
11 y a une corrélation directe entre U et Th (r = 0,504). Les corrélations entre, Th— K, U-—K,
Th/U—K sont beaucoup plus faibles (fig. 8). Le potassium ne présente pas l’aspect bimodal
de U et Th, sa courbe de {réquence conservant la forme asymétrique positive (Cas = 0 ,4). L’ab-
sence de I’homogénéité de la distribution de K est accentuéc (V = 68,38 %) a cause de 1’ altéra-
tion hydrothérmale intense, mais différente en ce qui concerne les 1oches analysées.

Les bréches endogenes, bien qu ‘elles soient caractérisées par la hétér otfénelté pétrographi-
que des fragments, presentent un degré admls d’ hOan“énelté de la distribution de U et Th
(V = 25,109 et 23,28%, fig. 5). A la suite de I’ action dlfferent§ du processus hydrothérmal
sur une formation lithologiquement hétérogéne (au dehors des éléments éruptifs, on rencontre
aussi des fragments de roches sédimentaires), 1a distribution de X démontre un degré accentué
de non- homogén(,lte (V=261 ,6%). Entre Th—U il ¥ a une faible cbrrélatlon (r = 0 ,007), andls
qu’entre les autres éléments il n’y a aucune corrélation évidente (f1g 9).
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REPREZENTAREA TERNARA SI CUATERNARA A COMPOZITIEIL
CHIMICE A BIOTITELOR : IMPLICATII IN PETROGENEZA!
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Biotile. Minerals — chemical composilion. Ternary and qualernary diagrams. Pelrogenesis.
Pegmalile. Graniloids.

Abstraet

Ternary and Quatcrnary Representation of Biotites Che-
mical Composition: Implications on Petrogenesis. The representa-
tion of the chemical composition of 156 biotite analyses, from different rock types, on the MgO —
FeO 4+ MnO-—1¢,03 + TiO, tcrnary diagram and the MgO—FeO 4+ MnO—Ie,044TiO,—
Al,O, quaternary diagrain, has reveaiad the presence of an intermediary zone (II) between the
two zones delimited by Gokhale (1968) on the ternary diagram. The delimitation of this
zone has a peculiar petrogenctical significance, with respect to the gencsis of pegmatites and
some mctamorphic rocks. The quaternary reprcsentation completes the petrogenetical conclu-
sions drawn from the ternary diagram. The study of the tetrahedral projections of biotite compo-
sition shows that the Al,O, of biotites does not change the petrogenectical conclusions inferred
from the ternary diagram. )

Introducere

Datele asupra compozitiei chimice a biotitelor din diferite formatiuni
de roci, inscrise in unele diagrame ternare au o semnificatie binecunoscuts
in petrogenez#. Intre acestea se afli si diagrama MgO—FeO + MnO—

1 Predatd la 15 septembrie 1979, acceptatd pentru publicare la 14 ianuarie 1981, comuni-
catd in scdinta din 29 fcbruarie 1980.
2 Universitatea ,,Al 1. Cuza”, Seminarul Matematic ,,A. Myller”’. Str. 23 August nr. 11,
Tasi. ’
3 Institutul de geologie si geofizZicd. Laboratorul de geochimie. Aleea Gr. Ghica Voda
nr. 41 A, Iasi.
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—TFe,0, + TiO, elaborati de Heinrich
Gokhale (1968). Plecind de la aceastd diagrami, Kabesh et al
(1972, 1977) ajung la concluzia cé granitele de la El Atawi si El Ineigi
din Egipt sint de origine magmatici. Recent Pomarleanu si Mo vi-
leanu (1978), proiectind in aceastd diagrami datele analitice a 13 probe
de biotite din unele pegmatite din Romania, au ardtat cd majoritatea bioti-

TABELUL 1

(1946) si completatd de

Numdrul si sursa analizelor chimice ale biolilelor din roci

Nr. . ’ N
nalivelss Tipul de roci Sursa
21 Granitoide de origine bazaltica (1) si de Samarkin si
origine palingenetici ... (20) Samarkina (1973)
6 Sisturi cristaline (4) si granite magmatice(2) | Liese (1967)
24 Granite de origine magmatica Kabesh et al (1972, 1977)
1 Pegmatite Metta (1930)
1 Pegmatite Tanovici (1939)
2 Sisturi cristaline Poméarleanu, Murariu
(1975)
18 Pegmatite (14), sisturi cristaline (4) Poméarleannu,
M ovileanu (1978)
10 Sisturi cristaline (5), pegmatite : metamorfice;] Makagon (1971)
(2), magmatice (3)
10 Sisturi cristaline (6), pegmatite (4) Makrighi na et al (1976)
32 Sisturi cristaline (15), roci magmatice (15),/ Deer et al. (1962)
pegmatite (2)
3 Sisturi cristaline (3) Savu el al. (1967)
6 Sisturi cristaline Kravchenko (1971)
20 Granitoide (9) si pegmatite de origine meta-] Lazebnik (1973)
morfica (11)
1 Granite de rapakivi Simonen, Vorma (1969)
1 Roci magmatice Nokolds (1947)

telor cad in cimpul rocilor de origine magmaticd §i mai pufine biotite apar
in cimpul rocilor de origine metamorfici.

Autorii notei de fatd, dispunind de 156 analize de biotite (tab. 1)
apartinind diferitelor tipuri de roci, ajung la concluzia c& aldturi de dia-
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grama ternard mentionatd mai sus, poate fi utilizati in scopuri petro-
genetice si diagrama cuaternard introdusd de Rimer (1968, 1974.)

A) Diagrama ternaré MgO—FeO 4 MnO—Fe,0,—TiO,

Datele celor 156 analize chimice ale biotitelor, provenind din roci
de naturd magmaticd, metamorfici-metasomatics si din pegmatite sint

Fe 2031‘ T| 02

Mgo Fe0+MnQ

Fig. 1. — Diagrama MgO—TFeO + MnO—Fe,0, + TiO, de variatic a compozifici biotitelor

pe zonc genetice : proiectiile biotitelor : din roci magmatice (1), dinroci metamorfice-metasoma-

tice (2), din pegmatite (3); (4) Heinrich (1946);(53) Gokhale (1968); (6) autorii prezentci
lucrari.

Le diagramme MgO—FeO + MnO-—Fe,0, + TiO, de variation de la composition des biotites

par zones génétiques : les projections des biotites : des roches magmatiques (1), des roches méta-
morphiques-métasomatiques (2), des pegmatites (3); (4) Heinrieh (1946);(5) Gokhale
(1968); (6) les auteurs de cette étude,
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proiectate in diagrama din figura 1. Proiectia acestor date in diagramsi
a scos la iveald urmitoarele : necesitatea deplasirii limitei trasate de
Heinrich in triunghi, eu 59 spre latura MgO-—Fe, O, + TiO,, deoa-
rece in acest domeniu s-au localizat proiectiile a .zece analize de biotite;
delimitarea unei zone intermediare intre cele doui zone stabilite de G o k-
hale (1968), zond care indicd biotite apartinind formatiunilor cu caracter
genetic mixt: magmatic 4+ metamorfic-metasomatic. Limitele celor trei
zone sint reprezentate in figura 1, in care zona I este caracteristicd rocilor
magmatice, zona a II-a — caracteristicd rocilor de origine mixts, zona
a IIT-a — caracteristicd rocilor metamorfice.

Evidentierea zonei intermediare (II) isi giseste confirmarea §i este
in deplind concordantd cu concluziile care se desprind pe alte cdi (observatii
de teren, lucrdri de laborator ete.) privind explicarea genezei pegmatitelor,
problemd mult controversatd in literatura de specialitate. Pentru ilustra-
rea celor mentionate lufim cazul unor analize de biotite din muntii Preluca
(fig. 1). Astfel in cazul probelor 69,71 din unele pegmatite de la Copalnic
si a probelor 66,67 din unele pegmatite de la, Rizoare, proiectiile analizelor
chimice ale biotitelor cad in zona II (intermediard). Acest fapt confirmi
din punct de vedere genetic, caracterul mixt al pegmatitelor respective
(magmatic + metamorfic-metasomatic) concluzie la care a ajuns si K al-
mar (1972) in cercetirile sale.

De asemenea, proiectiile pegmatitelor din probele 78 5i 82 (la M a k a-
gon — nr. 7416, respectiv 7702) cad in zona III, respectiv in zona I,
caracteristice rocilor metamorfice, respectiv rocilor magmatice, ceea ce
este in concordantd cu concluzia lui Ma kagon obfinuti pe alte cii.

Destul de sugestivi este si analiza unui biotit ferifer, de tipul lepido-
melanului, proba 76, dintr-un pegmatit sienit-nefelinic (Norvegia) datéd
de Kunitz (1924) — citat de Deer et al., 1962, proba 10 — a cédrui
proiectie cade in zona I magmatici, fapt care confirmi originea magmaticd
nu numai a pegmatitelor ci si a sienitelor-nefelinice care le gdzduiesc.

In cazul unor biotite afectate de fenomene metasomatice ulterioare
formérii lor, proiectiile acestora sint distribuite in zona R exterioard celor
trei zone delimitate.

B)Diagrama cuaternard MgO~FeO + MnO—Fe,0, -+ Ti0,—ALO,

Deoarece se incearch sd se aplice o astfel de diagrami pentru prima,
dat® in scopuri petrogenetice se dau citeva aspecte metodologice ale
constructiei ei.

a).Metodologie

In doud din lucririle anterioare (Rimer, 1974; Rimer si
Fisel, 1974), considerindu-se spatiul tridimensional ,rarefiat’ intr-un’
anumit mod, s-a realizat o reprezentare in plan a punctelor acestui spatiu,
astfel incit un punct are ca imagine un punct, iar punctele distincte si
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vecine au ca imagini puncte de asemenea distincte §i vecine. Aceasta
a permis realizarea in plan a unei diagrame cuaternare, dupd modelul
diagramei ternare utilizate mai sus. In aceasts not simplificim reprezen-
tarea din lucrdrile mentionate, prin inlocuirea cite unui segment din con-
turul de coordonate prin cite un bipunct (extremitdtile segmentului).

Fie OXIX?X3 un reper al spatiului tridimensional si Ouxy (fig. 2)
imaginea sa in plan, care satisface conditiile :

P 2 N 1
cos(Ou, Ox) = — ]—/_—F,tg(Ou, Ox) = — 5 Oy_10Ox
l)

Coordonatele unui punct P(X?, X2 X3) din spatiul tridimensional
,rarefiat’’ satisfac conditiile : X!, X2e Q — unde Q este multimea nume-
relor rationale — iar X3%e R, R fiind mul{imea numerelor reale. Oxy
servegte ca reper pentru plan. Punctul P(X!, X2 X3) se reprezintd in plan
astfel : pe Ou (fig. 2) se ia un segment OM = X1, pe paralela prin M la
Ox, se ia segmentul MN = X2 jar pe paralela NT, prin N la Oy se ia
segmentul N'T = X3 unde N’ este intersectia lui Ox cu NT. Bipunctul
(N, T) este imaginea in plan a punctului P(X?, X2, X3) din spatiu. Pentru
orice alt punct P; din spatiul tridimensional ,,rarefiat”, cu alte coordonate,
se obfine un alt bipunct (N;, T).

Fig. 2.— Modul de reprezentare prin ecite un bipunct, in plan,
a punctelor spatiului tridimensional ,,rarefiat’.

La représentation par un bipoint, en plan, des points de Iespace
tridimensionnel ,,raréfié”.

16 ~— c 533
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b) Aplicatie

Notind cu X1, X2, X3, X4, (X! + X% + X?® + X4 = 100), compozitia
procentuald, respectiv in MgO, FeO + MnO, Fe, O, + Ti0,, Al,0,, a bio-
titelor considerate, compozitia fiecirui biotit este reprezentatd printr-un
punct P dintr-un tetraedru OX!'X?X3, unde O = Al,O,, iar X!, X? X3
sint celelalte trei componente in ordinea mentionat#.

Dupi metodologia descrisd mai sus s-a construit imaginea pland
a celor 156 puncte PP. Distributia proiectiilor tuturor celor 156 analize
de biotite a dat posibilitatea delimit#érii a trei zone paralelipipedice in
interiorul tetraedrului (fig. 3). Limitele acestor zone, impreund cu limitele
zonelor din diagrama ternarid sint date in tabelul 2, ceea ce permite ca,
avind compozitia chimic# a unui biotit oarecare, si se identifice zona in

g0
Fig. 3. — Distributia spafiald a celor trei zone petrogenetice (I, II, II1), reprezentate prin para-
lelipipcde in diagrama MgO—TFeO + MnO—Fe,03 + Ti0,—ALO;.
La distribution spatielle des trois zones pétrogénétiques (I, II, III), représentées par des parallélé-
pipédes sur le diagramme MgO—FeO + MnO—Fe,0; + TiO,—AlL 0.
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care se proiecteazd roca analizatd i =i se obfind, astfel, o indicatie asupra
genezel el.

Repartitia numérului de analize ale biotitelor in cele trei zone si in
regiunca R, atit in diagrama ternard (fig. 1), cit si in diagrama cuaternari
(fig. 3) «i distributia lor pe formatiuni de roci sint sintetizate in tabelul 3.

In tabelul 3, se observi cii in fiecare zond, atit din diagrama ternari
cit si cea cuaternard, se repartizeazd nuniere apropiate de analize chimice

TABELUL 2

Limilele zonelor din diagrama lernard si diagrama cualernard, reprezeniale prin
compozilica procenfuald a componenjilor respeclivi

Componentii in reprezentarea :
Zona ternari cuaternara
MgO | FeO + MnO [Fe,0, + TiO,| MgO | TeO 4 MnO (Fe,0, + TiO,| ALO,
I|0-19 35—83 0—65 0—12 30—66 0—32 2450
11 {2027 35—80 0—45 13-17 2545 0—28 2152
I1I (28— 50 35—73 0—38 18—28 2240 0—24 2148
R restul din triunghi restul din tetraedru
TABLELUL 3
Repartifia numdrului de ancalize ale biotilelor din diferile formafiuni pc zone
din cele doud reprezentdri
Reprezentarea
z ternara cuaternard
ona "
R Metamor- Metamor-
Mi;gg;a— Pi?,:g 4" | fice, meta-| ‘Total Miigcx:a- Petaf;l;:l- fice, meta-| Total
1 somatice somaticc |
1 28 6 5 39 30 7 5 42
11 7 17 19 43 6 16 18 40
111 5 12 44 61 7 12 45 64
R 4 3 6 13 71 3 1 6 10
Total 44 38 74 156 44 38 74 156

ale biotitelor. Astfel in zona I din diagrama fernard se afld 28 analize iar
in aceeasi zond din diagrama cuaternard se afli 30 analize. Coincidente
apar si in zona a IIIl-a, caracteristicd formatiunilor metamorfice-metaso-
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matice, unde in ambele reprezentdri apar 12 analize de biotite ¢ ;
tite. Tot in aceastd zond se afli 44 analize din biotitele rocilor de origine
metamorfici-metasomaticd in reprezentarea ternard si45 analize in repre-
zentarea cuaternard.
Delimitarea celor trei zone paralelipipedice in diagrama cuaternars
(fig. 3) a ficut posibild confirmarea concluziilor petrogenetice rezultate
din diagrama ternard in sensul conturdrii unei zone intermediare, intre
cele douéi zone delimitate de Gokhale (1968) care zond, la rindul ei,
delimiteazd, din punct de vedere petrogenetic, formatiuni cu caracter
mixt, la formarea ciirora au contribuit atit procesele de naturd magmatics
cit si de naturd metamorfici-metasomaticd. Pentru ilustrare se iau citeva
exemple ca §i la diagrama ternard. Analiza unui biotit dintr-un pegmatit
metamortic, proba 78 (M ak a g on, 1971), are proiectia in zona a IIl-a,
specificd rocilor metamorfice-metasomatice ; proiectia unui biotit dintr-un
pegmatit magmatic (proba 82) cade in paralelipipeduwl I specific rocilor
magmatice, iar a unui biotit din pegmatitele din muntii Preluca (proba
71) cad in paralelipipedul II, specific zonei cu caracter magmatic + meta-
morfic-metasomatic. In cazul unei probe de granit din Egipt, proba 26
(Kabesh et al, 1977), proiectia analizei biotitului cade in zona I,
_indicind o origine magmaticd a granitului respectiv (fig. 3).

Concluzii

Reprezentarea compozitiel chimice a 156 analize de biotite, aparti-
nind diferitelor tipuri de roci in diagrama ternari MgO—FeO + MnO—
Fe,0; + TiO, si in diagrama cuaternari MgO—FeO + MnO—TFe,0,+
Ti0,—Al,O; a dus la urmitoarele constatiri:

1. Delimitarea compozitiei biotitelor in trei zone: zona I — carac-
teristich formatiunilor de origine magmaticd ; zona a IT-a — caracteristic®
formatiunilor cu caracter mixt (magmatic - metamorfic-metasomatic) ;
zona a IlIl-a — caracteristici formatiunilor metamorfice-metasomatice.

2. Evidentierea unei zone intermediare (zona a II-a), intre cele doui
zone delimitate de Gokhale (1968), are o profundi semnificatie petro-
genetic, mai ales pentru explicarea genezei pegmatitelor, problems mult
dezbdtutd si controversatd in literatura de specialitate.

3. Continutul de Al,O, din biotite nu modifici in general concluziile
de ordin petrogenetic ce se desprind din diagrama ternars. Aceastd consta-
tare este in concordantd cu concluziile la care au ajuns Pom4drleanu
i Movileanu (1978), potrivit cirora la valorile coeficientilor de
aluminozitate (4,; si 4,;) nu se observi nici o variatie de la un tip de
rocd la altul.

. 4. Constatirile ce se desprind constituie un ajutor pretios in orienta-
rea lucrdrilor de prospectare a mineralelor nemetalifere necesare economiei.
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LA REPRESENTATION TERNAIRE ET QUATERNAIRE DE LA
COMPOSITION CHIMIQUE DES BIOTITES: IMPLICATIONS SUR
LA PETROGENESE

(Résumsé)

ATaide de la représentation de la composition chimique d’un nombre de 156 analy-
ses des biolites, de différents types de roches, sur le diagramime ternaire MgO—¥cO ~- MnO—
Fe,05 + TiO, ct sur le diagramme quaternaire MgO —1cO - MnO —Fe,05 4+ TiO,— AL O,, on
a distingué unc zone intermédiaire (I1) entre les deux zones délimitées par Gokhale (1968)
sur le diagramme ternaire. Cetle zone a une importance pétrogénétique tout a fait particuliére,
en ce qui concerne la genése des pegmatites et de quelques roches métamorphiques.

La représentation quatcrnaire achéve les conclusions pétrogénétiques obtenues du dia-
gramme ternaire. L’étude des projections tétraédriques de la composition des biotites revéle
que Al,O4 des biotites ne modifie pas les conclusions pélrogénétiques obtenues du diagramime
ternaire.
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RECENZIE

AL E.RINGWOOD : Origin of the Earth and Moon. Springer — Verlag., New York — Heidelberg --
Berlin, 1979, 295 pagini, 58 [liguri.

Profesorul A. E. Ringwood de la Universitalea din Camberra, Australia,
realizeazd in volumul intitulat ,,Origin of the Earth and Moon™ o impresionanti sintezi a cunos-
lintelor petrologice, geofizice si mai cu seami a numeroaselor date geochimice si cosmochimice
ce s¢ defin in prezent asupra globului terestru si a satelitului siu, precum si a celorlalli compo-
nenti ai sistemului solar, mai ales a planetelor terestre (Marte, Veuus si Mercur). Examinind
teoriile si interpretérile de pind la data aparitiei acestei carti, autorul trage o seric de concluzii
asupra modului in care au luat nastere planetele si, natural, mai ales pdmintul si luna. Astfel,
putem aprecia cd lucrarea are doud aspecte ce s¢ imbind in mod logic si armonios. constitutia
si geneza. Desi textul propriu-zis, cu tabele numeroase si 58 [iguri., depiseste abia 250 pagini,
datele redate cu o reald claritate si cu precizic imprima luerdrii un caracter aproape cxhaustiv.
Din vasta bibliografic cc o insoteste rezulti atit o documentare temeinicd, cit si insisi activita-
tea de cercetilor asiduu a autoruluj, care scmneazd variate publicatii in domeniile legate de
alcituirea geochimica si petrologicid a sistemului nostru planctar si a meteoritilor.

Continutul volumului se divide in trei pérti, insumind laolalti 12 capitole.

In prima parte (Compozifia si constitujia pamintului) cititorul giseste, in 63 pagini,
o prezentare sinteticd a alcdtuirii globului terestru, in lumina celor mai recente descoperiri. cu
o privire mai amndnuntiti asupra nucleului. Sc insisti asupra constitutiei ipoteticului ..pyrolit”’
din maniaua superioari si sc discuti problema magmatismului profund in lumina evolufiei
acestei zonc a globului terestru. Asupra nucleului se fac consideratii genetice speciale, virsta
acestuia indicind — in acceptia autorului — insdsi virsta pamintului.

A doua parte (70 pagini) priveste ,,originea pimintului’ si continc o documentati si
sintetici c¢xaminare a nebuloasei solare, incepind cu prezentarca protostelelor, discurilor si
sistemelor planctare si a modului lor de formare, pentru a se insista apoi, intr-un amplu capitol,
asupra genczei planetelor si a pimintului in mod special, reluind eritic diversele teorii privind
,,acretiunea’” planetei noastre si implicit geneza geosferelor componente din nebuloasa solard
primordiali.

Desi considera problemna incd nerczolvati total, autorul aratdi cd singura interpretare
carc cxplicd In mod {ericit observatiile geofizice si geochimice este ,,acretfiunea homogeni” a
cirei cheie ,,este din fericire procurabild” prin cercetiirile de viitor.

Cea de-a treia parte si ultima se intituleazi ,,Luna si planetele”, in care sc examincaza
comparativ — in 50 pagini — geochimia globului terestru fati de cea a celorlalte planete, aste-
roide §i meteorifi. Autorul prezintd o structurd internd a Lunii bazindu-sc pe bibliografii si pe
interpretiri originale si scoate in cvidentd caracterul chimic net ,,anomal® al acesteia fafd de
celelalte planete ,,terestriale’”. In acest scop face o aminuntiti examinare a caracterelor chimice
ale Lunii, precum si a regimului siu termic. Pe baza probelor colectate de expeditiile ,,Apollo”
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se realizeazii o imagine a alcituirii acesteia, in urma asiduelor sale studii petrologice. De altfel,
profesorul Rin g wood este unul dintre cercetitorii petrografiei bazaltelor lunare, asupra
genezei cirora a ficut interpretidri ce au vazut lumina tiparului fncd in urmi cu un deceniu.
fn virtutea acestor date, el ajunge la concluzia ¢ ,,Luna nu s-a format din materialul condensat
direct din nebuloasa solary, procesele genctice ce au generat-¢ deosebindu-se fundamental de
cele responsabile de formarea chonidritelor obisnuite”.

Capitolul final examineazi teoriile privind originea satelitului nostru si, in concluzie,
exprim$ interpretarea autorului potrivit eareia Luna ,,a derivat intr-un anumit mod din man-
taua Piamintului, dupi individualizarea nucleului siu”.

Incheind, scoatem inci o dati in evidentd contributia volumului profesorului R in g-
w o o d la elucidarea crucialei probleme a originii pAmintului §i lunii si considerim ci aceastd
carte marcheazi o datd de referin{i in acest interesant si inepuizabil domeniu.

V. Corvin Papiu
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Geologul dr. Gheor-
ghe Paliuc sa niscut la
21 mai 1901, in comuna Fra-
taugii Vechi  din judetul
Suceava, Parintii, Dumitru
si Maria (ndscuti Vico-
van) au fost fdrani. De mic
a cunoscul nuwmeroase greutati,
intrucit la 11 ani a rdmas
orfan de tatd. Situatia Tami-
liala dificili creata, fiind 7
frati, nu l-a descurajat ci l-a
célit, gdsind resursele morale
necesare de a le invinge.
Dupdi ce a terminat scoala
primard, in satul natal, s-a
inscris la liceul din Radauii
unde a urmat numai doud
clase, dupd care s-a transferat
la Scoala Normalé din Cerndiiuli
pe care a absolvit-o. Doi ani
aTunclionat ca inva{édtor (Flur-
jueni — judeful Suceava), dar
dorinta spre o pregitire supe-
rioard l-a determinat sa-si
suslind, in aceastd perioadd,
cxamencle de diferentd pentru
liceu si in final bacalaureatul
(1926).

In acelasi an s-a inscris
la Scciia de Stiinfe Naturale
a Facultdfii de Stiintc dec la
Universitatea din Bucuresti.
Student excelent si deoschit
de scrios a ardtat vocalie
pentru disciplincle geologice.
A fost remarcat dc cétre prof.
L. Mrazcc carel-a apre-
ciat in mod dcosebit, 1-a
stimulat si l-a indrumat spre
studiul sisturilor cristaline din
masivul Paring. Si-a sus{inut GHEORGHE PALIUG
licenta, la 30 noiembrie 1930, (1901 —1981)
avind ca tezd,,Studiul geologic
al Muniilor Paring”. In acclasi
an si-a fdcut debutul stiinfific publicind o notd intitulatd ,,Date gcologice asupra Muntilor
Paring”, in Bul. Soc Stud. St. Nat., I, pag. 57—60. Descifrarii alcituirii geologice a masivului
Paring i-a consacrat, ani de zile, intreaga sa energie si putere de muncél, in scopul de a adinci
cercetdrile anterioare ale prof. Gh. Muntcanu-Murgoci.

Seriozitatea de care a dat permanent dovadid in anii de studii si temeinica pregétire
ce a reusit sd si-o insuscascd au determinat ca, imediat ce a objinut diploma de licentd, si
fie numit in 1930, asistent la Laboratorul de Mineralogic si Petrografie al Scolii Politehnice
din Bucuresti, laborator intemeiat de prof. Gh. Munteanu-Murgoci. In cadrul acestui
laborator, pe lingd activitatea didacticd, Gheorghe Paliuc si-a continuat cu o deosebitdl
stiruintéd pregétirca sa de specialitate sub indrumarea unui dascdl eminent, prof. A, Strec-
k eisen, chemat la acecastil catedrd din Elvefia, Inscriindu-se totodatd si la doctorat cu o tezéd
avind ca subiect ,,Studiul masivului cristalin al Paringului’’. In aceeasi perioadd, Gh. Paliuc
a publicat o altd lucrare de mare valoare ,,Untersuchungen der Plagioklase einiger tertidrer

"Ergussgesteine Siebenbiirgens (Ruménien) mittelst der Universaldrehtischmethode’ in: Schweiz.
Min, u, Petrogr. Mitt., B.52, 1.2, 1932, p. 423444, o prestigioasd revistd elvetiand de minera-
logie si pctrografie.
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Detalii asupra cercetarilor sale privind geologia masivului Paring au fost prezentate de
GNh. Paliuc incadrul sedinfelor de comunicéri alc Institutului Geolegic sub titlul,,Recherches
géologiques dans Ies Monts de Paring™ in : C.R. Inst, Géol. Roum,, XX, 19321933, p. 98—103,
Bucurcsti, 1937.

Apreciind meritele sale de cereetdtor, prol, A. Streckceisen, selul Laboralorului
de Mineralogie si Petrografic de la Scoala Politehnicd, 1-a lrimis pentru specializare in LElvelia
la Universitatca din Basel, unde alucrat timp de peste unan (13 noiembrie 1931 — 16 februarie
1933) pc lingd specialistul de mare renume, prof. Max Rheinhardtidin ,,Mincralogisches
Institutul Bernoullianum”, care, la rindul sau, activase anlerior, ani in sir, cascl de lucréri al
prof. L. Mrazcec, dela care a oblinut si tlitlul de docent.

Dupa studiile sale stralucite in Elvelia, pentru care i s-a conferit la 16 februarie 1933
,,Diploma de Merit” a Universildlii din Basel, intors in lard, Gheorghe Paliuc si-a
sustinut teza de doctorat la 20 martic 1934, intitulatd ,,Iitude géologique et pétrographique du
massif du Paring ct des Munlii Cimpii (Carpates Méridionales — Roumanie)” cu 2 planse, 1
schifd, 2 har{i-profile, An. Inst. Geol. Rom., XVIII, p. 173—279, Bucuresti, 1937.

Sirul valoroasclor sale publicalii sliintilicc a fost prea curind inlrerupt datorild orienlarii
sale céitre noi preocupdri de specialitale indreptate cw preciidere spre probleme de inleres cconomic
ale [dri, fapt ce l-a delerminat s sc angajeze ca geolog pelrolist. Tn aceastd calitale noud,
G h, Paliuc aadus conlribulii de scami la cunoasterca unor zdciminie din regiunea cutelor
neogenc subcarpatice, printre care remarcim in special structura petroliferd Berca din judeful
Buziu, Ca recunoastere a meritelor sale mullilaterale, Gh. Paliuc a inaintal in icrarhia
de specialitate, ajungind seful Departamentului Geologic al celei mai mart inlreprinderi de
exploatare a {iteiului din acei ani.

in 1948, prin aplicarca reformei invd{amintului superior, Gh. Paliuc a fost numil
conferenliar la Catedra de mineralogic si petrografic a Facultilii de geologic din Bucuresli,
continuind s lucreze concomitent la Comitetul Geologic, in 1969 se retrage la pensic conlinuind
insd cercetérile si publicind articole de specialilate in revista ,,Studii si Cerceldri Geologice™
a Academici R.S.R.

Ghcecorghe Paliuc, omul, a fost asemenea geologului. Chiar daci cursul vielii
sale a fosl uncori zdruncinat, in (lipele de cumpénd grea el a continual perseverenl sit cerecteze
tainele naturii. Cu o vointd neinfrinlé, el a slrabatut drumurile grele ale realizéirilor sale profe-
sionale si umane, Sub infdjisarca sa de fire retrasd si putin comunicativd, se ascundea, in reali-
late, o fiinta afectuoasd, gencroasé si caldd, S-a comportat intotdeauna ca acei oameni superiori
care au constiin{a valorii ce ¢ reprezinti. Indatoritor fatd de toti colegii sii, Gheorghe
Paliuc aavutnumai prieteni devotali, pe care i-a ajutlat si stimulat in toate activitilile lor
si de carc a fost slimat si preluit. Descendent din ldrani bucovineni, Gheorghe Paliuc
a dovedit permanent sentinmente adine patriotice, pe care le-a manifestat, printre altele, si prin
contributiile sale sliintifice si de valorificare a hogiliilor subsolului patrici.

Al Pancet
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vantes institutions: .

Institutul Geologic al Romaniei i 1-XXXVI (1910-1952)
Comitetul Geologic t. XXXVII-LIil /1 {1953 -1966)
Comitgtulh de Stat al Geologiei t.. LI1/2-LV/I (1967-1969)
Institutul Geologic t. LV/2-LX (1970 -1974)

Institutul de Geologie si Geofizica - a partir du tome
LXi (1975)
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