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MINERALOGIE

ANALIZA STATISTICA A VARIABILITATII MINERALELOR GRELE
* DIN LOESSURILE SI DEPOZITELE LOESSOIDE DIN DOBROGEA
© SI CIMPIA ROMANA ORIENTALA !

DE
PETRE ANDAR 2 VENERA CODARCEA 2

FHeavy minerals. Mathematic statistics. ‘Loess deposits, Loess, Lognormal dis-
tribution. Trend surface analysis. West Romanian Plain. Zone between the
rivers Olt and Arges. East Romanian Plain. Dobrogea.

Abstract

Statistic Analysis of Heavy Minerals Variability of the
T.oess Deposits of Dobrogea and East Romanian Plain. The
statistic interpretation of heavy minerals percentages pointed to the fact that
the collectivities under discussion have a homogeneous character and, except for
garnet, all the other heavy minerals exhibit a lognormal distribution and a low .
-variability. The study of the relationships among these heavy minerals revealed
that their contents have an independent variability. The polynomial trend sur-
faces analysis pointed to different areal mineral distributions, fact which suggests
the existence of two source areas (one lying to-the north-west, within the Car-
pathian curving zone, and the other lying to the south, along the Danube).

Introducere

Continuind cercetirile mineralogice si petrografice asupra loessu-
rilor si depozitelor loessoide initiate de Ghenea si Codarcea
(1974, 1975, 1976), Codarcea si Bandrabur (1977), in Dobrogea
si Cimpia Roméani, lucrarea de fatd-isi propune o analizd statisticd a
datelor mineralogice din aceste formatiuni. Scopul principal al inter-

{ Predatid la 12 ianuarie 1979, acceptati pentru publicare la 12. februarie
1979, comunicatd in sedinta din 2 martie 1979. .
) ? Institutul de geologie si geofizicd. Str. Caransebes nr. 1, Bucuresti, 32.

PN
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pretarii statistico-matematice este acela de a rédspunde, cu ajutorul da-
telor mineralogice, la o serie de probleme generate de diferentierile can-
titative ale acelorasi specii minerale in acelasi tip de formatiune, de
sursa initiald care a generat materialele necesare formérii loessurilor,
ca si de asociatiile paragenetice capabile sd creeze legitati.

In acest scop au fost analizate peste 440 probe recoltate in profile
din cuprinsul Dobrogei si Cimpiei Roméane la est de Olt.

Determindrile mineralogice au fost efectuate pe fractia grea
(> 0,05 mm), separatd cu ajutorul bromoformului, pentru fiecare probi
in parte obtinindu-se trei clase granulometrice cuprinse intre 0,25—0,16
mm, 0,16—0,10 mm si 0,10—0,06 mm ; rezultatele au fost apoi insu-
mate obtinindu-se valori medii procentuale pe profile corelabile.

Analizele mineralogice efectuate au evidentiat particularitdti care
corespund tipurilor litologice separate pe baza determinarilor granulo-
metrice. Astfel, in regiunea limitrofd Dunarii existd o provincie Danu-
bians, unde aportul materialului aluvionar este evident; in Dobrogea
de sud se contureazi o provincie mineralogicd litorald, originea mate-
rialului fiind legatd de aluviunile marine, tinind seama cd in perioadele
reci pleistocene zona exondatd a platformei se prelungea spre est pe
teritoriul ocupat acum de apele Marii Negre. Acest fapt explicd si gro-
simea mare a loessurilor din zona litorald. In Dobrogea de nord s-au
conturat citeva provincii mineralogice unde aportul local al formatiu-
nilor geologice se reflectid fidel in compozitia fractiei grele. In Cimpia
Roméana au fost deosebite depozite de tip ,,loess“ mai ales in Cimpurile
-Bardganului si de tip ,loessoid® in regiunea subcarpaticd, Cimpul Mos-
tigtei si Podisul Rimmic, dar analizele mineralogice nu evidentiaza deose-
biri de ordin cantitativ ci numai calitativ. Acumuldrile diferentiale ale
mineralelor grele ne-au dat posibilitatea s& definim doud asociatii para-
genetice : una de tipul hornblenda-piroxeni (estul Cimpiei Roméne Orien-
tale) si alta de tipul’ granati-hornblenda-epidot-zoizit (vestul Cimpiei
Romaéne). '

Distributia statisticA a mineralelor grele

In scopul de a preciza trasaturile esentiale ale variabilitdtii mine-
ralelor grele din loessurile si depozitele loessoide din Dobrogea si
Cimpia Roména, cit si pentru a obiine informatii suplimentare asupra
genezei materlalelor primare din care s-au format- acestea, datele pri-
vind continuturile procentuale ale mineralelor grele determinate prin
‘analize microscopice si de laborator au fost prelucrate prin metode sta-
tistico-matematice. ' '

Datele initiale, care au fost prelucrate statistic, au provenit din
analizele m1neralog1ce a cca 440 probe prelevate din 120 profile execu-
tate in depozitele cuaternare din Cimpia Roména Orientald si Dobrogea,
ceea ce Insumeazi aprox1mat1v 3300 de valori individuale introduse
in calcul.

Dupa cum se constata dm tabelul 1 uneorti. numarul de date dis-
ponibile este redus, nepermifind o cercetare statisticd a tuturor minera-
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lelor identificate. Dupd frecventa lor de aparitfie in probele analizate, Fy;
mineralele grele determinate pot fi impéirtite in trei categorii: a) mi-
nerale grele cu frecventd de aparitie ridicata (F, > 700/), cum sint gra-
natii, hornblenda, epidot-zoizitul, rutilul etc.; b) minerale grele cu frec-
ventd de aparitie medie (Fp = 40—609/), ca de exemplu, zirconul; si
¢) minerale grele cu frecventd de aparitie scazutd (F, << 300/), ca piro-
xenii, cloritul, monazitul, sillimanitul etc.

Studiul geomatematic al datelor privind compozitia mineralogicd
a loessurilor si depozitelor loessoide din Cimpia Romén& si Dobrogea a
fost efectuat la un calculator electronic cu ajutorul unor programe de
calcul elaborate in limbaj FORTRAN IV de Al Dimitriu (pro-
gramul REPA) si P. Andar (programul CORE).

Natura distributiei statistice a mineralelor grele. Pentru stabilirea
caracteristicilor principale ale distribufiilor statistice au fost construite
histograme de repartitie atit in scard aritmeticd, cit si in scard logarit-
micd pentru toate mineralele grele care au avut un numir suficient
de valori (n > 30).

Histogramele de repartitie construite in scard aritmeticd au aratat
pentru toate mineralele grele luate in considerare, cu exceptia grana-
tului, o asimetrie de stinga foarte pronuntatd, in timp ce histogramele

construite in scard logaritmicd (fig. 1) ilustreazd frecvent tipul de repar- . '

titie cu frecventd simetricd. Trebuie remarcat faptul cd toate histogra-
mele de repartifie au un aspect unimodal, ceea ce aratid caracterul
omogen al colectivitatii cercetate.

Verificarea cantitativd a naturii disj:ribu@:iei empirice a mineralelor
grele, in vederea testirii corespondentei cu legea de distributie normals
sau lognormald (Hg=d. normald sau Hy=d. lognormalé), s-a efectuat
prin metoda momentelor (Ianovici, Dimitriu, 1965), rezultatele
fiind prezentate in tabelul 1.

Din acest tabel, ca si din aspectul histogramelor, se constatid ca
majoritatea mineralelor grele prezintd o distributie statistica lognormala,
cu exceptia oxizilor (magnetit, hematit), granatilor si a hornblendei.
Singurul component mineralogic care prezintd o distributie statisticd
normald este granatul. Distributia statisticdA a oxizilor si mai ales a
hornblendei, desi nu se verifici nici ca normald si nici ca lognormalj,
manifestd totusi o tendintd mai pronuntatd spre lognormalitate.

Caracterul lognormal, al distributiilor majoritatii mineralelor grele
argumenteazd in favoarea predomindrii unui singur proces de formare
a depozitelor sau a existentei unei surse majore unice pentru . fiecare
mineral sau grup de minerale,

Distribufia normald a granatilor sugereazd ins3, ci la formarea
sedimentului gazdd au concurat doui sau mai multe procese genetice

de intensitate apropiatd sau cd au existat mai multe surse pentru acest
mineral.
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Variabilitatea confinuturilor de minerale grele. Variabilitatea con-
tinuturilor de minerale grele din loessurile si depozitele loessoide cer-
cetate este evidentiati de parametrii centrului de grupare (media arit-
meticd, X, media logarltmlca Xj¢ si de parametrii de variatie (abaterea
standard s si coeficientul de variatie, V). Din examinarea acestor para-
metri, prezentatl in tabelul 1, rezulta cd mineralele’ grele determinate
participd in proportii diferite la constituirea sedimentului gazdi. Astfel,
citiva componenti mineralogici si anume : granatii, oxizii si hornblenda
au continuturi medii mai ridicate, peste 200/, fiecare, formind peste
700/, din masa sedimentului, in timp ce restul mineralelor grele, peste
15 la numdr, au contmuturl medii mai scazute, sub 100/, reprezentmd
mai putin de 300/, din masa rocii.

In privinta Varlablhtat,n continuturilor de minerale grele se observa
cd nu sint diferente mari intre minerale, parametrii de’ Variatie s si 'V,
avind valori apropiate si, nu prea rldlcate Este de mentionat cd granatii,
care au o distributie statisticd normals, au coeficientul de variatie, V' cel
mai scazut. ’ A

Corelatia dintre mineralele grele. Pentru a obtine o imagine mai
completd asupra relatiilor existente .intre mineralele- grele determinate,
care constituie un aspect important in ‘descifrarea proceselor genetice
care au dus la formarea depozitelor cuaternare superficiale, a fost cer-
cetatd corelatia intre mineralele grele pe baza coeficientilor de corelatie.
Calculul coeficientilor de corelatie s-a efectuat tinind cont de legea de:
distributie verificatd sau tendmta majora mamfestata pentru fiecare
mineral.

Dupd cum se constatd din tabelul 2, Qmineralele grele din sedi-
mentele cercetate prezintd In majoritatea cazurilor o corelatie slaba
(r <<0,4). Coeflclentl de corelatie mai mari apar mai ales intre mineralele
cu un numdr scdzut de perechi de valori (n < 30), ceea ce le conferd un
grad de incredere mai scdzut, fard a exclude insa p051b1htatea unei
semnificatii genetice a acestora.

In privinta sensului corelatiei se observd o repartizare aproximativ
egald a coeficientilor cu semn pozitiv si a celor cu semn negativ Tot-

odatd, trebuie remarcat faptul ci toti coef1c1en‘;11 de corelatie cu valorl
mai mari au semn pozitiv.

Analizind relatiile evidentiate -de coeficientii de corelatie intre, mi—
neralele grele cu frecventa de aparitie cea mai mare se constatd urmé-
toarele :

Granatul prezmta o lipsd totald de corelatie cu staurolitul $i o
corelatie- pozitivd foarte scidzutd cu rufilul si glaucofanul ‘Cu celelalte
minerale grele granatul prezintd numai corelatii inverse cu intensitate
scdzuta, dintre care numai cele cu epidot-zoizitul si cloritul sint putln
mai mari.

Hornblenda, ca-si granatul, prez‘i‘nté‘ In cea mai mare_ parte core-
latii inverse si cu o intensitate scdzutd cu celelalte mineraley. cea ‘mai
ridicata tnnd cu rutilul. g i

TR S St i e g m e
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Epidot-zoizitul are o corelatie cu celelalte minerale grele cu o
intensitate $i mai scdzutd decit granatul si hornblenda.

Rutilul prezintd mai frecvent o corelatie directd cu celelalte mi-
nerale grele si_cu o intensitate ceva mai ridicatd decit in cazul celor-
lalte minerale. Astfel, o corelatie pozitivd satisficitoare prezinti cu
piroxenii $i mai puiin cu zirconul. De asemenea, rutilul manifestd o
corelatie bund cu glaucofanul si satisfdcdtoare cu sillimanitul, dar care.
au un grad de incredere mai scidzut fiind determinate pe baza unui
numar redus de perechi de valori.

Staurolitul manifestd, in general, o corelatie negativa si cu o inten-
sitate slabd cu celelalte minerale grele.

Distenul aratd, de asemenea, o corela‘;le slaba atit p021t1va cit si
negativi cu celelalte minerale.

Zirconul prezintd, in general, o corelatie directd si cu o intensitate
pufin mai ridicatd cu restul mineralelor. Astfel, coeficientii de corelatie
dintre zircon-piroxeni si zircon-turmaling indicé 0 legaturd directd satis-
facatoare intre aceste minerale. O corelatie pozitivd ceva:mai slabd apare
intre zircon-rutil si zircon-clorit. ‘

Analiza suprafeteldr de tendinti

In vederea stabilirii variabilitifii areale a confinuturilor de mine-
rale grele determinate iIn loessurile si depozitele loessoide, care pot
furniza informatii pretioase despre procesul de formare a sedimentelor
gazda, a fost aplicatd analiza suprafetelor polinomiale de tendinta. '

Scopul analizei suprafetelor de tendintd consti in separarea varia-
iilor la scard largd, sau a tendintelor, de variatiile locale. Analiza su-
prafetelor de tendintd reprezintd un mijloc eficient de a descifra relatii
simple dintr-o serie de date relativ complexe Aceastd metodd de studiu
are numeroase pos1b111ta’;1 de aplicare In cercetarile geologice, printre
care si aceea de a servi la determinarea modificgrilor faciale ale forma-
tiunilor sedimentare prin stabilirea repartitiei spatiale a parametrilor
sedimentari.

Principiul pe care se bazeazd analiza suprafetelor de tendini{d este
acela cd orice observatie poate fi descompusd in doi componenti; un
component care reprezintd variatiile la scard largid si care exprimd ten-
dinta generald a proprietdtii masurate si alt component care reprezinta
variatiile locale, abaterea locala.

Modelul statistic al analizei suprafetelor de tendintd poate fi ex-
primat prin relatia :

T (Ui, VJ) =T (Uiy VJ) + 6,,
unde :

T(Uy, V;) este valoarea observatd a proprietitii misurate in punctul
cu coordonatele Uy, Uy;
7(Uy, V;) este tendinta calculati pentru acelasi punct ;

-y este componentul intimplator.
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Tendinta este definitd ca un polinom de un grad oarecare si este
exprimati ca :

(U, V) = by + bygU + by V + ... + b UPVa

unde boo, bio, by etc. sint coeficientii polinomului si sint determinati
prin metoda celor mai mici patrate.

Dupd modul de rispindire a punctelor de observatie In aria cerce-
tatd, In refea sau neregulat, pentru calcularea suprafetelor de tendintad
3e folosesc fie polinoame ortogonale, fie pohnoame neortogonale asa
cum s-a procedat in cazul de fata.

Coeficientii polinomiali, by, byo, bg; etc., au fost determinati prin
mmetoda celor mai micl patrate conform relatiei :

SlA)=g

:unde
S este matricea sumei patratelor si produselor

b este vectorul coloana al coeficientilor polinomiali ; si
g este vectorul coloand al produselor variabilei cartate si coordo-
matelor U si V.

Odata ce coeficientii polinomiali ai suprafetelor de tendintd au fost
obtinuti, se calculeazd valorile suprafe‘gelor de tendintd pentru fiecare
punct de observatie introducind in ecuatia suprafefelor de tendintd va-
lorile coordonatelor U si V. Astfel se obt{ine harta suprafe’;elor de ten-
dinta respective.

Se observi ci valoarea calculati nu coincide cu cea observati

R Xobs Xen.le

Prin cartarea acestor abateri, care cuprind componentele de tendinta
ale suprafetelor de tendinti de ordin superior ca si alte variafii Intim-
platoare, se obtine harta de abateri, care poate con’;lne o mformatle
geologicd deosebita.

Puterea de ajustare a unei supra.fete de tendlnta poate fi exprl—
matd ca procentajul de reducere 1n suma totald a pétratelor, care este

dati de expresia :
C, = 100 [1 o ‘M]
! Z(}‘:obs . >(obs)2

unde :
Xiena reprezintd valorile pentru suprafetele de tendintd in punc-
tele de observatie ; $i
Xops reprezintd valorile variabilei cartate in punctele de obser-
vaftie, ' )
O ajustare perfectd a unei functii de tendinti la datele de obser-
‘vatie ar da o valoare a coeficientului de determinare, Cq, de 1009/,.
Pentru a indeplini una din conditiile impuse de analiza suprafe-
gelor de tendintd, si anume o probare cit mai reprezentativd a obiecti--
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velor cercetate, in studiul de fatd au fost luate in considerare pentru
calcularea suprafetelor de tendintd numai primele 9 minerale, In ordinea
descrescinda a frecventei lor de aparitie in profilele cercetate (F; >> 800/p)
(tab. 1.

Datele primare, pe baza cérora s-au calculat suprafefele de ten-
dintd, au fost reprezentate prin valorile medii ale continuturilor procen-
tuale ale mineralelor si pozitia profilelor fatd de cele doua axe de coor-
donate rectangulare.

Calculul suprafetelor de tendintd s-a efectuat la un calculator elec-
tronic I.C.L. 1905 cu ajutorul unui program de calcul scris in limbaj
FORTRAN IV (programator N. Gavrila).

Pentru stabilirea variatiei areale a continuturilor mineralelor Juate
in considerare s-au calculat suprafetele polinomiale de tendintd pina
la gradul 6, dar in aceastid lucrare sint prezentate numai suprafetele
de gradul 2, 4 si 6.

Granatul. Suprafetele polinomiale calculate pentru cele irei grade
aratd cd tendinta dominantid de variatie a continutului de granat din
loessurile si depozitele loessoide cercetate este orientatd VNV—ESE
(fig. 2). Tendinta generald apare chiar din suprafata de ordinul doi,
dar odatd cu trecerea la suprafete de ordin mai mare aceasta este mai
bine evidentiatd. Totusi, coeficientul de determinare al suprafetelor aratd
cd acestea explicAi numai o parte din variatia totald din suprafaia
(Cq = 24—549/;). Aceasta inseamnd cd variabilitatea la scara mica, ca
si componen’mle de tendintd de ordin superlor au Incd o pondere in-
semnatd in hartd (76—469/,).

Staurolitul. Suprafetele de tendintd. calculate pentru distribufia
areala a staurolitului indicd. de asemenea, o sciddere a continutului
acestui mineral in directia ESE (fig. 3). Din figurile reprezentind supra-
fejele de gradul 4 si 6 se observa cd directia acestei tendinte este ugor
rotitd spre SE. Spre deosebire insd de cazul granatului, suprafetele de
tendinta calculate au coeficienti de determinare mai mari (Cq = 45—760/),
ceea ce indicd cd acestea reprezintd un efect real si nu ceva intimplator.

Rutilul. Suprafetele de tendintd calculate pentru rutil aratd o ten-
dintd de variatie orientati de la nord spre sud, cu aparitia unei zone
de maxim in partea de nord-est a Cimpiei Roméne (fig. 4). Coeficientii
de determinare ai suprafetelor de tendintd sint putin mai mici decit
in cazul staurolitului (Cy; = 41—660/;), ceea ce implicad existenta unei
variabilitati locale si a componentelor de tendintd de grad mal mare
cu o pondere Insemnata. :

Din observatule de teren s-a constatat o crestere a cant1ta1,n de
rutil si granati in special in profilele din partea de nord si centrala
a Bdardganului. Sursa au constituit-o, probabil, depozitele sedimentare
din curbura Carpatilor, de la cele mai noi pinad la cele cretacice. Multi-
plele remanieri la care au fost supuse se reflecti in caracterele morfo-
logice ale granatului si rutilului, care numai foarte rar apar cu contururi -
idiomerfe bine conservate.
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l:,pzdot Lozzztul ‘Suprafetele; del tendinta calculate pentru ‘acesti com~
ponenfi mlneraloglcl indicd o creLtele a continutului” lor spre partea

de sud a regiunii,unde, asa cum |reiese si din suprafata de gradul 86,
apare o zona de mamm orientatd VSV—ENE (fig. 5). Din nou coeficientii
de determlqare ai’ suprafetelor callculate (Cq = 22— 460/0) ne aratd ca
efectul suprafefelor ajustate este slab. Acesta ‘este un’ indiciu ci cea
mai mare parte din.variatia contn}utulm acestor componenti’ mineralo-
gici nu poate fi justificatd de suprafetele de tendintd calculate” si ci
variatiile locale si ‘componentele de tendinta de grad superior au o pon-
dere mai mare. N .

Hornblenda. Acest mineral prlezinta acumuldri mai. importante in-
deosebi in profilele ‘din sudul piemontului Arges-Olt si in partea esticd
a Baraganului, unde la cantitatea de hornblenda venitd din Carpati se
aclauga cele transpm tate din aluviunile Dunarn

< Suprafetele po’lmomlale calcul‘ate oentru dlStI‘lblItla areala a horn-
blendei evidentiazd o tendintd de variatie inversad fa'pa de cele ale gra-
natului si stauroh'tulul' Continuturile cele mai ridicate alé- acest‘.ul mi-
neral se gasesc in' depozitele din partea de ESE a reglunn cercetate si
prezintd o tendmta\ de scadere spre NV (fig. 6). Totusi, ca-si in- cazul
granatului, coeflclentu de determinare ai sup}"afe‘gelor ‘de tendinta au
valori cam scizuté (Cy == 21——560/0) ceea ¢e face ca ponderea variatiilor
locale si a componentelor de ten_lnta de Grad superlor sa flC destul
de mare. ! - i

Dzstenul Suprafetele calculat pentru disten 1ndlca o tend.mta de
scadere a Lontlnutulul acestui mineral in-directia NE (fig. 7)." Dupa cum
se observa mai ales din suprafata| de gradul 6, con’;lnutu‘rll,e cele .mai
ridicate de disten in sedimentul gazdd se gasesc in partea- de SV a re~
giunii..Ca .gi-in .cazul - altor minerale, coeflclen';n de* determmare ai: su~
prafe‘;elor de tendm’;a au valor1 m1c1 (Cq = 32—56").

e

Turmalzna %uprafetele ooh ormale calculate pentru dlstrlbut1a
arcals a turmahne1 evidentiaza o tendlni,a de scidere a continutului
acestui mineral in du"ecl;la NNV—SSE (fig. 8). Valorile celé maj ridicate
ale “contfinuturilor $e afia in- partea. central nordica a reglunu i, de unde
scad usor spre SE'si mai- repede spre- "NE‘ $i.3V. Coeficiéntii de deter-
minare ai, suprafetelor de tendintd au tot valori scazute (Cdz 24—5009/,),
indicind o reprezentat1v1tate seazutd a’ suprafetelor calculate e

’

Zm'conul Hartlle suprafetelor de- tendlnta calculate pentru zircon
sint foarfe asemanatoare cu cele obtinute, pentru turmalin. Con’;mu-
turile de zircon din sedimentul gazda prezmta o tendinta de. scadere
pe o dlrectle aproximativ N—S (fig. 9). Ceeflc1en‘;u de determinare ai
suprafetelor de tendmta calculate (Cq —3‘7—750/0) au valori mai mari
decit pentru multe alte ‘minerale, mai ales pentru suprafetele de grad
mai ridicat, indicind o putere mai mare a suprafetelor si deci existenta
unui factor real care a determinat aceastd distributie.
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Fig. 6. — Suprafetele de tendinti ale hornblendei.
Surfaces de tendance de’ la hornblende.
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Fig. 7. — Suprafetele de tendintd ale distenului.
Surfaces de tendance du disthéne.



1 crapuL2

Cpee v

{GRADUL 4

Fig. 8. — Suprafetele de tendintd ale turmalinei.
Surfaces de tendance de la tourmaline.
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i Sfenul. Suprafetele de’ tendmta calculate pentru sfen arata oxva—
rlatle a continuturilor acestui mineral in sedimentul gazda or1e,ntat$ in
dlrectla SV—NE (fig. 10). Zona- cu continuturile cele maj ridicate for-
meazd, in suprafata de tendintd de gradul 8, o elipsd cu~axa lungd orien-
tatd; spre. NE. Coeficientii de determln'—me ai suprafetelor “de tendmta
calculate “au valorile cele mai mici- dintre toate' cele - calculate
(Cq 3= 4—30/y), sugerind cd suprafetele obfinute nu-sint reprezentatlve
- cea .mal mare parte din variabilitatea acestui mineral fiind asoc1at51 cu

varlatu la scard 1ocala si -cu, ccmponente de tendinta de ordin supepol

! Cloritul $t monazitul, care apar In mai putm de jumétate .din nu-
marul profilelor cercetate (Fy = 45,89/, si respectiv F, = 41,60/)). au o
mstrlbutle areald foarte neuniformi. Aceste minerale apar,. in principal,
in dou&d zone din reglunea cercetatd si anume, in profilele situate in
lungul teraselor Oltului si in profllele din pa_rtea de nord a Baréganului.
Aceastd raspindire’ a cloritului si monazitului sugereazi provementa lor
din zonele montane malte unde slsturlle crlstahne ocupéa supra:fete con-

_)>1derab11e '

' Ajustarea suprafetelor pohnom;ale de tendlnta calculate: pe‘ntru

eralele de mai sus aratd atit c& tendmte,le redlonale in loessurlle si
dep zitele loessoide din Dobrogea si C1mp1a Romana Orientala smﬁ cu
citeva exceptii, slabe; cit si faptul ci varidtia la scard mica si ponderea
componentelor de tendlnta de ordin-superior este puternicd. Aceastd
contributie scazuta a functiei de tendintd la variatia totald a variabilei
cerqetate nu trebule consideratd cu totul nesemmflcatlva dar la ‘inter-
preﬁarea rezultatelor trebuie sd se tind seama neaparat de ea.

, Aspectul suprafetelor de tendmta calculate pentru- minéralele con-
siderate sugereazi ci sursa si directia de transport au fost diferite.
Astfel, suprafetele de tendinta calculate. pentru granati, staurolit, tur-
malind, zircon §1 rutil indicd cd sursa a fost In partea de VNV a re-
giunii cercetate si ci directia predominanta de transport a fost spre ESE.
Aceastd sursd poate’ fi identificatd cu sisturile cristaline si dep021tele
sedimentare din curbura Carpatilor.

Dimpotriva, suprafetele de tendmta ale hornblendei aratd ca~ sursa
sedimentului gazda a.fost in partea’ de sud-est a regiunii, iar dlrectla
predominanti de transport a fost- or;ent§ta spre nord-vest. In S‘;flI‘Slt
suprafetele de tendinti ale distenului si, sfenului indica - o sursd ce se
gasea In partea de sud-vest a regiunii cercetate iar directia de transport
a fost orientatd spre nord-est. Aceste sur'se pot fi 1dent1f1cate cu depo-—
zitele aluvionare ale Dunérii. : / ¢

+ Evaluarea - semnificatiei diferitilor factorl care determind tendmta
de variati€ a mineralelor, aratd cd sursa are cea mai mare 1mportanta
Totusi, desi sursa este hnecesard pentru furmzarea de minerale,’ dlstrl—
butia lor areald este controlati de diferite procese. " ;

Dupd cum au ardtat Allen si Krumbein. (1962), astfel de
distributii areale ale componentilor m1neraloclc1 s-ar putea datora urmaéa-
toarelor procese :
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-— sortarea detritusului polimineralic provenit dintr-o sursi majora ;

— detritus polimineralic aseminitor, fie amestecat sau nu, din
doud sau mai multe surse principale ;

— amestecarea detritusului diferit din doud sau mai multe surse ;

— modificarea post-depozitionald a detritusului provenit dintr-un
~ numdr oarecare de surse. _

Schimbarile post-depozitionale, desi posibile, nu au avut totusi,
un rol atit de important incit si ducd la formarea de minerale noi ca
granat, rutil, turmalinid etc., dar nu sint excluse, deoarece se remarca
zone de supracrestere atit la rutil, cit si la zircon (profil Costinesti), ca
si concresteri‘intre sfen si rutil (profil Sinesti). De asemenea, probabil
cd distributia areald a variabilitatii care.ar fi rezultat ar fi fost atunci
putin diferita ; variatiile la scard mici ar fi fost mai reduse si tendintele
regionale mai puternice, datoritd controlului mai strins efectuat de fac-
torii acestui proces. .

De aici rezulti c& rolul preponderent in distributia areald a com-
ponentilor mineralogici ai loessurilor si depozitelor loessoide studiate a
revenit unuia dintre celelalte trei procese mentionate.

Raspunsul fiecdrui mineral la aceste procese depinde, in general,
de marimea, forma si greutatea lui specifica. .

Cercetirile efectuate de noi, ca si rezultatele obtinute de alti autori
(Siddique, Mallik, 1972), arati ci dintre acesti factori cel mai
important este greutatea specifici a mineralelor. Astfel, desi procesele
au fost aceleasi pentru toate mineralele considerate, tendintele lor de
variatie sint diferite, ceea ce permite separarea lor in doud grupe ; pe
de o parte zirconul, rutilul, granatii si staurclitul, iar de cealaltd parte
distenul, epidot-zoizitul, sfenul si hornblenda.

Deosebirea majord intre cele doud grupe de minerale, evidentiatd
de distributiile lor areale, se datoreste, in cea mai mare parte, greuti-
tilor specifice diferite. Acelasi factor este probabil raspunzétor si pentru
tipurile de distributii areale diferite chiar §i in cadrul fiecarui grup de
niinerale, Astfel hornblenda, care are o greutate specifici mai mici, a
fost transportati mai departe decit epidot-zoizitul si distenul, care au
greutiti specifice mai mari, maximele lor de frecventd din cadrul su-
prafetelor de tendinti fiind numai partial suprapuse. !

Din cele de mai sus rezultdi cd tipurile de distributii areale ale
mineralelor grele considerate sint rezultatul atit al proceselor care au
actionat asupra lor, cit si al rdspunsului dat de aceste minerale.

Concluzii

Erecventa de aparitie a mineralelor grele in loessurile si depozitele
loessmde atit pentru intreaga regiune cercetats, cit si in fiecare profil
in p_ar.t.e variazd destul de mult. Astfel, in timp ce unele minerale ca
granatii, hornblenda, rutilul, staurolitul etc. sint prezente aproape in
toate_profilele si probele cercetate, alte minerale ca antofilitul, brookitul:
actinotul, corindonul ete.. apar numai sporadic. , '
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Prelucrarea statisticd a comtinuturilor individuale ale mineralelor
grele a aritat cum colectivititile considerate au un caracter omogen
din punct de vedere al fenomenului cercetat si cd, cu exceptia grana-
{ilor, -aproape toate mineralele grele prezinti o distributie statistica
lognormala. . ,

Continuturile medii ale mineralelor grele din loessurile si depozi-
tele loessoide cercetate prezintd variatii insemnate. Astfel, in timp ce
unele minerale grele au continuturi medii de peste 200/, alte minerale
au continuturi medii de cca zece ori mai mici.

Cercetarea legaturilor existente intre mineralele grele din loessu-
rile si depozitele loessoide din Dobrogea si. Cimpia Romanid de est a
evidentiat absenta unor corelatii semnificative in variatia continuturilor
acestor minerale. _

In sfirsit, din analiza suprafetelor de tendintd a principalelor mi-
nerale grele rezultd ci loessurile si depozitele loessoide cercetate au pro-
venit din douad surse, una situatd in partea de nord-vest, in zona de
curbura a Carpatilor, iar cealaltd in partea de sud, de-a lungul Dunirii.
Distributia areald a mineralelor grele este determinatd atit de sursa
materialutui initial si de procesele operative, cit si de rdspunsul fiecirui
mineral la aceste procese.

:
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L’ANALYSE.STATISTIQUE DE LA VARIABILITE DES MINERAUX
LOURDS DES LOESS ET DES DEPOTS LOESSOIDES
DE LA DOBROGEA ET LA PLAINE ROUMAINE ORIENTALE

(Résumé)

A la suite des recherches minéralogiques et petrographiques des lé'ess initiées
par C. Ghenea et Venera Codarcea (1974, 1975, 1976) ce papier envisage
I'analyse statistique des données minéralogiques obtenues de ces formations.

L’analyse statistique- mathemathue a comme principal but de solutionner,
par les résultats minéralogiques, des problémes généraux de différentiations quan-
titatives entre les mémes espéces minérales appartenant au méme type de for-
mation et la source initiale des matériaux qui constituent les loess et au551 les
associations paragénétiques qui peuvent générer des lois. i

~ Ainsi .on a analysé plus de 440 échantillons, obtenus des coupes ‘de la
Dobrogea et de la Plaine Roumaine a l'est de I'Olt. Les déterminations minéra-
logiques ont été-faites, séparément pour chaque échantillon, sur la-fraction lourde
{plus de 0,056 mm) séparée a l'aide du bromoforme, et on a obtenu trois classes
granulométriques variant. de 0,25 :a 0,16 mm, de 0,16 & 0,10' mm et--de* 0,104
0,06 mm. On a fait la somme des résultats et on a obtenu -des Vvaleurs/ 'moyennes
en pour-cents sur des coupes corrélables.

Les résultats des analyses minéralogiques correspondent aux types litholo-
giques séparés par les méihodes granulométriques. Ainsi, on a délimité une
province danubienne, limitrophe ;au Danube et ayant un important apport de
matériel alluvionnaire. Au sud de la Dobrogea on observe une province minéra-
logique - littorale ayant comme source principale les alluvions marines ;- au nord
de la Dobrogea, il y a quelques provinces, minéralogiques:dont la fraction lourde
refléte par sa composition l'apport des formations géologiques locales:; dans la
Plaine Roumaine, on . a identifié des dépdts de type ,loess“; surtout -dans les
champs du Béaragan, et de type ,loessoide“ dans la région souscarpatique, le
champ de Mostistea et le plateau Rimnic. 5

i Les accumulations différentielles des minéraux lourds nous ont permis de
définir deux associations paragénétiques : la premiére, du type hornblende-pyro-
xénes (a l'est de la Plaine Orientale) et la deu‘neme du type grenats- hornblende—
epldote zoisite (a 'ouest de la Plaine Roumalne)

Lmterpretatlon statistique des données des analyses rmneraloglques a été
elfectuée pour presque 3300 valeurs individuelles introduites dans le calculabeur
électronique, a 1'a1de des programmes de calcul en langage FORTRAN IV éla-
borés pa1 Al D1mlt11u (le programme REPA) et P. Andar (le plogramme
CORE) ’

" Selon leur frequence dans les échantillons analyses ¥y, les mlneraux lourds
dete1mmes entrent en trois categorles
' a) minéraux lourds trés fréquents’ (Fp>70%) c,().r'h'me‘ pa'r‘ ékérﬁpfé les
grenats, la hornblende, I'epidote-zoisite, le rutile, ete. o R

b) minéraux lourds & fréquence moyenne (Fp—40——60%) comme par ‘exem-
ple le zircon ;
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¢) ‘minéraux lourds peu fréquents (F, < 30%), comme par exemple lés pyro-
xenes, la chlorite, la monazite, la sillimanite, etc. / ;

En vue -d’établir les caractéristiques principales des distributions statistiques,
on a dressé des histogrammes de répartition & 1'échelle arithmétique aussi’ que
logarithmique.- pour tous les minéraux lourds pour lesquels on‘a eu un:nombre
sulfisant de valeurs. Toutes les histogrammes de répartition ont le méme aspect,
ce qui prouve le (parac_tére homogéne du grbupe recherché.

On a vérifié du point de vue quantitaﬁvé la nature de la distribution em-
pirique des, minéraux lourds en vue de tester la correspondance avec la lois de
distribution normale -ou lognormale (H,= distribution normale ou H,= distribu-
tion iognormale) ; on a réalisé cela par la mélhode des moments (Ianovici,
Dimitriu, 1965). Les. histogrammes revélent que la plupart des minéraux
lourds ont une distribution statistique lognormale, le seul minéral composant
a distribution ctatlsthue normale étant le grenat. '

La dlstrlbutlon lognormale de la plupart des minéraux lourds pléede pour
la predommance d’un seul processus de constitution des dépbts ou pour lexis-
tence d’une source majeure unique pour chaque minéral ou groupe de minéraux.
La, distribution normale des grenats montre qu’il v 4avait deux ou plusieurs

processus généticques ‘de méme intensité qui ont mené a la formatlon du sedlment
hidte ou qu’it y avait plusieurs sources pour ce minéral. B .

La variabilité des contenus des minéraux lourds des loess et dépdts loes-

soldes recherchés est mise en évidence par les paramétres du centre de groupe-
ment (moyerne arithmétique, X, moyenne logarithmique, §;lg)Ae't les parametres
de variation (écartement standard, s, et coefficient de wvariation; V). L’analyse
de’ ces paraniétres " (tab. 1). démontre que les 'minéraux lourds déterminés ont
participé en quantités différentes a la' composition du sédiment héte ; ainsi, le§
grenats, les oxides et la hornblende représentent plus de 70%, du sédiment, tandis
que les autres minéraux lourds (plus de 15) présentent des contenus plus réduits,
moins de 30%, de Ia roche. Les paramétres de variation, s et V, ont des valeurs
similaires peu- élevées, les moindres parametres appartenant aux grenats.
) Le -calcul des coefficients de corréiation envisage la lois de distribution
vérifiée ou la tendance majeure pour chaque minéral. Les coefficients de corre-
lation plus grands apparaissent parmi les minéraux ayant un nombre réduit de
paires de valeurs (n < 30), ce qui leur offre un degré de confiance peu élevé.
‘En ce qui concerne le sens de la corrélation, tous les coefficients de corrélation
aux valeurs élevées sont positifs.

La ‘variabilité aréale des contenus de minéraux lourds a été établie a
I'aide de lanalyse des surfaces polinomiales de tendance & fin de séparer les
valeurs générales et locales enire eux. Le principe de base de I’analyse des
surfaces de tendance démontre que chaque observation a deux parties compo-
santes : la - premiére représente les vériations générales (en exprimant la ten-
dance -générale de la propriété étudiée) et la deuxiéme représente les' variations
locales ou l’exception locale. i

" Le modéle statistique des surfaces de tendance est exprimé par la relation :

' T(Uy, V) = (U, V) + ey
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ou : T(Uj, Vj) représente la valeur de la propriété mesurée au point des coor-
données Uj, Vi;

©(Uy, V;) représente la tendance calculée pour le méme point; e; repré-
sente le composant accidentel.

T.a tendance est définie comme un polyndéme d’un degré quelconque exprimé
par la formule suivante :

(U, V) = byy + byoU + bV + ... + by UPVE

ol by, by, by, etc. sont les coefficients du polynéme et sont determinés par la
méthode des moindres carrés. Les surfaces .de tendance sont calculées a l'aide
des polyndomes orthogonau‘( ou non-orthogonaux.

Les coefficients polynominaux bg, by, bgr, etc. ont été déterminés par la

. . - A
méthode des moindres carrés conformément a la relation: Sb=g-
ou S représentes la matrice de la somme des carrés et des produits ;

A A .
b représente le vecteur colonne des coefficients polynominaux ;

g représente le vecteur colonne des produits de la variable et des coordon-
nées U et V. :

Le calcul des coefficients polynominaux des surfaces de tendance est suivi
par le calcul des valeurs des surfaces de tendance pour chaque point d’obser-
vation par lintroduction des valeurs des coordonnées U et V en l’équation des
surfaces de tendance, et obtenant ainsi la carte de celles-ci. Les données initiales
ont été représentées par les valeurs moyennes des contenus en pourcents des
minéraux et par la position des coupes par rapport aux deux axes de coordon-
nées rectangulaires. Les calculs ont été faits au calculateur électronique I.C.L. 1905
a l'aide du programme écrit en langage FORTRAN IV (programmateur N. G a-
vrila).

L’aspéct des surfaces de tendance des minéraux étudiés suggére une source
et une direction de transport différentes; la direction de. transport prin-
cipale a été vers I'ESE, tandis que la source a été représentée’par les schistes
cristallins et les sédiments de la courbure des Carpates. Les surfaces de ten-
dance des grenats, de la staurotide, de la tourmaline, du zircon et du rut11e
démontrent que la source se trouvait a4 IPONO. Les surfaces de tendance de la-
- hornblende démontrent que la source du sédiment héte se trouvait au SE de

la région, la direction de transport était orientée vers le NO, tandis que 1:1

source du disthéne et du sphéne se trouvait au SO de la région et la direction

était orientée vers le NE; les sources peuvent étre identifiées aux dépdts allu-
" vionnaires du Danube. :

Allen et Krumbein (1962) ont démontré que les distributions aréales
des components minéralogiques sont dus aux processus suivants :

— la sélection du détritus polyminéral provenu d’une source majeure ;

— le détritus polyminéral similaire, composé ou non de deux ou plusieurs
sources principales ;

— le mélange du détritus différent de deux ou plusieures sourées

— la transformation aprés la dep051t10n du detutus provenu d'un certain
nombpre de sources.
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L’interprétation siatistique des contenus individuels des minéraux lourds
démontre le caractére homogéne des collectivitées étudiées et la distribution sta-
tistique lognormale des minéraux lourds (4 I’exception des grenats).

La distribution aréale des minéraux lourds est déterminée par la source
du matériel initial et les processus opératifs, aussi que par la réaction de chaque
minéral envers ces processus-la. ) :
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STILBITUL DE LA VALEA REA—HA'RTAGANIl
. DE
ION BERBELEAC 3, MARGARETA DAVID 2, IULIAN VANGHELIE ?

Zeolites (stilbite). Quartz andesites. Tertiary. Chemical-mineralogical study.
X-ray. DTA. IR. Apuseni Mountains. Neogene eruptive. Brad-Sdcdrimb sector.

Alf)stract *

The Valea Rea Valley-Hartagani Stilbite. Among the zeolites
occurlng in the tertiary quartziferous andesites (Sarmatian-Pannonian ?) of Ro-
mania, ‘- the: Valea Rea Valley stilbites were studied and compared with some
similar occurrences from' abroad. The stilbite occurs in the wesiern part of Gur-
guiata and Stirba Hills, aleng the Valea Rea Valley, near the contact zone of
andesiteg, “with the sedimentary déposits- (Upper Helvetian ?-Sarmatian). It appears
as monomineral sheaf-like or radial aggregates consisting of prismaticQ'—lamellar
crystals up to 3—17 mm in length and forming, usually, millimetrical, very seldom
centimetrical veinlets. The principal physical and optical features of stilbite from
the Valea Rea Valley are the following : low refringence (Ng = 1,499 ; N, == 1,487 ;
Np = 1,497 ; N, — N, = 0,012), perfect cleavage (010) and a pearly or vitreous
lustre ; negative elongation and asymmetrical extinction, N, (010) =2—12°; axial
plane is:(010) ; -biaxial negative : (—)2V ==32—43°; frequent' polysynthetic {wins
with sharp endings disposed- on -the prismatic faces. There are also presented
the chemical, -X-ray, DTA and IR data on the studied stilbite. The transformation
temperature into heulandite and wairakite has been established (230°C), too.

I

In Muntii Metaliferi cele mai reprezentative iviri de zeoliti apar
asociate cu roci ofiolitice mezozoice si vulcanite tertiare lipsite sau pufin
afectate de procese hidrometasomatice. O asémenea situatie s-a recy-
noscut si, in. Valea Rea de la Hértégam unde rnargmea vesticd a unui

1 Predatd la 30 martie 1979, acceptatid pentru pubhcare ‘la 4 apr111e 1979
comunicatd i sedinta din 13 aprilie 1979.
2 Institutul de geologie si geofizicd. Str.  Caransebes nr. 1, Bucuresti, "32.
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corp de andezite cuartifere cu hornblendad si biotit, de virstdi Sarma-
{lan-Pannonian (Berbeleac, 1975) cuprinde numeroase fisuri cu zeo-
liti (fig. 1). Corpul amintit, de forma elipticd, cu axa mare orientati
E—W, strabate roci ofiolitice mezozoice si depozite sedimentare si vul-
cano-sedimentare, de virstd Helvefian superior?-Sarmatian (fig. 1).

-
Voo
5]
g
2 e
B @©
W

Fig. '1. — Schita geologicid a regiunii dealul S$tirba-dealul Gurguiata.

1, aluviu ; 2 a, andezite cuartifere cu hornblendi si biotit; b, -brecii ;
3, piroclastitele andezitelor cu hornblendad si cuart; 4, depozife sedi-
mentare si  vulcano-sedimentare . badenian-sarmatiene ; 5, :.congleme-
rate, gresii si argile helvetian-superiocare?; 6, roci ofiolitice (Jurasic
superior?) ; 7, falie; 8, alteriri hidrometasematice ; 9, cornificéri.
Esquisse géologique de la région de la colline Stirba-la :colline
g Gurguiata.
1, alluvions; 2 a, andésites quartziferes 4 hornblende et biotite -
b, breches; 3, pyroclastifes des andésites & hornblende et quartz ;
4, dépdts sédimentaires et volcano-sédimentaires badénien-sarmatiens :
5, conglomérats, grés et argiles helvétien-‘supérieures? ; 6, roches ophie-
litiques (Jurassique supérieur?) ; 7, faille; 8, altérations hydrométa-
sornatiques ; 9, cornéenes.

Prezentarea zeolitilor

Andezitul cuartifer cu hornblendd si biotit din dealurile Stirba
§i Gurguiata cuprinde numeroase goluri si fisuri frecvent umplute cu
zeoliti. A '

Zeolitii apar in special in partea vesticd a corpului andezitic intr-o
fisie mai pronuntat fisuratd, de mai multi zeci de metri grosime, situatd
in vecinatatea contactului cu formatiunile fundamentului, partial corni-
ficate (fig. 1). O micd zond din fisia menfionatad, situati in versantul
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drept al Vaii Rea, in apropierea confluentei cu”Valea Zimbrita, cuprinde
cea mai reprezentativd ivire de zeolifi. Aici golurile si fisurile din
andezit (pl. I, fig. 1, 2) sint umplute cu frumoase agregate monomine-
rale de zeolifi constituite din cristale prismatic-lamelare, larg dezvoltate
3—17 mm) (pl. I, fig. 2), de culoare alba si luciu sidefiu, uneori aco-
perite de cruste subtiri de minerale argiloase, cenusii, de origine super-
gend. Cristalele de zeoliti din agregate; grupate in snopi fixati, in ge-
neral, transversal pe perefii golurilor si fisurilor (pl. I, fig. 2), se aso-
ciazi, rar, cu calcit i cuart. Dimensiunile cristalelor dezvoltate in fisuri
sint relat.lv umforme (pl. II, flg 1) 3—12 mm) in timp ce in goluri
acestea prezinti ‘mari variatii; in cazuri~ exceptionale unii indiviz‘r- de-
pasesc 1,7 ecm (pl. I, fig. 2).

Propmeta’;lle optice si fizice ale stllbltulul din Valea Rea sint in
general asemadndtoare cu cele mentionate de Deer et al, 1967 si
Istrate, Medesan (1977) (tab..1). Dintre acestea subliniem: bire-
fringenta scazutd, clivajul perfect cu luciu sidefiu si sticlos, macle com-
plexe de intrepitrundere si polisintetice cu terminatii ascutite dispuse
transversal pe fetele de prisma (pl. II, fig. 2), alungire negativa, extinctie
asimetricd (100) = 2—12° si caracterul biaxial negativ cu ) 2 V va-
riabil.

Valorile (—) 2 V3 se inscriu in doud domenii de wvariatie : unul
cuprins .intre 32—38° cu un maxim de frecven{i in intervalul 34—35°
(fig. 2), caracteristic, in general, unor cristale fine, interpuse intre cele
larg dezvoltate de stilbit si cu o refringentd usor mai ridicati si altul

cu valqri ceva mai mari stiuate mtre 39—43° si cu frecvenfa maximi
intre 41—42° (fig. 2).

TABELUL 1

Proprield{ile oplice §i fizice ale stilbitului

b

| Valea Rea Deer et al, 1967 Istrate, Medesan, 1977

p Ng — 1499 - 1,484 — 1,500 ; 1,500

| Ny, — 1497 1,494 — 1,507 1,497
Np — 1487 1,494 — 1,513 1,487
Ng — Np — 0,012 0,01 0,013
2V = 32—42° 30—49°(—) ; 20— 36°
P.A.O. (010) P.A.O. (010) (010)
Dispersia r <tV Dispersia r <V
D 2,06 - 2,01—-2,2
Clivaj foarte bun {010} {010} 010

Intrucit elementelé minore identificate prin analiza spectrals (tab. 2)
a materialului analizat chimic prezinti valori nesemnificative, rezultd

3 Multumim lui A. Stefan pentru determinarile ficute cu mésuta uni-
versald, in sectiuni transversale pe (010).
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cé solutiile care au generat stﬂbltul de la Valea Rea au fost slab mine-

uahzate
' Datele de dlfractl

¢ RX ob’glnute pentru proba din Valea Rea ‘aratd

g 9

'

Fig. 2. .'f._,H.istograme de frecventi

ale (—). 2V la stilbitul . din __Valeé
Rea.

Histpgra;mmes de fréguence . de
(—) 2 V du stilbite de Valea Rea.

Qv

sivul Vléaéaé‘é,«;tabt 3, pr 3)f>,$-i._£ie':ia‘mina Jo Dandy (Colofado) ‘(.fab. S
pr. 2).-De subliniat.c¢d -cele mai puternice si importante efecte obiinute
prin datele de chf}actle — 916 A (1—95), 408 A (I—lOO) : 303 A‘

TABELUL 2

Analz,za chzmzca, speclrald si fo:mula st:uciurala a zeoll!zlor din 'Valea Rea i

o Oxizi;r% o o il 2 Elemente* . . ppm
Si0, 57,95 57,11 Mn 5
Al 04 16,38 17,17 Ti 12
Fe,0, 0,11 . Ba 12,5
MgO 0,02 Si 60
CaO 8,24 8,30 @ oa Cu - 3,6
Na,0 . 1,15 - Pb 10,5

Sn 9

H,0t . - L w -5 ;

H,0~ } 16,93 16,93
Total - . 99,55 99,51

: Numdr deioni la 72 oxigeni

Si 026,92 3
Al : 8,97 Formula structuralj :

Fed* 0,03 (Cay 10, Nay,g55)Alg; 00

Mg 0,01 Sigg, 9%07224,96H2O

Na 1,03 ! . I

Ca .o 4,10

H,0 24,96

Z 35,89

R 5,14

1, ‘stilbit, Valea Rea. Analist Mar gareta D av1 d; 2, st1lb1t Valea Rea, M e dg y esy-
(1886) in Ridulescu, Dimitrescu (1966). *, anahza spectrals efectuati de Alla
Z&mirca (lipsd Se, La, Y, Co, Ni, Be, B, V si Mo). I s
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-

{I=60) ca si cele secundare (tab. 3, pr. 1) sint aseménétoare sau iden-
tice cu cele doud cazuri luate in d1scu1;1e .

Aceleasi date relevd importante modificéri structurale a.le probei
naturale, realizate prin incélzirea acesteia la 230°C si 295°C; la 230°C

TABELUL 3

Date de difracjie (Rx) la stilbitul din Valea Rea, Mina Yo _Dandy (Colorado) sz Valea Calului
(Vlddeasa Romdrua)

i
! .
- R ) 2 3
»' drd ur, hki d/A | Bl hk! d/A I/1, ad 1128
E
I 3 - ;
119,16 | W0 020 9,15 |50 020 9,21 ' | 100 1.819 30
5,33 | W0 131.130 | 5,31 6 | . 131,130 | 6,35 10 1,7809 | - 7
14,68 | 28 323,121 | 4,66 | 26 223,121 5,25 20 1,7138 |© 8
4,30 | 10 312,311 | 4,27 6 | . 312,31 1,677 45 1,5883 1 15
14,08 | 100 131,132 | 4,06 | 100 |~ 131,132 4,251 20 ! 1,4367 | 5
[13.74 | 10 203 1,01 |10 022 4,04 90 1,354 6
{13,40 | 15 102,113 | 3,74 10 | - 303 . 3,723 15 1
3,19 | 20 | 722,333 3,50 | 4 243,111 3,467 15
13,03 | 60 151,152+ 3,40 | 16 | = 102,143 3,389 25
2,78 | 30 314,351 | 3,19 | 20, | 422,233 | 3,170 25
2,71 - 5 101 ¢ 3,10 | 6 | - 333,330 3,018 | 90
12,59 5 204 3,04 | 45 | . 151,152 2,866 10
[2,56 | 14 | 222,741 | 2,885 4 | 241,061+ 2,767 | 35 T
12,141 5 | .263 2,777 20 | 314 261 |- 2,703 7
1 2,26 2| | o7z - 12,592 10
12,03 10 | | 964 : : 2,553 | 15
1,83 14 | | 506 ¢ : vl 2,488 ) 10
1,78 5 | 306 ‘< bt 2,35 10
1 1.68 5 575,201 . ¢ 2,220 7
“1L,60 | 10 166 e A 2,120 5
i1,56 | 10 | 537 ; ; © 02,008 8 C
_ : 2,059 | 10 : .
.35 5 350 ¢ - = e 2,027 10 '
30 5 o O = S o = i 1,8918 8

4

1, - Stilbit + Stllblt sodic, Valea Rea, Hartagam, anahst I. Vanghelie. Condltu Rad. cu
K a 12, filtru Ni, inregistrator VA~ G—14—1"; 2 stilbit ‘mina’ Yo Dandy, MOntl‘ose Country,
Colorado, U.S.A., - Smith, Am. Mm 55, 185 1200 (1970) 33, stilbit Valea Calului, Viideasa,
Romania, Istrate, Medesan, Rev. Roum Géol. géophys. et géogr., Géologie, 21, p.-35—44
£1977).

proba trece 1ntr—un amestec de stilbit, heulandit si wairakit (tab 4,
pr. 1), iar la 295°C amestecul se mentine, cu exceptia Walrakltulul‘
Continuind incilzirea probei, s-a constatat ci la temperaturi de 900°C;
s-a realizat distrugerea totald a ‘stilbitului si trecerea acestuia in anortit.
In paralel cu incilzirea probe1 pestée 295°C ‘s-a ‘femarcat ci’ dlagramele'
obtinute cuprind un numair descreseind si o difuzie gradati de linii;

1
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minimul de linii s-a inregistrat prin incélzirea probei la 500°C. Men-
{iondm ca modificirile structurale obtinute pe probd, in intervalul
230—295°C, nu concordd cu datele lui Coombs et al. (1959, in
Pécsi-Donath, 1965) care indicd trecerea la 260°C a probei na-

TABELUL 4 )
Daie de difracjie (Rx) pentrLi stilbitul din Valea Rea. Probe incdlzite

1 2
d/A I, hkl djA I, hik
8,98 70 020 8,98 120 020
6,80 10 200 6,80 5 200
5,62 15 211 5,62 7 211
5,10 15 311 5,10 15 } 311
4,58 32 131 4,58 do 131
4,26 30 312,311 3,97 56 . %2
3,97 80 421 3,83 47 530,8212
. 3,83 45 530,621 3,76 13 Jo3
3,70 15 24t 3,42 36 1 402112
3,42 22 : 402,113 3,17 10 422,533
3,17 27 122,233 3,11 . 31 333,340
3,11 20 333,330 2,97 20 350
2,98 60 _350_ 2,76, 5 | 314,38
2,76 10 314,261
2,69 20 510,411
- 2,89 14 204
2,52 10 170
2,49 -5 .07
2,23 5 611,532?
2,13 £0 5417
2,01 10 6132
1.97 10 - 841,572

1, probi incilzitd la 230°C (stilbit, heulandit §i wairakit) ; 2, probi incilzitd la 295°C (stilbit
si heulandit).

turale in epistilbit si wairakite. In schimb, aceste date sint in acord
cu cele obtinute de Pécsi-Donath (1965) prin incilzirea la 250°C
a doud probe de stilbit provenite de la Nadap s$i Dunabogdany.

Principalele picuri ale benzii de absorbtie IR sint redate in ta-
belul 5 si in diagrama din figura 3. Sirul de informafii structurale evi-
dentiate de diagrami sint asemédnitoare cu cele obtinute de Moenke
(1967) pentru stilbitul de la Taigarhorn (Islanda) (tab. 5). _

Curba GTD a stilbitului de la Valea Rea (fig. 4) indicd intre
50—480°C o pierdere continud de api inscriind un V larg cu virful
la 290°C si cu braful drept mai putin abrupt in care la 290°C se inscrie
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picul principal ». Conform curbei rezultate reactia exotermi a stilbi-
tului are loc la o temperaturd apropiatd (480°C) valorilor obtinute
(490-—500°C) ‘de Kostov (1967) pentru Va.rwta';lle de stilbit bogate
in silice, Nasedkina si Nasedkin (1967) si Istrate si Me-
desan (1977) pentru stilbitul din Tungunska, respectiv masivul VIi-
_deasa. Atit derivatograma DTA cit si spectrograma IR ale stilbitului
/ de la Valea Rea sugereaza faptul ca principalele modificiri de structuri
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Fig. 3. — Spectrograma stilbitului de la Valea Rea.
Spectrogramme du stilbite de Valea Rea.

TABELUL 5
Date spectrofotometrice I R i)entru stilbit
Picuri de absorbtie (cm™1)
1 2 §(
415 C 415
445 440
565 ‘ 560
600 600
705 710
760 760
790 780
1030 1030
1145 1145
1645 -1645
3220 3250
| 3445 3440 |

1, stilbit Valea Rea ;2, stilbit Taigarhorn Island,

4 Valorile picurilor acestei curbe sint apropiate cu cele inregistrate de
Pécsi-Donath (1965) pe probe de stilbit provenite de la Nadap, Dunabog-
dany si Islanda (fig. 5). De asemenea aceste valori sint sensibil apropiaté (191°C,
280°C) cu cele obtinute pentru acelasi mineral, de Koizumi (1953) si Koizumi
si K1r1yama (1974), in Pécsi-Donath (1962).

4 ¢c. — 795
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celulare la stilbit incep In jur de 400°C, iar cea mai mare cantitate de
apid’ este expulzatd sub aceastd temperaturd. Aceastd api coord.one:ftzé
cationii si joacd un rol important in alcdtuirea structurilor cr‘1§ta}1ne
formate de retele tridimensionale, alcatuite din tetraedrii de} Al, Si si O.

0. 200 40 60 800 100°C

. , s

i [3 : 2[00 p 4?0 1 8[00 : 8.00 - ﬂfOO'C
, ”-:; v GTD

| e

Nodsp

\
i Py ] Dunsbogdsny -
g 20 g c
a2 : \/Ws—w-f“/\
8 T S D ; L,
€ ] 0200 o0 sluol 8.00 1000°C
@ b Fig. 5. — Curbele GTD ale stilbi-
¢ 1=of o5 tului de la Valea Rea (a), Nadap
T 200 400 600 . 800 4000°C (b) -si Dunabogdany (c), (dupi
Fig. 4. — Curbéle GTD, ATD, T . Pécsi-Donath, 1962).
$1 GT ale stilbitului de la Valea Les courbes GTD du stilbite de
Rea. ' Valea Rea (a), Nadap (b) et Duna-
Les courbés GTD, ATD, T et GT bogdéany (c) (according to Pécsi-
du stilbite de Valea Rea. Donéath, 1962).
. ]
Concluzii

Ivirile cu zeoliti din Valea Rea de la Hartdgani reprezinti agre-
gate monominerale, in general, pure de stilbit asociat sau nu cu can-
titati reduse de minerale supergene. Acest zeolit se dezvolts, in spe-
cial, in fisurile si golurile prezente In partea vestici a corpului ande-
zitic tertiar (Sarmatian-Pannonian?), in aﬁropierea contactului cu depo-
zitele sedimentare, cornificate. Intrucit ivirile de zeoliti nu sint insotite
de alte asociatii de neominerale rezulti ci acestea s-au format din so-
lutii do? ‘temperaturd scdzutd, aici-situate intr-o zoni mai indepéartatd
de structurile -purtitoare -de acumuliri hidrotermale metalifere -de ‘la

Hartagani (Valea Ricasului) si Siliste -(Draica).
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LE STILBITE DE VALEA REA- HARTAGANI

(Résumé)

Parmi les zéolites des andésites quartziferes tertiaires (Sarmatien-Panno-
nien?) de Roumanie on a choisi comme objet d’étude les stilbites de la vallée
de Valea Rea et on a fait une comparaison avec les stilbites des autres pays.

Le stilbite apparait & l'ouest des collines Gurguiata et Stirba, sur la vallée
de Valea Rea, tout prés du contact des andésites avec les dépbts sédimentaires
(Helvétien supérieur?-Sarmatien). Celui-ci apparait comme agrégats monomine-
raux en paquets ou radiaux qui consistent en cristaux prismatique-lamellaires,
longs de 3—17 mm et qui forment des filonnets millimétriques, quelque fois’ cen-
timétriques. Les caractéristiques phisiques et optiques principales du stilbite de
Valea Rea sont les suivantes : réfringence basse (Ng =1,499 ; N, =1,487 ; Ny, = 1,497 ;
Ng — » = 0,012), coupe parfaite (010), éclat perlé ou vitreux ; élongation négative
et extlnctlon asymétrique, N, (010) = 2—12°; le plan axial est (010); le plan
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biaxial négatif : (—) 2 V =32—43°; macles polysynthétiques fréquentes avec des
bouts aigus transversaux sur les faces prismatiques. =

On présente aussi des données chimiques, de rayons X, DTA et IR sur le
stilbite étudié. On a établi également la température de transformation en heulan-
dite et.wairakite (230°C).

EXPLICATION DES PLANCHES

Planche I
Tig. 1. — Fisuri si goluri umplute cu stilbit, in andézitul din Valea Rea (Har-
fagani). :
Fissures et creux remplis de stilbite, dans l’andésite de Valea Rea
(Hartagani).
Tig. 2. — Agregate monominerale de stilbit in golurlle din andezitul din Valea Rea.
. Agrégats monominéraux de stilbite dans les creux de l'andésite. de
Valea Rea.
Planche II __&. '
Fig. 1. — Agregate mgqnominerale de stilbit, uniform dezvoltate in fisurile din
andezitul din Valea Rea. ==

Agrégats monominéraux de stilbite au développement uniforme dans les
fissures de l’andésite de Valea Rea. .

Fig. 2. — Macle' de intrepatrundere si polisintetice la stilbitul din Valea Rea.
Nic. 4, X 46.
Macles d'interpénétration et polvsynthetxques du stilbite de Valea ReaA
Nic. 4, x486.
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@

CONTRIBUTII LA.CUNOA$‘TEREA CHIMISMULUI ZEOLITILOR
MAGMATOGENI DIN MUNTII APUSENI !

DE

GHEORGHE ISTRATE?, ALEXANDRINA MEDESAN2 ALLA ZAMIRCA:?

Zeolites. Hydrothermal minerals. Chemical-mineralogical study. Ophiolites (Ju-
-rassic). Banatites (Laramian). Volcanics (Neogene). Vuriation diagram. Trace ele-
:ments. Apuseni Mountains.

Sommaire

Contributions & la ¢onnaissance du chimisme des zéo-
lites magmatogeénes des Monts Apuseni. Les zéolites magmatogenes
-de Roumanie sont liés du point de vue génétique aux roches éruptives des trois
‘provinces petrographigues alpines: les ophiolites jurassiques, les banatites lara-
raiennes ef les volcanites néogénes. L’auteur offre 14 analyses nouvelles autant
‘que 213 analyses déja publiées ; ainsi. on a pu remarquer la variation de la com-
‘position chimique de différents minéraux et identifier l’espéce minérale. Pour c¢a
-on propose des diagrammes adéquats : H,0—Si0O,—(Ca, Nay)O, CaO(MgO)—Na,0—
—K,0 et Si0y—ALOs—CaO(Na,O, K.0). En utilisant les données dans les dia-
grammes, on peut délimiter des domaines caractéristiques des différents mi-
méraux appartenant au groupe des. zéolites de la Roumanie : natrolite, meésolite,
scolécite, mordénite, laumontite, stilbite, heulandite, clinoptylolite et chabazite
Le travail présente aussi des données sur le contenu des éléments en traces aussi
wque. des considérations sur leur distribution.

Introducere

In ultimele doua decenii grupul zeolitilor, care cuprinde aproape
40 de specii minerale, este tot mai frecvent investigat, devenind, dintr-un
interesant si apreciat material de muzeu, o importantd substant{d mine-
rali de interes economic care capidti tot mai. mult noi valente de
utilizare.

{ Predatd la 15 mai 1979, acceptati pentru publicare la 17 mai 1979, comu-
micatd in sedinta din 25 mai 1979. d .
.2 Institutul de geologie si geofizicd. Str. Caransebes nr. 1, Bucuresgti, 32.
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N AN LI e w1 .

In tara noastrd o serie de autori au adus contributii interesante
la studiul, mai ales sub aspect mineralogic, al unor zeoli{i magmatogeni,
asociati’ genetic rocilor eruptive din cele trei provincii petrografice
alpine : ofiolitelor mezozoice, banatitelor si vulcanitelor neogene
(Giusca, 1945; Borcos, 1960; Kridutner, Medesan, 1966 ;
Bedelean, 1972; Istrate si Medesan, 1977; Popescu si
Asvadurov, 1978).

In lucrarea de fatd prezentim datele analitice privind compozitia
chimicd a zeolitilor din fara noastrd, ‘unele preluate din literatura (peste
20 'analize ‘chimice), precum ‘si date proprii, inedite, ol’;i;mute in ultimii
ani (14 analize ‘chimice). Am intocmit tctodata dlferlte tipuri de dia—
grame spre a surprmde Varlatla chimismului diferitelor minerale si
mai. ales pentru a .incerca. si precizdm tipul mineralogic pe baza com-
‘pozitiei chimice. Astfel, In anumite situatii am urmarit variatia compo-
zitiei chimice la acelasl mineral in ideea de a sesiza eventuale diferente
in functie de asociatia mineralogicid respectivd-$i a conditiilor mediului
geochimic de ‘formare. In acelasi timp, datele analitice existente si cele
noi obtinute permit examinarea variatiei chimismului diferitelor mihe-
rale din seria =zeolitilor calco-sodici : scolecit, mezolit, natrolit, lau-
montit, heulandit, stilbit, chabazit, mdrdenit si clinoptilolit.

-+ Aceste minerale au fost In prealabil studiate prin metode com-
plexe : optice, difractie raze- X, spectroscopie in infrarosu, DTA, pentru
a:nu exista-dubii- de determinare. Este cunoscut cd in lucrdrile- vechi
existd- inexactitéi;i si confuzii in determinarearunora dintre aceste mine~
rale, - mal ales a acelora din ~seria natrolit-mezolit- scolec1t sau °tilbit-
heulandlt S s v

Prezentdm' totodatd 'si unele date’ pr1v1nd continutul de elemente
" .minore al uhor zeoliti din tara noastrd, in general" dintre cei ce au fost
analizati si chimic, deoarece astfel de date sint de naturd si completeze
informatiile asupra chimismului acestor minerale, afinitatilor retelei cris-
taline pentru ahumite elemente urmé ‘sau disperse si implicit s& prefi-
gureze eventuale perspective de utilizare economici.

Observalii asupra compozitiei chimice a zeolitilor
din Muntii Apuseni

La baza studiului nostru stau, 14 noi analize chimice de zeoliti re-
partizate pe provincii petrografice astfel : pentru vulcanismul neogen
6 analize, din care 4 stilbite, 1 laumontit si 1 chabazit ; pentru banatite
dispunem de 4 analize, toate provenind din masivul Vlideasa, astfel:
2" de stilbit, 1 de laumontit $i 1 de scolecit; 4 analize chimice  revin
zeolitilor din ofiolite din care 1 de heulandlt 2 de mezolit si 1 -de
mordenit. Tabelul 1 prezm’ra rezultatele anahzelor chimice ale -acestor
zeoliti. De remarcat cd unele dintre acestea sint singurele analize exis-
tente in prezent pentru mineralul respectiv de pe teritoriul térii astfel :
scolecitul din Vladeasa, chabazitul din Muntii Metaliferi si mordenitul
de la Hartagani, Muntii Metaliferi. Pentrii a da un minimum de infor~
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mafii necesare, prezentim tabelul 2. Localizarea exacti a probelor de
zeolifi ce au fost analizate, acestea fiind de altfel cele mai caracteristice
ocurente identificate de noi in Muntii Apuseni, se poate urmari in
figura 1. : '

&

T *MW“

oClp 7

;/ Baia M(q/ore\}-l/
5

Fig. 1. — Ocurente de zeoliti anahza’;l ch1m1c dm Romama . i
L' —. laumontit ; S-— stilbit; H — heulandit; Clp - chnoptlloht

Na :— natrolit; Me — mezolit; Sc¢ — scolecit; M’ — mordenit ; i
; Ch — chabazit. i ‘ e AR
) ¢ . Occurrences of chemically: analysed zeolites from Romania : - o Bom
L — laumontite’; S — stilbite ; H — heulandité Clp —’ clinoptilolite , | .
‘Na — mnatrolite ; Me — mesolite ; S¢’— scolecn;e M — mordemte SSEN
) ' ] Ch - chabaz1te ¥
In afara datelor prooru pentru 1ntreg1rea informatiilor asupra
chimismului zeolifilor din tard, in tabelul 3 prezentim date existente
in literaturd, respectiv 21 analize. Dintre acestea 10 au fost obtinute de
Bedelean (1972) in cadrul unui studiu aprofundat al zeolitiler din
Muritii- Apuseni, cu remarca noastré, c8 pe lingd analize de stilbit, lau~
montit si heulandit se intilneste si singura analizd de natrolit pe care.
o cunoastem, din tari. 'Celelalte analize prezentate in tabelul 2 sint
stilbite si laumontite. preluate . din Ridulescu si Dimitrescu
(1966),, apartinind unor ; autori mai. vechi . (Zepharov1ch 1959 ;
1\/Iegyes1 1885 ; Koch '1885), sau varietdti de laumontit cum s1nt
magnezmlaumonhtul de la Brad, identificat de Borcos (1960) si
metalaumontitul de’la’ Ruschita descris de Krautner si Medesan
(1967). ‘Mentionam de asemenea analizele de chnoptﬂol«lt prezentate de
Popescu $1 Asvadurov (1978). cu'* mentiunea c& —apartin - unor
probe de roci aproape monominerale' (cca 95———96% chnoptﬂoht), $1 nu
mineralului pur. ‘
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Pentru a evidentia trdsiturile chimice esentiale ale zeolitilor,
redim mai jos limitele de variatie a principalilor oxizi In procente de
greutate (tab. 4). "

Se poate remarca, in seria natrolit-mezolit-scolecit, conjinuturile
cele mai mici de SiO, si cele mai ridicate de AlO3; In comparafie cu

TABELUL 1

Compozifia chimicd a unor zeolifi vulcanogeni (analize noi)

Ot a2 | s |45 el 7] s |olwo|u|we|B|u
()

944 | 979 | v.5. |57—1| VA3 [T— 1| vT7| 1115 |T—2 |[v.M.2| ¥T1|V i—1] C.VI [Ha—1
Si0, [53,05| 55,62| 56,04/60,16| '58,89|58,13]61,40] 51,23(53,82|52,09146,70| 47,97| 46.05| 69,55

Al,0,(16,60; 16,92| 16,63(15,78] 15,30[14,70/14,24| 22,52121,41|16,92|24,96| 25, 96| 26,31} 12,50

Fe,04f 0,17 0,39] 0,16] — == — | 0,66/ 0,09, — |0,38 — — 0,11 0,63

MgO | 0,37 0,14] 0,38 0,02] — — | 1,08 0,78 — |0.28) — | 0,13 0.32] 0,43

CaO | 8,72| 8,77| 8,54 7,59 7,17| 8,78| 4,59 11,9411,85| 8,58| 9,75 g 82| 13,33 4,04

Na,0| 0,64| 0,52 0,87 1,05 1,25 0,80 0,75]_— | — | 2,20/ 5,09 ¢ 751 0,21] 3 qp

K,0 | 0,15 0,17 — - - | = |1,25 0,12f — 10,55 - | _ — —

H,0+16,41] 15,57 14,24{15,18| 17,97|17,38|15,21| 12,33/12,89/19,2312,91{11 56 | 13,83 10,08

H,071 3,51 2,48 3,650 — | — | —| — | 1,59 — | —| — 1 _ | ¢,40] —

Total |99, 65{100,60|100,53|99,79(100,24(99, 79/99,20(100,61{99,98/|99, 98/99,43|100, 49/100, 56/100, 23

toti ceilalfi zeolifi studiati. Ca argument decisiv in diagnosticarea acestor
minerale rdmine raportul CaQ/NayO, echilibrat in cazul mezolitului si
net favorabil unuia sau altuia dintre termeni in cazul celorlalte doui
minerale.

Subliniem de asemenea c¢3 in cazul stilbitului si heulanditului
chimismul le deosebeste mult mai pufin, in acest caz fiind necesar si
se recurgd la alt gen de analize (optice, difractie RX, DTA) care permit
o clara diferentiere,

Compozitia chimicad a clinoptilolitului este clar decsebiti de a heu-
landitului cu care este adeseori confundat : pe lingi valorile mai mari
in Si0y si mai reduse de Al)O3, trebuie avute in vedere in primul
rind diferentele de continuturi In CaO, mult mai mici, si de K,0, evi-
dent mai ridicate, la clinoptilolit. '
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Laumontitul, mordenitul si chabazitul nu ridici prea multe pro-
bleme pentru o corectd identificare atit datoritd caracterelor fiziografice
deosebite cit si datoritd proprietafilor optice si chimismului care le
-deosebesc net.

Desigur pentru inldturarea oricaror incertitudini in corecta deter-
minare a diferitelor minerale din grupul zeolitilor, este necesar si se
utilizeze analize complexe. Intre acestea compozitia chimica este foarte
importantd, de multe ori chiar decisivd in diagnosticarea mineralelor,
dar intotdeauna se impune ca inaintea analizei chimice s& dispunem
de un studiu detaliat (op’clc roentgen termodiferential, . spectral-infra-
Tosu .etc.).

’Dlagrame pentru repreTenlarea graflca a compozmel chlmlce
a 7e011t110r a0

De cele mai multe ori componentele esentiale ale’ analizelor chi-
mice de zeoliti se reduc la 4—5 oxizi : Si0,, AlO;, Ca0, NayO (eventual
K,0) si HyO. Tinind cont de aceasta, cea mai obisnuitd dladrama pentru
ilustrarea chimismului acestor rmnerale es’ce cea propusa de Coombs

¥ 0l o °© 5 @ ° B 59

| ' AESE 60" : !
(Ca,nfg)o B R PSR 25109 - .

Flg 2. — D1a°‘rama 2 SlO)—(Ca Nao)O-—2 H,0.
1, stilbit’; 2, heulandit’; 3, ‘chabazit ; 4 natrolit ; 3, mezoht 6, rhor-
denit ; .7, scolec1t 8, 1a‘umont1t 9, chnoptlloht 10, anahze propru;
S ) 11, date publicaté de alti autori.

2 SlOz——-(Ca, Nay)O—2 H,O diagram. o N

1,\ stilbite ; 2, heulandite; 3, chabazite; 4, natrolite ; 5, mesolite ;
* 8, mordenite ; 7, scolecite 8, laumontite ; 9, clinoptilolite ; 10, ‘a‘uthor’s

analyses ;-11, data published by other authors. ! oR

'

\
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et al. (1959) si preluata de Deer et al (1963). Este diagrama triun-
ghiulara HsO—SiO,—(Ca, Na,)O, in care valorile sint trecute de reguld
sub formid de echivalenti moleculari, alteori, pentru comoditate,
putindu-se folosi procentele de greutate date in analiza.

Pentru testarea acestei diagrame (fig. 2) am proiectat cele 35 ana-
lize chimice de care dispunem, utilizind varianta cu echivalenti moleculari
exprimati in procente, astfel cd putem face urmatoarele observatii :

— Toate analizele se proiecteazd intr-un cimp apropiat de latura
Si0y—H,0, intre 40—70%, SiOs, cu mai putin de 10%, (Ca, Na,)O. .

— Examinind in detaliu spafiul pe care se repartizeazi probele,
putem demarca trei domenii ,.a“, ,,b“ si ,c“ prin linii trasate aproxi-
mativ paralel cu latura SiO,—H,0 a triunghiului. In cimpul ,,a“ se gisesc
zeoliti subsaturati in silice, dar avind continuturi insemnate de CaO,
eventual si de Na,O, din seria natrolit-mezolit-scolecit. In eventualitatea.
identificarii thomsonitului si acest mineral se va “proiecta probabil in
acelasi spatiu. In spatiul ,b“ se afld domeniul laumontitului, cu conti-
nuturi variabile de silice, in timp ce in domeniul ,,c“ se proiecteazi
celelalte minerale mai sdrace in CaO si NayO, dar care se plaseazd in
spatii diferite functie de relatia Si0./HyO. Astfel mordenitul si clinopti-
lolitul se proiecteazd in apropierea polului SiO, (fiind zeolitii cei mai
suprasaturati in silice), chabazitul ocupd o pozitie apropiati de polul
H,0, in timp ce stilbitul si heulanditul se grupeaza destul de bine in
spatiul dintre 45~—550/, SiO, si 40—509/y HyO, cu tendin{a de a se con-
tura un domeniu restrins al heulanditului.

Propunem ca o diagrami foarte potrivitd pentru definirea zeoli-
tilor sodo-calcici diagrama ternard CaO(+4MgO)—Na,0—K,0 (fig. 3). Pe
aceastd diagrami termenii calcici. scolecitul si laumontitul se plaseazé
in apropierea polului CaO, zeolitii calco-sodici, mezolitul si mordenitul
se proiecteazd aproape la mijlocul laturii Ca0—NayO ; stilbitul se gé-
seste grupat la 85-—959/ CaO, in timp ce chabazitul si heulanditul, mi-
nerale cu continuturi ceva mai insemnate de KO, se proiecteazd cores-
punzitor, ‘mai spre centrul diagramei, apropiindu-se céatre latura
Ca0O—K,0.

O alti diagramd care se-aratd utild este diagrama SiOy—Al,O3—
—CaO(+4Nay0, K,0) (fig. 4). Se poate remarca faptul ca aici zeolifii se
esaloneazd mai ales In functie de continutul de- silice, respectiv de ra-
portul Si/Al (de multe ori existind relatie de substitutie izomorfa
Si = Al), important factor geochimic si mineralogenetic in cazul acestor
minerale (Kastov, 1971 ; Riabov si Korneva, 1976). Pe aceastad
diagrami se poate remarca ,alinierea® spre membrii tot mai bogati in
silice astfel : mezolit, scolecit > laumontit — chabazit — stilbit - heulan-
dit - mordenit. Pentru a scoate in evidentd si mai clar gradul de supra-
saturatie in silice, in diagrama sint trecute si valorile SiO, (in procente
de greutate, conform cu analiza chimica).

‘Considerdm céd prin utilizarea celor trei diagrame (fig. 2, 3 si 4) se
reuseste atit definirea din punctul de vedere al chimismului a tipului
de zeolit, sesizarea eventualelor abateri de la un continut normal, cit
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Fig. 3. — Diagrama CaO(MgO)—Na;0—K30. Vezi legenda
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si surprinderea raporturilor Si/Al sau dintre cationii bivalenti si cei
monovalenti, obtinind astfel date ce pot prezenta interes odatd cu incer-
carea de valorificare economicé a zeolit;ilor. o
Observatu asupra contmutulm de elemente minore
din zeoliti., :

In vederea obtinerii unor prime mfoyma‘gi‘i privind participarea
unor elemente minore in reteaua cristalind a zeolitilor din Muntii Apu-
seni au fost analizate spectral 14, probe monominerale a céror compo-
zitie chimicd a fost de asemenea determinati. Probele monominerale
au fost alese la lupa binoculara astfel ca purltatea materlalulul a fost
asigurata.

Au fost determinate urmaétoarele elemente : Sr, Ba, Ge, Be, Ag,
Mn, Ti, V, Cr, Ni,"Co, Ga, Pb, Cu. Rezultatele andlizelor spectrale (in
p. pm) sint date in tabelul 5. Probele supuse investigarii au fost : 6 de
stilbit din wvulcanite neogene, banatite si din ofiolite, 2 de heulandit
din ofiolite, 3 de laumontit din magmatite banatitice si. neogene si din
ofiolite, un scolecit din banatite, un natrolit si un mezolit dm ofiolitele
-din Muntu Metaliferi, .

Din fondul de date prezentat 1n tabelul 5 se pot desprmde citeva
‘observatii mai interesante :

— Elementele B, Ge, Be, Ag, T1 v, Ga ‘Ni si 'Co prezintd confi-
nuturi extrem de scazute de regula sub 11m1ta de determinare spectrala,
cu foarte putine exceptu De mentiqnat doar faptul ci scolecitul din
‘"Vladeasa are un confinut de Be de 155 b.p.m., ce contrasteazi cu valo-
rile mai mici decit unitatea In toate celelalte probe precum si laumon-
titul din aceeasi regiune cu 15. pp.m. Ag, valoare ce nu se mai intil-
neste in celelhIte finerale ; 2

— Urma,mnd variatia Sr si Ba se podte observa ci cele mai ridi-
«cate continuturi se intilnesc. m zeolitii lamelari Jnvestlcatl stilbitul si
heulanditul prezintd valori cu muft. mai mari.decit cei prismatici (mé-
zolit, scolecit,- laumontit). €ele doua . probe de heulandit analizate au
peste 3000 ppm. Sr si peste 19/ Ba, dar prezenta acestor ‘elemente in
refeaua heulanditului pare a fi ‘mai’ degraba o regula decit o exceptle
De altfel Deer et al. t’(1963) mentioneazd aceastd’.posibilitate in cazul
heulanditului in care si continutul de Ky© este de ‘asemenea ceva mai
ridicat, a;ungmd s& rdepaseasca chiar si+-participarea “NasO, cum este
cazul si In situatia de fatd, cind Intilnim valorile -K,0 = 1,250/ si
NayO = 0,75%/,. Trébuie si subliniercé: valori ridicate, aseméandtoare
au fost Intilnite ;fn cazul heulanditelor asociate‘ genetic' rocilor bazice
-din trapp-urile /iberiene (Riabov si Korneva, 1976). In cerceti-
rile viitoare va/trebui si urmarim daci aceasta reprezinti o particulari-
tate a chimismului-heulanditului-din. ofiolitele-din Muntii Metaliferi sau
se reglseste. 51 in. cazul altor provincii petrografice din {ara. Deoca.mdata
mai mentiondm cd aceleasi probe de heulandit arati si cele mai ridicate
cont;lnuturl de- Nn, sugermd cd -acest mmeral este foarte sen51b11 si se
preteaza la’ variate substitutii-izomorfe ;- -t
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‘Interesanti de semnalat este si observatia privind distributia ga-
liului in zeolitii cercetati. Se poate observa o evidentd preferintd a par-
ticiparii acestui .el'en"xent in reteaua zeolifilor cu habitus ‘prisxgnatic {cu
valori de 30—50 p.p.m.), In timp ce zeolitii lamelari, stilbitul si heulan-
ditul au in mod obisnuit continuturi de 1¢ ori mai mici (2—3 p.p.m.).
In explicarea acestei situatii este necesar si se recurgi la analiza naturii
si dimensiunii spatiilor libere din refeaua cristalini a acestor minerale,
Incit galiul, element cu razd atomicd relativ micd (r.a. = 0,62), poate fi
filtrat de zeolitii lamelari si retinut In ochiurile mai mici ale zeolifilor
prismatici-fibrosi. Situatia se petrece invers cu Sr (r.a.=1,16) si Ba
(r.a. = 1,43), elemente cu raze atomice mult mai mari, refinuti de pre-
ferintd In reteaua =zeolitilor lamelari. Aceste observatii ar putea pre-
zenta interes practic dacid luim In consideratie posibilitatea utilizérii
zeolitilor ca schimbatori de ioni. '

Din analiza ocurentelor si a chimismului zeolitilor din Muntii Apu-
seni se pot sublinia urmatoarele concluzii : '

- — Zeolitii magmatogeni sint asociati genetic unor vulcanite sau
unor corpuri intrusive ce constituie provinciile petrografice alpine. Se
poate ardta cd ofiolitelor mezozoice le corespund zeolitii sodici sau sodo-
calcici (natrolit, mezolit, heulandit $i mordenit), iar banatitelor si vul-
canitelor subsecvente neogene li se asociazd ca produse postmagmatice,
hidrotermale zeoliti calco-sodici (laumontit, stilbit, scolecit). Cel mai calcic
mineral dintre acestea, scolecitul, apare ca fazi tirzie, hidroternrald, in
skarnele calcice de la Valea Seacd si Budureasa, sau in brecii calcaroase
senoniene in masivul Vl]ddeasa ;

— In tufurile vulcanice badeniene se intilneste frecvent clinoptilo-
litul, zeolit cu structura heulanditului in care (Na-+K) > Ca, ce provine
din devitrificarea sticlei vulcanice riolitice in sistem hidrologic deschis
(Sheppard, 1973), datoritd reactiei cu apa meteoricd de infiltratie ;

— Pentru diagnosticarea precisd a diferitelor minerale din grupul
zeolitilor este necesar un studiu complex fizico-chimic (analize chimice,
optice, difractie R.X,termo-diferentiale, spectroscopie in infrarosu) ;

—- Folosind datele chimice, pe diagramele propuse se pot contura
domenii caracteristice diferitilor zeoliti, ajutind astfel la precizarea ti-
pului - mineralogic (diagramele Ca(Mg)O—Na,O—K,0 (fig. 3), SiOy—
Aly,05—Ca(Nay, KO (fig. 4) si SiO;—H,0—(Ca, Nay0) (fig. 2) ;

— Continutul de elemente minore in zeolifi este in general foarte
mic. De remarcat continuturile cele mai ridicate de Ba si Sr in heulan-
dite si stilbite, respectiv confinuturi foarte mici de Ga in aceste mine-
rale, dar o anumitd tendintd a acestui element (Ga) de a se concentra
in =zeoliti prismatici sau fibrosi (grupul natrolit-mezolit-scolecit, lau-
montit etc.) ;
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— Ocurenta zeolitilor si succesiunea lor de formare sint determi-
nate de energia lor de formare, de cantitatea de apid inglobati in re-
teaua cristalind (apa zeoliticd) si de valoarea raportului Al/Si. Vor. cris-
taliza mai intii zeolitii cu energia de formare mai mare, mai siraci in
apa de cristalizare si cei cu un raport Al/Si mai mare.
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CHEMISTRY OF THE MAGMATOGENE ZEOLITES
FROM THE APUSENI MOUNTAINS -

~ (Summary)

Romanian magmatogene zeolites are genetically associated mainly with the
emptlve rocks of the three alpine petrodraphlc provmces Jurassic ophiolites,
i.apa.;man banatites and Neogene volcanics.

Sec — 795 54
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The .chemical composition of zeolites from the Apuseni Mountains has
been inferred from 14 new analyses and over 20 ones previously published.

On. the basis of the analytical data, we may delimit on adequate diagrams
the domains characterisfic of all the zeolites known in Romania, such as.: na-
trolite, mesolite, scolecite, mordenite, laumontlte stllblte heulandite, chnoptllohte
and chabazite.

The trace elements content of the zeolites previously analysed are also
presented. Thus, the crystal structure presents some affinities for certain trace
elements, fact which may contrlbute to establishing the future prospects of eco-
nomic utilization. :

Qur study is based on 14 new chemical analyses of zeolites distributed in
rocks of different petrographic provinces as follows: 6 analyses for Neozene
volcanismus, out of which 4 stilbites, 1 laumontite and 1 chabazite ; 4 analyses
for banatites, all coming from the Vlideasa massif as follows: 2 stilbites, 1 lau-
montite and 1 scolecite ; 4 analyses for zeolites of ophiolites, out of which 1 heu-
landite, Z mesolites and 1 mordenite. Table 1 shows the results of chemical
analyses of the zeolites. We mention that part of them are the only analyses
we dispose of for the respective mineral in our country, as for example : the
Vlddeasa scolecite, the Metaliferi Mountains chabazite and the Hartagam (Meta-~
liferi Mountains) mordenite.

The main chemical features of zeolites may be easily revealed due to the
variation limits of main oxides given in weight percentages (Tab. 4).

In the natrolite-mesolite-scolecite series, we note the lowest SiO, ana
highest AlOj contents, as compared to all the other studied zeolites. The decisive
diagnosis is done by the CaO/Na,O ratio, balanced in the case of mesolite and A
wholly favourable for either of the other two minerals.

We mention also that in the case of stilbite and heulandite, because of
their similarities their chemistry is not a means of differentiation, this fact being
achieved by optical, X-ray diffraction and DTA analyses.

The chemical composition of clinoptilolite is obviously different from that
of heulandite with which it is often confounded; besides its higher "SiO, and
lower alumina’ contents, the lower CaO and higher K,O contents of clinoptilolite
must also be taken into account. .

Laurriontite, mordenite and chahazite may be identified corectly due to .
their .special phisiographic features, as well as to their optical properties and
chemistry.

In order to eliminate any incertitudes as regards the determination of dif-
ferent minerals of zeolite group, complex analyses should be used. Chemical
composition is. very important, often decissive, in defining minerals, but a detailed
optical roentgen, thermodifferential, spectral, infrared study is needed first.

0

Diagrams for Graphic Representation of Zeolites Chemical Composition

The main components of zeolites chemical analyses are often restricted to
4—5 oxides : Si0O,, Al,O;, CaO, Na,O (possibly K,0) and H,O. Accordmg to this,
the common chemistry diagram of these minerals is the one proposed bs.
Coombs et al. (1959) and adopted by Deer et al. (1963). This is the H,O—
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—Si0y;—(Ca, Na,y)O triangular diagram, on which values are given either as
molecular weights or as weight percentages given by the analysis.

This diagram (Fig. 1) has been tested by plotting the 35 chemical analyses
using the variant of molecular weights given in percent':.ges thus, we may draw
-the following conclusions : :

— All analyses are projected on a field near the Si0y,—H,0 side, between
40—170%, SiO, and less than 10%, (Ca, Na,)O. .

— At a close examination, the area on which the samples are displayed
contains three domains “ae”, “b” and “c”, delimited by lines almost parallel to
the right side of the triangle. Field “a” contains silica-poor zeolites with high
Ca0 and possibly NayO contents of the natrolite-mesolite-scolecite series. Field -
“b” contains the laumontite domain with variable silica contents, while the
other CaO and Na,O poorer minerals are projected on field “c¢” within different
areas according to the SiO«/H,O ratio. Mordenite and clinoptilolite are thus
projected near SiO, pole (as the highest silipa’ saturated zeolites) ; chabazite
occurs near H,O pole, while stilbite and heulandite group together between
45—55%, SiO, and 40—~50%, HZO with a tendency of delimiting a heu.and1te
domain.

The ternary CaO (+MgO)—Na,O0—K,0 diagram (Fig. 3) is rather fit for
defining sodium-calcium zeolites. On this diagram, calcic rnembers, scolecite and
laumontite, occur near CaO pole, calcium-sodium zeolites, mesolite and mordenite,
are projected almost in the middle of CaO—Na,O side; stilbite "groups round
85—95%, CaO, while chabazite and heulandite, with somewhat higher K,O
contents, are plotted towards the central part, near the CaO—K,O side.

The SiOy—Al,0;—CaO (+NayO, K,0O) diagram (Fig. 4) proves to be useful,
as well. We note that in this case zeolites space out according to their silica
content, the Si/Al ratio respectively (there existing an isomorphic 'substitution
relationship Si—Al), an important geochemical and mineralogical factor for these
minerals (Kostov, 1971 ; Riabov and Korneva, 1976). This diagram shows
an “alignment” towards silica richer members, as follows.: mesolite > scolecite —»
laumontite — chabazite —- stilbite — heulandite > mordenite. The- diagram contains -
also the SiO, values (in weight percentages, according to chemical analysis) in
order. to, point even more clearly to the silica oversaturation degree.

We: consider that the three diagrams (Fig. 2, 3, 4) aid to define, on the
basis of chemistry, the zeolite species, to notice the possible deviations from a
normal content as well as to define the Si/Al ratio or the ratios between bivalent
and. monovalent cations, providing us with data which could be of interest in
view of an economic evaluation of zeolites.

Notes on Trace Elements Content of Zeolites

Preliminary information on the participation of some trace- elements at
the crystalline network of zeolites from the Apusemi Mountains, was -given by
a number of 14 monomlnerahc samples analysed - spectrally -and . chemically. The
rnonom1neral samples have been chosen .at the ‘binocular microscope to ensure
1he1r punty . J . :

" The followmg elements have been debermmed Sr, Ba Ge Be, Ag, Mn,
V Cr, N1 Co Ga, Pb, Cu, The samples studied are: 6 stilbites from Neogene

54
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volcanics, banatites and Mesozoic. ophiolites, 2 heulandites from ophiolites, 3 lau-
ni»ontites from Neogene banatitic magmatites, 2 clinoptilolites, 1 :scolecite from
hanatites, 1 natrolite and 1 mesolite from ophiolites of the Metaliferi Mountains.

" Some interesting conclusions may .be drawn from the data given in Table 4.

B, Ge, Be, Ag, Ti, V, Ga, Ni and Co appear in very low contents, generally
below the spectral determination limit, with a few exceptions. It is worth
mentioning the fact that the Vlideasa scolecite has a Be content of 15.5 pprix
contrasting with the values <1 of all the other samples, as well as the hiéher
content. of 15 ppm Ag of the laumontite from the same region.

' The close examination of the Sr and Ba variation reveals that the highest
contents are present in lamellar zeolites, stilbite and heulandite exhibiting much
more higher values than the prismatic ones (mesolite, scolecile, laumontite). The
two analysed heulandite samples contain more ‘than 3,000 ppm Sr and over

"1 percent Ba, their presence in_ the heulandite network being a rule rather
than. an. exception. Deer et al. (1963) mention this possibility for the heulandite
whose K,O content is also. a little higher exceeding even the Na,O one, as in
this case with K,O ==1.25 percent and Na,O =0.75 percent respectively. We should
mention that similar high values have been encountered in the case of heulan-
dites genetically associated with the basic Tocks of the Siberian traps (Riabov
and Korneva, 1976). Future researches should have in view whether it re-
presents a peculiar feature of the chemistry of the Metaliferi Mountains ophiolites
or it is present in other petrographic provinces in the country, as well. At pre-
sent, we mention that the same heulandite samples show the highest Mn con-
tents, as well, pointing to the mineral high sensitivity and capacity for varied
isomorphic.substitutions. )

The distribution of gallium .in the studied zeolites is alsc interesting to
note. There exists an obvious tendency of this element to participate in the
crystal structure of.those =zeolites with a prismatic habit (30—50 ppm), while
lamellar zeolites, namely -stilbite and heulandite, usually exhibit contents ten
times lower (2—3 ppm). For a good explanation, one should analyse the nature
and dimensions of the free 'spaces in the crystal structure of these minerals.
,Gallium, an element with a relatively small atomic radius (r.a.= 0.65) may be
filtered by lamellar zeolites and retained within the small channels of prismatie-
fibrous zeolites. The situation 'is reversed in the case of Sr (r.a.=1.16) and Ba
(r.a.=1.43), with large cations which are preferentially retained within the
network of lamellar zeolites. These facts could be of practical interest in using
zeolites as ion exchangers, which is the main characteristic- of these minerals.

The analysis of occurrences, mineralogy and chemistry of the Apuseni
Mountains zeolites leads to the following conclusions :

— Magmatogene =zeolites are genetically associated with volcanic or in-
trusive bodies of the three main alpine petrographic provinces : Mesozoic ophio-
lites, “banatites (Laramian magmatites) and Neogene volcanics. Sodic or sodo-
calcic zeolites (natrolites, mesolite, heulandite and mordenite) are associated to
Mesozaic ophiolites, while calco-sodic zeolites (laumontite, stilbite, scolecite) asse-
ciate, as post-magmatic hydrothermal products, with banatites and the subsequent
Neogene volcanics. Scolecite; the most calcic mineral of this group, joins the
Rodna- andesites and occurs either as a late hydrothermal phase filling the
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calcic skarns of Valea Seacid and Budureasa, or in Senonian calcareous breccias
in the Vladeasa Massif. ‘

— Badenian volcanic tuffs contain frequently clinoptilolite, a zeolite siruc-
turally resembling heulandite in which (Na-+Ka) > Ca and mordenite, both mi-
nerals originating in the devitrification of rhyolitic volcanic glass by the reaction
with the infiltration meteoric water in open hydrologic system (Sheppard, 1973).

— In view of an accurate diagnosis of different minerals of the zeolite
group, a complex physico-chemical study is necessary (chemical and optical ana-
Iyses, X-ray- diffraction, thermo-differential analyses, infrared spectroscopy, scan-
ning electronic microscopy).

— On the basis of chemical data, we may trace, on the proposed diagrams,
the domains characteristic of different zeolites thus designating the mineral species
(diagrams Ca{Mg)0O—Na,0—K,0 ; Si0;—AlL0;—CaO(Na,O, K,0) and SiO,—H,0—
~—(Ca, Nax0). i

— The trace elements contents of zeolites are generally very low. The
highest Ba and Sr contents occur in heulandites and stilbites, while Ga contents
are very low in these minerals, this element conceﬁtrating in prismatic-fibrous
zeolites (natrolite-mesolite-scolecite group, laumontite, etc.).

— Zeolite occurrences and their sequence of deposition are the result of
their forming energy, water content (zeolitic .water) and the AL/Si ratio; zeolites
with higher forming energy, less hydrated and with a higher Al/Si ratio will
crystallize first.
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chemistry. Magmatic differentiation. Rare elements. South Carpathians. Crys-
talline Danubian Domain. Tarcu Mountains.

Abstract

Mineralogical and Geochemical Study of the Riul Ses
Granite. The Riul Ses granitoid rocks of the South Carpathians autochthon
constitute the aim of this study. Three distinct types of rocks have been separated
petrographically : porphyroid granites, equigranular granites and mica-free gra-
nites with massive structure. The mineralogical and geochemical characteristic
features of these granites are related to their petrogenesis : magmatic differen-
‘tiation followed by a microcline formation process. The petrochemical study points
to the faet that the primary granodioritic magma followed the -chalcalkaline dii-
ferentiation line ; this hypothesis is also supported by the trace elements distri-
bution within the rocks.

Introducere

Corpul granitic de Riul Ses este situat In muntii Tarcu1u1 pe
cursul mijlociu al Riului Ses, avind dimensiuni reduse in comparatle
cu ale altor masive granitoide din autohtonul danubian. Are o formi
alungitd NNE—SSV cu o lungime de cca 6 km si o litime ce variazi
de la citeva sute de metri pind la cca 1,5 km.

Relieful regiunii In care este localizat granitul de Riul Ses este
destul de accidentat, indlfimile fiind cuprinse intre 1000 si 2000 m.

! Predatd la 29 mai 1978, acceptati pentru publicare la 1 junie 1978, comu-
nicatd in sedinta din 2 martie 1979. =
? Institutul de geologie si geofizicd. Str. Caransebes nr. 1,  Bucuresti, 32.

]
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Reteaua hidrografica este tributara Riului Ses, care stribate gra-
nitul aproape pe toati lungimea sa. Dintre afluentii cei mai importanti
mentiondm : pirful Baicului, piriul Piga si piriul Gugu.

Masivul granitic Riul Ses este localizat in sisturile cristaline ale
~ autohtonului danubian, si anume in complexul de sisturi verzi al seriei
de Zaicani. Aceste roci, care ocupd o suprafatd intinsi in aceastd re-
giune, sint.destul de uniforme. Sint roci pelitice cu material tufogen
sau. sedimentar. Intre aceste roci Gherasi (1937) a distins mai multe
tipuri petrografice : sisturi verzi tufogene, sisturi verzi sericitoase, cal-
care, roci porfirogene si amfibolite.

Petrografia si mineralogia corpului granitoid

Primele cercetdri geologice In aceastdi regiune au fost efectuate
de Schafarzik (1899) asupra sisturilor cristaline si rocilor grani-
toide din muntii Tarcului si Retezatului. Cercetdri ultericare in aceastd
zond au fost efectuate de Gherasi (1937), care a separat in masivul
granitic de Riul Ses patru tipuri de roci: granite -porfiroide, granite
cu texturd sistoasd, granite cu texturd masivd farid mice si gramte cu
textura perfect sistoasa.

Asa cum a aratat si Gherasi (1937), limita Uramtulul de Riul
Ses cu sisturile verzi inconjuritoare este neti, metamorflsmul de con-
tact fiind foarte redus, pe citeva zeci de metm slsturﬂe devenind mal
compacte.

In urma cercetérilor de teren, noi am recunoscut in masivul gra—
nitic de Riul Ses urmaitoarele t1pur1 petrografice (fig. 1) :

— granite porf1r01de ¢u megacristale tabulare de- feldspat potasic,
cu texturd masivi ;

~— granite cu biotit, cu texturd echigranulari ;

— granite fard mice, cu texturd masiva. :

Granitele porf1r01de sint masive, de culoare cenusle -des-
chisd, cu cristale mari tabulare sau prismatice de feldspat potasie. Acest
tip de granite este raspindit numai pe partea stingd a Riului Ses, ocu-
pind suprafata cea mai mare dintre cele trei tipuri mentlonate ale
masivului.

Sint -alcdtuite din plagioclaz, feldspat potasic, cuar} si biotit, iar
ca minerale accesorii apar zirconul si sfenul.

Plagioclazul este un alblt—ohgoclaz anhedral pma la subhedral.
De obicei este alterat (sericitizat sau caolinizat) si numai rareori se mai
observd urme slabe de macle polisintetice. Deseori, cristalele de plagio-
claz prezint, mai ales in vecinatatea feldspatului potasic, coroane albi-
tice mail clare, mai proaspete decit restul cristalului, care .e_ste ‘mai
alterat.

Feldspatul potasic este reprezentat prm microclin §i foarte rar prin
ortozd. Este anhedral, apdrind in cristale mari proaspete, substituind
plagioclazul. Contine incluziuni de plagioclaz alterat si cu coroane albi-
tice, care uneori au urme de macle polisintetice. De asemenea, mai -
contin ca incluziuni cuart si mult mai rar biotit. Microclinul este frecvent
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Fig. 1. — Schifa geologlca a masivului granitoid de Riul Ses cu amplasarea
punctelor de probare.
1, granite porfiroide ; 2, granite cu texturd -echigranulard; 3, granite fird mice,
cu texturd masivad ; 4, sisturi cristaline; 5, probe chimice.
Esquisse  géologique -du massif granitoide de Riul Ses avec l'emplacement des
T points d’essai.
1, granites porphyroides; 2, granites a texfcure équigranulaire ; 3, granites dé-
_ pourvus de’ micas, 2 texture massive; 4, schistes cristallins; 5, échantillons
chimiques.
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maclat, macla caracteristici in gratar (pl., fig. 1) si prezintd uneori
pertite, directia acestora mnefiind totdeauna aceeasi cu cea a urmelor
de clivaj. Microclinul are un grad de triclinicitate ridicat, avind unghiul
2V = 80—82°, In apropierea cristalelor de feldspat potasic apar con-
cresteri myrmekitice, uneori destul de larg dezvoltate.

Fenomenele de cataclazare sint evidentiate de fisurile care apar
in cristalele mai mari de feldspat sau de cuart.

Cuartul este inechigranular, anhedral, dispus sub forma de cuiburi.
De obicei- are extinctie ondulatorie si marginile cristalelor sint foarte
neregulate, fiind indintate intre ele..

Biotitul apare in cantitate micd sub forma de lamele mici neorien-
tate. Prezintd pleocroism puternic, cu tonuri de la brun-roscat la galben-
pal. Se intilnesc frecvent fenomene de cloritizare a biotitului. Uneori
contine incluziuni de zircon, care daw aureole pleocroice.

Ca minerale accesorii, in afard de zircon, mai apare sfenul si
foarte rar inagnetit.

Compozifia mineralogicd modald a granitelor porfiroide este urma-
toarea :

Mineralul Cant;tatea

%
Cuart = 28,4—32,9
Plagioclaz 39,6—41,4
Feldspat potasic 18,4—21,5
Biotit 5,6— 8,1
Minerale accesorii 0— 2,5

‘Granitele cu Miotit cu texturd echigranulard ocupid supra-
fata cea maj redusi, fiind raspindite in jumitatea de NE a masivului
printre granitele porf1ro1de Intre granitele porfiroide si cele cu texturd
echigranulard existd o tfrecere gradatd, asa cum se observd pe piriul -
Piga, manifestatd printr-o sciddere a frecventei gi mirimii porfiroblas-
telor de feldspat potasic. Granitele cu texturd echigranulard sint alcd-
tuite din acelasi componenti mineralogici ca si granitele porfiroide, dar
in proportii putin schimbate. Ele nu au porfiroblaste de feldspat potas1c
si manifestd o slabd tendln’pa de orientare a micelor.’

Cuarful apare in cantitate mai redusd decit in granitele porfi-
roide, este rdspindit neuniform, anhedral si prezintd. extinctie ondu-
latorie. Granulele de cuar{ au dimensiuni mici, sint aproximativ echi-
granulare i au marginile indintate. i

Plagioclazul este mai abundent, cu habitus anhedral pini la sub-
hedral si mai rar euhedral cu forme tabulare sau prismatice. De obicei .
este alterat, cuprinzind numeroase microlite de sericit si zoizit sau este
transformat mai puternic intr-o masa pisloasd de naturd argiloasa. Totusi,
apar si cristale mai proaspete la care se observd macle polisintetice
foarte fine si care sint o dovadi a continutului scéizut de anortit in
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plagioclaz. Ca incluziuni contine cuart, sericit si mai rar biotit. In apro-
pierea feldspatului potasic cristalele de plagioclaz prezintd o coroani
albiticd si o zond de reactie la contactul cu feldspatul potasic care il
substituie. Uneori alterarea plagioclazului i conferd cristalului respectiv
0 structurd zonard. Adesea in apropierea feldspatului potasic apar con-
cresteri myrmekitice. Plagioclazul prezinti adesea fenomene de defor-
mare (pl., fig. 2).

Feldspatul potasic este reprezentat prin microclin si foarte rar
apare si ortozd. Microclinul este anhedral, proaspit si substituie pla-
glioclazul pe care deseori il inglobeazd. Prezintd frecvent macla caracte-
risticd in gratar, cit si concresteri pertitice. Contine incluziuni de pla-
gioclaz, cuart cu formé de picdturd si biotit. Uneori este fisurat.

Biotitul apare in cantitate mai mare decit in granitele porfiroide.
In general este rdspindit uniform in roci, rareori se grupeazd in cuiburi
de forméa alungitd, lenticulard, dind rocii aspect de texturd orientati,
desi lamelele individuale de biotit nu sint orientate. Uneori este clori-
tizat si confine destul de frecvent incluziuni de zircon, care dau aureole
pleocroice..

Ca minerale accesorii in granitele cu texturi echigranulard se in-
tilnesc zircon, apatit, epidot si foarte rar sfen.

Compozitia mineralogicd modald a granitelor cu texturd echigra-
nulard este urmatoarea :

.

Mineralul Cant:tatea

%o
Cuart 22,8—29,5
Plagioclaz 42,1—44,7
Feldspat potasic 13,5—25,0
Biotit - 9,6—14,3
Minerale accesorii g,2— 1,5

Granitele fard mice cu texturd masivd se intilnesc mai
ales pe partea dreaptd a Riului Ses asemanindu-se uneori, dupa aspectul
macroscopic, cu rocile porfirogene care apar in regiune. Au o culoare
verzuie sau brund-verzuie. Sint constituite din cuart, plagioclaz si fe1d~
spat potasic. Micele lipsesc.

Cuartul este anhedral, inechigranular, rispindit neuniform sub
formi de cuiburi sau benzi si lentile neregulate. Are marginile extrem
de neregulate si 1nd1n1;ate Uneori prezintd urme ale proceselor de defor--
mare fiind fisurat si cataclazat. Extinctia cuartului este ondulatorie.

Plagioclazul apare in cantitate mai micd decit in. celelalte tipuri
de granite. In general este alterat, dar apare si ca granule mai proas- -
pete. Habitusul este anhedral pind la subhedral cu marginile corodate
de feldspatul potasic, care il substituie. Prezintd frecvent macle poli-
sintetice uneori foarte fine. Urmele proceselor de deformare in plagio-
clazii acestui tip de granite sint destul de frecvente si sint reprezentate
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prin granule de feldspati fisurati, sfarimati, indoifi ete. (pl., fig. 3).
Uneori fisurile sint umplute cu cuart. Plagioclazul contine incluziuni de
sericit si cuart. Deseori in vecinatatea feldspatului potasic se formeazi
concresteri myrmekitice destul de bine dezvoltate (pl., fig. 4).

Feldspatul potasic apare in proporfii insemnate, cel mai adesea
ca microclin si mai rar ca ortozd. Este anhedral, inechigranular, cu
margini - neregulate si adesea tivite cu microlite de sericit. Este intot-
deauna proaspét, slab pertitic si contine incluziuni de plagioclaz proaspat
sau alterat, maclat si cuart. Substituie plagioclazul pe care il inglobeaza
si care In contact cu feldspatul potasic formeazi coroane alhitice. Ma-
clele sint mai putin frecvente atit pentru microclin, ¢it si pentru ortozi.
Urmele deformérii sint prezente prin fisurile ‘care uneori stribat si
resturile de plagioclaz nedigerat din interiorul feldspatului potasic.

Micele sint practic absente In acest tip-de granite. Intr-un singur
loc s-au observat citeva’ foite de biotit, partial cloritizat si cu incluziuni
de zircon. Ca urmare a ‘procesului de alterare a plagioclazilor apar la-
mele extrem de fine de sericit.

Mineralele accesorii lipsesc.

Comporzitia mmeraloglca modald a granitelor fard mice cu tex-
turd masivi este urmétoarea :

Mineralul Ca“",}/tma

0
-Cuart 42,6—48,6
Plagioclaz 34,3—-41,7
Teldspat potasic 14,0—21,4
Mice 0— 0,5
Minerale accesorii 0— 0,3

Din observatiile microscopice eflectuate asupra rocilor granitoide
din masivul Riul Ses se disting mai multe asociatii de minerale, care
se succed si se inlocujesc mai mult sau mai putin in roci. Punerea in
evidentd a acestora, exemplele de recristalizare a mineralelor anterioare,
observarea de minerale de neoformatie contribuie la definirea etapelor
prin care a trecut materialul initial pentru a ajunge la asociatiile de
minerale din tipurile petrografice separate.

Prima paragenezd este aceea a plagioclazilor substituiti sub forma
de granule si incluziuni, fisurafi, sericitizati; celelalte minerale au dis-
parut fiind remobilizate ulterior. Cristalele de plagioclaz incluse in mi-
croclin aratd in mod constant o pigmentare datorati prezentei lamelelor
foarte fine de mice, deci o alterare endogend. Sericitizarea si alterarea
fazei de plagioclazi pare a fi foarte timpurie. Aceastd primi fazi a fost
supusd fortelor tectonice, cind roca se afla in stare rigidd pentru a se
putea transmite tensiunea.
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Un stadiu de evolutie "ulterior este ilustrat de a doua paragenezi
reprezentati prin dezvoltarea esentiald a feldspatului potasic asociat cu
biotit instabil si cuar{. Microclinul este aproape irnitotdeauna maclat ceea
ce peate indica o cristalizare sub tensiune (Marmo, 1955). Dezvol-
tarea megablastelor de microclin care inglobeazi cristalele mineralelor
preexistente (plagioclaz si cuart) s-ar datora unei tensiuni anizotrope
asupra rocii deja consolidate si sub influenta unor fluide ascendente
cu caracter silico-potasic. Aceasti fazi a avut o amploare mai mare in
faciesul porfiroid. In acest stadiu de evolufie biotitul este foarte instabil
si apare in cea mai mare parte cloritizat.

Ultimul stadiu este cel al dezvoltarii albitului. Albitizarea plagio-
clazilor, coroanele limpezi albitice care apar la contactul dintre feld-
spatul potasic si oligoclaz pun in evidentd acel fenomen de pseudopeli-
tizare (Korjinski, 1968). Procesul de albitizare nu a atins maximum
de dezvoltare pentru a se forma faza de albit-muscovit-cuart datorita,
probabil, schimbarii mai rapide a conditiilor fizico-chimice decit In sta-
diile anterioare. :

Petrochimia rocilor granitoide
Elemente majore

Pentru caracterizarea petrochimici a rocilor granitice ale masivului
Riul Ses au fost efectuate 13 analize chimice de silicati pentru probe
reprezentind tipurile petrografice separate, iar pentru determinarea chi-
mismului materialului initial al sisturilor inconjurdtoare a mai fost ana-
lizatd o probd de sisturi verzi tufogene (tab. 1).

In vederea definirii tipurilor de roci conform clasificarii adoptata
de IUGS au fost obtinute valorile @, A si P din mineralele normative
calculate dupid metoda lui Rittmann (Rittmann, 1973) (tab. 2)
si apoi au fost proiectate in triunghiul dublu al lui Streckeisen
(Streckeisen, 1967). Dupd cum se observa din figura 2, rocile gra-
nitoide din masivul Riul Ses, analizate chimic, apartin cimpului de
monzogranite si a celui de sienogranite. Totodatd se constatd cd grani-
tele fard mice cu texturd masivd au un caracter mai acid decit celelalte
tipuri, punctele'lor de proiectic apropiindu-se si uneori chiar depéasind
limita de 609/, Q.

Datele obtinute din analiza chimic3 aratd®cd intre cele trei tipuri
de roci granitice existd unele deosebiri de chimism, care sint in strinsa
legatura cu compozitia mineralogicd a rocilor. Astfel, din tabelul 1 se
constatd ci limitele de variafie ale oxizilor pentru tipurile de roci ana-
lizate sint urmatoarele :
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TABELUL 1
Compozilia chimicd a rocilor granitoide (%)
i o Granite cu texturs : e T Sist
Granite porfiroide echigranulari Granite fard mice v
Locali-| . .« . , | pirtal ' pirie;
e piriul Piga Riul Ses pirjul Crovul Gugu Riul Ses - GEr
Nr. vy 40| 8 | 20 | 10 | 35 | 32 | 28 | 26 | 30 | 25 | 21 | 17 | 3%
probei . i . , R LR
Si0, |64,82|64,85| 65,71] 66,02| 65,76| 67,64| 68,97 66',97 70,47 71,02 75,42| 75,87 76,19| 50,8
TiO, 0,47, 0,47, 0,60/ 0,55 0,51f 0,25 0,42 0,50/ +0,30| 0,41 0,10{ 0,16{ 0,20{ 1,8
Al,O, (16,41{16,30| 15,90 16,60| 17,84| 14,56 15,11} 17,74| 45,95| 16,95 14,87| 11,84} 15,71| 20,4
|Fe,0, | 1,25/ 1,47 3,72 1,12| 1,15 1,59 1,26 0,76 1,02] 0,92 0,61 0,36/ 0,62 7,6
FeO 1,63| 1,50" 1,69 1,56/ 2,12} 1,14} 1,20{ 1,57{ 0,78 0,70 0,28 0,09 '0,17] 3,9
MnO | 0,05 0,05 0,01j. 0,04] 0,06 0,05 0,05/ 0,07 0,05 0,06 0,02 0,03 0,02] 0,0
MgO | 1,00 1,10/-.:0,76] 1,60{ 1,15 2,60 1,30 0,54; 0,10/ 0,15 0,20] 0,04} 0,05|. 3,9
Ca0O 3,78/ 3,08 1,48/ 2,24/ 1,68 2,10/ 2,24| 1,87/ 1,96 0,73| 1,40, 0,37 0,43 2,2
Na,O | 2,96| 3,41] 2,97 2,55 3,27 3,99 3,53 1,97/ 2,41| 2,54] 2,02{ 4,09 2,00{ 3,6
K,0 4,36| 3,95 4,35 4,73| -4,35| 4,70 4,68 4,06 5,25 4,94/ 4,55 3,68/ 2,82 0,3
P,0;, | 0,25 0,22 0,25 0,24/ 0,02 0,17 0,22 0,23 0,11} 0,11 0,02} 0,27/ 0,02 0,1
Cco, 0,75 0,27 0,99 0,9
H,0 1,98 2,55 2,65 1,01 1,59/ 1,08 0,70, 3,85 1,70/ 1,28/ 0,90, 2,60; 1,83 3,3!
Total {99,71}99,22(100,09 99,25 99,50/ 99,87| 99,68]100,13]{100,10] 99,81(100,39} 99,40{100,06{ 99,4
TABELUL 2
Norma Ritimann pentru rocile granitoide
Ay e Granite cu téxturd il R
' (_}ranlte porflrolde echigranulars Granite fara} mice
Nr. probei | 46 | 40 [ 8 | 20 | 10 | 35 | 32 | 28 | 26 | 30 | 25 | 21 | 17
Cuart 23,46| 23,37| 24,57| 24,12| 20,25| 22,15 26,46| 38,69 32,24/ 35,99 41,81| 37,77| 53,8¢
Ortozi 32,96| 30,40| 38,64 43,42 38,69 36,42| 35,59 4,79| 35,12{ 24,85| 26,97| 54,15,
Albit ' 3,27
Oligoclaz ] ! 28,17 13,22 15,52
Andezin 29,93| 33,73 18,81 9,01 24,38 28,66 15.17] 20,35 15,62
Biotit 4,70 6,08/ 3,48 0,63] 8,58 8,41
Muscovit : 2,33 ’ 29.99| 9,75 23,45 11,72 "2,97} 29,5(
Cordierit 6,03 4,67 12,74| 17,51}, 15,02 10,10 3,63] 1,11
Amfibol 3,57
Magnetit 0,40| 0,42} 0,76/ 0,34 0,47/ 0,74 0,36 0,25 0,25 0,20/ 0,11] 0,05 0,07
Hmenit 0,31, 0,26/ 0,50, 0,57| 0,51 0,10 0,54/ 0,32] 0,43] 0,10) 0,17 0,21
Sfen 0,06 ,
Granat : : 1,77 1,64 0,77
Apatit 0,49; 0,44 0,49 0,46/ 0,04 0,33 0,42 0,46/ 0,21] 0,21 0,04/ 0,52 0,04
Calcit 1,73| 0,63 2, 2f1
Q 27,17 26,71| 29,96 31,51f 24,31 25,54| 29,17 65,96] 36,76/ 48,60 49,53] 39,68 "77,64
A 38,17\ 34,74| 47,10| 56,72| 46,43 41,99| 39,24/ 8,17| 40,04/ 33,56| 31,95/ 56,89
P 34,67 38,55 22,94) 11,77 29,29 32,48 31,60| 25,87 23,20 17,84 18,51 3,43] 22,36
1.C. 13,65} 12,50| 17,98/ 21,13| 16,68 13,27| 9,28| 11,36 2,55 2,49 3,89 1,84 1,09
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-Din datele prezentate mai sus se observd o crestere a continutului
de silice de la granitele porfiroide spre cele fard mice cu texturi ma-
sivd, concomitent cu scdderea confinutului de Fe,03, FeO, MgO si CaO.
Continutul de Al;O; este mai constant in granitele porfiroide decit in
celelalte tipuri, in care prezintd variatii mai largi. Continutul in ele-

. mente alcaline este aproximativ constant, cu o usoard tendintd de cres-

Q
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Le diagramme @ 4 P. : x25 .
1, granites porphyroi- : 30
des ; 2, granites a tex- 21 . "Zgz
ture équigranulaire ; 20 & e $e0
3, granites dépourvus / ) *10’35[' k

N

ari i [ Al

tere spre granitele firi mice cu texturd masivd. Continutul in KO este
mai mare decit cel de NasO. o

' Variatia continutului de oxizi in functie de continutul de silice
aratd sensul de diferentiere a magmei, din care s-au format rocile

Granite porfiroide Granite cu biotit Granite firi mice

Si0, 64,82—66,02 65,76—68,97 66,97—76,19
TiO, 0,47— 0,60 0,25— 0,51 0,10— 0,50
Al,0, © 15,90—16,60 - 14,56—-17,84 11,84-17,74
Fe,0, 1,12—-3,72 1,15—1,59 0,36—1,02
FeO 1,50—1,69 1,14—2,12 © -+ 0,09-1,57
MnO 0,01—0,05 0,05—0,06 0,02—-0,07
MgO 0,76—1,60 1,15—2,60 0,04—0,54
Ca0 1,48—3,78 1,68—2%24 0,37—1,96
Na,O ‘2,55—3,41" 3,27—3,99 1,97—4,09"
K,0 3,95—4,73 4,35—4,70 -2,82—-5,25

granitice din masivul Riul Ses. Astfel, confinutul de AlO3 scade treptat
de la granitele porfiroide pind la granitele fé&rd mice cu texturd masiva.
Aceeasi tendintd de scadere a continutului odatd cu cresterea confinu-
tului de silice o manifestd si FeyOs, FeO, MgO si CaO. Continutul de
elemente alcaline nu variazi prea mult odatd cu cresterea continutului
de SiOQ. B ’ a =
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Parametrii Niggli (Burri, 1959) calculati din analiza chimicé
indicd provenienta rocilor masivului granitoid de Riul Ses din urmaé-
toarele tipuri de magme calco-alcaline (tab. 3): granodioritici pentru
granitele porfiroide si granitele cu biotit cu textura echigranularé si
leucograniticid pentru gramtele fara mice, cu texturd masiva.

Caracterul calco-alcalin al intregii serii de roci granitoide rezulta
clar atit din valorile parametrilor Niggli si tipurile de magmi cores-
punzétoare acestor rodci, cit si din pozitia acestor roci pe diagrama de
alcalinitate (fig. 3), unde ele sint distribuite in domeniul calco-alcalin,
cu exceptia citorva probe ce apar in domeniul alcalin.

Sensul evolutiei magmei granitoide primare este ardtat de dia-
grama de diferentiere, In care parametrii principali urmaéresc linia de
diferentiere normald a magmelor calco-alcaline. Astfel, parametrii al
si alk manifestd o tendintd de crestere in directia accentudrii procesului
de diferentiere, cu unele intervale pentru care valorile lor sint aproxi-
mativ constante. Parametrii fm si ¢ scad treptat odatd cu cresterea va-
lorii Iui si, curbele lor intersectindu-se de citeva ori. Secventa din evo-
lutia magmelor graritoide din care s-au format rocile masivului grani-
toid Riul- Ses se situeazd la dreapta punctului de izofalie, curbele para-
metrilor al si fm neintersectindu-se.

Proiectia rocilor pe diagrama al:alk a ardtat cid granitele porfi- -
roide sint grupate in domeniul. magmelor cu un continut intermediar
de alcalii, granitele cu biotit cu texturd echigranulari sint rispindite
atit in cimpul magrmelor cu un confinut bogat in alcalii, cit si in cel cu
un continut intermediar, iar granitele fird mice cu texturd masivad sint
cele mai neuniforme aparfinind la trei cimpuri cu continuturi diferite
de alcalii.

Rocile granitice ale masivului Rlul Ses formeazi q serie continua
de roci, care pe diagrama al:fm se proiecteazd de-a lungul unei linii
drepte incepind din marginea domeniului izofalic, unde se gisesc mali
ales granitele porfiroide si cele cu texturd echigranulard, si pini in
domeniul salic, unde sint situate rocile cele mai acide, granitele firi
mice, cu texturd masiva.

Pe adlagrama k : mg (fig. 4) rocile anahzate se prmecbeaza intr-un
cimp situat intre diagonalele 0,5 k—0,5 mg si 1,0 k—1,0 mg, cu exceptia
a doud probe care se afli la dreapta ultimei dlagonale Se constatd o
variatie mal mare a parametrului mg fatd de cea a parametrului k, dar
totodata se observd cd parametrul mg are, pentru majoritatea probelor
analizate, valori mici, fapt evidentiat si pentru alte granite tardeorogene
din autohtonul danubian (Savu et al, 1971).

Compozitia. normativd a rocilor granitice (tab. 4) aratid proportia
in care participd mineralele virtuale in compozitia acestor roci. Cuartul
normativ variazd de la 18,880/, pind la 24,430/, in granitele de biotit cu
texturd echigranulard, de la 23,330/, pind la 29,180/, in granitele por-
firoide si de la-32,84¢/, pind la 53,820/ in granitele fird mice, cu tex-
turd masiva. Raportul dintre ortoza si albitul normativ variazi in jurul
lui 1. Diopsidul normativ apare numai in proba 35 de granit cu. biotit
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cu texturd echigranulara, in restul probelor de roci fiind prezent hyper—
stenul normativ in-proporii variabile.

Caracterul acid-al rocilor
dentiat si de diagrama QL M,
situat deasupra liniei PF, cu o

granitice din masivul Riul Ses este evi-
punctele lor figurative ocupind un cimp
tendin{d evidentd, mai ales pentru gra-

nitele fird mice cu texturd masivd, de a se apropia de virful @ al

diagramei.

Diferentierea chimicd a tipurilor petrografice separate este bine

ilustratd cu ajutorul diagramei

lui de l1a.Roche (La Roche, 1962)

(fig. 5). In plus, din aceastd diagrami se pot distinge in cadrul grani-
telor porfiroide, unde feldspatizarea (microclinizarea) este mai intensa,
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doud subfaciesuri: ,intermediar” si potasic, cit'si o orientare a axei
elipsei spre domeniul potasic. Granitele cu biotit cu texturd echigranu-
lard se plaseazd in acelasi domeniu cu subfaciesul ,intermediar“ al gra-

s L K-(Na+ Call
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TFig. 5. — Repartitia tipurilor de granite in diagrama chimico-mineralogicd a

lui H. de 1la Roche.

La distribution des types dé granites sur le diagramme chimiqgue-minéralogigue
de H. de la Roche.

‘

nitelor porfiroide indicind c& cristalizarea magmaticd a avut loc la
acelasi stadiu de evolufie a magmei. Deosebirea dintre acestea se dato-
reste numai fenomenului ulterior de feldspatizare. Granitele farad mice,
cu texturd masivd sint deplasate spre domeniul cuarfo-potasic cu o
usoard tendintd sodicd. Probabil cd procesul de albitizare a fost ceva
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mai pronuntat in acest tip petrografic. Totodatd, acest facies este de-
plasat spre valori mai mici ale parametrului pentru minerale mela-
nocrate. :

In ceea ce priveste materialul vulcanogen din care s-au format
sisturile verzi tufogene, in care este localizat masivul granitic Riul Ses,
este de mentionat ci a avut un caracter dioritic-cuar{-dioritic, asa cum
rezultd din valorile parametrilor Niggli si tipul de magma (tab. 3).

Distributia elementelor minore

Pentru a avea o imagine mai completd asupra.geochimiei rocilor
granitice din masivul Riul Ses au -fost efectuate si citeva determindri
pentru continuturile de elemente minore.

Determinarea continuturilor de elemente minore a fost efectuatd .
pe 11 probe, apartinind tuturor tipurilor petrografice ale rocilor grani-
tice, prin emisie spectrograficd. Rezultatele analizelor sint prezentate
in tabelul 5.

TABELUL 5

Confinutul de elemente minor_ek (ppm) din rocile granitoide

Nr. i cu | Pb |Ga|sn{Lij st | BalmNi| | v|cr
probei }
Granite 40 3| 20| 10 3| 30| 20| 80| 3| 4 35| 50
porfiroide 8 3| 15 |.10] 5 | 40| 700} 650 | 10] 8| 30] 50
. 20 | <3 | 10 | 10} 3 | 35| 200] 900 | <3| «3| 20] 10
|Granite ‘| 10 | <3 | 25 5| 3 | 40]1300 1100 | 10! 10| 40| 60
jcu texturd 35 20 35 15 3 ‘8 450 600 3 3 35 10
Jechigranulari| 32 4 25 10 5 30 800 | 1100 10 41 35 60
Grauite 28 3| 75 5{ 4 | 5-/1500| 800 3] 3} 25{ 20
fard mice 2 | <3 | 45 8 4 | 10| 30| 500{ <3| <3| 15| 15
30 | <3 | 30 6| 3| 5| 225| 900| <3| <3| 15
I 3| 90 | 10]|<3 | <3| 10| 200
17 | <3 [170 | 10| 8 | 3| 10| 200

Din acest tabel se observd ci continuturile tuturor elementelor
minore determinate se incadreaza iIntre limitele de variatie ale acestora
cunoscute pentru rocile granitoide.

Din acelasi tabel se mai constati ci, cu exceptia plumbului, cu-
prului si staniului, continuturile de elemente minore ale granitelor fara
mice cu texturd masivd sint mai sclzute decit in celelalte doud tipuri
de granite. Continuturile de cupru si staniu din rocile analizate au, in
general, valori foarte mici si nu prezintd aproape nici o variatie de la
un tip petrografic la altul, in timp ce continutul de plumb se modifica
cu tipul petrografic. Continutul mai ridicat de Pb din granitele fira
mice cu texturd masivd se datoreste, probabil, cantititii mai mari de
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feldspat potasic al acestor roci in raport cu plagioclazul, stiind ca
plumbul poate substitui izomorf potasiul in reteaua cristalind -a mine-~
ralelor.

Scaderea continuturilor elementelor minore, mai ales a celor fero-
magneziene Ni, Co, V si Cr, odatd cu trecerea de la granitele porfiroide
si cele cu texturd echigranulard la granitele fird mice cu texturd masiva

. ‘reflectd procesul de diferentiere a magmei din care s-au format aceste
granite.

Datele analitice obtinute au fost proiectate pe diagrame de va-

- riatie dupd metoda folositi de Nockolds si Allen (1953, 1954,
. 1956), raportind continutul elementelor minore si majore la indicele de
diferentiere (1/3 Si+K)— (Ca+Mg) (tab. 6).

Continuturile de elemente minore au fost prelucrate, calculindu-se
rapoartele dintre aceste elemente si elementele majore cu care se aso-
ciazd geochimic, precum si rapoartele dintre unele elemente minore
(tab. 7). . - '

¢

o o ‘ppm
36
3
a
S r
32r
30».
IQ o
a gl
6 i
115
[ o .3 -4
5 P = : 1| 10 Go
1)
10

0 " 1?2 13 U 15
l%S\. K12 tCosMg)

Fig. 6. — Diagrama de variatie a Si, Al si Ga.
Le diagramme de variation de Si, Al et Ga.

Asa cum s-a mai ardtat, rocile granitice din masivul Riul Ses pre-
zintd o tendin{d de imbogdfire in Si, element al cirui continut creste
cu accentuarea diferentierii magmei primare spre termeni mai acizi
(fig. 6). Confinutul de ‘Al prezintd o slabid tendin{d de scidere in acest
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.sens, in timp ce Ga, care inlocuieste aluminiul prin izomorfism, se men-
tine aproape constant. Raportul GaXx10%Al prezinti variatii mici osci-
lind intre 0,05 si 0,16.

O caracteristicd a variatiei continuturilor elementelor minore aso-
ciate geochimic cu Mg si Fe este tendinta acestor elemente de a sciadea
in direcfia cresterii aciditd{ii rocilor (fig. 7). Aceastd tendinti este mai
evidentd pentru Li, Cr si V, ale cdror curbe sint paralele cu cele ale Mg
si Feyy simai slabd pentru Co si Ni.

Comportarea acestor elemente minore este iustratd si de variatia

rapoartelor acestor elemente fati de Fey: Valorile acestor rapoarte’

4] ppm
.o =
a=k i1 u
¢ o ~ Jo
TR . 160
_AM E 1009
2t ” :
Mg 0: ~ * e
r——e B e ] ?Ni
g e o e ] 1.?00
4 °
Fegr |
ok
450
v
o 40
1 1 1 1 L 1
10 1 12 3 14 15
(—;-Sio K)-(Ca + Mg}
i
Fig, 7. — Diagrama de variatie a Li, .Cr, Mg, Ni, Co,

Fexy si V.
Le diagramme de variation de Li, Cr, Mg, Ni, Co, Fe,

et V.
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-prezintd, in general, o variatie redusd in raport cu indicele de diferen-
tiere, curbele lor fiind aproape paralele cu abscisa.

Dupa cum rezultd din diagrama din figura 8, confinutul de Ca
scade treptat odatd cu accentuarea procesului de diferentiere magmatica.

Z ppm
3.—
4l !
ca
1-
“e
oF
41500
41000
Sr -
-1 500
10
11500
-1 1000 pg
1 500
40 ;
L-.
Na 2} *s 2
. e
1 .
ok -
5t
) . ® -(
" L7 °° .8 ot
31 * . .
2k F =
e ) ) 2 . ‘. 3 .
R R TR
' =g SieK)-iCasMg)
Fig. 8. — Dfagram-a de variatie .a Ca, Sr, Ba, Na si K.

Le diagramme de .variation .de Ca, Sr, Ba, Na et K.

O comportare aseminitoare prezinti si Ba a cdrei curbid este paralela
cu cea a Ca. Continutul de Sr prezintd variatii mai mari si dupa o

usoard tendintd de crestere curba acestui element devine descendenta.
Continutul de Na si K din rocile granitice variazid foarte pufin prezen-
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tind o foarte slaba tendintd de scidere pentru Na si de crestere pentru K
in sensul diferentierii magmei. De remarcat, totodatd, continutul mai
ridicat al K fatd de Na din aceste roci.
} [}
Concluzii

Observafiile mineralogice si geochimice au permis si se deose-
beasca trei faciesuri granitice ale c#ror particularititi trebuie conside-
rate ca fiind in legdturd, in primul rind, cu conditiile de punere in loc
a masivului, deci cu conditiile de diferenfiere magmatici. Aceste fa-
clesuri se ordoneazd in volume a ciror alungire este conformi cu aceea
a masivului, si a caror aciditate creste de ld vest spre est, adici de la
faciesul porfiroid si cel cu texturd echigranulari la faciesul firi mice
cu texturd masiva. -

Din datele petrochimice si modul de comportare a elementelor
minore In rocile granitice din masivul Riul Ses rezulti ci aceste roci
au provenit dintr-o magma de origine litogend, formatid in timpul mis-
cérilor baicaliene, fie prin anatexia unei zone profunde a scoartei te-
restre, fie prin palingeneza din p&tura graniticd a sialului, ipotezd avan-
satd de Savu et al. (1971, 1973) si pentru alte masive granitoide din
autohtonul danubian.

Acest fapt reiese si din diagrama K,0%, : Na;0%, in care toate
rocile granitice cercetate se proiecteazd in cimpul de distribufie a ro-
cilor metamorfice acide (Mehnert, 1968). Din aceeasi diagrami. se
constatd cd fatd de proiectia valorilor medii ale K5O si NasO a granitoi-
delor din scoartd (Baird et al, 1963), cele din masivul Riul Ses aratd
0 tendinfd potasica evidentd, raporiul Ko0 : NagO fiind mai mare decit 1.

Totodatd din diagrama KO mol : NayO mol (fig. 9) rezultd destul
de clar si caracterul tardeorogen al acestor roci in raport cu cele cer- -
cetate de Marmo (1955), cele mai multe dintre probele analizate
proiectindu-se in cimpul granitelor tardeorogene, subgrupul potasic.

Aceste concluzii sint susfinute si de felul cum se proiecteazd ro-
cile granitice pe diagrama sistemului @ : Ab :Or (Tuttle si Bowen,
1958). Repartifia rocilor granitice in diagrama @ :Ab :Or (fig. 10) se
face pe o suprafatd mai intinsi, punctele reprezentative ale granitelor
porfiroide si ale celor cu texturd echigranulard aflindu-se in interiorul
cimpului de proiectie a granitelor ideale sau foarte aproape de acesta,
pe cind cele ale granitelor fird mice cu textura masivd se indreapta
spre virful @ al diagramei. Aceastd particularitate aratd cd rocile gra-
nitice din masivul Riul $es au tendinta de a se imbogati in mod deosebit
in SiO,. ' :

A urmat apoi o feldspatizare (microclinizare) generald in tot ma-
sivul, datoritd unor solutii postmagmatice ascendente silico-potasice.
Acest caracter tardiv al feldspatizirii se deduce din dezechilibrul dintre
lichidele reziduale si fractiile minerale deja cristalizate. Porfiroblasteza
din faciesul granitic porfiroid este o exagerare a acestui proces in. con-
ditii particulare (migrarea solufiilor silico-potasice spre zonele mai reci
ale magivului si in vecindtatea unui material mai bazic) (Charoy, 1971).
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2 4 6 . 8 1 Nc\20 mol
Fig. 9. — Diagrama Na,O mol : K;O mol.

I, granite si granodiorite sinorogene; II a, granite tarde-
orogené, subgrupa potasicd; Ilb, granite tardeorogene,
subgrupa ‘sodicd (M arm o, 1955).

Le diagramme NayO mol : KsO mol.

I, granites et granodiqrites synorogénes ; Il a, granites tar-
déorogénes, sous-groupe potassique; I1b, granites tardéoro-
génes sous-groupe sodique Marm 0, 1955).

Q

Ab Or

' Fig. 10. — Diagrama Q‘Ab Or. ‘Aceeasj legenda ca la fi-

gura 2. .
Le diagramme Q@ A4bOr. La méme légende de la figure 2.
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Ultima fazd a constituit-o un proces de albitizare evidentiat de
albitizarea plagioclazului si aparitia de coroane albitice la contactul
dintre plagioclaz si feldspatul potasic. Studiile efectuate in aceasti di-
rectie (Yiyama, 1966), gradul de triclinicitate ridicat al microclinului
(2V=1280—82° pun In evidenti dezamestecul feldspatului alcalin cu
eliberarea unei faze sodice, cit $i o eliberare de calciu si aluminiu. Pro-
cesul de albitizare este destul de limitat in masivul Riul Ses, neajun-
gindu-se la faza maximi de dezvoltare albit+muscovit sau din punct
de vedere geochimic nu a fost atinsd o diferentiere silico-sodica.
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ETUDE MINERALOGIQUE ET GEOCHIMIQUE
DU GRANITE DE RIUL SES

(Résumé)

Le granite de Riul Ses, de forme allongée en direction NNE—SSV, est situé
dans les Monts Tarcu, notamment dans le complexe des schistes verts de la série
de Zaicani du cristallin autochtone danubien. i

Les observations minéralogiques et géochimiques ont conduit a la séparatiomn
de trois facies granitiques allongés a la méme direction du massif et puis se
succédent de l'ouest & l'est : granite porphyroide, granite a texture équigranulaire
et granite dépourvu de micas & texture massive. Ces faciés gagnent en acidité
de I'ouest a Dest. X

Le calcul des parameétres pétrochimiques des roches examinées autorise
leur répartition aux monzogranites et aux.syénogranites, conformément a la clas-
sification adoptée par I.U.G.S. Les types de magmas aux dépens desquels ont €été
engendrées ces roches varient des magmas granodioritiques jusqu’a ceux alcali-
granitigues.

"Les diagrammes de variation des parameétrés pétrochimiques réveélent assez
nettement le caractére calco-alcalin des magmas primaires autant que l'évolution
de leur pxdcessus de différenciation.

Il y a quelque diagrammes de variation ou la répartition des 1oches grani~
thues dénote une tendance d’enrichissement en SiO, avec le passage des faciés
granitiques porphyroides et de ceux a texture équigranulaire au gramfce dépourvu
de micas a texture massive.

Le rapport des alcalis dénote une tendance potassique nette des granites
du massif de Riul Ses autant que leur caractére tardéorogéne comparés a ceux
1nvest1gues par Marmo (1956).

Les teneurs en éléments mineurs analysés ne depassent pas genexalement
les valeurs connutes des 1oches granifoides. Excepté le plomb, le cuivre et 1l'étain
les teneurs en €léments mineurs des granites depouxvus de micas sont inférieures
a celles des deux autres types de granites, La. baisse des teneurs en éléments
mineurs, tout spécialement de ceux ferromagnésiens Ni,- Co, V et Cr dans le
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sens du gain en acidité des roches refléte le processus des différenciation des
magmas aux dépens desquels se sont constitués. ces granites.

Les particularités géochimiques de ces granites révelées par cette étude
sont mises en corrélation avec les conditions de différenciation magmatique de
quelques magmas® d’origine lithogéne, constitués ‘au cours des mouvements de la
phase baikalienne, soit par l'anatexie d’'une zone profonde de l’écorce terrestre,
soit par la ‘palyngeneése de la couverture granitique du sial (Savu et al, 1971).
Au processus de différenciation magmatique succéde une feldspathisation générale:
due aux solutions postmagmatiques ascendantes silico-potassiques. Le caractére
de ce phénoméne plus intense dans quelques zones du massif y a conduit a
T’apparition du faciés granitique porphyroide.

L.a derniére phase du processus de formation des roches glamthues est
constituée par le processus d’albitisation, peu developpé.

Quant au matériel volcanogéne aux dépens ‘duquel se sont constitués les:
schistes verts tuffogénes dans lesquels est localisé le massif granitique de Riul
$es, il a eu un caractére dioritique-quartz-dioritique, fait qui résulte _dés valeurs:
des parametres pétrochimiques et du type de magma.

EXPLICATIA PLANSEI

FFig. 1. — Porfiroblast de microclin maclat in gratar cu incluziuni de plagioqlaz:
alterat si sfen. Pirful Piga, Nic. 4, X15.
Porphyroblaste de mierocline maclé en grille aux inclusions de plagio-
clase altéré et sphéne. Le ruisseau Plga Nic. -+, X15.
Fig. 20— Plagioclaz fisurat si deformat. Riul Ses, Nic. + X 15.
Plagioclase fissuré et déformé. Riul Ses, Nic.+4, X15.
Fig. 3. — Plagioclaz maclat, alterat, fisurat si deformat. Riul Ses, Nic. -+, \<15
Plagioclase maclé, altéré, fissuré et déformé. Riul Ses, Nic.4-, X15.
Fig. 4. — Myrmekite marginale lobate. Riul Ses, Nic.--, X20.
Myrmékites marginales lobées. Riul Ses, Nic.—-, X20.
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PETROLOGIA ROCILOR MAGMATICE

MASIVUL GRANITOID FRUMOSU
(MUNTII VILCAN — CARPATII MERIDIONALI)!
‘ DE '
TUDOR BERZA CONSTANTA UDRESCU? ALEXANDRINA MEDESAN 2

S Granitoids. Pluton. Upper Precambrian. Lower Paleczoic. Lainici-Pdiug series.
Magmatic differentiation. ' Fractional crystallization. Trace elements. South-
Carpathians. Danubian Domain. Vilcan Mountains.

A o ' Abstract

i The Frumosu Granitoid Massif (the Vilcan Mountains-
South Carpathians). The Upper Precambrian or Lower Paleozoic Frumosu
granitoid massif is intruded in the crystalline schists of the Precambrian Lainici-
Pdius Formation. It is a mainly granodioritic body with a western border of
. quartz diorites and tonalites and some more -acid zones in its central part The:
northern half of the pluton underwent an intense antesilurian mylomL1sat10n while
southward one can recognize the unoriented primary structure. The geocchemical
study pointed to slight tendencies of magmatic differentiation, attributed to -frac-
tional crystallization from borders to the center, under the influence of &
thermal gradient. i =

Introducere

Masivul granitoid Frumosu este situat in Carpatii Meridionali,
facind parte din fundamentul autohtonului danubian al muntilor Vilcan.
Datoritd amplasdrii sale intr-o zond izolatd si greu accesibild, pind in
prezent cunostintele referitocare la petrografia sa erau sumare, iar parti--
cularitatile sale geochimice erau necunoscute, acest corp fiind rareori
amintit In lucrdrile consacrate granitoidelor din Carpatii Meridionali.

1 Predatd la 7 mai 1979, acceptati pentru publicare la 12 mai 1979, comu~
nicatd in sedinta din 25 mai 1979. - :
2 Institutul de geologie si geofizicd. Str.” Caransebes nr. 1, Buéutjesti, 32.
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Prima mentiune a rocilor granitoide din regiune ii aparfine lui
Mrazec (1904), care le atribuie, la un loc cu toate celelalte tipuri
de granitoide din muntii Vilcan si Paring. masivului granitic Susita.
Dupd Ionescu-Bujor (1911), masivul Susita are o structurd com-
plexa, fiind alcidtuit din mai multe ,tipuri“, dispuse concentric; zona
de aflorare a masivului Frumosu corespunde tipului ,,granitului amfi-
boliv“. Manolescu (1937) a descifrat structura geoclogicd a muntilor
Vilcan si a prezentat prima harti geologici modernid a regiunii (la
scara 1 :300.000), pe care masivul Frumosu este figurat in continuare
ca granit'de Susita.

Pavelescu si Pavelescu (1962 a, 1962 b) sint primii. autori
care descriu granodioritele si dioritele cuartifere cu biotit si hornblendd
din regiune ca ,,granitoide de Frumosu®. In cadrul masivului Frumosu,
autorii citafi au distins o zond sudicd, alcituitd din granitoide masive,"
$i o zond nordicd, gnaisicid. Aceastd parte nordicid a corpului granitoid
Frumosu a fost cartatd intre virfurile Nedeia si Arcanul la scara 1 :10.000
de Solomon in 1964, apirind si pe harta la scara 1:100.000 pre-
zentatd de Solomon et al. (1976). Extremitatea esticd a masivului,
situatd la rasarit de virful Arcanul, a fost redati de Stan et al. (1979)
pe foaia Cimpu lui Neag a héartii geologice la scara 1 :50.000.

Zona de aflorare a masivului Frumosu are forma unei elipse cu
axa mare de 17 km si axa micd de 1—3 km, orientatd NE—SV, situatd
la sud de culmea principald a muntfilor Vilean, in bazinele superioare '
ale riurilor Bistrita si Motru ; terminatia orientald a corpului depdseste
insd cumpédna apelor, fiind deschisd de piraiele Girbovului, Réstovea-
nului si Valea de Pesti, afluenti drepti ai Jiului de- vest. Relieful acci-
dentat permite observarea masivului Frumosu cca 1 km pe verticala,
din valea Bistritei (740 m, la confluenta cu Piriul Boului) pina in virfu-
rile cele mai importante : Arcanul (1760 m), Boul (1670 m) si Frumosu
{1494 m). .

Cadrul geologic regional

Muntii Vilcan sint alcdtuifi, cu exceptia unor suprafete reduse in
care afloreazd formatiuni ale pinzei getice si ale pinzei de Severin, din
formatiuni ,ale autohtonului danubian, reprezentat prin fundamentul
cristalofilian, formatiuni paleozoice slab metamorfozate si cuvertura se-
dimentard mezozoica.

Fundamentul cristalofilian al muntilor Vilcan este constituit din
formatiunile de Drigsan si Lainici-Pdius (in aceasta din urmi fiind
cantonate masivele granitoide Tismana, Frumosu, Bilta si Susita), se-
parate printr-o importantd linie tectonicd (Manolescu, 1937), falia
Virful lui Stan-Curméitura Oltetului (Berza si Schuster, dupd
Berza, 1978 a).

Formatiunea de Drdgsan afloreazd .in regiunea invecinatd masi-
vului Frumosu in Culmea Cernei, fiind bine deschisd de afluentii drepti
ai Motrului. In aceastd zond este expus flancul sudic al anticlinalului
ante-ordovician Culmea Cernei (Iancu, 1977), in care pot fi recunos-
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cute subdiviziunile separate de Berza si Seghedi (1975 a) sub
denumirile de complexul amfibolitelor si complexul gnaiselor micacee.
In cadrul subdiviziunii amfibolitelor, vizibildi pe o grosime de cca
1000 m, predomina gnaisele amfibolice si amfibolitele, dar apar si nivele
de gnaise biotitice sau micacee, identice cu cele care formeazia fondul
subdiviziunii gnaiselor micacee. Pe piriul Alunul afloreazi serpentinite,
ce par a reprezenta roci ultrabazice metamorfozate din cadrul forma-
tiunii de Dr&gsan, dar care pot fi si mai recente. Relativ rar, pot fi
observate lentile metrice de pegmatite alcdtuite din oligoclaz 4-cuart =+
biotit &+ muscovit. Subdiviziunea gnaiselor micacee are, intre limita cu
amfibolitele si falia Virful lui Stan-Curmétura Oltetului, o grosime vi-
zibild de numai 100—300 m si este alcatuitd din gnaise micacee + al-
mandin, frecvent porfiroblastice .datoritd ocelilor milimetrici de pla-
gioclaz. , ‘

Parageneza cea mai semnificativid in ceea ce priveste intensitatea
metamorfismului, identificati in aceastd zond in formatiunea de Dragsan,
este andezin--hornblendd+almandin, indicind clar un metamorfism in
faciesul amfibolitelor. Tot in Culmea Cernei, Iancu (1974) citeazd in
formatiunea de Drédgsan prezenta staurolitului, iar Berza si Se-
ghedi (1975 a) a staurolitului si distenului. Identitatea aspectelor mi-
croscopice si macroscopice observabile la rocile -din regiunea cercetatd
cu cele din vecinatatea punctelor cu staurolit face credibild atribuirea
intregului areal ocupat de formatiunea de Drigsan in Culmea Cernei
subfaciesului staurolit-almandin. '

In zona invecinatd faliei Virful lui Stan-Curméitura Oltetului, care
o aduce in contact tectonic cu formatiunea de Lainici-P&ius, formafiunea
de Drigsan este afectatd de un retromorfism dinamic, cu atit mai marcat
cu cit distanta pind la falie este mai micd. Acest fenomen are ca efect
cloritizarea amfibolilor, biotitului si granatului, decalcifierea plagiocla-
zului si aparitia uneil noi foliatii, paraleld cu planul tectonic amintit
(marcatd pe harta geologicd ca pozitie de laminare). Tot in aceastd zond
se-mai remarcd prezenta a citeva dyke-uri directionale cu grosimi me-
trice de micrngranodiorite porfirice, alcatuite din rare fenocristale ma-
runte (cca 1 mm) de plagioclaz acid si biotit si o pastd cuarfo-feldspa-
tica fin granulara, afectate si ele de aceeasi laminare cu directia NE—SV.

Formatiunea de Lainici-Pdius, in care este intrus masivul grani-
toid Frumosu, este alcidtuitd din doud subdiviziuni, descrise de Berza
(1978 a) sub denumirile de complexul carbonato-grafitos si complexul
cuartitelor si gnaiselor biotitice.

Intocmai ca in restul Culmii Cernei, si in zona invecinatd. masi-
vulii Frumosu subdiviziunea carbonato-grafitoasd afloreazd sub forma
unei fisii juxtapuse subdiviziunii gnaiselor micacee din formafiunea de
Dragsan (de care este separatd prin falia. Virful lui Stan-Curmatura
‘Oltetului), spre sud trecindu-se apoi la cuartite si gnaise biotitice.
Avind o grosime vizibild de cca 1000 m, subdiviziunea carbonato-grafi-
toasad este alcatuitd din calcare si dolomite cristaline + silicati (diopsid,
flogopit, amfiboli, plagioclaz), amfibolite si gnaise amfibolice, gnaise

7 — c. 795



98 : T. BERZA et al. { 4

diopsidice, gnaise micacee grafitoase si nivele subordonate de gnaise:
biotitice si cuartite biotitice. Intima asociere cu calcarele si dolomitele
cristaline, pe de o parte, si cu roci metapelitice, pe de altd parte, aspec-
tele de afloriment (In general omogene, in contrast cu rubanarea carac-
teristicd ortoamfibolitelor din formatiunea de Dréigsan) sau microscopice
(cantitatea mai micd de" minerale accesorii, o hornblendd verde, spre
deosebire de cea bruné-verzuie din amfibolitele de Dr&gsan) sugereazd
pentru amfibolitele din formatiunea de Lainici-Pdius provenienta din.
marne. B
Subdiviziunea cuartitelor si gnaiselor biotitice, ce ocupa vaste in-
tinderi in muntii Vilcan, este constituitd dintr-un fond de cuartite feld-
spatice, cu frecvente nivele de gnaise biotitice si rare intercalatii de
gnaise micacee grafitoase (mai frecvente pe afluentii drepti-ai Vijei),
gnaise amfibolice cu biotit,” amfibolite (indeosebi in bazinul Motrului),
gnaise diopsidice sau calcare cristaline. Dupd profilele din valea Bis-
tritei, grosimea vizibila a acestei subdiviziuni pare a fi de 2000—3000 m.
Din punct de vedere structural, in zona invecinatd masivului Fru-
mosu cartarea int formatiunea de Lainici-Piius este mult Ingreuistd, In
special In fisia de la nord de corpul amintit, de puternica laminare
datoratd miscdrilor ce au generat falia Virful lui Stan-Curmaitura Olte-
tului si, foarte probabil, falia ce limiteazi spre nord plutonul Frumosu,
falia Nedeia 3. In rarele cazuri in care am putut méisura pozitii pe care
le-am atribuit stratificatiei, am obtinut directii NE—SV si incliniri cu
sens diferit, uneori chiar pentru aflorimente apropiate, indicind o cutare
strinsd. Din aceastd cauzi, si t{inind cont de argumente regionale expuse

3Manolescu (1937) a recunoscut si marcat pe harta geologici a mun-
tilor Vilcan, Paring si Culmea Cernei contactul tectonic dintre formatiunile de
Dragsan (descrisé de autor sub denumirile de complexul amfibolitelor si seria
clasticd) si de Lainici-Pdius. In vecinitatea muntelui Oslea, atribuind seriei clas-
tice zona ocupatd de formatiunea de Lainici-Pdius la nord de masivul Frumosu
(la izvoarele Bistritei si pirfului Girbovului), Manolescu (1937) a trasat falia
pe limita nordicd a plutonului Frumosu. Considerind seria clasticd complex su-
perior clorito-sericitos al formatiunii de Dridgsan, Pavelescu si-Pavelescu
(1962 b) pastreazd aceastd imagine cartografici. Solomon et al. (1976) rectificd
harta geologici a regiunii, trasind la SV de virful Oslea o falie ante-carbonifera
intre formatiunile de Lainici-Pdius si de Drégsan (descrise insd de autori sub
alte denumiri), dar figureazd drept contact normal limita nordicd a plutonului
Frumosu. Dupd cartarea pe care am efectuat-o, in vecinidtatea muntelui Oslea.
sint de fapt doui falii importante : falia Virful lui Stan-Curméitura Oltetului.
orientatd NE—SV, care dispare sub calcarele de Oslea,” dupd cum a constatat si
Solomon, si falia din nordul masivului Frumosu, evidentiatdi de Manolescu
(1937) si Pavelescu §i Pavelescu (1962 a, 1962 b), orientatd ENE—VSV,
falia Nedeia. Aceste falii converg la confluenta Motrului cu piriul Alunul, ;i
sint insofite de intense lamindri ce induc un retromorfism dinamic pe distante
apreciabile.
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pe larg in altd parte (Berza, 1978 a), considerim in continuare vala-
bild schema structuralad propusi anterior, in care formatiunea de Lainici-
Paius este conceputd ca fiind prinsid intr-o structurid majori reprezen-
tatd printr-un sinclinoriu situat in partea centrald si sudicd a muntilor
Vilcan (in care afloreazi cuartitele si gnaisele bioti‘tice), flancat de un
anticlinoriu nordic si unul sudic (acesta din urmé vizibil doar in podisul
Mehedinti si muntu Paring), evidentiate prin aparitia subdiviziunii car-
bonato-grafitoase.

La sud si est de masivul Frumosu, pind la piraiele Ré&chifeaua
si Vija, am putut urméri in cadrul formatiunii de Lainici-Paius citeva
cute de amplitudine kilometricd, asemé&natoare ca stil $i ordin de méirime
cu cele identificate mai in aval pe Bistrita (Berza, 1972), ce repre-
zintd elemente structurale locale in raport cu structura regionald sin-
clinorie. . PY

O caracteristici generald a formatiunii de Lainici-Pdius, prezenta
si In zona Invecinatd masivului granitoid Frumosu, este dati de abun-
denta migmatitelor arteritice, In general de compozitia unor leucogranite,
insinuate stromatitic, dictyonitic, flebitic sau sub forma unor feldspa-
tiziri metasomatice (Stan, 1977).- Uneori pédtrunderea magmei acide
este extrem de abundenti, granitoidele migmatice ocupind suprafete
importante (cursul mijlociu al piriului Frumosu, piriul Réchiteaua). In
acest caz granitoidele sint mai bogate in biotit si corespund din punct
de vedere .petrografic unor granodiorite ; asemenea zone au fost uneori
cartate de Pavelescu si Pavelescu (1962 a, 1962 b) ca granit
de Susita, dar nu pot fi atribuite acestui masiv, atit pe criterii petro-
grafice si de teren, cit st din cauze geografice.

O problema deschisi o constituie citeva aparifii de diorite cu
hornblendi si biotit din bazinul piriului Réichiteaua. Dupd caracterul
xenomorf al mineralelor constituente, particularitate structurald a grani-
toidelor mlgmamce dioritele amintite par a apartine acestui grup petro-
grafic. Neluind in consideratie gradul de idiomorfism al cristalelor,
‘anterior am atribuit un mic corp dioritic de acest fel granitoidelor de
“Tismana (proba 955, in Berza, 1978 a), desi unul dintre elementele
caracteristice ale ‘acestora, si anume prezenta clinopiroxenilor cu dez—'_
amestecuri + ortopiroxeni, lipseste din dioritele amfibolice In discutie.
O altd particularitate a granitoidelor de Tismana, si anume abundenta
mineralelor accesorii este insd prezentd, justificind atitudinea adoptata.
Regasind asemenea diorite amfibolice si in bazinul piriului Lespezelu,
afluent al pirfului Réchiteaua, intr-o .zoni relativ indepartatd de masivul:
Tismana, considerdm in prezent mai justificatd separarea lor ca o enti-
tate aparte. Ele ar putea reprezenta polul bazic al magmelor granitoide
(predominant granitice, dar uneori si mai bazice) care au invadat for-
matiunea de Lainici-Pdius sub forma unei suite migmatice, in timpul
si imediat dupéd actiunea fenomenelor de- cutare si metamorfism (Berza,
1972). In orice caz, aparitia lor ca mici corpuri izolate si lipsa conturu-
rilor crlstalografme la mineralele constituente fac dificild interpretarea
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lor ca apofize ale masivelor granitoide din regiune (Tismana sau Fru-
mosu) sau din zone mai indepartate (Susita).

‘Metamorfismul initial al formatiunii de Lainici-Paius din zonele
invecinate masivului Frumosu este in general greu de precizat datorita
amplorii deosebite a fenomenelor de retromorfism. Cu toate acestea, in-
deosebi la sud de pluton, pot fi recunoscute minerale sau parageneze
caracteristice unui metamorfism desfasurat in conditii de temperaturd
inaltd si presiune medie spre scdzutd. Astfel, prezenta sillimanitului (in
versantul drept al Vijei apare adesea ca cristale de 1—2 cm, orientate
in ger.eral cu axa c paraleld cu axele structurale din regiune), a andalu-
zitului, almandinului si corindonului in- gnaisele micacee cu grafit, a
andezinului si hornblendei in amfibolite si gnaise amfibolice, a diopsi-
dului in calcarele cristaline, in" gnaisele diopsidice (care contin diopsid
si plagioclaz 4+ amfibol sau flogopit), uneori si in cuartitele feldspatice,
dovedeste atingerea regionald a temperaturilor caracteristice faciesului
amfibolitelor. Coexistenta almandinului cu andaluzitul (probabil si cu
cordieritul, ce apare insd pinnitizat) indicd presiuni de cca 5—6 Kb
(Winkler, 1966), inferioare celor specifice metamorfismului barro-
wian, justificind recunoasterea in formatiunea de Lainici-Pdius' a unui
metamorfism de presiune mai coboritd, denumit de Savu (1970) meta-
morfism danubian. Temperatura inaltd evidentiatd de aceste parageneze,
si Indeosebi de prezenta pe suprafete mari-a sillimanitului, este probabil
datoratd conjugirii unui important aflux caloric din zonele de anatexie
din profunzime cu un aport direct de-céldurd al primelor produse ale
acestel anatexii, granitoidele migmatice, si apoi al masivelor intrusive
Tismana si Frumosu. A

Suprapuse peste parageneza de temperaturd inaltd apar.o serie de
parageneze de temperatura - scidzutd., Astfel, aproape permanent plagio-
.clazul intermediar din sisturile cristaline, sau din .granitoidele intruse
In acestea, este inlocuit in grade variabile de o paragenezd de tempe-
‘raturd scdzutd : albit+minerale din grupa epidotului, indeosebi clino-
zoizit. De asemenea, sericitizarea alumosilicatilor de Al, .pinnitizarea
cordieritului si cloritizarea granatului sau biotitului, in absenta unor
deformari ale acestor minerale, pot fi atribuite "unui autoretromorfism
(Savu, 1970), datorat récirii lente in prezenta apei.

Un retromorfism dinamic este deosebit de evident in zonele inve-
cinate faliilor- Virful lui Stan-Curmitura Oltetului si Nedeia, conducind
la aparitia unor foliatii de laminare si a unor minerale de temperatura
scdzutd : albit, sericit, clorit, tremolit, stilpnomelan, minerale din grupa
" epidotului, carbonati, oxizi si hidroxizi de fier. Din aceastd cauzi, in
numeroase locuri, indeosebi in zona de la nord de masivul Frumosu,
rocile ajung si aib3 aspectele unor sisturi epimetamorfice. Transformari
structurale si mineralogice asemaanitoare suferd si granitoidele din re-
giune (din suita ‘migmaticd sau din masivul Frumosu) aceste roci putind
fi descrise ca epigranitoide. Prezenta, in zone mai pufin tectonizate, a
unor parageneze relicte ale metamorfismului de temperatura inaltd indica
caracterul polimetamorf al formafiunii de Lainici-Pdius. Corelarea zo-
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nelor retromorfozate cu principalele linii tectonice aratd natura dinamici
a rétromorfismului, virsta acestuia fiind aceeasi cu virsta faliilor amin-
tite. In aceastd privintd, in zona invecinati masivului Frumosu se poate
constata doar anterioritatea faliei Virful lui Stan-Curmitura Oltetului
in raport cu calcarele de Oslea, atribuite de Solomon et al. (1976)
Carboniferului inferior, dar mai spre est, in partea centrald a muntilor
Vilean, existd dovezi privind virsta ante-siluriani a acestei falii (Berza,
1975; Stdnoiu, 1976).

) O ftrasdturd remarcabild a zonei in care afloreazi masivul Frumosu
este datd de abundenta deosebitd a unor dyke-uri directionale de micro-
granodiorite si microdiorite porfirice, orientate in general NE—SV, cu
caderi de 70° spre nord. Aceste dyke-uri, cel mai frecvent cu grosimi
metrice, dar uneori atingind si grosimi de zeci de metri, exceptional
chiar depasind 100 m, sint de mai multe tipuri, diferentiate prin chimism
sau structuri. Cele maij frecvente sint microgranodioritele porfirice cu
biotit si hornblenda, alcatuite dintr-o pastd microgranulard, in general
{ind (0,1 mm), cuarto-feldspaticd, uneori cu structurd granofirica, si feno-
cristale milimetrice de andezin, biotit, hornblendd si cuart corodat. Mi-
crodioritele porfirice sint de asemenea numeroase si constau dintr-o
pastd microgranulara alcituitd din plagioclaz, cuart, eventual putin feld-
spat potasic, biotit si hornblendd si fenocristale de plagioclaz, biotit,
hornblenda, uneori si clinopiroxen. Mai rar se intilnesc microdiorite
echigranulare, formate din cristale méirunte (0,3—0,5 mm), cu idiomor-
fism accentuat, de plagioclaz si hornblendi. In citeva cazuri, abundenta
deosebitd a hornblendei, ce apare si ca rare fenocristale milimetrice,
justifici denumirea acestor roci drept spessartite.

" In valea Motrului doui dyke-uri dioritice ating lungimi kilome-,
trice si grosimi de 100—200 m, deosebindu-se de celelalte roci amintite
prin structura echigranulard si dimensiunile de 2-—4 mm ale cristalelor
de plagioclaz, hornblenda si biotit ; intersti{ial apare putin cuar{ xeno-
morf. Cu toatd diferenta de structurd, tinind cont de asemdindrile mine-
ralogice si' de forma corpurilor respective, considerdm ci si aceste dyke-uri
aparfin aceleiasi provincii petrografice cu restul dyke-urilor, cristali-
nitatea mai largd datorindu-se racirii mai lente, consecinti a dimensiu-
nilor mai mari ale acestor corpuri. /

Dyke-urile microdioritice si microgranodioritice descrise mai sus
sint extrem de frecvente in sisturile cristaline ale formatiunii de Lai-
nici-Paius de la nord de masivul granitoid Frumosu si imediat la sud
de acesta, rarindu-se apoi progresiv spre sud. $i plutonul Frumosu este
sirdbdtut de dyke-uri de acest tip, usor de recunoscut in partea nela-
minatd, dar greu de deosebit macroscopic in zona laminatd a corpului.

Masivul Frumosu se afld in continuarea spre est a regiunii In care
Berza si Seghedi (1975 b) au pus in evidentd existenta unei aso-
ciatii -de dyke-uri ce strabat formatiunea de Lainici-Paius si masivele
granitoide cantonate in aceasta, dar nu afecteazd formatiunile de virsta
paleozoic-inferioard, separindu-le sub denumirea de complex filonian
pre-silurian. Cartirile ulterioare, efectuate in cadrul foilor Obirsia Clo-
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sani, Cimpu lui Neag si Oslea ale hirtii geologice la scara 1 :50.000 au
ardtat abunden{a deosebitd a acestor dyke-uri in partea nordicid a zonei
de afiorare a formatiunii de Lainici-Paiug din Culmea Cernei si vestul
muntilor Vilcan, regiune in care se poate deci recunoagte provincia
petrograficd a magmatitelor acide sau intermediare hipabisice ante-silu-
riene, probabil de virstd cambriand sau ordoviciana. ‘B

In regiunea invecinati masivului Frumosu afloreazi formatiunile
epimetamorfice de Coarnele si Girbovu (St@noiu, 1976), respectiv
Oslea (Ndstdseanu, 1973).

La est de muntele Oslita, intre formatiunea de Lainici-Paius si cal-
carele de Oslea apare discontinuu un pachet cu o grosime de pind la
100 m de cuartite fin granulare, albe, in general bine litate, desficindu-se
usor in plici. Atribuite fundamentului de citre Pavelescu si Pa-
velescu (1964, cu excep;‘;ia versantului drept al pirfului Girbovului,
unde au fost considerate liasice)) Ndstdseanu (1973) si Solomon
et al. (1976), aceste cuartite diferd, atit petrografic cit si prin absenia
migmatitelor, de cuartitele formatiunii de Lainici-Paius, reprezentind
continuarea spre vest a formatiunii de Coarnele, separatd de Stdnoiu
{(1976) in partea centrald a muntilor Vilcan. In zona pe care am cartat-o
aceste cuartite au sporadic intercalatii metrice de filite usor grafitoase
(piriul Girbovului), sau de sisturi cloritoase (Piriul Boului, afluent drept
al Jiului de vest). Din aceste sisturi Solomon et al. (1976) au deter-
minat resturi fitoplanctonice asemaanitoare celor recoltate pe Valea de
Pesti (imediat amonte de confluenta cu Valea Seacd), care se incadreazi
in intervalul Cambrian mediu-Ordovician superior. Deoarece Stdnoiu
(1976 ; Stanoiu si Iliescu, 1976) considerd cd formatiunea de
Coarnele apartine Ordovicianului, eventual si Silurianului inferior, virsta
ordovicianad a acestel formatiuni este foarte probabila.

Peste cuartitele formatiunii de Coarnele, sau direct pe fundamentul
precambrian, se dispune un pachet gros de la citeva zeci de metri la
250 m de calcare cristaline, atribuite de Ndstidseanu (1973) forma-
tiunii de Oslea si denumite de Stdnoiu (1976) calcare de Oslea ale
formatiunii de Girbovu. In baza calcarelor de Oslea se remarcd frecvent
un nivel metric de arcoze sau microconglomerate, separate ca pachet
grezos de Nastdseanu (1973) si denumite gresia de valea Boulul
de citre Stdnoiu (1976), de la care trecerea la calcare se face in
mod gradat, prin cresterea ponderii cimentului carbonatic. Peste calca-
rele de Oslea se dispun concordant filite in general grafitoase, denumite
argilele grafitoase ale formatiunii de Oslea de Nidstédseanu (1973),
sau filite de Valea de Pesti ale formatiunii de Girbovu de Stédnoiu
(1976). In zona de aflorare a acestora, in muntele Oslita, se remarca
un pisc alcituit din serpentine (Mrazec, 1904 ; Manolescu, 1937;
Pavelescu si Pavelescu, 1964; Nidstdseanu, 1973; Solo-
mon et al, 1976) care au fost pind in prezent considerate de aceeasi
virstd cu filitele Inconjuratoare.

In zona cartatd, intre formatiunile de Coarnele si Girbovu nu se
remarcd o discordantd  unghiulard, pozitiile misurate aritind incliniri
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spre ‘nord asemdnétoare, intre 30° gi 70° -Caracterul discontinuu al fisiei
de cuartite de Coarnele si debutul detritic al sedimentdrii formatiunii
de Girbovu indica clar o intrerupere a sedimentarii (probabil in Silurian
51 Devonian, dacd virstele avansate de Solomon et al, 1976 si Sté&-
noiu, 1976 sint corecte). Relatiile evidentiate de St&noiu (1976) in
partea centrala a muntilor Vilcan intre aceste formatiuni indicd ins3 si
existenta unei faze de deforméri in intervalul amintit. Din punct de
vedere al faciesului metamorfic atit cuartitele cit si calcarele cristaline
nu oferd minerale index, dar filitele - din formatiunea de Girbovu sau
intercalatiile sistoase din cuarfitele de Coarnele au aspecte aseméni-
toare, caracteristice metamorfismului in conditiile de debut ale facie-
sului sisturilor verzi. Din acest motiv, este probabil ca fenomenele de
metamorfism regional sd nu insoteascd decit a doua etapd de deforméri
paleozoice, probabil de virstd carboniferd medie, datoratd fazei erzge-
birge a orogenezei hercinice (Solomon et al, 1976).

- Masivul granitoid Frumosu

Dupd cum s-a mai amintit masivul Frumosu are forma unei
elipse alungite NE—SV, acoperind o suprafati de cca 40 km?, dispusid
in general concordant cu directiile structurale din formatiunea .de Lai-
nici-Paius in care este cantonat. In interiorul acestor contururi, usor
de cartografiat datoritd naturii transante a contactului, masivul Frumosu
este alcatuit din granodiorite cu biotit si hornblendd si, pe suprafete
mult mai mici, tonalite si diorite cuartifere cu hornblendid si biotit ; cu
totul exceptional apar si diorite cuartifere cu hornblendd, biotit si clino-
piroxen sau granite cu biotit. :

Dispunerea acestor tipuri petrografice in cadrul plutonuluj nu este
‘Intimpléatoare, cartarea evidentiind o zond marginald, discontinud si cu
largime variabild, In care apar roci sirace in feldspat potasic (tonalite
si diorite cuartifere), mai dezvoltatd in extremitatea vesticd a corpului.
Restul masivului este alcituit din granodiorite cu biotit si hornblends,
in care apar zone cu mdrime variabild de granodiorite in care horn-
blenda scade de la 6—89/, la numai 1—20/; ; rareori in aceste zone apar
granite cu biotit.

‘Tendinta spre o structurd circulard a masivului Frumosu (pl. 1)
deschide problema caracterului unic sau .compus al plutonului, fiind
bine cunoscut faptul ci intruziunile in care diferitele tipuri petrografice
se dispun circular pot fi compuse. In cazul plutonului Frumosu pare
insd mai. probabild existenta unei singure intruziuni, trecerile avind loc
gradat. Astfel, bordura de roci mai bazice din vestul masivului, cu o
lungime de 7 km si o latime maximi de 1 km, este alcituitd din tona-
lite si diorite cuartifere cu hornblendd si biotit, roci extrem de asema-
natoare, ce nu pot fi deosebite decit la microscop. Trecerea de la aceastd
zona marginala la granodioritele din partea centrald a plutonului are
loc gradat, intr-un mod insesizabil intr-un singur afloriment, dar re-
marcabil pe citeva zeci de metri prin deschiderea culorii rocilor, dato-
ritd scaderii ponderii hornblendei de la 10—150/ la 6—80/, si cresterii
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proportiei de feldspat potasic si, In' mai mici méisurd, de cuart, in timp
ce procentul de plagioclaz scade putin, iar cel de biotit se menfine
practic constant. : )

Intr-un singur loc, pe valea Motrului in zona cascadelor de sub
Turcineasa, am remarcat in tonalite cu hornblendd si biotit enclave
centimetrice mai melanocrate, reprgzentind roci mai bazice decit tona-
litele, anterioare acestora, dar probabil consangvine. In lipsa unor date
microscopice sau chimice asupra acestor enclave, ele pot fi interpretate
ca reprezentind fragmente din bordura mai rapid cristalizatd pe mar-
ginea caii de .acces a magmelor, rupte si antrenate In ascensiunea
acestora. ‘

O a doua zond marginald mai bazicd a fost identificata pe ver-
santul sudic al muntelui Boul, in bazinele piraielor Lespezelul si Boului,
pe o lungime de cca 2 km si o latime de citeva sute de metri. In acest
perimetru granitoidele de Frumosu sint reprezentate prin diorite cuarti-
fere cu hornblend& si biotit asemé&nitoare cu cele din extremitatea ves-

“ticd a masivulul. Trecerea spre granodioritele zonei centrale are loc de
asemenea in mod gradat.

Exceptind cele doud zone cu roci bazice descrise mai sus, masivul
Frumosu este omogen, compozitia modald -a rocilor indicind aproape
invariabil apartenenta lor la grupa granodioritelor. Se pot Insd carta
zone in care scaderea procentului de hornblendd duce la deschiderea
culorii rocilor. Cea mai extinsid zoni de granodiorite cu biotit si putini
(sau deloc) hornblenda apare pe valea Bistritei, amonte de confluenta
cu Piriul Boului si in bazinul piriului Birloaga, pe o lungime de aproape
4 km, cu o latime maxima de cca 500 m, sub forma unei fisii paralele
cu marginile masivului. O altd zond de acest tip a fost remarcatd tot
pe valea Bistritei, cca 1 km amonte de prima, pe aproximativ 200 m.
In partea nordicd a masivului Frumosu, datoritd unei puternice laminari
ulterioare, astfel de zone nu mai pot fi recunoscute pe teren, dar ele
-pot exista, studiul microscopic evidentiind lipsa pseudomorfozelor dupé
hornblendd si intr-un perimetru de pe versantul sudic al muntelui
Nedeia.

In partea centrald a prmmpalel zone de granodlomte cu biotit si
putind hornblenda (pe afluentul sting al Bistritei care se varsa in aceasta
in dreptul confluentei cu Piriul Boului), am remarcat granite cu biotit,
cele mai acide roci ale masivului Frumosu ; asemenea granite cu biotit
mai apar si pe un afluent al piriului Lespezelul, dar intr-o. zona de
granodiorite cu continut in hornblenda normal. !

Datorita caracterului gradat al trecerii de la granodioritele nor-
male la cele sérace in hornblendd, apartenenta ambelor tipuri la aceeasi
fazi de intruziune este foarte probabild, granodioritele sirace in horn-
blendd si granitele cu biotit reprezentind termenul cel mai acid rezultat
prin diferenfierea magmaticé.

In granodioritele cu biotit si hornblenda, ‘ce alcdtuiesc cea mai
mare parte a masivului Frumosu, enclavele sint in general rare. Au fost
identificate doud tipuri de enclave : de sisturi cristaline si de roci con-
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sangvine.  Enclavele de sisturi cristaline sint extrem de rare, aparind
doar la periferia corpului. Astfel de enclave centimetrice au fost obser-
vate pe valea Bistritei, In dreptul confluentei cu Piriul Boului. Ele sint
reprezentate prin corneene amfibolice cu biotit, alcituite din plagioclaz,
biotit, feldspat potasic si hornblenda, ultima formind poiciloblaste mili-,
metrice caracteristice corneenelor. Enclave aseméindtoare au fost remar-
cate si in tonalitele cu hornblendd si biotit de pe valea Motrului si in
dioritele cuartifere cu hornblenda si biotit de pe Piriul Boului.

Enclavele de roci consangvine apar cu precidere in granodlorltele
cu hornblendd si biotit, avind cel mai adesea 5—I10 c¢m si o forma
rotunjitd. Ele corespund unor diorite, monzodiorite cuartifere sau dio-
rite cuarfifere cu hornblendd si biotit (fig. 1) si reprezintd roci mai
bazice, consolidate anterior granodioritelor, rupte si enclavate de magma
granodioriticd, probabil din bordura marginald mai bazica.

Masivul granitoid Frumosu este traversat de numeroase dyke uri
cu compozitii petrografice, structuri si dimensiuni variate.

O priméi categorie de dyke-uri, sigur legate genetic de corpul Fru-
mosu, este datd de rarele granitoide (granite sau granodiorite) aplitice
intilnite. Astfel, pe un afluent al piriului Lespezelul granodioritul cu
hornblendi si biotit este strdbitut de un dyke cu o grosime de 2 m de
granit cu biotit, extrem de bogat in cuarf, iar pe valea Motrului dioritul
cuartifer cu hornblendd si biotit este traversat de filonase centimetrice
de granodiorite cu biotit si hornblenda. -

De departe cea mai numeroasd este grupa dyke-urilor a céror afi-
liatie la masivul Frumosu este problematlca reprezentate prin micro-
granodiorite porfirice cu biotit si hornblendd, microdiorite cuartifere
(porfirice sau echigranulare) cu hornblendi si biotit si, mult mai rar,
microdiorite amfibolice. Aceste roci, a ciror compozifie mineralogica
$1 chimicd nu exclude consangvinitatea cu granitoidele de Frumosu, sint
insd imposibil de considerat suitd filoniana a acestora, apérind In muntu
Vilcan pind la distante de zeci de km de masivul Frumosu si avind,
cumulat, o suprafati de aflorare egald cu a acestuia. Ele reprezintad
dyke-uri pre-siluriene de tipul celor ce 1mp1nzesc aria de aflorare a for-
matiunii de Lainici-Pajus in Culmea Cernei si in muntii Vilcan, in
acest caz cantonate in masivul Frumosu. Din harta geolodlca a regiunil
(pl I), se remarca insd o densitate mai micd a acestor dyke-uri pe masiv
in raport cu zonele invecinate de sisturi cristaline, situatie explicabild
pnn mai marea permeabilitate a ‘acestora in comparatie cu plutonul.

_ Din punct de vedere structural, in cadrul masivului Frumosu pot
fi deosebite doua tipuri de aspecte : primare, cistigate In momentul pu-
nerii in loc, si ulterioare, cdpidtate in urma unor evenimente ulte-
rioare consolldarn magmelor. :

Caracterele structurale primare cele mai 1mportante sint : forma
corpului, forma apofizelor acestuia, forma si dispozitia enclavelor si tex-
tura initiald a rocilor masivului §i a enclavelor.
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Dupd cum s-a mai amintit, plutonul Frumosu este intrus in mare
concordant in formatiunea de Lainici-P&ius, marginile sale fiind paralele
cu majoritatea pozitiilor misurate in sisturile cristaline, a axelor cutelor
din cadrul acestora si cu limita dintre complexe. Totusi, in zona va&ii
Bistrifei, unde structurile din sisturile cristaline sint orientate N—S,
limita sudicd a masivului le intersecteazd sub un unghi drept.

Forma rotundd a enclavelor si dispozitia neorientati a mineralelor
(plagioclaz, feldspat potasic, cuart, biotit, hornblendd) din granitoidele
de Frumosu si enclavele lor indicd insd faptul ci consolidarea mag- .
melor a avut loc in lipsa miscérilor si intr-un ¢imp de presiuni omogen,
evidenfiind natura postcinematicd a masivului Frumosu. Din aceasta
cauzd, afirmatia privind natura sinorogenid a plutonului trebuie inte-
leasd in sensul cd formarea si ascensiunea magmelor ce au dat corpul
discutat a avut loc in cadrul aceluiasi ciclu orogenic cu cutarea si meta-
morfozarea formatiunii de Lainici-Paius, respectiv orogeneza cadomiana
(assynticd, baicaliand).

Dispozitia initiald neorlentata a mineralelor constituente este insad
stearsa, part1a1 sau chiar total, de o laminare _suferiti de granitoidele
de Frumosu in anumite zone ale masivului. Astfel, incepind chiar din
valea Motrului, dar mai ales din muntele Boul, partea nordicd a pluto-
nului, iar de la piriul Birloaga spre est intregul corp, este afectatd
de laminari si modificiri ale compozitiei mineralogice.

Desi Pavelescu si Pavelescu (1962 a, 1962 b) au discutat
31 cartat aceastd parte a masivului ca fiind alcatuitd din granitoide gnai-
sice, datoritd faptului cid pe planele de sistozitate apdrute prin laminare
se dispun numai minerale de temperaturd joasd (clorit, epidot, stilpno-
melan, fremolit, mai rar calcit, muscovit, clinozoizit), iar mineralele pri-
mare apar ca fenoclaste, considerdm cd aceste roci sint mai corect denu-
mite granitoide laminate, asemé&nitor situatiei descrise de Savu (1970).
in partea nordicd si esticd a masivului Susita. Aceste modificiri mine-
ralogice si structurale ale rocilor apar gradat, pe citeva sute de metri
trecindu-se de la granitoide neafectate la unele incipient laminate (in
care apare o foliatie discretd, datd de cloritizarea sau deferizarea bioti-
tului si transpunerea lui pe un plan preferential, prin torsionidri sau
ruperi ale cristalelor), apoi la granitoide laminate, caracterizate prin
relicte de hornblendd, plagioclaz deformat si' decalcifiat sau sericitizat,
cuart transpus ca fisii policristaline, feldspat potasic intesat cu stilpno-
melan. In aceste roci mai apar frecvent benzi fin cristalizate de epidot,
sfen pulverulent, tremolit, eventual si, calcit, rezultate din distrugerea
completd a mineralelor mafice si transpunerea lor pe un plan preferen-
tial, sistematic . orientat ENE-—VSV/60°—80°N. Local, in granodioritele
laminate maij apar porfiuni de citeva zeci de metri cu granodiorite la-
minate doar incipient, dupa .cum si in zona nelaminats- pot apare mici
fisii intens laminate. In extremitatea nordici a masivului, in apropierea
faliei Nedeia, granodioritele sint extrem de laminate, frecvent si horn-
blenda fiind distrusd, si capidti aspectul unor ortosisturi sericito-clori-
toase cu albit.
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O ultim& generalitate privind masivul Frumosu se referi la efectele
acestuia asupra sisturilor cristaline in- care s-a intrus. Dupd cum s-a
mai spus, contactele plutonului sint transante, uneori observabile in aflo-
riment (piriul Birloga, valea Bistritei, Piriul Boului, afluentii Frumo-
sului) ; intr-o situatie favorabild a putut fi masurata p021t1a contactului :
1\160°E/90° Rocile masivului au la contact o granulatie normald, nefiind
puse in-evidentd faciesuri marginale diferentiate structural.

In zona limitrofd masivului, sisturile cristaline ale formatiunii de
Lainici~-Pdius au in general mineralogia si structura caracteristice tipului
petrografic respectiv ; in zona esticd si nordicd retromorfismul dinamic
descris mai sus duce la modificiri importante ale paragenezelor si struc-
turilor. In sud-vestul plutonului Frumosu, la citeva zeci de metri de
contact, -am identificat roci alcdtuite din andezin ¢i biotit avind o gra-
nulatie fina si structura decusatd tipicd corneenelor, deosebite struc-
tural de gnaisele biotitice din care probabil provin, dar aseménatoare
enclavelor de corneene din interiorul masivului. La alte citeva zeci de
metri de acest afloriment de corneene biotitice apar gnaise amfibolice
cu aspect normal, avind textura orientatd. Aceste observatii indica faptul
cd pentru anumite tipuri petrografice (indeosebi roci biotitice) in apro-
pierea plutonului a avut loc o recristalizare a biotitului in conditii sta-
tice si de presiune omogen repartizatd, demonstrind faptul cd ampla-
sarea plutonului s-a produs In conditii de calm tectonic, deci postcine-
matic. Prezenta sillimanitului cu orientdri ale prismelor frecvent para-
lele cu directiile structurale din sisturile cristaline, in zona dintre ma-
sivele granitoide Frumosu si Tismana, permite deci mai multe inter-
pretiri : a) sillimanitul (= andaluzit £ cordierit + corindon) apare in
formatiunea de Lainici-Pdius independent (si anterior) de intruziunea
masivelor granitoide ; b) in bazinul Bistritei sillimanitul apare ca un
efect termic al masivu'lul Tismana, despre care existd date atestind in-
truziunea sa intr-o pericadd de miscéri tectonice (Berza 1978 a);
¢) sillimanitul din zona discutatd se datoreste totusi-si fluxului termic
eranat de masivul Frumosu, iar orientarea preferentlala rezultd mi-
metic, cristalele dezvoltindu-se cu axul ¢ paralel cu foliafia datoritd
dispunerii in acest plan a pdturilor bogate in minerale aluminoase, din
a ciror reactie poate cristaliza sillimanitul. Faptul c& orientarea prefe-
rentiald este mai evidentd la cristalele centimetrice, in timp ce cele fi-
brolitice apar frecvent ca snopi dispusi in’orice chrectle (s1tua1;1e pe care
am remarcat-o in toatd zona Culmea- Cernei, muntii Vilcan si Podisul
Mehedinti) sustine ca cea mai plauzibili cea de a treia posibilitate

discutata.
Petrografia granitoidelor de Frumosu

Masivul Frumosu este constituit din diorite cuartifere si tonalite
cu hornblends si biotit, granodiorite cu biotit si hornblenda, granodio-
rite cu biotit + putind hornblendd si granite cu biotit (fig. 1), dispuse
dupa cum s-a aridtat in capitolul anterior.
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Dioritele cuartifere si tonalitele sint roci asema-
nitoare, separabile doar -prin ponderea cuartului intre mineralele  leuco-
crate : 13—180/, pentru dioritele cuartifere si 25—269/y pentru tonalite.
Sint alcatuite din plagioclaz, feldspat potasic, cuart, biotit. hornblenda

>

Fig. 1. — Diagrama @ A P modald a unor granitoide de
Frumosu (1) si a2 unor enclave din acestea (2).
Le diagramme modal @ A P de quelques granitoides de Fru-
mosu (1) et de leurs enclaves (2).

51 minerale accesorii (tab. 1). Au o qtructura hipidiomorf- echxgranulara
$i texturd orientata.
, Plagioclazul din aceste roci formeazi cristale in general idiomeorfe,
de 1—4 mm, cel mai adesea intesate cu minerale din grupa epidotului
si improprii determindrilor. In rarele ocazii favorabile s-a constatat zo-
narea sa, de la centri cu o compozitie An,; trecindu-se rapid la o zond
largd in care procentul de anortit scade incet de la Anjs la Any, apoi
din nou se ajunge repede la o zonad Ingustd, marginald, cu Anyg-y (fig. 2).
Feldspatul potasic este nemaclat, iar cuartul apare interstitial, mulind
cristalele de plagioclaz si minerale mafice. Biotitul, atunci cind este
proaspit, are pleocroismul viu caracteristic in nuante de rosu-inchis
si galben-palid. Hornblenda proaspitid este coloratd in verde-brun si
are unghiul ¢: Ng=17° si —2V ==58°, Mineralele accesorii sint re-
prezentate prin oxizi, apatit si mici cristale de zircon.
Granodioritele cu biotit si hornblenda au o struc-
turd ‘hipidiomorfs, echigranulard, cu granulatia de 1—4 mm. Textura
lor este neorientatd. dar fenomenele ulterioare de laminare le dau, pe
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TABELUL 1
Compozilia modald a unor graniloide de IFrumosu
Nr. probei Bi‘otit Hornblendd ;([:1:1?0?'11(: Plagioclaz }pﬂﬁgit - Cuarf
I iy -
2227 | 10 11 o 65 1. 13
2246 14 12(4Cpx) 0,6 64 0. 10
2218 7 15 0 56 2 20
2250 7 9 0,7 57 4 29
2244 10 12 0,3 54 5 20
2364 13 5 0,3 62 5 15
2495 10 % 0,7 51 12 19
2235 12 6 0,3 b 51 8 2:
2238 10 3 0,3 54 - 12 21
2274 8 3 0 51 - 11 27
2454 11 7 0 53 7 22
2309 8 4 0,3 49 14 24
2434 8 6 0 56 12 19
2468 7 8 0,3 42 14 29
2372 8 8 0 47 12 25
2494 9 8 0,7 41 18 23
2523 9 8 0 50 11 23
2368 7 6 0 54 12 21
2417 9 1 0 53 13 25
2237 10 2 0 50 ) 15 23
2411 8 2 0 48 12 29

mari suprafete, o foliatie pe care se dezvoltd minerale secundare. Aceste
granodiorite sint formate din plagioclaz, feldspat potasw cuarf, biotit,
hornblendd si minerale accesorii (tab. 1).

Plagioclazii granodioritelor sint sistematic zonati, caracter ce se
mai poate uneori recunoaste si atunci cind apar intesati cu minerale
din grupa epidotului, a caror dezvoltare este defavorizatd de zonele mai
:acide, ce sint astfel puse in evidentd. In rarele cazuri in care roca este
proaspiti au putut fi determinati centri cu o compozitie Anss-s in
general marginiti de laturi paralele cu marginile actuale ale cmstalelor
(fig. 2). De la acesti centri se trece brusec la zona principala a crista-
lelor, in care componenta anortitica descreste treptat, frecvent cu recu-
rente de ordinul a 2—49/, An, de la Anggo la Ange-yo. Tranzitia la zoZa
marginala, ce nu depaseste 1/10 din volumul cristalelor, este din nou
rapida, procentul de anortit scizind brusc la 26—24. Desi este ingusta,
zona marginald aratd de asemenea o reducere treptata, deseori chiar
recurentd, a componentei anortitice, care ajunge la extremitatea cris-
talelor la 200/,.
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Fig. 2. — Plagioclazi din granitoide de Frumosu.
Plagioclases des granitoides de Frumosu.
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Feldspatul potasic ‘din granodioritele de Frumosu este nemaclat
in zonele care nu au fost laminate, dar Incepe si prezinte extinctii moa-
rate, ce pot deveni chiar geometrizate (indicind o maclare polisintetica
dupd pinacoidul lateral) in rocile afectate dinamic. Parametrii sii optici
variazd putin, —2 V fiind cuprins intre 50° si 62°, cel mai frecvent
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54—56° iar Ng: (010) = 4—10° cu valorile cele mai curente de 6—8°.
Aceste masurdtori indicd prezenta In granodioritele de Frumosu a
unui microclin intermediar, cu o triclinicitate cuprinsi intre 0,2 si 0,6,
cel mai. frecvent in jur de 0,3. Intr-o diagramia —2 V: A (Laves si
Vishwanathan, 19687), determinirile se proiecteazi in cimpul mi-
croclinului sanidinic (fig. 3).

Cuartul formeazi cristale submilimetrice pind la 1—2 mm, unitare
in granodioritele neafectate, dar mozaicate In cele laminate. Bietitul
@apare in cristale de 1—3 mm, frecvent idiomorfe, aseménatoare , fisicu-
rilor* din banatite. Proaspdt are un pleocroism rosu-inchis dupid Ng
si Nm, galben-deschis dupid Np. Uneori corodeazd hornblenda, ce poate
Tdmine inclusd In biotit. Hornblenda granodioritelor de Frumosu este
idiomorfa, formind prisme milimetrice usor remarcabile macroscopic.
Are un pleocroism cu schema: Ng, Nm — verde-brun, Np — galben,
unghi de extinctie 16—18° si —2 V ==60—64°. Intr-un singur caz, pe
Cracul Frumosului, imediat lingd dioritele cuartifere ale bordurii ves-
tice, hornblenda contine rari centri de clinopiroxen incolor, mineral
nientionat si de Pavelescu si Pavelescu (1962 b). Mineralele
accesorii sint slab reprezentate In granodioritele cu biotit $i hornblenda.
Intotdeauna aceste roci confin putin apatit, in general colectat de biotit
si un mic procent de oxizi de fier. In numeroase sectiuni subtiri au fost
‘observate orthitul, in general zonat, zirconul si sfenul.

Granodioritele cu biotit si putinad (sau deloc
hornblenda nu diferd de granodioritele descrise mai sus decit prin
reducerea procentului de hornblends, cu exceptia cristalelor de plagio-
claz. In aceste roci plagioclazul este pufin mai acid, avind o zond prin-
cipals, centrald, ce ocupd cca 3/4 din volum, cu o compozitie in jur de
Angy, si o zond marginald mai ingustd, in care confinutul in anortit
scade repede de la Anyg la Ang. - :

Granitele cu biotit sint roci mai rare, alcituite din pro-
portii aproximativ egale de plagioclaz, feldspat potasic si cuart, inso’r;ltg
de putin biotit. Structura lor este hipidiomorfa (plagioclazul si uneori
chiar feldspatul potasic prezentind contururi proprii) echigranulara, cu
o mirime de 1-—3 mm a cristalelor, iar textura este masivd. In acest
tip petrografic plagioclazul nu a fost intilnit proaspét; el corespundea
probabil unui oligoclaz acid. Feldspatul potasic prezintd o maclare in
gratar incipients, cuarful este. xenomorf, iar biotitul idiomorf este clo-
ritizat. . _

Descrierile ficute mai sus se aplicd partii din.masivul Frumosu
neafectatd de laminidri. In zonele nordici si esticd se trece treptat la .
roci tot mai laminate, ce ajung in final la aspectul unor ortosisturi.
Acest fenomen neavind insd o legéturd directd cu masivul Frumosu,
ne rezumim la prezentarea facutéd in capitolul anterior. .

in incheierea discutiei petrografiei granitoidelor de Frumosu tre-
buie remarcat faptul ci ele ocupd in diagrama Q A P modald (fig. 1)
un cimp bine delimitat, depéasit doar de enclave, ce prezintd un exces
de feldspat potasic, provenit probabil din reactia cu gama granodiori-
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ticid. Aceastd gami de compozitii, de la diorite cuartifere la granite, se
realizeazd printr-o crestere mai rapidd a pomderii cuartului in raport
cu feldspatul potasic de la tipurile bazice la cele ‘acide, constituind tra-
sdtura definitorie a petrografiei granitoidelor- de Frumosu.

Geochlmla gramtmdelor de Frumosu

Pentru stud1u1 geochlmlc al gran1t01de10r de Frumosu dlspunem
de 21 de analize chimice (tab. 2) si spectrale (tab. 3), realizate prin spec-
trografie de emisie. Pentru a putea compara caracterele chimice ale
acestor granitoide cu serii standard din literaturd au fost construite dia-
gramele de variatie in functie de indicele Nockolds-Allen.

Curbele de varlatle ale elementelor siderofile sint infatisate in
figura 4. In succesiunea diorite cuartifere-tonalite-granodiorite- se re-
marcd scidderea continuturilor in fier total, magneziu, titan, vanadiu,
scandiu si cobalt ; aceeasi tendintd o prezintd si nichelul. si cromul,
dar concentratiile lor variazd mai ‘neregulat, in special .in fermenii mai
bazici. Concentratiile in litiu nu variazi semnificativ in seria granitoi-
delor de Frumosu, valorile Li oscilind in jurul mediei de 18 ppm ; si
In cazul acestui masiv nu 's-a putut urmari corelatia Li—Mg.

Diagrama Cr—Ni (fig. 8) pune In evidentd, pe lingd scéderea con-
tinuturilor de Cr si Ni de-a lungul seriei granitoidelor de Frumosu, si o
variatie In acelasi sens a raportului Cr/Ni de la 2,5—1,5 pentru diorite
cuartifere si tonahte pind la 1,3—0,7 pentru gLanodlorltele cele mai
acide (cu putina hornblenda)

Paralelismul curbelor de diferentiere din diagrama Nockolds—Allen
ale V si Sc se traduce Intr-o diagramd V—Sc (fig. 6) prin gruparea
strinsd’ a punctelor de proiectie in jurul dreptei cu raportul V/Sc = 10,
remarcindu-se totodatd scidderea continuturilor de V si Sc de la -rocile
bazice la granodioritele cu deficit de hornblenda.

Variatia continuturilor de zircopiu si unele paminturi rare (ytriu
vterbiu,” lantan) in funcfie de indicele Nockolds-Allen este redatd in
flgura 7. Pentru toate cele patru elemente amintite nu se remarci nici
o tendintd de variatie, valorile lor oscilind in jurul continuturilor medii
de 36 ppm La, 1,5 ppm Yb, 16,5 ppm Y si 166 ppm Zr ; granodioritele
cu hornblenda putinid se plaseazi la valori minime ale Y si in mai .micd
masurd Yb, elemente concentrate in reteaua hornblendei. Aceasti si-
tuatie este bine redatd in diagrama Y—Yb (fig. 8), in care se remarci
gruparea in cimpuri distincte, situate la continuturi descrescinde in Y
si Yb, a dioritelor cuartifere si tonalitelor, a granodioritelor cu horn-
blendi si biotit si a granodioritelor cu ‘deficit de hornblenda.

Tot in functie de mdlcele Nockolds- Allen au fost redate si conti-
nuturile in calciu, strontlu ‘bariu, rubidiu si potasiu (fig. 9). Sciderea
mai pronuntatd in seria gran1t01de10r de Frumosu a. Sr in raport cu
cea marcantd ‘a Ca, trebuie pusd, ca si in'cazul masivului Tismana
(Berza, 1978 'a), in legdturd cu faptul cid Sr substituie Ca indeosebi
in refeaua plagioclazilor, nefiind astfel influentat de sciderea puternicé
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TABLELUL- 2

Compozilia chimied a unor graniloide de I'rumosu

pro- | Si0, |ALOz{Fe, 04 FeO {MnO |MgO | CaO |Na,0 | K,0 [TiO, [P,0; | CO,
bei E ]

w

H,0*

Total

2227155,85|19,19] 2,54| 3,12| 0,10| 2,74 54| 4,26| 2,30 0,98 — | 0,35

0,00

1, 71

99,68

5 6,
2246(56,84[18, 14} 2,30| 3,58 0,08] 3,45 6"“ 3,99/71,81(-0,80|70,28| 0,00

0,00

1,20

98,74

2218|59,15|17,14| 3,26] 2,53| 0,09| 3,11 31 3,66 2,14| 0,61| 0,10{ 0,46

0,13

1,65

99,76

2250(59,89(14,40] 2,80 4,32| 0,08| 3,98 7| 3,60, 2,36 0,66 0,52{ 0,52

0,06

1,63

99,99

2
5,7
75,17
2244|60,37(17,01| 2,12| 2,97, 0,10 2,79_5 32| 3,88/ 2,55 0,80 — [ 0,26
2364|60,73(16,99| 2,31| 2,75| 0,07| 2,53| 4, 56 T4,35]2,12/70,44| 0,49, 0,70
2495(62,82(16,85| 1,39] 3,12] 0,06/ 2,64| 4,71 3,69| 2,71| 0,61, 0,21| 0,00

0,00

1,49

99,66

0,13

0,00

1,63
0,93

99,80
99, 74|

2235|63,74(16,91 1,76| 2,42| 0,06] 2,19| 4,53} 3,82| 2,34| 0,59] 0,22 0,00

0,00

0,98

99,56

2238164 ,51(16,66( 1,26] 2,49 0,04] 1,96 4,24 4,09{ 2,57| 0,53| 0,19, 0,00

0,00

2271(64,65[16,50{ 1,54 2,26] 0,06] 2,09 4,22 3,95/ 2,62 0,54| 0,20, 0,00

0,00

1,00
1,00

99,54
99,63

- 245464,66/15,98] 1,99 2,41{ 0,06 1,99( 4,02| 3,98 2,35/ 0,66] 0,15] 0,52

0,07

0,91

99,75

2309{64,90/16,61| 1,62 2,00/ 0,04| 1,72| 4,13| 4,01| 2,59| 0,51} 0,22 0,00

0,00

1,07

99,42

2434165,09(16,15, 2,48| 1,67| 0,05] 1,75| 3,87| 3,79| 2,45| 0,61| 0,10} 0,41

0,07

1,33

99,82

2468|65,69(15,58] 2,48| 1,73| 0,05] 1,99| 2,78| 3,78} 2,76 0,36/ 0,17| 0,17

0,16

1,81

99,71

2372/65,9215.24} 1,40| 2,19| 0,07 1,83} 2,44} 5,18} 2,80] 0,81] — | 0,48

0,00

1,39

99,75

2494166,06,15,99| 1,26| 2,02 0,06/ 1,58| 2,76/ 4,30| 3,72| 0,55| — | 0,18

0,00

1,29

99,77

2523|66,08(15,32| 2,31| 1,62| 0,06! 1,99| 3,06 3,27| 2,97 0,49] 0,42 0,17

0,09

1,92

99,77

2368(66,16(15,33| 2,74| 1,14| 0,04 2,24| 2,24| 3,69|-2,97| 0,70/ 0,22 70,24

0,07

2,07

99,85

2417|67,26(16,27} 1,25| 1,74| 0,05 1,78| 3,17 4,06| 2,29| 0,40( 0,1870,00

0,00

1,14

99,59

2237(67,44[16,00| 1,30 1,60 0,06, 1,76/ 3,20 4,11| 2,48] 0,41| 0,22| 0,00

0,00

0,98

99,56

2411)68,23{16,34| 1,47 1,80 0,04| 0,45] 2,90| 3,78] 2,64| 0,46 0, 16} 70,00

0,00

1,34

99,61}

Localizarea probelor analizate e¢himie

12227 Diorit cuarfifer cu hornblenda si biotit, valea-Motrului.

2 2246 Diorit cuartifer cu biotit; hornblendi si clinopiroxen, afluent sting al Motrului.

32218 Tonalit cu hornbhlendd si biotit, valea Motrului.
42250 Tonalit cu hornblendd si biotit. afluent siing al Motrului.
5 2244 'Tonalit cu hornblend4 si biotit, afluent sting al Motrului.
6 2364 Diorit cuartifer cu biotit si hornblendi, afluent al Pirjului Boului.
7 2495 Granodiorit cu biotit si hornblendd, afluent al piriului Frumosu.
8 2235 Granodiorit cu Diotit si hornblends, virful Frumosu.
9 2238 Granodiorit cu biotit si hornblendi, valea Bistrifei.
10 2294 Granodiorit cu biotit si hornblendi, muntele Frumosu.
11 2454 Granodiorit cu biotit si hornblends, piriul Birloaga.
122309 Granodiorit cu biotit si hornblenda, piriul Lespezelul.
13 2434 Granodiorit cu biotit si hornblends, piriul Birloaga.
14 2468 Granodiorit laminat cu biotit si hornblend4d, virful Boul.
152372 Granodiorit laminat cu biotit si hornblends, valea Bistritei.
16 2494 Granodiorit cu biotit si hornblenda, afluent al piriului Frumosu.
17 2523 Granodiorit laminat cu biotit si hornblendd, muntele Nedeia.
18 2368 Granodiorit laminat cu biotit si hornblends, muntele Boul.
19 2417 Granodiorit cu Biotit si putin&d hornblendd, valea Bistrifei. -
20 2237 Granodiorit cu biotit si pufind horublends, valea Bistrifei.
" 21 2411 Granodiorit cu biotit si putinid hornblend&, valea Bistritei.
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.

a continutului in hornblendi in succesiunea rocilor analizate (tab. 1), ci
doar de micsorarea, mult mai putin pronuntatd, a componentei anorti-
tice a plagioclazilor. '

Potasiul si bariul indica in seria granitoidelor de Frumosu o usoard
crestere a concentratiilor odatd cu mérirea ponderii feldspatului potasic.
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Aceeasi tendintd de usoard crestere in succesiunea diorite cuartifere si
tonalite-granodiorite-granodiorite sirace in hornblendd o prezinti si

rubidiul, element ce substituie K indeosebi in biotit, dar si in feldspatul
potasic. ’ ' :
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Fig. 7. — Diagrama Nockolds-Allen
pentru La, Yb, Y si Zr. Aceeasi le-
gendd ca figura 4.

Le diagramme Nockolds-Allen de
La, Yb, Y et Zr. La méme légende
de figure 4.

8 ? 7 0pmVh

| , . ’ _‘50

- A ; o 4.0
am a* o :

L ‘ 20

Yb

Zr

- ad Am. ‘ : # -200

Fig. 8. — Diagrama Y—Yb. Aceeasi
legenda ca figura 4.

Le diagramme Y—Yb La meme le—
cfende de la flgule 4

Relatia K—Rb a fost indeaproape urméritd in studiul de sintezi
efectuat de Shaw (1968) asupra a numeroase serii magmatice, evi-
dentiind o tendintd principald de variatie In care odati cu cresterea
acidititii se remarcd o usoard marire a raportului K/Rb, in paralel cu
cresterea concentratiilor acestor elemente Aceastd tendmta este expri-

maté prin ecuatla

log(ppmRb) = 1,115 log(?/eK)+1,597

in funcfie de care am calculat si noi confinuturile in Rb ale granitoi-
delor de Frumosu analizate, obtinind o buné corelatie cu valomle anali-
tice. In majoritatea serulor magmatice prezentate de Shaw (1968)
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¢
raportul K/Rb variazd intre 100 si 300, media fiind 230, valoare egald
cu cea indicatd de Vinogradov (1962) pentru rocile intermediare.
Seria granitoidelor de Frumosu analizate are un raport K/Rb mediu
de 260 (fig. 10), apédrind astfel banald din acest punct de vedere. -
Pentru ‘a intregi imaginea diferentierii magmatice a granitoidelor
de Frumosu, au fost de asemenea reprezentate in functie de indicele

o T T T T T T T, T 1ppm
Cof m W@ 1
3k A, a - i
2k S m e, . ve o i
i R @ ¢
B T Sr
In ; L 1800
n °
L & A i A9 S 600 )
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5 e . 1300 Fig. 9. — Diagrama
. Nockolds-Allen pentru
- B, Ca, Sr, Ba, Rb si K.
g - ° Se. ¥ ol Aceeasi legenda ca fi-
F m 4y a®e ¥ 9)’ o 1800
el AP °e . J600 gura 4.
- : 4400 Le diagramme Nockolds-
® Rb  Allen de Ca, Sr, Ba, Rb
" ) e o 120 et K. La méme légende
I - L o® A Y 100 de la figure 4. -
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Fig. 10. — Diagrama K—Rb. Aceeasi [ /

‘ legenda ca figura 4. 3l by

Le diagramme K—Rb. La. méme Ié- .9(;5
gende de la figure 4. - A
& "

|
WL ]

50 100 200300 ppm RE:
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/

Nockolds- Allen siliciul, sodiul, aluminiul si' galiul. In timp ce Si creste
continuu de-a lungul seriei, celelalte elemente prezintd oscilatii nesem-
.nificative (fig. 11).

Continuturile in plumb (tab. 3) ale esantioanelor din masivul Fru—
mmosu analizate variazd intre 5 si 15 ppm, remarcindu-se valori in ge-

T v W - T T T T T ppm

%, ]
o - \ = h -(2300
[ = 4 ame, q ®om, I
L 410
= Al
] g
0 g ?
qr AW e . P 1
Fig. 11. — Diagrama 8t [oee 1
Nockolds-Allen  pentru 7 a ) : 1
Ga, Al, Na si Si. Na -
Aceeasi legendi ca fi- 4 z 1
gura 4. Z mE o EW e ER degs ©
Le diagramme Nockolds- it J
Allen de Ga, Al, Na et S
Si. La méme légende de 35} 5 o :
la figure 4. 3t °.,.
30} R i
29t ]
1 ad LW .
7 @
b1

4 5 6 ? 8 9 10 INA

mneral sub 10 ppm in dioritele cuartifere si. tonalite, in timp ce grano-
dioritele au in general peste 10 ppm Pb.

Valorile pentru cupru sint scdzute pentru toatd seria analizata
{2—9 ppm), cu exceptia a citeva . granodiorite ce au 15—34 ppm Cu.

Niobiul nu a fost detectat in seria gran1t01de10r de Frumosu (li-
.mita me#*odei folosite fiind 10 ppm).

Continuturile in staniu determinate in roci din masivul Frumosu
sint mici (< 2—3 ppm), predomihind valorile de 2 ppm Sn. Cele de
beriliu” variazd intre 1,5 si 2,7, de asemenea fird preferintid pentru un
-anumit tip petrografic.

In concluzie, comparind caracterele geochimice ale granitoidelor
«de Frumosu cu prln(:lpalu plutoni acizi d1n autohtonul Carpatilor Me-
ridionali (Savu et al., R 1975), se remarci o aseminare de ansamblu
-cu masivul $u$1ta (cu exceptla continuturilor de Sr mai ridicate in corpul
Frumosu), si un contrast puternic fatd de granitoidele de Tismana si
Novaci.
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Consideratii petrogenetice

Originea magmaticd a masivului granitoid Frumosu nu a fost nici-
odatd pusa la indoiald, contactele transante, structura, textura si com-
pozitia mineralogicd a rocilor, natura enclavelor si aspectul general al
plutonului fiind cele ale corpurilor rezultate prin consolidarea unor
magme. In acest caz, problemele de genezd care se ridicd sint legate de
aceste magme : originea lor, modul de diferentiere, punerea lor in loc,
conditii de cristalizare.

Natura sialicd a masivelor granitoide din autohtonul danubian a
fost sustinutd de Codarcea si Pavelescu (1963), Giusca
et al. (1969) si Savu (1970); in cazul masivului Tismana, Berza
(1978 a) a adus argumente mineralogice si geochimice in sprijinul ori-
ginii subcrustale a magmelor din care au rezultat granitoidele echigra-
nulare de Tismana, considerind cé este posibil ca si granitele porfiroide
sd aibd aceeasi origine, avind particularitati geochimice comune cu gra-
nitoidele echigranulare.

In cazul masivului Frumosu, compozitia chimicd si mineralogicd a
granitoidelor nu este in contradictie nici cu provenienta prin anatexie
intracrustala, nici cu derivarea, prin diferentiere de tip calco-alcalin a
unei magme parentale bazice, a magmelor de chimism intermediar din
care au cristalizat rocile in discutie. In lipsa unor criterii care si per-
mitd o discriminare intre aceste doud moduri (in fapt mai curind locuri,
procesele fiind- asemindtoare — topiri parfiale ale crustei continentale
sau ale mantalei superioare) de genezd., ambele posibilitati sint teoretic
valabile. Plasarea masivului Frumosu, in spatiu si timp, intr-o zond si
in cursul unor fenomene de orogenezd, pentru care se admite curent
generarea magmelor granitoide prin fenomene de anatexie crustala, fa-
vorizeazad prima ipoteza. .

Caracterul consangvin, evidentiat de particularitatile mineralogice
si geochimice ale tuturor granitoidelor de Frumosu, indicd derivarea
magmelor din care au cristalizat aceste roci dintr-o magmi comunaé.
Ponderea suprafetelor pe-care afloreazi diferitele tipuri petrografice se-
-parate indicd natura granodioritici a acestei magme, rocile mai bazice
{iind compensate de zonele cu granodiorite mai acide, cu deficit de
hornblenda. .

Prezenta rocilor mai bazice — diorite cuartifere si tonalite — in
partea periferici a masivului, sub forma unei borduri marginale dis-
continue, si a celor mai acide roci — granodiorite cu putind hornblenda
si granite cu biotit — iIn zona centrald a corpului, ne sugereazd un
proces de diferentiere datorat consolidirii treptate a plutonului de la
margini spre interior. Primele faze cristalizate fiind mineralele mafice
si plagioclazul, este de conceput cd -componentele acide s-au concentrat
progresiv in zona centrald, prin intermediul fazei fluide r&mase, astfel
incit ultimele zone de consolidare magmatici apar sdricite in. compo-
nentele bazice. In acest caz, diferentierea magmaticd prin cristalizare
fractionatd nu a operat sub actiunea gravitatiei (rocile mai bazice nu
au caracterul cumulatelor), ci sub influenta unui gradient termic.
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g Caracteristicile texturale ale rocilor din masivul Frumosu indici
"\qiitalizarea lor intr-un cimp de presiuni neorientat, in absenta oriciror
miscdri. Aceastd situatie, contrard corpului invecinat de la Tismanz
{(Berza, 1978 a), duce la concluzia surprinzitoare ci masivul Frumosu
ar fi mai nou decit acesta, idee sustinuti si de natura zonati a plagio-
clazilor din granitoidele de Frumosu, in timp ce plagioclazii granitoi-
delor de Tismana sint nezonati si de lipsa maclei ih gritar la feld-
spatii potasici, spre deosebire de microclinele maxime de la Tismana.
Din aceastad cauzd, desi Manolescu (1937) a considerat ci masivul
Tismana ,ar pirea mai nou® decit cel de Susifa, cu care era asimilat
plutonul Frumosu, ipotezd sustinutd si de Savu (1970, 1978), care atri-
buie masivelor Susifa si Frumosu un caracter sincinematic si corpului
de la Tismana unul tardecinematic, am preferat o grupare petrograficd
a granitoidelor celei structurale, separind in regiune masive predomi-
nant granodioritice si masive predominant granitice (Berza, 1978 a).
In ceea ce priveste fixarea in timpul geoloclc a momentului for-
marii plutonului Frumosu, avind in vedere ci interpretarea datelor de
virstd model K/Ar obtinute pe masivul Tismana a indicat consolidarea
acestuia acum peste 540 milioane de ani (Berza, 1978 a, 1978 b) 4, si
ci fenomenele dinamice care au afectat partea nordica a corpulul Fru-
mosu  sint anterioare depunerii formatiunii de Coarnele, considerata
de Stdnoiu (1976) ordoviciand' (eventual si siluriand) rezultd cd pu-
nerea In loc a masivului a avut loc fie la sfn"sltul Precambr1anu1u1 fie
in Paleozoicul inferior. A
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LE MASSIF GRANITOIDE DE F:RUMOSU
(MONTS VILCAN — CARPATES MERIDIONALES)

~(Résumé)

Le massif granitoide de Frumosu affleure dans la partie occidentale des
Monts Vilcan (Carpates Méridiopales) ayant la forme d'une ellipse au grand
axe de 17 km et petit axe de 2—3 km. Il pénétre en grand de maniére concordante
la formation meétadétritique précambrienne de' Lainici-Paius et présente des
contacts tranchants, auxquels on observe quelquefois des cornéennes.

A l'extrémité occidentale du massif de Frumosu on a identifié une bordure
large de quelques centaines de métres constituée de diorites quartziferes et tona-
lites a4 hornblende ei biotite. La plus grande partie du massif de Frumosu consiste
en granodiorites 4 "biotile et hornblende. Localement, dans la partie centrale,
ceux-ci- ont un contenu réduit de hornblende et plus de feldspath potassique, ce
qui méne a l'apparition des granites & biotite. Les passages d'un type pétrogra-
phique a l'autre sont graduels et se manifestent par la modification continue de
la composition modale dans une suite d’affleurements. L’une des caractéristiques
des granitoides de Frumosu est la zonalité (normale ou récurrente) des plagio-
clases et la présence d’un feldspath potassique représehté par un microcline inter-
médiaire & A = 0,2—0,6. .

La partie septentrionale du pluton est intensément laminée, fait de plus
en plus évident 4 mesure que l'on se rapproche de la faille Nedeia, qui limite
le massif au nord. Les minéraux magmatiques sont progressivement remplacés
par une association & Y'albite, epidote, calcite, trémolite, séricite, chlorite, stilpno-
mélane, etc, simultanément & l'apparition. d’'une foliation des roches.

Les caractéres géochimiques du massif de Frumosu ont été étudiés sur le
diagramme de variation Nockolds-Allen et sur des diagrammes binaires. On
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observe une faible différentiation géochimique des différents types pétrographiques
et une variation normale des composants, en partant des roches basigques vers
celles acides. Les données mlnerqloglques géochimiques et de terrain meénent a
.1*nte1p1etat1on du massif de Frumosu comme étant constitué. a la suite de la -
consolidation postcinéniatique du magma sialique. La dlfferentlatlon a été attri-
buée a la cristallisation fractionée, de la perlpheue vers le centre, dans les
conditions d’un gradient thermique. Ayant en vue les corrélations régionales, les
auteurs considerent que lintrusion du pluton s’est produit & la fin du Précam-
brien supérieur ou au début du Paléozoique inférieur et l'attribuent & l'orogenése
cadomienne.

EXPLICATION DES PLANCHES

Planche I
Lo carte géologique des bassins supérieurs des riviéres Bistrita et Motru (les Monts
Vilecan — les Carpates Méridionales).

1, Quaternaire : éboulis ; 2, Mésozoique ?-Paléozoique supérieur : serpentinites ; Car-
bonifére inférieur-Dévonien : formation de Girbovu ; 3, phyllites de Valea de
Pesti; 4, calcaires d’Oslea; 5, grés de Valea Boului; 6, Silurien-Ordovicien : for-
mation de Coarnele; 7, Cambrien? : le complexe filonien pré- -silurien : a, micro-
granodiorites porphyriqueé; b, microdiorites porphyrlques ¢, spessartites ; Pré-
cambrien supérieur : 8, granitoides de Frumosu : a, diorites quartziféres et tona-
lites @ hornblende et biotite ; b, granodiorites & biotite et hornblende ; ¢, grano-
diorites & biotite et peu de hornblende; d, granites a biotite; 9, méladiorites a
hornblende et biotite ; 10, zones intensément migmatisées; 11, lamination dans
les roches magmatiques ou foliation secondaire*dans les schistes cristallins ; for-
mation de Lainici-Paius: le complexe des quartzites et gnéiss biotitiqu'e's:
12 a, quartzites et quartzites feldspathiques; 12 b, gneiss biotitiques + almandin ;
12 c, gneiss amphiboliques & biotite ; 12 d, gneiss micacés a graphite et sillima- -
nite ; 12 ¢, gneiss diopsidiques ; 12 f, amphibolites ; 12 g, calcaires cristallins ; le
complexe carbonaté-graphiteux : 13 a, calcaires et dolomies cristallins; 13 b, am-
phibolites et gneiss ainphiboliques; 13 ¢, gneiss micacés & graphite; 13 d, gneiss
biotitigues + almandin ; 13 e, quartzites biotitiques; 13 f, gneiss diopsidiques ;
Formation de Dragsan : le complexe des gneiss micacés : 14, gneiss micacés + al-
mandin ; le' complexe des amphibolites: 15 a, amphibolites et gneiss amphibo-
liques ; 15 b, gneiss biotitiques; 15 ¢, gneiss micacés: 15 d. serpenfinites : 16, di-
rection et pendage de lamination; 17, direction et pendage de stratification ;
18, axe d’anticlinal ; 19, axe de synclinal ;" 20, faille ; 21, la faille Virful lui Stan-
Curmatura Oltetului; 22, analyses chimiques. )

j ‘ Planche II
Fig. 1. — Plagioclaz din granodiorite de Frumosu. N -, X350.
Plagioclase des granodiorites de Frumosu. N -4, x50.
Fig. 2. — Microclin intermediar nemaclat din 'granodiorit de Frumosu. N 4, X350.

. Microcline intermédiaire non-maclée du granodiorite de Frumosu. N+,
X 50. :
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Fig. 3. — Hornblendd cu incluziune de clinopiroxen, -diorit cuartifer de Frumosu.
N+, X50.
Hornblende & inclusion de clinopyroxéne, diorite quartzifére de Fru-
mosu. N -, x50. e .

Fig. 4. — Stilpnomelan in granodiorit laminat de Frumosu. N+, X50.
Stilpnomélane du granodierite laminé de Frumosu. N -+, X50.

Planche III

Fig. 1. — Grarodiorit de Frumosu. N l, x25.
‘ Granodiorite de Frumosu. N |/, X25.
Fig. 2. — Granodiorit de Frumosu. N ||, X25.
Granodiorite de Frumosu. N [, X25.
Fig. 3. — Granodiorit de Frumosu cu laminare incipientd. N -+, X25.
Granodiorite de Frumosu & lamination incipiente. N -~ X25.
Fig. 4. — Granodiorit de Frumosu laminat. N ||, X25.
Granodiorite de Frumosu laminé, N ||, X 25.
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STRUCTURE, PETROLOGY AND GEOCHEMISTRY OF THE JULITA.

GABBROIC BODY — ALPINE OPHIOLITES OF THE DROCEA.
- MOUNTAINS (APUSENI MOUNTAINS) .
BY
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Gabbros. Eruptive body. Ophiolites. Petrology. Petrochemistry. Magmatzc dif--
ferentiation. Alpine initial magmatzsm Apusem Mountains. Mu’res Moun-~-
tains. Drocea Mountains.

Sommaire

.Structure, pétrologie et géochimie du corps des gabbros
de Julita — les ophiolit es alpines des Monts Drocea (TVIonts
Apuseni). Le corps des gabbros de Julita est mis en plAace dans les roches
du complexe basalte-anamésite-doléritiqgue du premier stade d’évolution du mag—'
matisme initial alpin de Monts Apuseni de sud auquel il appartient. Celui-ci
présente une structure stratifiée rudimentaire ou on dist‘ingﬁe un horizon a strati--
fication rythmique (layered rocks) a la base et un horizon supérieur de gabbros
& séparations et schlieren de différents types de roches. Au contact nonérodé du
nord on observe que lintrusion des gabbros a métamorphosé les roches basalte--
doléritiques en les transformant en cornéennes & pyroxénes (béerbachites). Ulté-
rieurement les roches basiques ont été affectées par des processus de métamor-
phisme postmagmatique. Du point de vue pétrochimique, le magma parental
est un magma tholeiitique qui se différencie en magmas plub riches en MgO et
fer respectivement, et en magmas résiduels (granophyriques) riches en Na,O, SiQO,.
et substances volatiles. Le magma tholeiitique s’est formé dans le manteau supé-
" rieur tandis que ses produits ont des caractéres typiques pour les basaltes de fond
océanique et représentent des roches ophlollthues ressemblant celles des Alpes,.
Apénnins et Dinarides.

1 Received on April 25 1979, accepted for publication on April 25 1979,
presented at the Meeting of May 11 1979, )
2 Institutul de geologie si geofizicd. Str. Caransebes nr. 1, Bucuresti, 32.
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Accordmg to the researches carried out by us in view of a thorough
study of the Alpine ophiolitic rocks of the Mures zone and-of the
associated bodies of basic and ultrabasic rocks, this time we are going
to present the Julita gabbroic body (the Drocea Mountains). The re-
searches we made between 1976—1978 for elaborating the map on the.
scale of 1 :50,000 sheet Savirsin which has been drawn up this year,
offered us the opportunity of studying this body minutely.

The Julita gabbroic body lies on the right bank of the Mures
river and was highly eroded by it and by its tributaries, the Stejarul,
Julita, Dimbovita and Sincova brooks ; on the whole, the region got
a hilly aspect. That is why the highest form of rélief throughout this
region — the Drobeiul elevation — which lies north of the gabbroic
body, hardly reaches the altitude of 255 m (Plate I).

As far as the research work is concerned, we mention the fact
that there are few studies referring to this body of basic intrusive
rocks. It was pointed out and mapped on the scale of 1:25,000 by
Savu in 19537 at the same time with the investigation of the ophio-
litic rocks of the southern region of the Drocea Mountains. Since then,
this body has been often referred to and on different occasions there
were presented some of its aspects, such as, the rhythmic stratification
of the south-western part (Savu, 1967, 1968 ; Giuscéd et al, 1968 ;
Tanovici et al, 1968), the titanomagnetite gabbros (Savu, 1373)
the geochemistry of some basic rocks (Savu, Udrescu, 1975) and
the absolute age (Herz et al, 1974). In 1957 Latiu described a
number of epidote occurrences from this region, without mentioning
the gabbros.

The results of these studies and especially of those carried out
in the last time constitute the subject matter of this paper.

'

Notes on the Geology of the Region and the Structure
of the Gabbroic Body

The Julita gabbroic body lies west of the development area of
the ophiolites of the Mures zone. Thus, it is placed approximately in
the median part of the axial zone of ophiolitic rocks of the Mures
Alpine geosyncline, being intruded in the deep-sea, basic effusive rocks
of the first evolutionary stage of the Alpine initial magmatism of the
Apuseni Mountains.

a) The effusive rocks of this region, which form in fact the ba-
sement of the gabbroic body, namely the mass of ophiolitic rocks in
which it was emplaced, consist mainly of diabasic rocks, the anamesites
and the dolerites being worth mentioning (Pl. I). West of the gabbroic
body, on the Valea Mare (N. Balcescu), there inserts in these rocks a
hasalt’ flow in pillow lava facies, whose forms present a vitreous ma-
trix, usually devitrified or chloritized, which divides into small ovoid
pieces. Small grains of iron oxides and rare augite crystals flow in it,

4 Arch. IGG, Bucuresti.
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while small calcite veins, sometimes epidote and zeolites cross this
matrix. The pillow lava separations exhibit a certain zoning tendency
as regards the crystallinity degree, in the sense that on the borders
the basaltic rock contairis great quantities of glass, having a hyalo-
basalt character, while inward the glass appears in small quantities,
determining the basalt character s. str.

The segment south-east of the gabbroic body consists of a high
frequency alternance of dolerites, porphyric dolerites’ and gabbro-por-
phyrites. A number of small gabbro bodies pierce the rocks. In this
zone, the Mesozoic basic rocks are transgressively overlain by two small
patches of Neogene gravels.

b) The Julita gabbroic body, as can be seen on the appended map,
has almost the form of an intrusive nappe — a small lopolith elongated
east-westward — which lies between the locality of N. Béilcescu and
Stejar. It is divided into two parts by a NW—SE fault. A large part
of the western half of this body was eroded by the Mures river flowing
south of it, and was covered by alluvial deposits. The present length
of the gabbroic body is of about 5 km, while its maximum width is of
almost 2 km. Towards its eastern extremity the body exhibits a number
of apophyses. . :

- The three geological sections of Plate I, drawn up on the basis
- of mapping data, point to the fact that the contacts between the gab-
broic body and the effusive rocks deepen towards the former’s inner part.

In the south-western part of this body, at the mouth of the Dim-
bovita river, the intense erosion uncovered a horizon with rhythmic
stratification (layered rocks — Wager and Brown, 1968), which
can be seen on the DN 7 road, lying at the basis of the intrusion
(Pl. 1I, Fig. 1, 2). This horizon is built up of alternations of gabbros
-— some of them with altered olivine — hyperites, pegmatoid gabbros,
gabbrodolerites — some of them with magnetite and ilmenite —-and
dolerites, and is about 100 m thick. The rhythmic stratification horizon
appears as being characteristic of the lower part of the axial zone of
the body, as it is not present on its borders. It is in the western ex-
iremity of the body, on the Cioata brook, that there appears a zone
consisting of alternations of gabbro and dolerite bands. This structure
is supposed to represent a rudimentary form of the rhythmic strati-
fication of the lower horizon. It differs from the typical rhythmic
stratification through the fact that the dolerite and gabbro bands are
rarer and less varied as regards their texture and composition.

Above the lower horizon, there develops an upper one, rather
homogenepus from the structural point of view, consisting of different
- types of gabbros and exhibiting a thickness of about 200 m.

In the central part of the gabbroic body, the second horizon is
overlain by a mass of doleritic and anamesitic rocks, associated with
contact rocks (beerbachites) crossed by several gabbro sills. Having in
view the structure of other gabbroic bodies of the Mures zone (Cio-.
flica, Savu, 1962), the association of this mass of rocks with the

9 —c. 795 54
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titanomagnetite gabbros would plead in favour of the idea that these
rocks represent the basement of the body. The lack of drilling data
and of the rhythmic stratification horizon associated with these rocks,
as well as their geometrical position lead us, for the moment, to the
conclusion that they represent a remnant of the p"unary roof of the
gabbroic body (Plate I, geological section B—B’).

The gabbro mass of the upper horizon includes a number of se-
parations of olivine gabbro, hyperites and gabbros with titanomagnetite,
as well as thin separations or veins of pegmatoid gabbros.

The microtectonic data, although few, point to the fact that at the
same time with the cooling of the gabbroic body, there formed within
it a number of fissure systems, some with secondary minerals deposits,
out of which two are important. First, we mention a system of almost
longitudinal fissures, trending on the N74°W/85°N-—80°S direction and
then another one trending on the N38°E/80°N—86°S direction. The latter
seems to represent a system of diagonal fissures (Fig. 1 a). Due to these
fissure systems, the gabbros are sometimes radially altered.

The gabbro body is crossed by a system of parallel dykes, built
up of dolerites, -anamesites, basalts and gabbroporphyrites. These dykes
present thicknesses varying between 5 ¢cm and 5 m and are oriented
to approximately two main directions corresponding to the two maxima
on the diagram from Figure 1 b. Most of the dykes trend on the N70°W
direction, what would correspond to the direction of the longitudinal
fissure system, along which they were probably emplaced ; their incli-
nation varies between 80°N and 85°S. Some other veins and dykes,
also related to the longitudinal fissure system, trend. almost east-west-
ward .and have an inclination of 70°—80° north (Fig. 1 b).

During the final period of consolidation of the first stage magmas
the gabbroic body is crossed by many albitic plagiaplite veins and
dykes, at which granophyres (micropegmatites) and epidosites associate,
sometimes (Fig. 2). These rocks are frequently found in the north-
eastern extremity of the body (Pl III, Fig. 1).

The diagram from Figure 1 ¢ shows that these veins form four
maxima. One of the maxinia corresponds to the veins trending on the
N70°W/75°—83°N direction and another one to the veins and dykes
trending on the E—W/80°—85°N direction. These two groups of veins
are almost parallel to the dykes of basic rocks mentioned above (Fig. 1 b}
and formed also on the longitudinal fissure system. Another group of
acid veins trends on the N50°E/80°S—80°N direction and seem to have
been emplaced on the diagonal fissure system from Figure 1 a. The
fourth group of veins formed on a diagonal fissure system linked to
the former, as its maximum on the diagram shows that the veins trend
on the N44°W direction, with inclinations between 70°S and 90°.

The Rb/Sr method pointed to an age of 180 m.y. for the gabbroic’
body and the basic effusive rocks of the first stage (Herz et al., 1974).
During the second stage of evolution of the initial Alpine magmatlsm
the magmatic activity west of the axial part of the Mures zone was
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Fig. 1. — Structural diagrams of the Julifa body :

“a', dfagra.m for 30 fissures ; isolines : 0.5—2—3% ; b, diagram for 24 basalt veins;
jsolines : 0.5—2—4%, ; ¢, diagram for 50 albite plagiaplites and granophyric veins ;

isolines : 0.5—2—3% ; &, diagram, for 9 faults; isolines: 0.5—1—3%.

weak and it manifested only by the formation of rhyolite and dacite
veins (porphyries) which cross the gabbroic body parallel to the veins
of basic rocks. The age of these acid rocks is of 140 m.y. (Rb/Sr).

54
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Fig. 2. — Gabbros (1) crossed by albite plagiaplite veins

with numerous granophyric separations (2), with fine-gra-

nular, quartz -dioritic melanocratic schlieren (3) and epido-
sites (4).

The Austrian movements affecting this region did not influence
the ophiolitic rocks nor the gabbroic body ; given their aspect, the
basaltic complex and the body itself are affected by a system of frac-
tures trending on the main direction N40°W/70°S (Fig. 1 d). This fracture

system is found all over the Highis-Drocea Mountains region, while the

faults west of Julita and the Stejar fault correspond to it (Pl. I).

North of the gabbroic body there lies an important fracture along '

which the basic rocks were brecciated, fact obvious on the Sincova
valley. This fracture parallel with the elongation of the gabbroic body,
would represent an axial fault against the Alpine orogen of the Mures
zone. It is previous to the faults of the preceding system, as it is shifted
by the fault which divides the gabbroic body into two parts.

We mention that west of the Julita gabbroic .body, near the lo-

cality of Béatuta, there lies a small gabbroic body, eroded in its largest
‘part by the Mures river. It consists of gabbros and gabbrodolerites, at
which hyperites add sometimes.

Petrography of the Gabbroic Body

The rocks prevailing in the Julita gabbroic body are the gabbro-
dolerites characteristic of the lqwer horizon and the gabbros predo-
minant in the upper horizon. The other types of intrusive and vein
rocks are rarely found.

A) Rocks of the Lower Horizon

a) The gabbrodolerite rocks of the lower horizon characterized by
rhythmic stratification, generally exhibit an ophitic texture, consisting
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of a network of plagioclase crystals (Ans;_gy) more elongated and a little
thinner than those of the gabbros. They are twinned according to the
albite, albite-Karlsbad and pericline law and- they often have an inde-
finite acid marginal zone. Melanocratic minerals develop within the
interstices of the plagioclase crystals.

Although they have the same texture, the rocks of the bands of
the rhythmic stratification differ from one another through the following
features : (1) some are more leucocratic, the plagioclase being the pre-
dominant element (Pl. II, Fig. 1); (2) others are dark-coloured — the
melanocratic type — as they are richer in pyroxene, magnetite and
sometimes contain an olivine replaced by tale, bowlingite and iron oxides.
The latter tend either to varieties in which clinopyroxene presents a
broader development (0.5—1.5 c¢m in diameter) and form phenocrystals
with a poikilitic texture, that include several knots of the plagioclase
network, or to the formation of gabbrodolerites with xenomorphic ti-
tanomagnetite which sometimes contains plagioclase as well (Pl III,
Fig. 2).

b) Gabbros are rarely found within the rhythmic stratification
horizon. They consist of plagloclase’ tabular crystals that are polysyn-
thetically twinned and of xenomorphic diopside ; on the borders, the
pyroxene is rarely replaced by brown hornblende or is uralitized. There
are also pseudomorphs of antigorite, talc and iron -oxides formed on
"the account of olivine. The magnetite appears in xenomorphic crystals.

B) Rocks of the Upper Horizon

This horizon consists of different varieties of gabbros, hyperites,
magnetite gabbros and pegmatoid gabbros.

a) The gabbros are hypidiomorphic-granular rocks with a massive
structure, consisting of plagioclase and diopside in almost equal quan-
tities, generally the former being predominant (50—55%,). The leuco-
gabbros form. if the plagioclase quantity is greater. The plagioclase
(Angg_79) forms tabular crystals, twinned polysynthetically according to
the albite, albite-Karlsbad and pericline laws (Pl. III, Fig. 3). These are
slightly altered on fissures, sometimes filled with the chlorite resulting
from the alteration of pyroxene. This one is a diopside (cNg = 38°),
sometimes- diallage with characteristic oxide separations, which forms
xenomorphic or poikilitic crystals. The gabbros of this horizon rarely
pass to the gabbrodoleritic facies. i

b) The hyperites consist of plagioclase, olivine, diopside, hyper-
sthene, magnetite and secondary minerals. The plagioclase (Anj;) appears
as slightly elongated crystals, fresh and twinned polysynthetically, with
an indefinite zone on the borders (PL. 1V, Fig. 1). 1t is the first mineral
of the magma which started crystalhzmg then followed the xeno-
morphic clinopyroxene (Pl. IV, Fig. 2) which is rarely found under
the form of small inclusions in the plagioclase, as well. The olivine
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occurs under two forms. In the rocks of the upper horizon, the olivine
presents in big crystals, partially replaced by tale, bowlingite and grains
of secondary iron oxides lying in concentric lines, parallel to the crystals
borders. In the hyperites with finer grains which cross the beerbachite
zone, the olivine presents in xenomorphic crystals (Pl. IV, Fig. 3) filling
the interstices of the plagioclase crystals. The same alteration processes
affect the olivine of these rocks, too. The diopside has a xenomorphic
nature and on the borders it is replaced bv uralite or by a green, se-
condary hornblende. In some cases it presents small segregations of
brown hornblende, while iron oxides deposit on the cleavages (Pl IV,
Fig. 4). The hypersthene is usually xenomorphic and partially altered
in bastite and even in chlorite. Its pleochroism is: Ng = light-green ;
Nm = light-reddish ; Np = brown-light-reddish. On the cleavages there
are magnetite fragments. The olivine may be absent from some of the
rocks of this series, while the hypersthene is always present. Primary
" magnetite is rare and appears as grains with an irregular contour.

c¢) The olivine gabbros usually associate with the hyperites of -the
separations west of Julifa and on the Sincova valley. They have a
normal granulation, the crystals have a diameter of 2—3 mm and consist
of  plagioclase, olivine and diopside. Although the plagioclase (Ans;) is
generally fresh, the melanocratic minerals are partially altered; the
diopside is uralitized, while olivine is replaced by talc and iron oxides.
Both the vlivine and the diopside of the olivine gabbro veins which
cross the beerbachite zone, contain plagioclase crystals partially corroded
on the borders.

d) The titanomagnetite gabbros are in fact diopside gabbros with
additional xenomorphic magnetite — over 59/, — and often apatite
crystals, which point to their foermation out of a residual magma. On
the basis of diopside there forms a brown deuteric hornblende, exhibiting
the following optical features : Ng = brown ; Nm = dark-brown ; Np =
light-brown ; ¢cNg = 0°. During the stage of hydrothermal alteration it
is replaced by a green hornblende and then by uralite. As a rule, the
xenomorphic magnetite associates with pyroxene in which it is some-
times included. Brown amphibole often develops around the magnetlte
grains.

e} The pegmatmd gabbros form separations or veins with a sym-
metric structure ‘sometimes. These are rocks whose minerals develop
more than those of the gabbros ; they consist of plagioclase, hornblende
and accessory minerals. The mass of the gabbroic body contains here
and there gabbros with a heterogeneous structure, within which there
appear segregations of different dimensions of pegmatmd gabbros se-
parated in the gabbros with normal structure. The plagioclase (Angs)
is polysynthetically twinned and affected by alteration to its largest
part, it is dim — saussuritized — and often has a limpid albite aureola
on the borders. The amphibole is a secondary hornblende with uralitic
character which sometimes passes to a fibrous actinolite, Its optical
features are : Ng = dark-green ; Nm == brown-green ; Np = yellowish ;
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¢Ng = 17° Fine grains of secondary iron oxides associate with the am-
phibole. Some rocks contain lots of apatite, ilmenite crystals, situation
in which a certain quantity of interstitial quartz may also be found.

C) Granophyric Vein Rocks

The granophyric vein rocks and those associated with them divide
into quartziferous diorites, albltlc plagiaplites and granophyres (micro-
pegmatites).

a) The quartziferous diorites are white rocks, with a hipidiomor-
phic texture, consisting of quartz, hornblende, plagioclase and apatite.
The quartz forms grains with an irregular contour, while the plagioclase
(An,3) appears in altered crystals with a dim inner part-and a limpid,
albite aureola on the borders. The primary hornblende is a variety
exhibiting the followmg features : Ng = brown-green ; Nm = brown ;
Np = yellowish ; ¢Ng = 14°; twins after 100. This one is first replaced
by a green hornblende (Ng == green ; Nm = brown-green ; Np == yellow-
ish) and then by a fibrous, actinolitic hornblende with separations of
iron oxides. The apatite is present in crystals with varied -dimensions.
The rock also contains epidote, titanite and magnetite.

b) The albitic plagiaplites are white, fine grained rocks consisting
of quartz, plagioclase, pyroxene or hornblende and sphene. The quartz
forms xenomorphic crystals, lying among the slightly elongated plagio-
clase crystals which include a fine, opaque powder. The plagioclase
" (Anjo_42) is highly altered and abunds in secondary kaolinitic minerals
which make it dim and semitransparent. The role of the melanocrate
mineral is played in some rocks by some small diopside crystals
(cNg = 38°), while in others by a hornblende or by sphene alone. Some
aplitic veins contain marginal or inner segregations formed of grano-
phyre. .
¢) The granophyres (micropegmatites) are also white rocks, like
‘the aplites, but have coarse grains with .graphic intergrowth of dlfferent
forms between quartz and feldspar. The quartz is dim and appears
either in grains with irregular contour or in intergrowth with the feld-
spar (Pl. V, Fig. 1). The latter occurs in elongated crystals ; it is altered
and dim and is represented by albite, possibly .by albitized potassic
feldspar, while .some elongated crystals with irregular borders exhibit
Karlsbad twins. The texture of this feldspar seems to point by far to
the perthitic one. The melanocratic mineral is usually represented by
a green hornblende in very elongated (1—5 cm in length) and thin
crystals, which are included both by quartz and feldspar. This amphibole

exhibits the twins after 100 and has the following optical features :

Ng = light-green ; Nm = brown-green ; Np == yellowish ; cNg=17°;
sometimes it is replaced by a fibrous hornblende. From place to place
the rock contains pistacite aggregates.
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D) Basic Rocks Dykes and Veins

The rocks presented so far, consist of dolerites, gabbroporphyrites
and finer basalt-like rocks. These rocks have generally an ophitic tex-
ture and resemble their- correspondents that form the mass of rocks
which contains the gabbroic body.

@) The dolerites consist of plagioclase, clinopyroxene and opaque
minerals. The plagioclase (Ang;) is twinned according to the albite law
and is partially altered. The augite (cNg = 41°) appears as small crystals
lying in the interstices of the elongated plagioclase ones. Some augite
crystals present an elongation resembling that one of the plagioclase.
The magnetite and the pyrite which are present in.small grains with
an irregular contour, lie also in the interstices of the plagioclase network
or are contained by the silicates. A number of fine, iron oxide grains
are secondary and formed by the replacement of clinopyroxene with
chlorite. -

b) The gabbroporphyrites which occur both in the dykes crossing
the gabbro body and in the south-eastern part of the region, exhibit
a porphyric or ophite-porphyric texture and consist of a main holocrys-
talline mass formed of slightly elongated crystals of basic plagioclase,
clinopyroxene partially transformed into a secondary hornblende and
magnetite grains. This main mass contains labradorite phenocrysts
2—10 mm long. On the borders, some gabbroporphyrite veins are of
aphanitic nature, with a basaltic character.

c¢) The rocks with basaltic character, such as those of the vein
crossing the rhythmic stratification zone at the mouth of the Dimbovita
brook, consist of a network of elongated plagioclase crystals (Anjs_sg),
partially albitized in places, whose interstices contain augite crystals
and glass transformed into chlorite. Small crystals of idiomorphic mag-
netite are present sometimes.

Contact -(Magmatic) Metarﬁorphism

Due to the high temperature of the gabbroic magma and probably
to some magma fluids, the effusive rocks were metamorphosed al their
“contact with the Julita gabbroic body. The effects of this contact meta-
morphism -may be seen in two zones : the first and the most important
zone lies on the north-eastern border of this body and the second one
lies in the doleritic mass in the central part of the intrusion. These
two zones present basic hornfelses (beerbachites), out of -which those
of the central part of the body contain gabbro and dolerite relics of
the contact metamorphosed rocks, turned into wholly recrystallized, ho-
mogenous rocks with a panallotriomorphic texture; at first sight, the
latter resemble the finely crystallized, basic eruptive rocks, such as
microgabbros. These zones are crossed by gabbro and hyperite veins
which contain beerbachite xenoliths, as well as veins of aplitic and
granophyric rocks. This situation is frequently come across on the crest
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between the Julita valley and the Bisericei brook, left tributary of this
valley, north cast of Julita.

The transformation process of the basalt-doleritic rocks, that may
be seen in the hornfelses of the central part of the body, starts with
the substitution of clinopyroxene with a brown hornblende ; thus, it
follows that the contact metamorphism took 'place in the presence of
greater quantities of water than those of the prlmary basaltic magma
out of which-these rocks crystallized.

During the next stage, the auglte crystals, substituted or not, and
the neoformation brown hornblende start recrystallizing, partlally or
‘wholly, giving rise to fine diopside grains. The plagioclase crystals are
still present, so that we find in some places the plagioclase network
characteristic of dolerite or gabbrodolerite, the interstices of which
contain a mass of fine diopside crystals formed at the expense of the
previous big melanocrate mineral (pyroxene or amphibole) (Pl. V, Fig. 2).
At the same time with the augite or amphlbole recrjystalhzatlon there
form magnetite crystals.

During another stage the same pyroxene and the largest part of

the plagioclase recrystallized in a fine hornfels mass with heteroceneou%
structure (Pl V, Fig. 3), with irregular parts, some finely crystall.ized
and others somewhat bigger, that contain untransformed plagioclase or
pyroxene relics. The latter are highly impregnated with magnetite grains,
especially on the borders (Pl. VI, Fig. 1) and some are almost wholly
opaque.
' The bigger plagioclase crystals do not always exhibit recrystalli-
zation phenomena on their borders ; some appear as nearly idiomorphic
megacrystals (Pl. VI, Fig. 3), fact due to which these rocks may be
considered either (1) as recrystallized rocks with relics of the previous
rocks and plagioclase porphyroblasts, or (2) as magmatic rocks (micro-
gabbros) built up of a main, finely crystallized, panallotriomorphic, holo-
crystalline saccharoidal mass that contains xenoliths of the pre-existent
rocks and plagioclase phenocrystals. We mention that Mac Grégor
(1931) considers the Odenwald beerbachites hornfelses included in the
granites and formed of basic eruptive rocks.

In the north-eastern part of the body where the contact zone is
wider, besides these rocks, there predominante the wholly recrystallized
rocks. They are crossed by small pyroxenite (diopside) or magnetite
plagioclase-pyroxenite veins.

The rocks a\re homogeneous with a panallotriomorphic texture and
a — rarely oriented — massive structure, and consist of plagioclase,
diopside, hypersthene, magnetite and possibly a secondary hornblende.
The plagioclase criystals (Ans) have an irregular contour and are ofterr
twinned polysynthetically. The diopside is also xenomorphic and occurs
usually as small, isometric, clear crystals ; rarely it appears as big crys-
tals, filled with magnetite grains with an irregular contour and different
dimensions. The hypersthene also forms crystals with irregular contour,
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some of them bigger and grouped together. It presents the following
pleochroism : Ng = greenish ; Nm = scarlet brown ; Np == light red.

Unlike the basic eruptive rocks whase crystallization order is pla-
gioclase-olivine-pyroxene-magnetite, the minerals of the contact zone
seem to have crystallized almost at the same time, as the plagioclase
includes both pyroxene and magnetite.

Some homogeneous rocks consist of xenomorphic plagioclase crys-
tals, lightly elongated and divergently disposed, as it is the case with
the dolerites. If the panallotriomorphic texture and the simultaneous
recrystallization of all minerals which include reciprocally were absent,
this type of homogeneous rocks could be easily looked upen as originating
right in a basic magma.

As the contact zone is crossed by hyperite veins and gabbros with
hornfels xenoliths, it is quite .possible that some veins consist of fine
crystallized rocks, resembling the beerbachites or the microgabbros ; in
this case their texture should be hypidiomorphic-granular, like for
example that one of the hyperites.

The basic hornfelses of the contact zone are characterized by the
following two parageneses :

(1) Plagioclase-diopside-magnetite

(2) Plagioclase-diopside-hypersthene-magnetite

These parageneses are characteristic of the pyroxene hornfelses
facies. Having in view the temperature of the basic magmas of the
Mures zone gabbroic bodies (Savu, Udrescu, 1967), we consider
that this c¢ontact metamorphism took place at about 1000°C, anyhow
not below the temperature of 700°C which represents the upper limit
of the hornblende hornfelses facies (Turner, Verhoogen, 1960).

Postmagmatic Metamorphism

Savu (1967) has already presented some aspects of the post-
magmatic-hydrothermal metamorphism. For the Julifa gabbroic body
we distinguish one stage of late magmatic metamorphism and several
stages of hydrothermal metamorphism.

a) Late magmatic metamorphism manifests itself at high tempe-
ratures (about 700°C) and is characterized by the formation of green
or brown amphiboles at the cost of pyroxenes, during the deuteric stage.

b) Hydrothermal metamorphism manifests itself at lower and lower
temperatures along with the separation of aqueous fluids of residual
magma. These solutions influence the rocks only from the chemical-
mineralogical point of view, leaving aside the processes of mechanical
deformation and bringing about uralitization, epidotization, silicification
and kaolinization processes.

Uralitization and epidotization processes of the basic rocks whose
plagioclase is saussuritized as well, appear at a higher temperature of
the hydrothermal solutions ; epidosite veins form, too (Pl. VI, Fig. 2).
"Thus, there form acid plagioclase-epidote-amphibole (uralite, actinolite)-
quartz (calcite) parageneses, which could be included in the epidote

'
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amphibolites facies. Given the presence of epidote within this parage-
nesis, we estimate that this metamorphism took place at a temperature
of about 400—500°C (Winkler, 1970; Coleman, 1977).

At lower temperatures, melanocratic minerals are chloritized, pla-
gioclase is albitized or kaolinized and here and there silicifiation phe-
nomena with sulphide deposi-tion occur, too. Small prehnite veins form
as well. The resulting ‘paragenesis consists of albite-chlorite-calcite
(prehnite) and is characteristic of the greenschist facies (Savu, 1967).

During the final stage of hydrothermal activity, small zeolite and
calcite veins form on the fissures of the basic rocks ; sometimes these
affect the gabbros as well. This association, frequently found in the
amygdales of the basalts in the eastern part of the Mures zone, points
to the zeolitic metamorphism facies (Savu, 1967).

Geochemistry

a) All the main types of basic eruptive rocks (Tab. 1—3) have
been analysed chemically and spectrally in order to establish the geo-
chemical features of the ophiolites of the Julita gabbroic body and of
its surroundings. :

The petrochemical data we obtained point to the fact that the
basic rocks formed of silica saturated magmas, SiO; varying between
47 and 519/, ; they are rich in FeyO; (1.20—5.60/p), FeO (2.45—12.219/,)
-and CaO (7.37—15.44%,), while the alkalis are somewhat lower, with
extremely small K5O contents. The rocks whose FeO content exceeds
8%/, contain a.certain vanadiferous titanomagnetite quantity, fact proved
by the presence in the same analyses of more than 3%, TiO; contents.

On the contrary, the granophyric rocks and the albite plagiaplites
are poor in ferromagnesian oxides and\ CaO (2.60—7.860/y) and present -
high SiO, contents (58—75.57%/,) and alkalis, especially Na,O (4.77—
5.980/) ; the KO content is reduced both in these rocks and in the
gabbros. The high NasO content is the result of intense albitization
of rocks. . : :

The diagram of Iigure 3 drawn up after Kuno (1968) shows
that the basic rocks of this region, as well as those of the first stage
of the initial Alpine magmatism in the Mures zone, originate in a ba-
saltic magma of the tholeiitic series (Savu et al, 1978). Few rocks,
represented by different petrographic types of this region, are richer
in plagioclase and belong to the domain of basaltic magmas rich in
Al,O3. Out of these, two pegmatoid gabbros originating in residual
magmas (nr. 1 and 9) are placed near the line which delimits the al-
kaline basalts.

The granophyres and the plagiaplites, albitized rocks with high
Si0y and NayO contents, lie on either side of the line that delimits the
series of tholeiitic rocks from those. rich in Al;Os.

The tholeiitic magma differentiated weakly and as it can be seen
from the diagram of Figure 4, this differentiation originated in the
parental magma and developed on two directions. One of the directions
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Fig. 3. — Na)O + K,0/8i0, diagram for different series of basaltic rocks after

Kuno (1968). 1, basic rocks;.2, granophyres; 3, albite plagiaplites,
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Fig. 4. — Fe (tot)—MgO—Na,0 + K,O diagram (the same legend as
for Fig. 3).
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consisted in a weak MgO enrichment (olivine) of the magma at the
beginning of fractional crystallization, generating the olivine gabbros and

hyperite separations with a low TiOy content. The second direction

consisted in the separation of residual magmas ; first, these magmas

were rich in iron oxides and TiO, and out of them the vanadiferous

titanomagnetite gabbros and some pegmatoid gabbros formed ; later on,

they enriched in volatile components and NayO, being the source of the

albitic and granophyric plagiaplite veins.

The difference consists in the fact that the differentiation of the
first two cases regarded the tholeiitic magma intrusion out of which
the gabbro body formed by means of fractionel crystallization ; on the
other hand, residual magmas, out of which the granophyres and plagi~
aplites formed, separated from the contaminated basaltic magma and
migrated from depth to surface.

These conclusions are also accounted for by the variation of mag-
matic parameters (Burri, 1959) of the rocks (Tab. 2), which con-
tributed to recognizing the magma types out of which these rocks crys-
tallized. The gabbroic and leucogabbroic magmas are characteristic of
the basic rocks, some of them having a higher alk parameter, others
with a higher ’c and a smaller fm parameters than those of the normal
ones. Within the granophyres and the plagiaplites, the granodiorite and
trondhjemite magmas rich in Na,O are worth mentioning ; these dif-
ferentiated from a basaltic magma contaminated with sialic material,
during the late phase of the first stage of evolution of primary mag-
matism. ) ’

b) In 30 samples, Ni, Co, Cr, V, Sc, Zr, Y, Yb, Nb, Ba, Sr, Cu,
Ga, Sn, Be, U and Th (Tab. 3) have been determined by emission spec-
trography in order to describe the minor elements contained by the
rocks of the Julita gabbroic body. The behaviour of these elements
within the series of the rocks analysed was influenced by the weak dif-
ferentiation of the tholeiitic magma.

Thus, the cobalt, vanadium and scandium contents vary between
narrow limits, their medium values being : 39.5 ppm Co, 284 ppm V
and 36 ppm Sc, resembling the clarkes characteristic of basic rocks.
The high V content (1200 ppm) from analysis nr. 1 is due to the pre-
serlloce of vanadiferous titanomagnetite and ilmenite in the pegmatoid
gabbro. .

_ These elements have low values in granophyres and plagiaplites,
while vanadium has generally values equal to those of the basic rocks
which point to the filiation relation among these rocks.

The nickel and the chromium vary within larger limits. The
Cr—Ni (Fig. 5) diagram points to the fact that within the rocks richer
In iron and titanium, the contents of these elements decrease a lot.
The Cr/Ni ratio varies between 1 and 5 for almost all the basic rocks,
while for those rich in iron and titanium and formed of basic residual
magmas, this ratio is subunitary reaching even the value 0.1. Low Cr
and Ni contents have been found in granophyres and plagiaplites.
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. During the differentiation of tholeiitic magma from magmas some-~
what richer in MgO to those rich in FeO and TiO,, the Zr, Y and Yb
increase gradually. Between the increase of these elements'and that of
titanium, there exist positive correlations resulting from the distribution

“of the projection points on the diagram of Figure 6. We notice that
these points follow a number of straight lines which represent the me-
dium values of the Zr/Ti, Y/Ti and Yb/Ti ratios. The positive Zr—Ti
correlation was pointed out in a previous paper on the ophiolites of
the Drocea Mountains (Savu, Udrescu, 1975).

The elements of the rocks originating in contaminated magmas
exhibit a number of peculiarities. Thus, the Y, Yb, partially Zr and Ti
of granophyres have values comprised within the limits of those of
the basic rocks. On the contrary, the contents of these three elements

10 ¢, — 795
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Fig. 6. — Variation dia-

gram of Zr, Y and Yb

depending on the Ti of
basic rocks.
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are very high in the albitic plagiaplites : 95—125 ppm Y ; 9.5—12.5 ppm
Yb and 480—620 ppm Zr, values which point to the enrichment in
these elements of the residual magmas differentiated from the magmas
contaminated with sialic material.

The niobium presents detectable contents (> 10 ppm) only in the
albltm plagiaplites, in which they vary between 12 and 23 ppm.

The barium exhibits a slight increasing tendency along the series
of rocks differentiated from the primary basaltic magma. Thus, it in-
creases from the contents below 10 ppm of the rocks rich in MgO,
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to 55 ppm at the same time with the Ti in the pegmatoid gabbros and
in the group of granophyric and plagiaplitic rocks. The Ba contents
of the ‘Julita rocks are more reduced than the clarke of the basic rocks.
and correlate with the reduced K,0 contents, being a characteristic
feature of this gabbroic body and of the ophiolites of this region.

) The strontium has close values (95—205 ppm) in all rock types..
The copper values determined for these rocks exhibit an unimportant
variation. It decreases in granophyres and plagiaplites.

The gallium and the aluminium values of the whole rock series
resemble the values characteristic of ‘basic rocks. The lead and stanium
values are extremely low, most of them -below the detection limit
(<< 2 ppm). Sn detectable contents are characteristic of the rocks richer
in FeO and TiO,. The berylium was detected only in granophyres and
plagiaplites.

The U and Th contents of basic rocks are generally low. They in-
crease in the differentiated rocks of the contaminated residual magmas,
while the plagiaplites present the highest contents of both elements.

Origin of the Ophiolitic Rocks
and of the Gabbroic Body

The primary magma in which originated the rocks of the basalt-
dnamesute doleritic complex that contains the Julifa gabbroic body was
a Si0y saturated tholeiitic magma (Fig. 3) ; this holds true for the Julita
gabbroic body as well. This magma formed in the upper mantle as a
pyrolith (Green and Ringwood, 1966), by the partial melting of
the peridotitic substratum and evoluated towards a pyroxene =+ olivine
basaltic magma which erupted as important submarine flows on the
Mesozoic ocean floor of the Mures zone (Savu, 1976).

This peculiar feature of the parental magma is pointed out by the
diagram of Figure 7, drawn up after Pearce and Cann (1973) and
on which basic rocks are projected within field B characteristic of the
ocean floor basalts.

Successive anamesite and dolerite submarine eruptions which con-
‘tain basalts in pillow lava facies erupted during Jurassic till Oxfordian
and formed a basic effusive complex, over 3000 m thick. ‘

This mass of basic rocks was intruded by a basaltic magma which
led to the formation of the gabbroic body ; this one has the form of an
intrusive nappe and brings about the metamorphism of effusive rocks
in the contact zone.

But for the granophyres and plagiaplites, all the basic rocks of
this region exhibit the features of ophiolitic rocks (Savwu, 1962); on
the @ L M diagram of Figure 8, they are in the projection field of the
Alps, Apennines and Dinarides ophiolites, studied by Burri and
Niggli (1945).

The intruded basaltic magma starts differentiating in situ, by
means of fractional crystallization and gravitational accumulation under
the control of oscillating pressure of the volatile substances solved in .
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Ti/100

Fig. 7. — Ti—Zr—Y
diagram.

fig. 8. — @ L M diagram. .
{the same legend as for
Fig. 3).

the fluid magma, as it was the case. with the Almag-Seliste gabbroic
body (Cioflica, Savu, 1963). The lower horizon with rhythmic
stratification and xenomorphic or poikilitic magnetite crystals and the
homogeneous upper horizon with small separations of olivine gabbros,
hyperites, titanomagnetite and pegmatoid gabbro bands form in this way.

The first types of rocks point to the enrichment of magma in MgO
and FeO, while the titanomagnetite and ‘pegmatoid rocks point to re-
sidual magmas (Kennedy, 1948; Walker, 1953).



23 JULITA GABBROIC BODY — ALPINE OPHIOLITES OF THE DROCEA MOUNTAINS 149

The concentration of iron and titanium in the residual gabbroic
magmas in the titanomagnetite-ilmenite-rutile form, takes place succes-
sively (Savu, 1973) between 1000° and 700°C (Savwu, Udrescu, 1967).

" The reduced iron concentration of Julita, residual magmas was
caused by the reduced oxidating degree of the gabbroic magma
{W == 0.15—0.37) which influenced the modification of the FeO/Fe,Oy
ratio in favour of the ferric oxide (Kennedy, 1948); the iron was
caught in the network of melanocratic minerals (pyroxenes and olivine).

During the final phase of the evolution of the ophiolitic mag-
matism, the differentiation of the magma brings about the formation
of granophyric rocks and plagiaplites rich in NayO which cross the
gabbroic body. This body is also crossed by parallel veins (sheeted
dykes) of basic rocks originating in late basaltic magmas.

Conclusions

The Julita .gabbroic body is intruded in the basalt-anamesite-
doleritic complex of the first stage of evolution of the Alpine initial
Inagmat1sm of the South Apuseni Mountalns to which it belongs.

It has a rudimentary stratified texture with a rhythmic stratifi-
cation horizon (layered rocks) in the basis and an upper gabbroic horizon
‘with separations and schlieren of different gabbro types.

‘It is to be noted that in the uneroded northern contact zone, the
gabbroic intrusion metamorphosed  the basalt-doleritic rocks changing
them in pyroxene hornfelses (beerbachites). The basic rocks are then
affected by postmagmatic metamorphism processes.

Petrochemically, the parental magma is a tholeiitic magma — part-
ially contaminated with sialic material — which differentiates into
magmas (granophyric) rich in NayO, SiOy and volatiles.

Tholeiitic magma formed in the upper mantle and its products
exhibit features characteristic of the ocean floor basalts and represent
- .ophiolitic rocks similar to those from the Alps, Apennines and Di-
mnarides.
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EXPLANATION OF PLATES

Plate II
Fig. 1. — General view of the rhythmic layered zone on the DN 7 road, west
of Julita.
Fig. 2. — Detail within the rhythmic layered zone on the DN 7 road, west
of Julita.
Plate III
Tig. 1. — Gabbros crossed by granophyre veins (white) in a small quarry, north-

east of Julita.

Fig. 2. — Poikilitic magnetite crystal of the rhythmic layered horizon. DN 7
road, west of Julita. Nic. II, X10. . .

Fig. 3. — Twins characteristic of the plagioclase crystals. The Dimbovita brook.
Nic, 4, X 10.

Plate IV

Fig. 1. — Hyperite with elongated plagioclase crystals, included in a hypersthene
crystal. Sincova valley. Nic. ||, x10.

TFig. 2. — Xenomorphic pyroxene crystal with elongated plagloclase crystals of a
hyperite vein from the beerbachite zone. NE of Julifa. Nic. i, X10.
Fig. 3. — Xenomorphic olivine crystal of the preceding figure hyperite. Nic.II, X4.
Fig. 4. — Diopside crystal with iron oxide separations on cleavages. Julita valley.
Nic. II, X 26. '
Plate V

Fig. 1. — Structure of granophyres of the quarry north-east of Julita (Pl III,
Fig. 1). Nic. 4, X11.
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Fig. 2. ~— Gabbrodoleritic rock whose clinopyroxene was partially transformed
into a brown amphibole which recrystallized, in its turn, in fine diopside
crystals. Julifa valley. Nie. 1T, x12. _

TFig. 3. — Heterogeneous structure of some beerbachitic rocks of the contact zone
from the central part of the Julita body. Nic. II, X4..

Plate VI

Fig. 1. — Beerbachite with clinopyroxene megacrystals impregnated with mag-
netite on borders. Contact zone north-east of Julita. Nic. II, X15.

Tig. 2. — Cross-section through an epidozite vein consisting of pistacite (greyy
and quartz (white). DN 7 road, west of Julifa. Nic. II, X15.

Fig. 3. — Beerbachite with relics of doleritic rock and plagioclase megacrystals,

from the contact zone of the central part of the gabbroic body. Nic. II, X4.
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1. MINERALOGIE — PETROLOGIE — GEOCHIMIE

PETROLOGIA ROCILOR MAGMATICE

PETROCHEMICAL CHARACTERISTICS
OF THE MESOZOIC OPHIQLITES OF THE RARAU—HAGHIMAS
MARGINAL SYNCLINE L
BY .
' DOINA RUSSO-SANDULESCU? CONSTANTA UDRESCU?Z
ALEXANDRINA MEDESAN ? ‘

Ophiolites. Mesozoic. Petrochemistry. Ocean floor. East Carpathians. Crys-
talline-Mesozcic zone. Highimas Mountains.

Sommaire ~

Les caractéristiqu'es pétrochimigques des ophiolites mé-
sozoiques du synclinal marginal Rarau-Haghimas. Les roches
magmatiques du synclinal marginal Rarau-Highimas ont une position allochthone,
étant englobées dans le Wildflysch éocrétacé comme klippes sédimentaires ou
_constituant des lambeaux de recouvrement appartenant aux nappes transylvaines
qui surmontent la formation de Wildflysch bucovinien (Sdndulescu, 1975,
1976). La présence, pafmi les roches magmatiques des ultrabasites (représentées
par des péridotites lherzolitiques) aussi bien que des basites (écoulements de lave
massifs, pillow-lava, filons doléritiques), des tuffites et. des radiolarites méne a
la conclusion que tous ceux-ci proviennent d’un compléxe de type ophiolitique
dilacéré pendant les processus téctogénétiques. I.’analyse des roches ophiolitiques
a révélé le fait que beaucoup ont des caractéres typiques pour celles qui sont
générées dans des zones de fond ccéanique, confirmant et renforcant ainsi I'’hypo-
theése selon laquelle le domaine transylvain, d’ou proviennent ces roches, présentait
une crotite de ce type.

Most of the ophiolitic rocks of the Raridu-H&ghimas marginal syn-
cline- present an allochthonous position. They are embedded as sedi-
mentary klippes in the Eocretaceous Wildflysch formation or take part

! Received on May 17 1979, accepted for publication on May 17 1979, pre-
sented at the Meeting of May 22 1979.
? Institutul de geologie si geofizicd. Str. Caransebes nr. 1, Bucuresti, 32.
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in the structure of the nappe outliers which belong to the Transylvanian
nappes covering this Wildflysch formation (Sd&ndulescu, 1975, 1976)..
¢ The series of a classical ophiolitic complex are difficult to follow
because of the discontinucus occurrence and the reduced number of
relationships which could point to the age of these ophiolites ; however,
we could distinguish some characteristic features of such a complex
by means of recognizing an ultrabasic plutonic group, some doleritic
vein rocks and a basic, volcanic group consisting of breccias and volcanie
yroclastltes massive flows and pillow-lava, as well as some radiolarian
cherts and jaspers.

1. Group of the ultrabasic rocks

The ultrabasic rocks predominate in the nappe outliers lying north
of the Rardu syncline, west of Breaza locality where one may see their
most fresh types; among the rocks of the ultrabasic group, besides.
the more or less serpentinized peridotites, there appear some carbonated
rocks formed of serpentinites, as well as listvenites and ophicalcites

which occur as sedimentary klippes in the Wildflysch of both the Rariu
and the Highimas Mountains.

1.1. The thorough examination of the peridotitic rocks of the
nappe outliers pointed out a certain petrochemical variation represented
by the presence of lherzolites alongside thin harzburgite zones and oli-,
vine websterites sometimes.

a) The Maciesul nappe outlier, which lies on the slope trending
t6 the south from under the peak bearing the same name, contains ser—
pentinites with rather fresh relics of the rocks rich in orthopyroxene,
namely websterites. The microscope examination reveals the presence
of orthopyroxenes of megacrystal dimensions with clinopyroxene exso-
lutions in comparison with the clinopyroxenes and the olivine. The oli-
vine is serpentinized (cellular textures emphasized by the disposing of
serpentinite minerals and fine magnetite powder on the border of the
initial crystal), while clino- and orthopyvroxene are still fresh. In the
case of a strong serpentinization, the former orthopyroxene which is
replaced by bastite may be recognized by its initial dimensions. The
small, brown spinel exhibits the same features both in serpentinites
and in fresh rocks. Out of the serpentinite minerals the ortho- and
clinochrysotile are predominant ; this'one develops in randomly oriented
veinlets which cross the serpentinite whose initial texture is hard to
recognize. ’

b) The nappe outlier lying between the Mostici and Paltinig brooks
consists of mostly serpentinized rocks, fact due to which at first sight
it has a homogeneous aspect; the examination of fresh relics showed
that both on microscopic scale and on the whole outcropping surface,
. there exist some differences of composition.
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. In the southern part of the nappe outlier, the predominant rocks
are those richer in orthopyroxene, namely websterites ; the lherzolites
largely develop in the central part, while the harzburgites occur north-
ward, near the Paltinis valley.

It is worth mentioning that the websterite area contains chromite
knots of decimetric dimensions, which appear as erosion resistant blocks
on the peak north of the Mostici valley.

Generally, the ultrabasic rocks of this nappe outlier are mainly
represented by poor clinopyroxene lherzolites interbedded, on a small
scale, with thin harzburgite zones or olivine websterites. Microscopically,
there appear some composition variations caused by preferentially
oriented orthopyroxene megacrystals with finely crystallized olivine and
some clinopyroxene round them, which alternate with mainly olivine
laminas ; the chromite is associated with the orthopyroxene and moulds
its borders.

. The anthophyllite was met in some tectonization zones on the
astern border of the ultrabasic rocks nappe outlier.

c) The Glodu peak nappe outlier lies between the Tatarca valley
{right slope) and the Piltinis valley (left slope). Here, the composition
variations are less obvious macroscopically and the peridot'iies present
massive, serpentinized aspects on large areas. The less affected zones
contain clinopyroxene-poor lherzolites with a slightly banded micro-
scopic structure, resembling those previously described. The orthopyro-
xene megacrystals (0.5—1 cm) with preferential trendings often present
clinopyroxene exsolutions (Pl. I, Fig. 1) on about 809/, of the crystal
and only one marginal band is unitary. Within this marginal zone, there
appear sometimes olivine inclusions ; the orthopyroxene contours pre-
sent, to their largest part, concavities, while the olivine which is aggre-
gated round the orthopyroxene is subautomorphic and presents reduced
dimensions. The clinopyroxene appears as small xenomorphic grains and
rarely with orthopyroxene exsolutions (Pl II, Fig. 2); sometimes it
forms lenticular agglomerations with or without orthopyroxene which
lead to the very pyroxenites (generally, the orthopyroxene is largely
crystallized). Mention should be made of the fact that the presence of
the exsolutions both in the orthopyroxene and in the clinopyroxene,
points to a number of “ondulations” of the megacrystals along the
prism cleavages.: Among the orthopyroxene crystals there appear xeno-
morphic chromiferous spinel aggregates, while the olivine laminas con-
tain smaller grains (round the Glodu peak, the olivine laminas have
centimetric thicknesses).

Round the Glodu peak, there also occur minor amphibole phases,
of light brown colour, with positive biaxis and Cng = 27° (titaniferous
pargasite?), as well as narrow breccifiation zones on which the antho-
phyllite forms.

We should also mention that within- thls nappe outlier, on a small
peak lying SW of the Paltinis peak, the ultrabasic rocks are covered
by some basic tuffs with rare elements of serpentinite minerals and
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plagioclase crystalloclasts ; the tuffs are highly indurated and prehnitized
(Pl. I, Fig. 4). The prehnite is present both on fissures and all over the
basic cuff,

d) North of the Tatarca peak, as a continuation of the Glodu peak
nappe outlier and separated from it by means of erosion, there occurs.
another small nappe outlier formed of serpentinized rocks — the Ta-
tarca nappe outlier. These rocks reveal of the initial texture only some
bastite megacrystals (the former orthopyroxene?), olivine fragments of
a cellular network of serpentinite minerals and a colourless amphibole
with 2 V ng =68° (Pl. I, Fig. 3) with rare clinopyroxene relics. The
relationships between the amphibole and the other minerals are am-
biguous : sometimes the former has subautomorphic contours with pri-
mary aspect and is associated with the olivine ; other times it develops
along some breccifiation zones on former minerals, and the whole asso~
" ciation, the amphibole inclusively, is then serpentinized. Given the fact
that some amphibole contours seem to have a primary character within
this nappe outlier, we could speak of amphibole peridotites. Otherwise,
we have already pointed out the rare occurrence of the amphibole within
the Glodu peak nappe outlier.

e) The petrographic and microscopic study of the peridotites of
all the nappe outliers described above, as well as of some klippes of the
Wildflysch (the right slope of the left tributary of the Réchitis valley
and south of the Glodu peak within the Rardu syncline, as well as the
Criminis and Piatra Runcului Mountains within the H&ghimas syncline}
pointed to their common origin, namely to their appartenance to the
orthopyroxene-rich lherzolites (thin websterite or. harzburgite zones and
sometimes amphibole peridotites occur only in some nappe outliers).

The optic determinations by means of the universal Fedorov me-
thod on the orthopyroxene megacrystals pointed out the presence of
the enstatite (2 Vnp = 92—110°) with small composition variations given
by the replacement of Mg with Fe. The olivine whose -2V varies
round the value of 86° (chrysolite) is also poor in fayalite molecule. As
regards the clinopyroxenes, the optic determinations are less conclusive
from the chemical point of view ; we note only the medium values of
c¢Ng = 45—48° and 2 V = 58°. The opaque minerals of peridotites have
been examined in polished sections. The chromite often presents a
brown marginal zone with lots of internal reflexes (probably an alte-
ration zone) and sometimes a thin magnetite zone, occurs both as plates
in the orthopyroxene zones and as nodulous agglomerations; within
the latter, the chromite is crossed by several fractures with serpentinite
minerals. This type of “chromitite” was chemically analysed, and the
analysis was then recalculated for a content of 200/, serpentinite (a
close value was obtained by means of microscopic observations). The
Hy0* content of a serpentinite analyvsed in the same zone, led to re-
vising the major elements related within the serpentinite minerals pre-
sent on the chromite microfractures. The chemical analysis exhibits the
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following values : SiQy == 3.77 ; Aly03=.12.49 ; Fe,O3 = 20.08 ; MnO =
0.31; TiOy=10.33; MgO=1859; CaO=2.04; Nay0O=1025; Cr,03==
92.13 ; Total = 99.980/,. '

The structural formula inferred from this chemical analysis was.
calculated after Hutschison (1972) : (Cry Al )(Fes s—Mgs 6)Og0.

The chalcographic study of peridotites pointed to small sulphide
quantities disseminated in the rock mass : pyrrhotite, pentlandite asso-
ciated with millerite, and rarely, adjacent to the pentlandite grains, na-
tive copper surrounded by a marginal coveline zone. Within serpenti-
nites, the maucherite and heazlewoodite have been determined, as well-.

1.2. Listvenites and ophicalcites. Although these rocks have a dif-
ferent genesis, we have grouped them together having in view the fact
that they are carbonated rocks proceeding from serpentinites with a
similar macroscopic aspect. The common feature of the two types is
represented by the replacement of ultramafic rocks with carbonates
within some breccifiation zones. Between these two types of rocks
there are however some differences which become evident only by mi- -
croscopic, X-ray or chemical studies.

Citing Kashkai, Abbate et al. (1973) consider that the list-
venites are rocks consisting mainly of carbonates (magnesite, ankerite,
dolomite, calcite, siderite), quartz and mariposite in different percen-
tages, with minor sericite, chlorite, iron oxide phases and intermediary
phases resulted from the metasomatic process (tale, brucite, epidote, acti~
nolite) as well as relics of primary ultrabasic rocks; their formation
took place at depth through the hydrothermal alteration of serpen-
tinites.

The same authors consider that the ophicalcites are brecciated
rocks consisting of serpentinite fragments and rare gabbros or spilitic
lavas, cemented with carbonate represented mainly by calcite and occa-
sionally by minor dolomite or ankerite quantities; the longly disputed
genesis of these rocks is now considered as sedimentary on the basis.
. of C and O isotopic analyses.

There are lots of listvénite or ophicalcite occurrences in the sedi-
mentary klippes within the Wﬂdflysch of both the Rarju and Haghimas.
synclines. By means of microscopic, X-ray or total chemical analyses.
(Tab. 1, 2) we aimed at finding out the parageneses characteristic of
each of the two genetic types, as a supplement for the lack of their
direct relationships with the generating serpentinites within the out-
cropping area.

Due to the ultrabasic nature (serpentinite minerals +chrom11:e) of
the primary rock relics in all the outcrops, we made a former discri-
mination having in view the presence of quartz together with magne-
sium carbonates (dolomite) in listvenites, and the absence of quartz i
the conditions of a great calcite quantity in ophicalcites. The presence

3 We thank on this way our colleague G. Udubasa for some determina-
tions at the chalcographic microscope.
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of some minor phases, such as pyrophyllite, chlorite and amphibole, as
‘well as of some structures typical of listvenitic rocks (granoblastic with
magnetite powder in the cellular network resembling the serpentini@es,
or banded with alternating quartz and carbonate bands) led fo assigning
.some of these rocks to the listvenites. 2 :

1.2. a) Within' the Rardu syncline, the listvenite klippes occur on
the left tributary of the Floarea brook on the road up the Bobeica
Mountain, on fthe right bank of the Mostici brook at the altitude of
‘080 m and on the crest between the Tatarca and Deremoxa peaks next
to the internal flank of the marginal syncline. Within the Héaghimas
syncline, serpentinite rocks with incipient listvenitization processes (do-
Jomitic carbonate on fractures) crop out at Piatra Runcului (Tulghes)
and W of Bitca Neagrd, while listvenites sometimes with banded struc-
ture crop out in the Chicera Mountain. The microscopic analysis of
these rocks points to the presence of dolomite, quartz, serpentinite mi-
merals, chromite, chlorite and rarely pyrophyllite or amphibole. ':he
serpentinite rests contain Ni sulphides, while the ulterior fissures which
cross the whole listvenitized rock contain pyrite and chalcopyrite.

1.2. b). Ophicalcites consisting of monogene fragments of ultrabasic
Tock cemented with calcite are present in the Rardu syncline, on the
right bank at the mouth of the Fundul Pojoritei brook and on the
Valea Seaca valley near the mouth of the last lefthand tributary of the
former brook. In the Haghimas syncline, the ophicalcite klippes occur
‘W of Ghermanu and E of the Héighies Mountain. The carbonate of
these rocks is constantly represented only by calcite, while the quartz
is absent ; having in view the reduced dimensions of the klippes, it is
possible that they belong to the listvenites, their origin being in the
Jatter’s carbonate (calcite)-rich zones.

2. Group of basic rocks

The greatest part of the basic rocks of the Rariu-Highimas mar-
‘ginal syncline belong to the sedimentary klippes which are spread at
different levels and form bodies of-varied dimensions within the Wild-
flysch formation. Within the Rardu syncline, near the springs of the
Piriul Cailor, there appear some spilites with a subvariolitic structure
which lie over the Eocretaceous micaferous quartzitic sandstones -and
form with them g small nappe outlier. The spilites and listvenites on
the northern slope of the Chicera Mountain represent a peculiar in-
stance ; these are the only ophiolitic rocks known outside the boundaries
of the outcropping area of the Wildflysch formation. There are also
some cases in which the basic rocks were embedded in the basis of the
Haghimas nappe, to the west and north of the Cheile Bicazului challet
(Haghimas).

Within the group of basic rocks we distinguished tuffs (cineritic,
lapilli and breccias), tuffites and jaspers (with or without radiolaria),
rocks of a mixed volcano-sedimentary nature (Schalstein), lava flows
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(massive and pilloW—lava) as well as holoc'rystalline intrusive rocks ori-
ginating in some big bodies and vein rocks.

2.1. The basic tuffs and tuffites (jaspers, radiolarites) are very nu-
merous and occur either related to the basic rocks (the Pirtul Cailor)
or included in the nappe basement or even lying over the nappe of
ultrabasic rocks (the Breaza nappe outlier), or isolated at different levels.
of the Wildflysch. Generally, these rocks have brown red or green to
black tints and a quite simple mineralogical composition consisting of
quartz, very fine-crystallized argillaceous material, chlorite, irgn oxides.
(the tuffites and jaspers do or do not contain radiolaria).

The mixed lapilli tuffs contain a number of spilites with varied
structures and mineralogical compositions which belong to different.
eruptions or bodies.

2.2. The rocks of the Schalstein type are much more varied as
regards their aspect ; the term is of German origin and designates agglo-
merates of spilitic pyroclastic fragments, with or without cement, at
which variable quantities of sedimentary detritic material, usually lime-
stones, add. :

A sedimentary klippe of the Schalstein type crops out in the Rariu
syncline on the Moldova valley in front of the Botus quarry, where one:
- may notice a progressive transition from the millimetric dimensions of
the spilitic elements to decimetric ones or even to dimensions that ex-
ceed 1 m3. The study of the elements of this outcrop points to the
mixing up in different proportions of amygdaloid spilites, basaltic glasses,
crystal fragments (Pl. II, Fig. 1) and even pyroclastite elements, linked.
together in the absence of cement. Among the amygdaloid rocks, there
are some whose amygdales are filled up with calcite, others are filled
with quartz and chlorite and more often the amygdales are coalescent.
and filled with analcime (Pl. II, Fig. 2). Within this outcrop, the anal-
cime occurs also on fissures or in the gaps within pyroclastites and ce-
ments the titaniferous augite crystalloclasts.

Another Schalstein body occurs on the Timoi Valley, on the western
flank of the Rardu syncline ; its basement consists of rocks formed of
centimetric breccious fragments of spilites with flow texture, and of
amygdaloid ones linked together by a brown cement film rich in iron
hydroxides. Within this body, the fragments have millimetric dimen-
sions and are quite varied, the spilites of different nature being accom-
panied by limestone fragments; this ensemble is held together by a
cement of ferruginous nature (Pl II, Fig. 3).

On the right side of the Fundul Pojoritei brook, SW of the Magura
peak, the Schalstein abunds in sedimentary fragments and stands out
through its permanent association with basaltic glasses (palagonite?)
(Pl. II, Fig. 4) and titaniferous augite crystalloclasts. )

Schalstein elements of small dimensions are often present in mega-—
breccias or as isolated components of the Wildflysch of the Rardu and
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Haghimas syncline (Piatra Pintdrenilor, West of Ghermanu, Bitca
Neagra).

There are some klippes, whose elements seem to be monogene,
contained by a carbonatic cement and which are difficult to interpret,
such as those of Piciorul Ghermanului and Bitca Neagrd ; they seem
to belong either to some Schalstein fragments or to some sensu stricto
breccious - pyroclastites, or even to some ophicalcites with spilitic ele-
ments.

2.3. The massive lava flows or the pillow-lava are well represented
in the Rarau-Haghimas marginal syncline. The most spectacular pillow-
lava forms were found in the sedimentary klippes on the right side of
Pirful Cailor and on the road N of the Raradu challet in the Rardu
syncline, as well as in the basis of the Highimas nappe W of the Cheile
Bicazului challet, in the Haghimas syncline. Otherwise, these sedimentary .
klippes or nappe basal-slides have remarkable dimensions, some ovoid
bodies with the diametre over 1 m being worth mentioning ; most often
their dimensions vary between 0.3 and 0.5 m. :

The massive flows are sometimes intercalated among the pillow-
Javas and other times they form solitary klippes, such as on the Tétarca
valley downstream the nappe outlier of ultrabasic rocks bearing the
same name or the one upstream the same nappe outlier. Some other
times, fragments of these flows are included in megabreccias (the Lim-
pedea brook, Rardu).

The mmeraloglcal groups of the rocks originating in the massive
flows or in the pillow-lava- are characteristic of the spilites and consist
mainly of feldspar, alkaline plagioclase (albite to acid oligoclase), chlo-
rite, opaque minerals and rarely fresh ferromagnesian minerals (clino-
pyroxene, sometimes titaniferous augite and olivine). These rocks also
have a typical chemism with a relatively high NayO and volatiles
{H,0 + CO,) content and small quantities of K,O.

However, there are some basic rocks with a less obvious spilitic
character, due either to the reduced NayO contents with the presence
of the characteristic paragenesis, or to the presence of a plagioclase
‘with a relatively high anorthite content and the rock being characterized
{from the chemical point of view by important NasO quantities. These
rocks usually have two generations of plagioclase feldspar and zoned
phenocrysts with a more basic nucleus (Pl. III, Fig. 1) and albite mi-
crolites. .

After the structural features we distinguish : a) amygdaloid (Pl. IIT,
Fig. 2) or unamygdaloid microlitic rocks frequently present in pillow-
lava ; b) microlitic rocks and microgranular porphyric (Pl III, Fig. 3)
or not, usually present in the massive flows ; ¢) rocks with intersertal
microlitic textures (Pl. ITI, Fig. 4), amygdaloid or not; d) rocks with.
variolitic or subvariolitic textures (Pl. IV, Fig. 1), sometimes porphyric
due to their development as phenocrystals of peridote.

The gaps of the amygdaloid rocks filled with secondary minerals
may get different shapes and dimensions, while the mineralogical com-
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position may be varied as well. The calcite, the chlorite and the quartz.
alone or in combination, often fill these amygdales; there is a group
of rocks, whose origin we are going to discuss later on, which contain
zeolites (analcime), as well. Amygdaloid rocks with zeolites have been
found among the Schalstein elements cropping out on the Moldova
valley at Botus (Rardu) and within the nappe basal-slides to the W of
the Cheile Bicazului challet (Haghimas).

2.4. The rocks with holocrystalline textures belonging to the in-
trusions crop out in the Rariu-Highimas marginal syncline, either as
sedimentary klippes in the Wildflysch formation or as elements of the
Schalstein and megabreccias.

Out of these, the spilites with intersertal to ophitic texture stand
out ; the rocks have doleritic compositions (Pl. IV, Fig. 2) such as those
of the klippe on the right side of the Piriul Cailor within the hemati-
tized pillow-lava flows (Raradu) or those of the klippe on the Piriul Oii
near the forest range (Haghimas). ‘ ‘

Within these intrusive rocks, we have included some bodies whose
mineralogical composition distinguishes by the presence of the mag-
matically crystallized quartz : the first body crops out near the springs
of the Mostici valley (Pl. IV, Fig. 3), while the second one crops out
on the right side, near the mouth of the Fundul Pojoritei brook (PL IV,
Fig. 4) ; both lie in the sedimentary klippes of the Wildflysch.

The klippe which contains the first body (the Mostici valley) has
a somewhat complicated composition. To the south, there crops out a
listvenitized . ultrabasic rock which lies in the neighbourhood of some
monogene breccias without cement that consist of elements resembling
the composition of an “albite-granite”(?) ; these breccias are similar to
the compact rocks that lie in the northern part of the klippe. The miz}e-
ralogical composition is rather simple and is characteristic of the spilitic
rocks : albitic plagioclase to 609/, quartz between 20—300/; and acti-
nolitic hornblende, sometimes chloritized, at which some titanomagnetite
percentages add. This rock has an intersertal texture, coqsisting' of pla-
gioclase sticks and interstitial quartz and hornblende ; this leads to the
conclusion that these rocks have the origin in the dykes of the more
acid differentiates of the spilitic magmas. The literature gives few
examples of this kind. The genetic relationships are hard to interpret
due to the absence of the outcrops within this klippe which makes im-
possible a direct analysis of the contact with the ultrabasic rocks in case
we consider that the “albite-granites” are the acid representative ele-
ments of a stratified ophiolitic column without plagioclase peridotites,
troctolites and gabbros. We may say that the two types of rocks were
associated within the same klippe by tectonic processes before or during
the overthrusting of the Transylvanian units in its source area.

The quartz rocks of the klippe on the Fundul Pojoritei brook are
even harder to interpret from the genetic point of view ; these are
large granular rocks with textures of the cumulus type (reminding of

1l ¢, — 795
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the ultrabasic rock textures) within which the oligoclase with automor-
phic prismatic contours and twinned polysyvnthetically reaches the di-
mension of 2 mm. The quartz quantity varies greatly from one section
to another (10—200/) and it crystallizes in fine grains. The primary
femic minerals are no more recoghized due to the complete opaciti-
zation. '

It is worth mentioning some peculiar. features of this curious
“plagiogranite”(?) such as, the abundance in some thin sections in apa-
tite crystallized in prisms of 0.2 mm, as well as the presence, on the
plagioclase, of a “felt” of argillaceous minerals, probably illite, of pum-
pellyite fragments within the hematitized femic minerals and the occur-
rence of some gaps and fissures filled with calcite and analcime. We
also note that one of the two chemical analyses made for this body,
pointed to the presence of K,O (probably related to the presence of
illite?). The opaque minerals determined on polished sections are do-
minated by ilmeno-hematite and leucoxene together with the goethite
and hematite formed on the ferromagnesian minerals.

2.5. We cannot end the description -of the group of basic rocks
without mentioning the klippe lying on the Rardu-Popchii Rardului tou-
ristic path and consisting of rocks wholly different from those described
so far. This is a highly silicifiated rock, of greyish colour, whose por-
phyry structure given by the presence of some plagioclase (andesine)
crystals, often chalcitized, and by the corroded magmatic quartz (Pl V,
Fig. 1) may be still recognized ; this type of structure reminds of the
andesitic rocks. Due to the high silicifiation, we may not say for sure
if it is a quartziferous porphyry keratophyre, this fact will be elucidated
in case other klippes of the same type are discovered.

We left aside the description of an isolated body of the Wildflysch
which crops out on the left bank of the Deremoxa brook (the northern
part of the Rardu syncline), because its complex composition requires
a detailed discussion. Gandrabura (1970) describes here a rock con-
sisting of clinopyroxene, garnet and rarely olivine, which he calls arie-
gite, and mentions that the garnet of these rocks (analysed chemically)
could be characteristic of the eclogitic facies and not of the peridotites.

The mapping data pointed to the fact that there is no direct con-
nection between this body and the Té&tarca nappe outlier which lies on
the other side of the Deremoxa valley and consists of serpentinized
hornblende peridotites. We mention that the hornblende of the perido-
tites is colourless, with positive 2 V and is probably an anthophyllite.
We pointed out these features because the mineralogical composition
of the rocks on the Deremoxa valley abunds in a hornblende with a
strong pleochroism from yellow-brown to ! blue-green.

Now we are going to describe, as accurately as possible, the rock
ensemble of this body. To its northern part, there crops out a green-
black massive amphibolite whose mineralogical composition is the result
of the close association of the highly pleochroic hornblende with rare
light green clinopyroxene crystals and a garnet surrounded by kelyphitic
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rims (Pl V, Fig. 2). To the south, 10 m farther, there crops out an
amphibolite with an obviously oriented texture and crossed by prehnite
veinlets (Pl. V, Fig. 3); the garnets of this zone are sometimes wholly
‘chloritized.

A narrow pyroxenite zone with oriented texture and rare amphibole

blastocrystals follows then ; we mention that the garnets of this zone
are very rare (Pl. V, Fig. 4).

Farther to the south, the amphibolites with “blastomilonitic”(?)
texture and crossed by prehnite veinlets occur again. The garnets have
kelyphitic rims, here too.

Finally, near the Deremoxa valley, the body has oriented struc-
tures out of which there stands out an east-westward stratification
formed of some millimetric amphibolite bands which alternate with
very fine pyroxene bands associated with plagioclase feldspar and often
transformed into zoisite and clinozoisite.

The garnet is disseminated all over the rock mass. We note that

the body ‘on the Deremoxa valley contains an important sphene quan-
tity as free crystals with automorphic contours or formed at the ex-
pense of ilmenite, the only opaque mineral occuring in this body Wlth
the exceptlon of some pyrite grains.

It is obvious that we cannot draw any exact conclusion regarding
the primary genesis of the rocks of the Deremoxa body, if we cannot
determine exactly the chemical composition of the minerals ; their global
chemical composition which often falls in the basic rocks field, as well
as a number of textures and structures characteristic of the metamorphic
rocks, make us think of a basic metamorphosed rock.

3. Chemism of ophiolites

In order to characterize the chemism of the Mesozoic ophiolitic

rocks of the Rardu-Héghimas syncline, we dispose of 60 bulk chemical

analyses and trace elements analyses on ultrabasic and basic rocks,
given in Tables 1—8.

3.1. .The most Varlable elements of the more or less serpentinized
ultrabasic rocks (the listvenitized rocks or the ophicalcites are not dis-
cussed here) are Al (1.37-—4.19) and Ca (0.48—2.87) which evince an
increase of both aluminium and calcite, from harzburgite (sample 203)
to lherzolite (sample 290), within the same nappe outlier ; the medium
value corresponds to websterite (sample 290/3). According to the des-
cription (samples 66, 2689/4, 2690, 186, 11T), within the Glodu nappe
outlier the variations are somewhat smaller, the calcite increases in
samples 2690 and 186 and the peridotites are a little richer in pyroxene

than the other lherzolites; sample 11T represents one of the ortho- .

pyroxene -richest 1herzo_11tes almost resembling a harzburgite, situation
revealed by the reduced calcium quantity, as well.

It is in the same way that we may study the variation of the
total Fe/total Fe4-Mg ratio, its values increasing from harzburgites to
Therzolites.
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TABLE 2
Trace Elemenis (ppm) in Ullrabasic Rocks

No [Samwple | o | g | Go| €r.| V| Sc | Ba | s |CrmNijViSe |Ni/Co
number y y
- I
1 290 |25 2100 | 100 | 2600 69 15.5) ndt | 52 1.24 1 4.45 | 21.0
3l 290/3 9 2560 | 120 | 2650°| 40 11 ndt { ndt | 1.04] 3.64 | 21.2
3 203 12, 2600 | 122 | 2600 30 9 ndt ndt | 1.00 | 3.34 | 21.3
4 66 28 2400 | 130 | 2950 57 11.5| ndt ndt | 1.23 | 4.95 | 22.6
5 2689/4 | 16 2450 | 120 | 2600 41 9.5/ ndt ndt | 1.06 | 4.32 | 20.4
6 2690 31 2500 | 130 | 2700 69 14 ndt 4 1.08 | 4.93 | 19.2
7 186 31 2300 | 115 | 2800 70 14.5 ndt | ndt | 1.22 | 4.82 | 20.0
8 11T | 14.5] 2750 | 128 | 2750 38 9.5 ndt | .ndt | 1.00 | 4.00 | 21.5
9 4T | 10.5 2400 | 135 | 2900 | 115 19 ndt ndt | 1.21 | 6.05 | 17.8
10 711 31 2650 | 124 | 3000 84 16 3@ 22 1 1.13 | 5.52 | 21.3
11 95 33 2300 | 115 | 2450 65 14.5| 12 41 1.06 | 4.48 | 20.0
i 12 2816 11 1700 | 123 | 3400 37 7.5 100 |[>1000| 2.00 | 4.93 { 13.8
13 ] 4183 47 1500 | 114 | 3800 | 130 22 11.5| 530 2.53 | 5.90 | 13.2
" 14 4177 7 2900 | 102 | 2300 36 13 20 ndt | 0.80 | 2.77 | 28.4
Detection
limit X 10 4
ANNEX TO TABLES 1,2
Rariu
Nr. 290 — N of the springs of the Mostici brook — Lherzolite (serpentinized ol. with
fresh centres, fresh opx and cpx- chromite).
Nr. 290/3 — Peak N of the Mostici broock — Websterite (ol with serpentinizations, fresh
opx and cpx +.chromite).
Nr. 203 —. Piltinis brook — Harzburgite (fresh opx, cpx and olivine with serpentini-
zations) + chromite, pentlandite -+ native Cu.
Nr. 66 — Richitis valley — Lherzolite (ol. with serpentinizations+ opx 'md {resh
. cpx+ chromite -+ maucherite 4 pentlandite).
Nr. 2689/4 — Glodu peak — Lherzolite (ol. with serpentinizations + opx and fresh cpx--
chromite)..
Nr. 2690 — Southern slope of the Glodu peak — Lherzolite (ol., opx+ chromite).
Nr. 186 - — Southern slope of the Glodu peak — Lherzolite (serpentlmzed ol., opx, ¢pk+
: chromite + pentlandite).
Nr. 11T — Tétarca valley, right side — Lherzolite (serpentinized ol.; opx, cpx -+ chromite
+ pentlandite + native Cu).
Nr. 4T - Tétarca valley, left side — Serpentlnlte (ohvme relics, lizardite, antigorite,
1 anthophyllite on breccifiation zones).
Nr. 47T *u — Micies peak — Websterite (ol. and opx with serpentinizations, fresh cpx)
Nr. 95 — Springs of the Richitis brook — Lherzolite (ol. with serpentinizations, opx.
cpx, chromite). ’
Nr. 2816 — Right side of the Izvorul Alb brook — oplicalcite with rests of serpentinic
minerals.
Highimag ) .
Nr. 4183 — Piatra Runcului — Listvenitized serpentinite (serpentinic minerals with
cellular texture, magnesite, a few quartz).
Nr. 4177 — Piatra Runcului — Serpentinite with cellular texture (opx bastitized as mega-
crystals).
Nr. 2669* — SW of Criminis — Lheizolite (serpentinized ol., opx and fresh cpx, chromlte).
Nr. 4619* — SW of Criminis — Lherzolite (serpentinized ol., opx, epx, chromite).
Nr. 986* — W of Bitca Neagrd — Breccifiated serpentinite with listvenitizations (serpen-

tinic minerals, magnesite, chromite).

¥ 0;1—1;7 major elements have been analysed.
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. ANNEX TO TABLES 3, 4
Rarau (N of the Moldova Valley)
Rocks with holocrystalline textures. Intrusive bodies and veins

Nr. 327/6 . — Springs of the Mostici brook — Plagiogranite with intersertal te\tule (ab,
“ho, q, tmt, cl).

Nr. 38/7 — Right side of the Pirful Cailor — Spilite with doleritic texture (oligoclase,
fresh cpx, diaclases with calcite 4 zeolite, mt).

Nr. 685/1 — Timoi valley — element in pyroclastite — Spilite with intersertal texture

. (ab, cl, cc, mt).

Nr. 254/1 — Mostici brook — Spilite with intersertal texture (ab, hio, mt) with cc+q diaclases.

Massive flows, pillow-lava

Nr. 38/4 — Right side of the Piriul Cailor — Central zone in a pillow body, porphyric

texture (two plagioclase generations), chloritized phenocrystals, small thin
ab sticks in a cl aphanitic mass ; cc vaeuoles, olivine phantom contours.

Nr. 5T  — Té&tarca valley — Variolite with cedar-leaf texture (ol, cl, cc).

Nr. 8T  — Titarca valley — Spilite with porphyric texture (schahbretalbite appears
on phenocrystals; ab, cl, co).

Nr. 434 — Deremoxa valley — Complex body. Descuptlon in the text.

Rariiu (S of the Moldova Valley) )
Rocks with holocrystalline textures.. Intrusive bodies and veins

Nr. 2752/3 — Limpedea brook — element in megabreccia — Spilite with doleritic texture
(ab, ho, cl, cc), serpentinized olivine. .

Nr. 2742 — Limpedea brook — Spilite with intersertal texture (ab, cpx, ho cl, q, tmt).

Nr. 1117 — Left side of the Valea Seaci — element in basic agglomerate — Spilite with
intersertal texture (ab, ho, cl, cc, mt, ol phantoms).

Nr. 2712/1 — Limpedea brook — element in regabreccia — Spilite with intersertal texture

(ab, cl, ho, cc, tmt).
Nr. 2716/2%* — Limpedea hrook — Spilite with intersertal texture (ab, cl, ho, q).

Nr. 1063/1 ~— Mouth of the IFundul Pojoritei brook — largely crystallized albite-granite
with accumulation texture, wholly hematitized melanocrates, q, tmt, apatite.

Nr. 1163/4 — Mouth of the Fundul Pojoritei brook — the same + pumpellyite, analcime 4
cc in some circulation zones.

Nr. 1118A  — Left side of the Valea Seacd — Spilite with intersertal texture (ab, cpx, cl, mt).

Nr. 2762/1 — Road N of the Rardu challet — Pillow-lava with subophitic variolitic texture,
very vacuolar (cpx, iddingsitized ol, cl, chlorite vacuoles, plagioclase).

Nr. 2762/5 — Road N of the Raran challet -—— Porphyric pillow variolite with transformed

ol crystals, cpx, oligoclase, rare chlorite vacuoles.
Nr. 2762/8 ~— Road N of tlie Rardu clhallet — Hematitized pillow, with structures of porphyric

{calcitized ol phenocrystals) and vacuolar variolite (cc). Cl circulations, caicite,
pumpellyite on fissures.

Nr. 2749 — Crest W of Limpedea brook — Variolitic spilite (ab, cl, cc).

Nr. 1671/5 — W of the Todlrescu Mountain — Variolitic, porphyric (transformed ol) spilite,
cl, cc.

Nr. 2737/2 — lepedea brook — element in megabreccia — Splhte with divergent textlure,
recrystallization (ab, cl, ho, cc, mt)

Nr. 2841**% — Springs left of Valea Seacii Valley — Spilite w1th divergent texture, recrys-
tallizations (ab, cl, ho, cc, mt).

Nr. 2787 — Southern extremity, Highimas crest — Spilite with subophitic texture,
microcrystaliine (ab, e¢px, cl).

Nr. 1776/1 — S of the Rariu Peak — Highly silicifiated rock with andesine phenocr ystals 4

' schahbretalbite 4 albite and magmatically corroded quartz.

Highimas .

Rocks with body-like structure and veins

Nr. 812 — Piriul Oii forest ranch — Spilite with subophitic texture (ab, cpx, cl, cc).

Nr. 2786 — Iiast IIlighies — Spilite with divergent texture (ab, cpx uralilic ho, ci, cc).

** Only trace elpmchts have heen analysed.
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ANNEX TO TABLES 5, 6

\Bar:‘xu

Nr. B/3 -— Botus quarry— Porphyric microgranular spilite (zoned oligoclase and uralitized
pyroxene phenocrystals, fundamental mass of saussuritized plagioclase - chlorite,
limpid ab fissures.

Nr. B/7 — Botus quarry — Microgranular spilite with rare oligoclase phenocrystals (ab,
cl, mt, q).

Nr. 514/8 — Moldova valley, Botus — element in tuffs — Vacuolar spilite (vacuoles with

calcite, quartz, chlorite).

Nr. 514/3 — Moldova valley, Botus — Basic tuff with palagonite, titaniferous auglte crystals,

. vacuoles with analcime and chlorite.

Nr. 514/1 — Moldova valley, Botus— Vacuolar spilite, lightly p01phyrlc (saussuritized pla-
gioclase phenocrystals), analcime vacuoles, cl, cpx, chlorite in the groundmass.

Highimas

Nr. 3185 A — W of Cheile Bicazului challet — Pillow-lava with divergent texture, lightly
vacuolar (cc¢); ab, cl, cc, mt. .

Nr. 1178A — W of Cheile Bicazului challet — Pillow with lightly flow microlitic te\tule very

vacuolar one (cc). Rare andesine pheno&ystals ab microlites.

Nr. 755 — Cheile Bicazului challet — Vacuolar spilite (cC+ q), lightly flow texture (ab,
cl, hematite, cc). ’ -

Nr. 3185C**— W of Cheile Bicazului challet — Pillow with lightly flow microlitic texture, with
rarc phenocrystals of polysyutheticzﬂly twinned oligoclase, corroded on borders.
Vacuoles with cc. )

Nr. 1178C**— W of Cheile Bicazului challet — Pillow with lightly flow microlitic texture. Vacuo-
les with cc and cl.

Nr. 869A — Left side of the Cupasu brook — Hematitized spilite with vacuolar texture, vacuo-
les with cc.

Nr. 515B — Stinii Valley — Vacuolar sp111te (cl, cc, ab).’

Nr. 515E — Stinii Valley — Hematitized spilite, vacuolar (vacuoles with cc).

Nr. 620A — S of Criminis — Gherman — Variolitic, vacuolar spilite (ab, cl, cc). 5

Nr. 620B — S of Criminis— Gherman — Spilite with lightly flow porphyric texture (cl, ab, cc)

Nr. 1177 — W of Cheile Bicazuluj challet — Microlitic spilite with divergent texture (ab, cl,cc)

Nr. 1179 — W of Cheile Bicazului challet — Spilite with subophitic texture (ab, titanilerous
augite, cl, cc).

Minerals abbreviated

"ab = albite ; anal = analcime ; aug = augite ; cc=-calcite ; cl=
chlorite ; cpx = clinopyroxene ; ep = epidote ; ho = uralitic hornblende ,
tmt = titanomagnetite ; ol = olivine ; opx = orthopyroxene ; pl = pla--
gioclase ; prch == prehnite ; g = quartz ; zeol = zeolite.

** Only trace elements have been analysed.

.
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As regards the trace elements, we note some differences in com-
parison with the medium values given by Kraft and Schindler
(1961) : Ni varies between 2100 and 2900 ppm versus the medium
value of 2000 ; these values seem to be related to the presence of the
Ni sulphides. ' :

The higher .values (2600—3000 ppm, the last value being given
by a hstvemtlzed serpentinite) which exceed the 1600 ppm medium
value are given by the chromite.

The Co, V and Sc values resemble the medlum value.

The native copper of ultrabasic rocks determines a greater value
of this element, exceeding the medium value (M = 10 ppm).

The Cr/Ni ratio oscillates generally round the value 1, while the
Ni/Co ratio varies between 17.8 and 28.4 in the more or less serpentinized
peridotites.

The Ni content of the listvenitized samples or of the ophicalcites
decreases, while the Cr content increases determining a high Cr/Ni
ratio (2—2.53) and a low Ni/Co one (13.2—13.8).

3.2, The geotectonic conditions in which the ophiolites of the
Rarau-Highimas marginal syncline do appear are well pointed out by
the basic rocks, whose chemical and trace elements analyses are given'
in the tables as well as on different variation diagrams or on diagrams
which discriminate between different types.

When drawing up the diagrams we had in view the grouping
- together of basic rocks on the Ti, Zr, Y diagram (Pearce and Cann,
1973) which we are going to present farther on, as the spilitization
phenomenon within the basic complex of the Rar&u and Highimas syn-
cline brings about a strong chemical mobilization especially of the al-
kalis and alkaline earth elements. Thus, we distinguished the basic
rocks of the “ocean fldor” type, of the “Wlthln plate” type and a number
of Kklippes which could represent some basic rocks of the “volcanic
arc” type. We mention that the tables and some diagrams contain
sample 434 (the complex amphibolite body on the Deremoxa valley)
and sample 1776/1, the klippe of silicifiated rocks on the Raréu—Popchii
Raraului path.

We tried to group within the tables the rocks originating in in-
trusive bodies (“plagiogranites” or quartz rocks were included in the
basic complex, as on certain differentiation diagrams they form normal
variation curves), as well as the massive lava flows or pillow-lava, in
case their textures and structures allowed such separations ; the order
we adopted for each group followed the growth direction of titanium,
which is a stable element whose behaviour is a good illustration of the
magmatic differentiation by means of fractional crystallization.

The examination of the tables with the chemical analyses reveals
the presence of the spilitization phenomenon in almost all the rocks
of the basic group, by generally high NayO and HyO values; the in-
trusive rocks of the “plagiogranite” type being an exceptlon When
talking about these exceptions we mention again the body on the
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Fundul Pojoritei brook whose unstable chemism occurring on very
narrow zones (the two samples 1063/1 and 1063/4) makes us think of
a possibly stratified rock of transition from ferrogabbros to acid diffe-
rentiates of the trondjemitic type. The difficulties encountered in the
interpretation ‘of their genetic appartenance are due both to the reduced
dimensions of the klippe and to the transformations undergone by the
minerals. Although the quartz occurs in all the thin sections we studied,
the two chemical analyses point to great differences as regards the
5i0y quantity . (about 20 percentages) Otherwise, other major oxides,
total Fe,O3, MgO and CaO, occur in great quantities and sample 1063/4
exhibits a h1gh K,0 ‘quantity.

K,0 quantlty is generally reduced or is absent from the basic
rocks of the “ocean floor” type and starts occurrlng only in some
bodies of the “within plate” type.

P,05 is a major oxide which aids at pointing out the three groups
of rocks mentioned above. In the basic rocks of the “ocean floor”
type, it has low values not exceeding 0.309/, as compared with the re-
latively great quantities of the basic rocks of the “within plate” type,
where it varies between 0.33—0.680/,, while in the rocks of the “vol-
canic arc” type it is absent.

The clear tendencies of magmatic differentiation may be seen
only within the group of the “ocean floor” type; the wvariations of
major oxides registered for these rocks will be discussed further on
~ together with the trace elements.

The main information regarding the trace elemen‘rs of the basic
rocks is given by Zr, Y, Yb and Nb, Wthh just like Ti and P are little
arfected by the metarnorphism processes, spilitization or ‘hydrothermal
metasomatism. Pearce and Cann (1973) used. them in order to
distinguish the different geotectonic situations in "which the basic rocks
may occur, while Beccaluva et al’ (1977) used them to define the
process of magmatic differentiation of the “ocean floor” spilitized ba-
salts of Corsica.

The "Ti—Z—Y diagram (Fig. 1) shows that the basic rocks en-
semble of the Rardu-Highimas marginal syncline are projected within
three fields : a) basic rocks of the “ocean floor” type (field B); b) basic.
rocks of the “within plate” type (field D) ; ¢) basic rocks of the “volcanic
arc” type (field A). Some of the samples which fell outside the fields
delimited by Pearce and Cann, as well as those of field C, have
been added to the rocks of the “ocean floor” or “within plate” type
according to their petrographic and chemical features.

The Ti—Cr diagram (Fig. 2), used by Pearce and Cann (1975
to séparate the “ocean floor” basalts from the “island arc” tholeiites
confirms the separation made according to the previous diagram.

The tholeiitic character of the “ocean floor” basic rocks and the
alkaline character of the “within plate” ones result from the diagrams.
of Figure 3 (Beccaluva et al, 1977).



23 PETROCHEMISTRY OF THE MESOZOIC OPHIOLITES OF THE RARAU-HAGHIMAS 175

The same conclusion may be drawn if we study the values of
the Y/Nb ratio (Pearce and Cann, 1973) which exceed 3 in case
of the “ocean floor” tholeiites and vary between 0.29—1.53 in case of

/100 .

yx3

r

Fig. 1 — 1, “Ocean floor” spilites in the Rardu syncline

(North) ; 2, “ocean floor” spilites in the Rardau syncline

(South) ; 3, “ocean floor” spilites in the Haghimas syncline ;

4, “within plate” spilites in the Rardu syncline ; 5, “within

plate” spilites in the H#ighimas syncline ; 6, “volcanic arc”
basic rocks (Highimas).

Ti
ppm
& | Jcean Foor basslts
< o
400001
] a3

5000 g
20004

Letand are Holeiites

B L

30 50 100 " 300  soo | 1000 Cr(ppm)

Fig. 2. — The same legend as for Figure 1.
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the alkaline rocks or of the rocks of transition to “within plate” al-
kahnes Otherwise, Nb occurs below the detection line (<10 ppm) in
the “ocean floor” rocks, reaching the 85 ppm value in the “within
plate” ones. La has-the same behaviour ; it is not determined (<< 30 ppm)
in the “ocean floor” spilites and varies between 30—70 ppm in the
“within plate” spilites.

The different behaviour of the stable elements Ti, Zr, ¥ and P
in the two predominant types of basic rocks of the Rardu-Highimas
marginal syncline is given by the diagrams of the Figures 4, 5, 6, 7.
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We note an increase of the concentration of these elements in the case
of the “ocean floor” spilites and the agglomeration of the “within plate”
ones in distinct fields, there being no differentiation tendency; we
also note the high P»O- contents of the latter. ‘
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By using the Rayleigh model, Beccaluva et al. (1977) deter-
mined the liquid fraction F at a defined differentiation stage by the
ratio CA/C#; in which CA represents the initial concentration of original
magma, while C# represents the concentration in the liquid of a re-
sidual element A. It chooses Zr for residual element. The initial Zr
content of primary basaltic magma was estimated on the basis of the
Ni and Cr distribution which are strongly incorporated in the early
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crystallizing minerals. It is this type of representing the differentiation
of the “ocean floor” basaltic magma that we also adopted.

Figure 8 presents the Cr+Ni variation depending on Zr. We chose
as initial wvalue for the original basic magma the Zr wvalues mean
(54 ppm) corresponding to the greatest Cr+Ni contents (samples 2762/1,
2762/5, 2762/8) and representing thus the least differentiated body (pil-
Jow-lava on the road north of the Rardu challet). The value of the
54/Zr ratio shows, for the other rocks, the stage of fractional differen-
tiation.

ppm CI‘+N|
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Fig. 8. — The same le-
gend as for Figure 1. 800+
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4004

200/
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Figure 9 contains the projection of the trace elements Ni, Cr, V
and Y and of the main oxides, MgO, SiO,, Al,O3, TiO, total Fe,O3 and
PoO5, against the value of the 54/Zr ratio. We note the sharp decrease
of the Cr and Ni contents aiongside the MgO ones and to a less extent
the Al,O5 contents. Other ox1des such as TiO,, total FeyOs3, P05 as well
as V and Y, show an increase of their concentration at the same time
with their diffepentiation; Y increases the most obviously.

Figure 10 presents the V variation depending on Sc and points to
the positive correlation between these elements for all the rock types
of the ophiolitic complex.

We note greater Sc contents in the “ocean floor” spilites, the Sc
medium value for the basic rocks given by Kraft and Schindler
(80 ppm) separating the two main types of basic rocks of the Rarau-
Haghimas syncline.

The positive Y/Yb correlation is pointed out by the diagram of
Figure 11, within which all the basic rocks are projected round the
line ¥Y/Yb=10; at the same time we note that the values are some-
what higher for the “ocean floor” spilites as compared to the “within
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~

plate” ones ; all the basic rocks of the ophiolitic complex presented so
far depass the medium wvalues of literature. )
The alkaline-earth elements, Ba and Sr, are affected by the spi-

litization process. There are no significant variations for

each group,
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Fig. 9. — The same legend as for Figure 1.
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Fig. 10. — 1, 2, 3, 4, 5, The same
Figure 1 6, ultrabasic rocks of
the Rardu syncline ; 7, ultrabasic
rocks of the Haighimas syncline ;

8, medium values for ultrabasic - o
rocks after Kraft and Schind- o 2
ler; 9, medium values for basic w3LE
rocks after Kraft and Schind- ® ¢
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but we note that the greatest Ba and especially Sr values occur in the
“within plate” spilites.

Spilitization is generally present in the basic rocks and could be
responsible for the high Li values which may reach 170 ppm. Similar
Li values have been registered for the spilites of the Ecrins-Pelvoux
massif (Vatin-Pérignon et al., 1974).

The group of basic rocks of the “volcanic arc” type is the most
refractory as regards the registering on differentiation diagrams. Their
Zr and Y values are extremely low and are P,Oj deficient.

Finally, we want to point out the fact that sample 434 (the amphi-
bolite on the Deremoxa valley) falls within most of the variation dia-
grams in the neighbourhood of the basic rocks field and it never occurs
near it, nor makes the passage to the ultrabasic rocks.

Conclusions

The investigations carried out by us represent the first systematic
petrological study and the first geochemical investigation of the Meso-
zoic magmatites of the entire Rardu-H&ghimas syncline and lead us to
the following general conclusions :

— The reconstruction within the klippes and nappe outliers of an
ensemble of basic rocks (pyroclastites, massive flows and pillow-lava,
doleritic  veins, tuffites and radiolarites) leads to the conclusion that
within the external margmal syncline, the magmatic rocks associated
with the Transylwanmn series represent the vestiges of an ophlohtlc
complex ;

— The fact that all over the Rardu and the Haghimas Mountains
there exist a number of elements which prove the presence of the
rocks with features characteristic of those which originate in “ocean
floor” zones, confirms the previous hypothesis (Radulescu, San-~
dulescu, 1973; S&ndulescu, 1975) according to which the origin
domain of the ophiolitic sequence — the Transylvanian domain — is
characterized by an ocean type crust. This hypothesis is based on the
presence of ultramafic rocks of the cumulus type and possibly of the
acid differentiate on the Fundul Pojoritei brook, as well as of the flows
of massive basic rocks or pillow-lava, within which we could follow
tholeiitic magmatic differentiations resembling the “ocean floor” mafic
s¢quence of Corsica (Beccaluva et al, 1977). The presence of ortho-
pyroxene-rich peridotites and of acid quartz differentiates in the tho-
leiites of Cyprus was interpreted by Ohnenstetter et al. (1975)
by means of a comparison With the Corsican ophiolites pointing to
the fact that the former were formed by fractionation under low. pres-
sure conditions due to rapid upward imoving of the diapirs. Could this
situation be characteristic of some of the ophiolites lying in the Rardu-
Highimas syncline, as well ?

However, the presence of ‘the “within plate” basic rocks in the
specific geological conditions in which they appear, must be interpreted
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as originating in eruptions similar to those of the Kyrenia zone (Cyprus)
compared by Pearce (1975) to the actual ones of Hawaii and Gala-
pagos, namely volcanic islands within an ocean plate.

The presence of the basic metamorphosed rocks (the garnet a.mph1-
bolites on the Deremoxa valley) may be interpreted elther as repre-
senting the rests of some continental crust fragments which remained
in the oceanic domain during the spreading, or as a “subsea floor”
metamorphism phenomenon which may lead to the formation of hy-
drated minerals of the greenschist facies or, at high temperature, meta-
morphites in the amphibolite-granulite fac1es cited in other develop*
ment areas of the ophiolites, too (Beccaluva et al., 1977).

Although conclusive data are needed, the rare presence of prehnite
on the fissures of the tuffs and the flows of basic rocks, and more
rarely of pumpellyite, zeolites and actinolite (actinolitized wvariolite
3178 D) could lead to the conclusion that high pressure metamorphism
phenomena could have also occured in the Transylvanian basin.

REFERENCES

Abbate E, Bartolotti V., Passerini P. (1973) Studies on mafic and
ultramafic rocks. 2. Paleogeografic and tectonic considerations on the ultra-
mafic belts in the Mediterranean area. Boll. Soc. Geol. It., 91, p. 239—282.

Beccaluva L, Ohnenstetter D, Ohnenstetter M, Venturelli G.
(1977) Contrib. Mineral. Petrol, 64, p. 11—31.

Gandrabura E. (1970) Ariegitul din Valea Deremoxa (Breaza, jud. Suceava).
Anal. Stiinfifice Univ. Al 1. Cuza, lasi, XVI, II, b, Geologie.

Ohnenstetter D, Ohnenstetter M, Rocci G. (1975) Tholeiitic"cumu‘:
lates in a high pressure metamorphic belt. Petrologie, I, 4, p. 291—317.

Pearce J. A, Cann J. R. (1973) Tectonic setting of basic volcanic rocks de-
" termined using trace element analyses. Earth Planet Sci. Lett., 19, p. 290—300.

— (1975) Basalt geochemistry used to investigate past tectonic environments
in Cyprus. Tecltonophysics, 25, p. 41—67. ’

Rdaddulescu D, Sandulescu M. (1973) The Plate Tectonic Concept and
the Geological Structure of the Carpathians. Tectonophysics, 16, p. 155—161,
Amsterdam.

Sindulescu M. (1975 a) Studiul partii centrale a sinclinalului H&aghimas.
An. Inst. Geol., L, Bucuresti.

— (1975 b) Essai de synthése structurale des Carpathes, B.S.G.F. (7), XVII/3,
Paris, p. 299—358.



/

184 DOINA RUSSO-SANDULESCU et al. 32

— (1976) Contributii la cunoasterea stratigrafiei si a p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>