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IN MEMORIAM

ELISA LEONIDA ZAMFIRESCU
1887 — 1973

La 10 noiembrie 1987 s-au Implinit 100 de ani de la nasterea la
Galati, a celei care a fost prima femeie inginer din Europa si care timp
de 42 de ani a condus laboratoarcle Institutului Geologic si ale Comi-
tetului Geologic. - i

Tatil siu, Anastase Leonida, a fost ofiter de cariera, mama, Matilda
Gill, fiica unui inginer de origine {ranceza, casatorit cu o romanca din
Reghin. A facut parte dintr-o familie numeroasa, .avind 11 frati, dintre
care cel ajunsi la maturitate si-au afirmat personalitatea : astfel Dimi-
trie Leonida a devenit inginer energetician,o ilustra figurda a tehnicii
romanesti, un frate a devenit sculptor, unul general; trei surori profe-
soare. A facut scoala primard la Galati si licewl la Scoala centralda din
Bucuresti.

“*. Inca din liceu si-a format un ideal din a deveni inginer chimist, pe
care l-a urmdarit cu perseverentd pind la realizare. Nepoata de inginer,
avind un frate mai mare inginer energetician, ‘profcsor universitar, a
avut ambitia si demonstreze ca si fetele pot imbratisa o carierd tehnicd.
Avind un bacalaureat clasie, face un prim pas prin a da examene de
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6 IN MEMORIAM 2

diferentd pentru a absolvi si sectia reald, la liceul Mihai Viteazul. Dato-
rita prejudecatilor vremii, la Scoala de poduri si sosele, care mai tirziu
a devenit Scoala politehnica din Bucuresti, nu a fost admisa ca students.
Infruntind toate piedicile, pleaci la Berlin in anul 1909 si se inscrie la
Academia regald tehnica din Berlin, la scoala de traditie de la Char-
lottemburg devenind prima studentd a acestui asezimint, pe care il
absolva in 1912, devenind prima femeie inginerd din Germania, din
Europa si implicit din Romania, unde avea sd-si desfisoare activitatea
profesionald. Diploma sa, tradusa si legalizatd, a fost redactati astfel :
Domnisoarei Elisa Leonida, din Galati, titlul de inginer diplomat, dupa
ce a depus examenul penfru dipioma Facultétii de chimie si metulurie,
conform regulamentului pentru examene de diplomd, la 20 ianuarie 1912,
cu specialitatea chimie. A sustinut examenul de absolvire obtinind men-
tlunea ,,bine“. Charlotternburs @ mai 1914. Semnati de rectorul Rom-
berg si decanul facultitii Hoffman.

Dar si la Berlin a avut de infruntat prejudecitile si piedici din
partea colegilor si a profesorilor, asa cum reiese din amintirile sale publi-
cate in revista ,Viata studenteasca* din 8 martie 1960, din care citim :
»In politehnicd o studentd ? (politehnica din Charlottemburg). Cine a mai
auzit asa ceva ? Unii profesori au ingdimat nduciti, proteste®. Rectorul
s-a simtit obligat sd atraga ferm atentia noii studente ca nu cumva sa
dea prilej de nemultumire, ea fiind... un caz aparte. Iar noii colegi, pentru
care studentia insemna distractie si halbe cu bere, au impiedicat-o si
participe la festivitatile traditionale de matriculare. La cererea de in-
scriere, decanul Hoffman invocase ca argument, chemarea esentiala a
femeil, cei trei K — Kirche, Kinder, Kuche (biserica, copiii, bucitaria),
lar in timpul studiilor, in laboratoare o ocolea, ignorindu-i prezenta. Pro-
fesorul Schubert, care preda un curs de masini, mai combativ, plin de
iritare, cind a vazut-o in amfiteatru, a strigat: ,la bucatirie, acolo-i
locul femeilor, nu la politehnicd“. Cu ribdare, cu dirzenie si cu silinta
a transformat prejudecitile, ostilitatea si privirile batjocoritoare, in ad-
miratia generald, si chiar a profesorului Hoffman care inminindu-i diplo-
ma 2 declarat prinire altele -— die Fleissigste der Fleissigsten — (cen
mai silitoave dintre cei silitori).

Evenimentul absolvirii studiilor si obtinerii titlului de inginer la
Charlottemburg, de o femeie, a facut vilvd si a fost consemnat in toata
presa europeand si in ziarele timpului care apidreau in Roménia. Pentru
a ilustra mentalitatea vremii si impresia facuta de acest eveniment, re-
dam citeva fraze din ziarul ,Minerva® apirut in iarna anului 1914, in
care la rubrica ,,Cronica femininid® sub titlul ,,Prima romanca inginer®,
printre altele se scrie : ,,Cine a spus cd femeia nu e capabild de muncd
intelectuald intensa si serioasa s-a inselat desigur. O compatrioatd a noas-
tra, d-ra Elisa Leonida, fiica colonelului Leonida, in loc si studieze lite-
rele sau medicina, sau mai rdu, dreptul, a studiat ingineria la Charlottem-
burg. In inginerie, viitorul femeilor ¢ mare. D-ra Elisa Leonida a trecut
cu un stralucit succes examenul final, obtinind diploma de inginer. Dinsa
este prima femeie inginer in tara noastra si din Germania. Transmitem
felicitdrile noastre tinerei inginere si sperdm ca exemplul d-niei sale
va fi urmat de cit mai multe fete din tara noastrd, care, azi, se ingra-
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madesc la facultatea de litere, sporind astfel proletariatul licentelor fin
litere, candidate in viatd la posturi de copiste sau dactilografe,

Reintoarsa in patrie este angajatd la Institutul Geologic, initial ca
asistentd extrabugetara.

In timpul primului rdzboi mondial, cu riscul vietii merge pe front
unde fisi desfdgoard o intensd activitate in cadrul organizatiei ,Crucea
rosie® ajutind la alinarea suferintelor soldatilor rdniti. T se incredin-
teaza chiar conducerea unor spitale de campanie in apropiere de Mari-
sesti 81 este decoratd cu ordine si medalii rominesti si striaine. In
anul 1918 se casatoreste cu C. Zamfirescu, inginer, doctor in chimie, fra-
tele seriitorului Duiliu Zamfirescu. Casitoria are loc in comuna Ghidi-
ceni, unde sotii s-au cunoscut pe front.

Reintoarsa in anul 1920, la Institutul Geologic, activeazi aici pina
Ia 1 mai 1963 iesind la pensie la virsta de 75 de ani. Ca o tridsiturd a
caracterului sdu nobil, este de remarcat faptul ci desi avea dreptul de
a cumula pensia cu salariul de la virsta de 52 de ani, renunti la pensie,
optind numai pentru salariu, aducind statului o economie de aproximativ
300 000 lei.

In anul 1948 se infiinteaza un Comitet de Stat al Geologiei s1 o
intreprindere de prospectiuni si laboratoare. Desi indeplinea conditiile
de pensionare isi continud activitatea, organizind din micul laborator
al Institutului Geologic, cu citiva chimisti, doudsprezece laboratoare avind
un personal numeros. Participd cu entuziasm la dezvoltarea acestei acti-
vitati pe care o conduce cu competentd si indruma fondurile alocate de
stat pentru dotarea cu aparatura cea mai moderna la acea ord. Astfel
a adus un aport important la progresul economiei nationale si la afir-
marea stiintei romanesti.

Sub conducerea sa, laboratoarele au realizat un volum de 85 000 ana-
lize, care poartad girul semnaturii sale pe buletine. Aceasti cifrd statistica
este searbada si ar fi nesemnificativd ‘dacd nu am aminti preocuparea
inginerei chimist Elisa Leonida Zamfirescu, pentru elaborarea de metode
de analizd, rationalizari, introducerea de tehnici noi si elaborarea de
studii avind ‘ca 'scop cunoasterea bogitiilor subsolului patriei noastre.

In lunga sa activitate s-a preocupat dé¢ analize de ape potabile si
minerale, petrol si gaze, cdrbuni, bitumine solide, roci de constructie si
de prepararea minereurilor. A executat numeroase studii de sintezi,
unele publicate de Institutul Geologic, in seria ,,Studii economice®. Din-
tre acestea mentiondm : Studiul extragerii potasiului din glauconite ; Stu-
diul pentru valorificarea manganului din rodonite ; Studiul zicimintelor
de grafit din muntii Oltetului ; Studiul determindrii germaniului in cir-
buni si minereuri; Studiul padminturilor decolorante din R.P.R.; Valo-
rificarea gazelor din craking ; Sinteza glicerinei plecind de la propilens ;
Prepararea unui aditiv antioxidant pentru uleiuri plecind de la etilen-
clorhidrinéd ; Aditivi pentru uleiurile minerale pe bazid de risini acrilice ;
Studiul compozitiei chimice a titeiului in R.P.R.; Studiul bauxitelor din
Muntii Apuseni; Studiul cromitelor de la Orsova ; Studiul diatomitelor

din R.P.R.; Studiul paminturilor decolorante cu aplicatii practice in in-
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dustria de petrol ; Metode elaborate pentru dozarea vanadiului in mine-
reuri, zirconiului, cesiului, silicei in baritind si altele:

A studiat si a redactat norme si standarde de Stat pentru analize.

Multi dintre specialistii care aveau nevoie de rezultatele analizelor,
de o Indrumare sau un sfat profesional o gédseau de dimineata pina seara
la orele 20—21, in laborator, impartdsind din bogata sa experientd in
domeniul compozitiei chimice a substantelor minerale, indicind cele mai
adecvate metode de analizd si moduri de valorificare a rezultatelor.

Dar printre multiplele sale preocupdri, a dat o deosebitd atentie
formarii personalului, ocupindu-se atit de tineri chimisti, dar si de labo-
ranti si muncitori, contribuind la ridicarea nivelului lor stiintific si pro-
fesional prin cursuri si indrumari zilnice.

Ca profesoara de fizico-chimice la liceul Pitar Mos, din Bucuresti,
a reusit sa se apropie sufleteste de elevele sale, carora le-a lasat o amin-
lire negtearsi si le-a insuflat dragostea pentru stiinta.

A ficut parte din Asociatia internationald a femeilor umversltare
aducind o contributie esentiala privind cunoasterea activitatii femeilor
din Roménia. A tinut numeroase prelegeri de popularizarea stiintei. In
calitate de presedinte al Comitetului de luptd pentru pace din Institutul
Geologic, luind atitudine fatd de inarmarea atomici, adreseazid Comisiei
de dezarmare de la Lancester House din Londra, un-protest competent
si justificat, insistind asupra pericolului ‘armei atomice. Aceastd inter-
ventie a fost comunicata oficial la ONU. In ziarul , Rominul American®
nr. 14 din 8 martie 1960, apare un articol omagial privind viata si munca
Elisei Leonida Zamlirescu, In care se referd 91 la \rlata sa e\emplara
de familie, ca sotie si mama a doi copii. i

La 25 noiembrie 1973, in virsti deé 85 de ani, a incetat din Vlata
aceea care a fost puma femeie inginer din Europa, o ilustrd personali-
tate stiintifica, care si-a dedlcat intreaga viata slujindu-si cu dragoste
Patria, contribuind prin mur*ca sa la cunoasterea gi valorificarea resur-
selor 5ubsolulul romanew '

' :'.O;!"tenedn-ia Mihai

Inheprmdema “de Prospectiuni Geolngme
i Geofmce Bucuresti EAEG

W/ \1 Institutul Geologic al Romaniei
R



IN MEMORIAM

| Prof. DAN GIUSCA
Membru al Academiel Romdine
1904—1988

La 10 august 1988 s-a stins din viata la virsta de 84 ani profesorul
Dan Giused, membru al Academiei Romane. Disparitia neasteptatid, in
plind activitate stiintificd, a acestei personalitati marcante a gcolii roméne
de geologie a ld“v‘l un gol de neinlocuit in viata geol oglca a tarii, Tristul
eveniment a indurerat profund pe toii cei care au pierdut prin persona-
litatea generoasd, cu deosebite calitédfi umane, a profesorului Dan Giuscs,
un dascal indragit, un colaborator pretios si un prieten atasat. Geo-
logia romaneascd a pierdut ! hizator de drumuri noi si un lupta-
tor plin de daruire pentru alirmarea el pe plan national i international.

" Dan Giuscid s-a niscut in Buecuresti, ca unic fiu
al lui Dumitru si Mariei Gi PTT. Inviatamintul mediu

I-a urmat la liceele Lazir si Sf. Sava si l-a absolvit in 1922 la liceul
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10 IN MEMORIAM 2

Matei Basarab din capitald. In 1925 obtine licenta in stiinte fizico-
chimice la Universitatea din Bucuresti, si in 1927 dobindeste titlul de
doctor in chimie la Universitatea din Cluj, pe baza unei teze de crista-
lochimie : , Efectul morfotropic al inchiderii de cicluri spiranice“.

Revenit la Bucuresti se dedicd cristalografiei si mineralogiei sub
indrumarea prof. Ludovic Mrazec, ca geolog asistent la Institutul Geo-
logic al Romaniei si din 1929 ca sef de lucrdri la Catedra de minera-
logie a Universitatii din Bucuresti. Pentru anii 1929 si 1930 obtine prin
concurs o bursd din partea statului, care-i asigurd o spegializare in
mineralogie la Scoala Politehnici 'din Zirich, unde lucreazi cu Paul
Niggli si la Institutul pentru Cercetarea Silicatilor din Berlin — Dah-
lem, pe linga W. Eitel.

Reintors in tard, Dan Giusca se dedicd cu o deosebitd pasiune atit
activitatii didactice, cit si cercetdrii teoretice cu aspecte aplicative di-
recte. Aceastd dubld preocupare i-a caracterizat activitatea pina la sfir-
situl vietii si s-a materializat prin functionarea activd in paralel in
corpul didactic al Universititii Bucuresti si succesiv in diverse institutii
cu profil geologic pe plan national. La inceputurile acestui drum, in
care s-a confurat din ce in ce mai pregnant personalitatea marcanti a
profesorului si a specialistului Dan Giusci, se situeazi cisitoria la 6 de-
cembrie 1936 cu Constanta Bénescu, absolventi a facultitii de drept
§1 a conservatorului de stat din Bucuresti.

In invdtidmintul universitar Dan Giugeca a fost atras de prof. Lu-
dovic Mrazee, care remarcindu-i valoarea i-a oferit inci din ultimul an
de studentie (1924) postul de custode al Laboratorului de Cristalografie,
Mineralogie si Petrografie al Universititii din Bucuresti si l-a numit
in 1929 sef de lucrdri la aceeasi catedrd. In 1937 a dobindit titlul de
conferentiar de petrografie si in 1948 a fost numit profesor universitar.
Dupa reforma invatdmintului din 1948 a fost atestat ca doctor in stiinte
geologice (1955) si ca profesor de petrografie si ziciminte (1956). In
1960 i s-a incredintatpregitirea doctoranzilor, iar in 1968 a obtinut titlul
de doctor docent.

Profesorul Dan Giuged a fost activ 45 ani la catedra de Minera-
logie-Petrografie pe care a slujit-o de fapt timp de peste o jumitate
de veac. Spiritul sdu novator a pus bazele structurii moderne a Invi-
tamintului la aceastd catedrd, prin organizarea laboratoarelor si a co-
lectiilor si prin structura cursurilor sale care acoperd practic toate ra-
murile stiintelor geologice legate de domeniul proceselor endogene. In
cursul anilor a prezentat prelegeri de cristalografie si mineralogie, pe-
trografie generald, petrografia Romaniei, petrologia rocilor endogene,
petrografie si geochimie, bazele fizico-chimice ale petrografiei, z#ci-
minte de minerale utile, metalografie, cursuri care s-au bucurat siste-
matic de adaptiri in functie de progresele realizate pe plan mondial in
ramurile respective.

Dupd pensionarea in 1974 si-a continuat activitatea didactici pind
la sfirgitul viefii ca profesor consultant pentru pregitirea doctoranzilor.
In cursul a 28 de ani a indrumat tezele de doctorat a 40 de specialisti
din tara si a doi doctoranzi striini.

) Institutul Geologic al Romaniei
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3 - IN MEMORIAM 11

In afara activitdtii didactice profesorul Dan Giusci s-a remarcat
printr-o remarcabild muncd de cercetare stiintificid materializata in 107
lucrari publicate in tard si in strdinatate si in numeroase rapoarte de
serviciu. De asemenea a colaborat activ in principalele institutii cu profil
geologic din tard, atit in cadrul ministerelor de resort, cit si al Aca-
demiei Roméne. Intre 1929—1937 a lucrat deosebit de fructuos ca geolog
asistent la Institutul Geologic al Romaniei, intre 1937—1940 a functio-
nat ca geolog la societatea ,,Mica“, iar in 1948 revine la Institutul Geo-
logic al Romaniei. In noile structuri organizatorice create dupa razboi
a lucrat in cadrul ,,Intreprinderii de prospectiuni si laboratoare* (1945—
1950) in conducerea ,,Intreprinderii de cercetari ceramice® (1946—1947),
ca dispecer si director in ,,Comitetul Geologic* (1950—1960), ca membru
in ,,Comitetul Geologic“ (1960—1966), in comitetul executiv al ,,Comi-
tetului de Stat al Geologiei“ (1966—1969), in consiliul departamentului
geologic (1970—1972), in consiliul geologic al Ministerului Minelor, Pe-
trolului si Geologiei (1973).

Activitatea stiintificd s-a impletit astfel cu funectiile de réspundere
In orientarea si organizarea pe plan national a cercetdrii, prospectiunii
si explorérii geologice. Imbinarea armonioasi a vastelor cunostinte teo-
retice cu activitatea practicd, pe care a stiut s-o foloseasca in sprijinul
cercetdrii fundamentale, a dus la punerea In evidentd a noi resurse de
substante minerale utile, dar si la crearea unei generatii de geologi care
continud traditia scolii sale de geologie.

Din pécate, aceastd activitate fructucasi a fost curmatd de legis-
latia potrivnica intelectualitatii — care dupa 1970 a pregatit dezastrul eco-
nomic si cultural spre care s-a indrpetat tara — conform cireia prof. Dan

Giugcd a trebuit si se retragid din organismele operative ale geologiei
romaénesti.

In 1963 profesorul Dan Giusci a fost ales membru corespondent
al Academiei Romane, iar in 1974 devine membru titular. La Academie
se remarca in special prin sustinerea si promovarea publicatiilor sectiei
de geologie si prin reprezentarea geologiei roménesti peste hotare. A or-
ganizat si coordonat, pina la sfirsitul vietii, activitatea in cadrul pro-
gramului de colaborare multilaterald cu academiile tarilor socialiste (pro-
blema IX), contribuind si in acest fel atit la afirmarea prestigiului geo-
logiei roménesti, cit si la accesul la viata stiinfifica internationald a
geologilor competenti din generatiile mai tinere.

Inalta competentd stiintifici a profesorului Dan Giused s-a remar-
cat si pe plan international. A fost membru al Societitii Geologice din
Franta, al societatii franceze de cristalografie si mineralogie, al asocia-
tiei geologice Carpato-Balcanice, al Comitetului de avizare a revistei
wlschermack s Mineralogische und Petrographische Mitteilungen®, co-
respondent pentru asociatia internationald de vulcanologie, reprezentant
national in comisia IX de colaborare intre academiile tirilor socialiste.
A fost solicitat pentru conferinte in Franta, Germania, Anglia si a exa-
minat in calitate de expert lucrdri geologice din Zambia si Algeria.

Pe plan national a functionat ca membru in Consiliul national al
geologilor din Romadnia, in Consiliul national de geodezie si geofizica,

'/ b . 0 s -
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192 IN MEMORIAM 4

vicepresedinte al societétii de c;tiin‘ge geologice din Romaénia, presedinte
al filialei Bucuresti. i

Pentru meritele deosebite in activitatea stiintificd, didactica si
practicd la nivel national a fost distins cu ,Premiul de stat®, Medalia
Muneclf, Ordinul Muncii cl. a III-a, ordinul Stema Republicii cl. a IV-a,
Meritul stiintific cl. a II-a.

Activitatea stiintificA a profesorului Dan Giugcd a acoperit toate
ramurile stiinfelor mineralogice si petrogralice, inclusiv aspectele geo-
chimice si metalogenetice ale acestora. Domeniul de informare l-a con-
stituit practic intregul teritoriu al tarii, in care era implicat prin func-
tiile de coordonator pe plan national. In mod preferential s-a dedicat
Dobrogei, Muntilor Apuseni, regiunii Baia Mare si fundamentului Plat-
formei Moldovenesti.

Preocupérile din diferitele ramuri s-au impletit armonios in ve-
derea atingerii obiectivului urmarit. Reveniri in ultimii ani la proble-
matici abordate in finerete afestd preocuparea permanenti de a apro-
funda continuu intelegerea fenomenelor geologice.

Domeniul cristalochimiei, cristalografiei si apoi al mineralogiei in ge-
neral a reprezentat una din preocupdrile preferentiale in tot timpul
vietii ,de la debutul cercetirii stiintifice prin descrierea in 1924 a unor
forme noi ale cristalelor de celestind, pina la ultima lucrare tiparita in
1986 despre structura atomicd a mineralelor. Obiectul studiilor 1-au for-
mat cu precidere mineralele din zdcimintele Transilvaniei. dar si din
alte parti. ca gi substante sintetice sau organice. Insemnate pentru pro-
gresul stiintelor mineralogice au fost in special lucriri despre cristalo-
chimia silicatilor cu paminturi rare si scandiu, germanati si titanati cu
paminturi rare, niobati ca si studiul calcografic al sulfoarsenitilor de
Pb, Ag, Tl de la Lengenbach (Elvetia), preluate in tratate clasice ea tra-
tatul de zdcaminte al lui H, Schneiderhéhim si mincralogia (reelaboratd)
a lui Dana,

Domeniul petrografic a constituit preocuparea de bazi. Debuteazi
cu studiul granitelor din Dobrogea i extinde investigatiile asupra gra-
‘nitoidelor din Carpatii Meridionali si Muntii Apuseni. In acest context
contribuie cu L. Mrazec la argumentarea posibilititii de formare a epi-
dotului in momente tardive ale etapelor lichide magmatice, Rocile vul-
canice banatifice si neogene beneficiazi de asemenea de contributii in-

semnate de ordin petrografic, geochimic, referitor la succesiunea pune-
rilor in loc. la metamorfismul magmatic si la transforméirile hidroter-
m‘alf- asociate. In acest sens trebuie remarcati in special recunoasterea
adularizérii si a semnificatiei geologice a acesteia. In domeniul rocilor
mjjxé,ﬂ.m a contribuit la caracterizarea petrografici si etapizarea eve-
nimentelor metamorfice, atit in fundamentul Platformei Moldovenesti
si al Dobrogei, cit si in aria Carpaticid, Modelul succesiunii cicluriloe
i’nf“--iimm‘fi(“f:- propus a ajuns In curind la o acceptie generald si in tirile
Invecinate, 5 '

. In L"!‘{'}mr.'-!‘.iu‘.: zdcamintelor activitatea a fost deosebit de fructuoasi
sioa t.‘upr':m p:‘:'(-iir- toate zacimintele de minereuri metalifere din tard.

_,\'.)[” carea problematictd prin impletirea aspectelor mineralogice, geochi-
mice cu 1ﬂrl] genetice si ansamblul geologic structural a creat o tra-
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5 IN MEMORIAM 13

difie in studiul zicamintelor din tard, care a dus la punerea in evi-
denfi a noi resurse de minerale utile.

In domeniul geochimiei poate fi privit ca principalul pirinte al
Scolii noastre de geoehimie, pe care a creat-o atit prin invatamintul
universitar, cit si in institutiile geologice cu caracter aplicativ. A pu-
blicat numeroase lucriri de geochimie referitoare la probleme regionale,
elemente chimice, procese mineralo-petrogenetice §i metalogenetice.

Profesorul Dan Giuscd si-a dedicat viaja muncil, progresului §i
formirii generatiilor tinere de geologi. Personalitatea sa stiintificd s-a
ndscut prin specializarea succesivd in numeroase domenii interdepen-
dente ale stiintelor geologice, pe un fond de inteligenta si putere de
sintetizare remarcabile. La aceastd inzestrare teoreticd cu totul deose-
biti s-a adiugat o experientd vastd din domeniul practicii. Figura lui
generoasii va ramine in amintirea noastrd nu numai ca un reprezen-
tant de seami al intelectualitafii roménesti, ci si ea personalitatea cea
mai marcantd a mineralogiei si petrografiel ultimei jumatdfi de veac.

Disparitia prof. Dan Giuscd reprezinti pentru geologia romaneascd
o pierdere imensi, care in pericada actuald de renastere a spiritualitatii
intelectuale si a structurilor activitdfii geologice se resimte in mod deo*
sebit .Sim{im un regret profund pentru faptul cd nu i-a fost dat sa tra-
iascd reinnoirea actuald pe care a asteptat-o din tot sufletul, Raminem
adine indatorati pentru tot ce a ficut pentru progresul geologiei roma-
nesti, pentru generatiile de geologi pe care le-a format si pentru ame-
liorarea ,in masura posibilititilor, a declinului din viata geologica pe
care in ultimii ani l-» trait cu adinci mihnire. Amintirea profesorului,
directorului, indrumétorului ,colaboratorului si in special a omului care
a fost Dan Giuscd. va persista adine inrdddcinati in memoria celor care
l-au cunoscut. Peniru generatiile viitoare va ramine prezent prin opera
sa stiintifici care in mare parte va pastra valearea in ciuda scurgerii
anilor,

Din partea Institutului de Geologie si Geofizicd un pivs omagiu !

Dy, H. G. Krdutner
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GEOCHEMISTRY OF THE GRANITOID ROCKS
IN THE TARCU MOUNTAINS !

by
PETRE ANDAR?

Granites. Granite gneiss. Proterozoic. Quartz diorites. Leucogranite. Lower
Paleozoic. Major elements. Minor elements. Magmatic differentiation. Grani-
tisation. Metasomatism. Radiogenic heat. Statistical distribution. Correlation.
Trend-surface analysis. Factor analysis. Tarcu Mountains. Transylvanian Alps.

Abstract

Virful Pielrii, Furcitura and Petreanu granitoid bodies are situated in the
northwestern part of the Danubian Units in the metamorphites of the Petreanu-
Rof tectonic window belonging to the Lower Danubian Unit. The mineralogical
and petrographic differences between the granitoid rocks of the three mentioned
bodies are reflected also by their chemical composition both for the major elements
and for the trace elements. The statistical study (distribution, correlation, trend
surface analysis, factors analysis) of the geochemical data revealed significant dif-
ferences between the granitoid rocks in the Tarcu Mts. Unlike the Furcatura and
Petreanu granitoid bodies, the areal distribution of the major chemical components
of the Virful Pietrii granitoid rocks is controlled by the form of the granitoid body.
Except for Li, Be, Yb and U, the average contents of all the other trace elements
are almost two-four times lower in the Virful Pietrii leucogranites than in the
Furcitura and Petreanu granitoid bodies. The granitoid rocks of the three bodies
differ also by the frequency and intensity of the correlation between the trace
element contents. As compared with other granitoid massifs of the Danubian Realm
in the South Carpathians, Tarcu Mts granitoid bodies display average values of the
lowest radiogene heat. The relationships with the surrounding rocks, structure,
texture, mineralogical composition, origin of enclaves and the general aspect of
the pluton point undoubtedly to the magmatic origin of the Virful Pietrii granitoid

"1 Thesis of doctor’s degree held on January 28, 1984, at the University of
Bucharest, paper received March 22, 1984, accepted for publication January 27, 1986.
2 Institutul de Geologie si Geofizicd. Str. Caransebes nr. 1, R 79678, Bucu-
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16 P. ANDAR 9

body. Nevertheles, the mineralogical, petrographical, structural and geochemical
observations show significant differences between the Furcitura and Petreanu gra-

nitoid bodies suggesting different petrogenetic and evolution processes,

Hésume

Géochimie des roches granitoides des monts de Tarcu. Les corps grani-
toides de Virful Pietrii, Furcdtura et Petreanu sont situés dans la partie NW de
P'autochton danubien, dans les métamorphites de la fenétre tectonique de Petreanu-
Rof, appartenant au danubien inférieur. Les différences minéralogiques et pétro-
graphiques entre les roches granitoides des trois corps se reflotent aussi dans leur
composition chimique pour les éléments majeurs aussi bien que pour les éléments
mineurs. L'analyse statistiqme (distribution, corrélation, analyse de tendance, analvse
factorielle) des données géochimiques a indiqué d’importantes différences entre les
roches granitoides des monts de Tarcu. A la différence des corps granitoides de
Furcatura et Petreanu, la distribution aréale des components chimiques majeurs
des roches granitoides du massif de Virful Pietrii est controlée par la forme du
corps granitoide. Excepté Li, Be, Yb et U les teneurs moyennes pour tous les auires
eléments mineurs sont deux a quatre fois plus réduites dans les leucogranites du
massif de Virful Pietrii par rapport aux corps granitoides de Furcitura et Petreani.
Les roches granitoides des trois corps différent par la fréquence et Uintensité de
Ja corrélation entre les contenus des éléments mineurs. A la différence d'autres
massifs granitoides de Tautochton danubien des Carpathes Méridionales les corps
granitoides des monts de Tarcu présentent des valeurs moyennes des plus réduites
de la chaleur radiogéne, Les rapports avec les roches environnantes, la structure,
la texture, la composition minéralogique, la nature des enclaves et I'aspect géné-
ral du pluton atfestent Porigine magmatique du corps granitoide de Virful Pietrii.
En c¢change, les observations minéralogiques, pétrographiques, structurales et géo-
chimiques indiguent d'importantes différences entre les corps granitoides de Plred-
tura et Petreanu en suggérant des processus pétrogénétiques et évolutions différentes.

1, INTRODUCTION

The Virful Pietrii, Furcdtura and Petreanu granitoid bodies lie in
the north-western part of the South Carpathians, in the Tarcu massif,
north of the Godeanu massif and west of the Retezat muassif.

The relief is quite uneven. A characteristic feature of the relief is
connected with its altitude which increases from the north, where it
reaches ca 1400-1600 m, to the south (Sturu Summit, 1822 m ; Petreanu
Summit, 1897 m; Murgan Summit, 1964 m) attaining the maximum
height in the Virful Pietrii (2198 m). The summits form a radial net-
work with the centre in the Virful Pietrii.

On the whole, there is a close relationship between the relief and
the petrographic constitution of the geological formations in the study
region. Thus, the granitoid rocks led to the formation of a rough

_(’\ Institutul Geologic al Romaniei
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3 GEOCHEMISTRY OF THE GRANITOID ROCKS IN THE TARCU MTS 17

mountainous relief with steep slopes and peaked ridgees, with summits
exceeding 2000 m high, whereas the surrounding metamorphic formations
are characterized by mild forms of relief, with heights less than 1600 m.

The hydrographic network belongs to two hydrographic basins :
the upper basin of the Bistra Bucovei River, whose tributaries drain the
western part of the region, the northern and south-western parts of
Virful Pietrii massif respectively, and the basin of the Riul Mare River.

The glacial phenomena are represented by glacial circuses, glacial
valleys and moraine deposits.

2. EARLIER GEOLOGICAL RESEARCHES

The first accounts on the geology of the north-western part of the
Danubian Units date back in the years 1861-1862 and belong to Stur
(1862). He described, in the north-western part of the Retezat massif,
micaceous gneisses, amphibolites, etc. displaving a more obvious schisto-
servations are recorded by Hauer and Stache (1863) on the map appended
to their paper ; however, only gneisses are figured.

General geological data on the crystalline schists occurring in this
area were given by B. von Inkey (1891), who divided them into three
grouns after Boch's classification (1879): a lower group, consisting of
granitic gneisses (I); an intermediary group, represented by micaschists,
micaceous gneisses, amphibolites, etc. displaving a more obvious schisto-
sity than the rocks from the first group (II); an upper group, with a
more reduced schistosity, consisting of chlorite schists, graphite schists,
phyllites, ete. (III).

The researches were continued by Schafarzik (1899), who described
the crystalline schists in the Retezat massif and the Riul Mare basin
and divided them into three groups, according to Bdéch's classification.
Thus, he considered the rocks from the Virful Pietrii massif muscovite
gneisses, although he mentioned their morphology as stock ; he reached
the conclusion that they form the lower part of the group II of crys-
talline schists. As regards the rocks of Petreanu massif, Schafarzik re-
garded them as biotitic orthogneisses derived from a granite by dynamo-
metamorphic processes. Later on Schafarzik (1901) considered that the
Petreanu massif consists mostly of eruptive rocks ; he also showed that
the neighbouring crystalline schists display a contact metamorphism.

The geological researches in the study region were resumed in the
period 1929-1933 by Gherasi wlio studied this area more than four de-
cades. In 1937 Gherasi gave a detailed petrographic and tectonic des-
cription of the crystalline schists and of the granitoids in the upper part
of the Riul Mare basin, Tarcu and Godeanu Mts ; he also published the
first geological map of the region. In this paper he rendered ecvident.
for the first time, the Virful Pietrii granitic massif.

The first minute geological researches in the northern part of the
Tarcu and Petreanu Mts were effectuated by Al Codarcea and N. Ghe-
rasi (1944-1945), especially in connection with the water power stations
designed to be carried out on Riul Mare and Bistra Marului. Their
researches led to the separation of well-characterized metamorphic units

2—c, 432
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and to the clearing up of their tectonics. Thus, on Bistra Mirului Valley,
they distinguished an amphibolite zone, a zone with chlorite schists and
quartzites, Virful Pietrii granite, Muntele Mic granite and Sucu granitized
zone. The mentioned authors also separated the “Vidra Series” within the
Paleozoic metamorphosed formations. In the Riul Mare Valley they es-
tablished the presence of five complexes that succeed from N to S as
follows : muscovite chlorite-schists series, granitic gneisses complex,
chlorite-biotite banded schists series, Petreanu granitic complex, and phyl-
lite series.

The separated subdivisions were confirmed by subsequent geological
researches effectuated in the area lying between the two rivers. Thus,
Gherasi et al. (1968) described the stratigraphy and petrography of the
crystalline schists in the north-western part of the Virful Pietrii massif;
Gherasi and Dimitrescu (1968, 1970), Morariu (1982), Morariu, Morariu
(1982) and Dimitrescu (1985) brought petrotectonic and lithostratigraphic
contributions to the structure of the crystalline occurring in the northern
part of the Retezat and Petreanu Mts.

The granitoid rocks from Virful Pietrii and Petreanu massifs were
also studied by Codarcea and Pavelescu (1963) and Giusca et al. (1969),
who described the genesis of the granitoids occurring in the Danubian
Units which they considered of magmatic origin and of Lower Paleozoic
age, as well as by Soroiu et al. (1970-1972), who dated the Precambrian
crystalline and eruptive formations of the South Carpathians by K/Ar
absolute age measurements.

3. GENERAL GEOLOGICAL DATA

Recently, on the basis of all the geological data gathered in the
last decades, Kriutner et al. (1981) and Berza et al. (1983) showed that
the Danubian crystalline formations belong to two great tectonic units
the Lower Danubian Unit and the Upper Danubian Unit — formed,
in their turn, of several subunits.

The granitoid bodies from Virful Pietrii and Petreanu are situated
in the north-western part of the outcropping area of the Danubian Units,
in the metamorphites of the Petreanu-Rof tectonic window belonging to
the Lower Danubian Unit. The mentioned granitoid massifs pertain to the
suite of eruptive bodies that penetrate the Danubian crystalline for-
mations in Romania, extending on a length of ca 160 km from the Danube
up to the Latorita Basin.

The stratigraphy, petrography and structure of the lithostratigraphic
units in the north-western part of the Danubian Unit were described by
Schafarzik (1899, 1901), Gherasi (1937), Codarcea, Gherasi (1944, 1945),
Gherasi, Medesan (1968), Gherasi et al. (1968, 1975), Gherasi, Dimitrescu
(1968, 1970), Morariu (1982), Morariu, Morariu (1982).

The results of these researches were reinterpreted by Krédutner
(1980) and Kréutner et al. (1981), who pointed out that the Virful Pietrii
and Petreanu granitoid bodies are located in the Precambrian poly-
metamorphic rocks of the Petreanu Group belonging to the Carpian
Supergroup. According to the above-mentioned authors as well as to
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5 GEQCHEMISTRY OF THE GRANITOID ROCKS IN THI: TARCU MTS 19

Dimitrescu (1985), the crystalline schists found in the Petreanu-Rof
Unit, which are in direct relationships with the granitoid rocks, belong
to the following lithostratigraphic units: Rof Formation, Nisipoasa
Formation, Bodu Formation and Vidra Formation.

4. VIRFUL PIETRII MASSIF

The Virful Pietrii granitoid massif forms an ellipsoid-shaped plu-
tonic body, its axes having sizes of 15 ¥ 11 km, and consequently it
seems about circular. This massif lies between the Bistra Bucovei Valley,
to the east, and the Bistra Marului Valley, to the west, constituting the
Bloju, Pietrii, Sturu, Murgan, Scarigoara, etc. mountains. '

From the petrographic viewpoint, the Virful Pietrii massif consists
of leucocrate granites, which occupy most of the surface, granodiorites,
found sporadically only in the marginal zones of the massif, and quartz
diorites, occurring as small bodies at the western margin of the massif.
Enclaves of crystalline schists of different sizes are to be found both
in the marginal zones and in the interior of the massif.

4.1. Petrographical and Mineralogical Description

4.1.1. Dioritic Rocks

In the west of the Virful Pietrii massif there are two small bodies
of dioritic rocks known as the Bistra diorites (Gherasi, 1937).

The first diorite body is smaller and occurs in the Bistra Marului
Valley, about 500 m upstream the confluence with the Pecineaga Brook.
The rocks are characterized by a medium-grained texture and an
oriented structure.

The second diorite body is a bit larger and lies also in the Bistra
Mirului Valley around its confluence with the Capra Foii Brook. The
rocks are coarser than those of the first group ; they display a massive
structure, particularly in the central part of the body, and an oriented
structure in the marginal zone (Pl. I, Fig. 1).

Likewise, smaller outcrops of dioritic rocks (of some metres or tens
of metres) appear in the granitic rocks in the Pecineaga Brook, Sturu
Brook, Michi Brook, Bistra Marului Valley and west of Virful Pietrii
Summit in the Bloju Crest. In places these rocks occur in association
with intercalations of crystalline schists e.g. in the Michi Brook and in
the Bloju Crest.

- The presence of the microcline, in places quite abundant and dis-
playing an ocular character, determined the monzodioritic character of
these rocks.

The dioritic rocks ara penetrated lit-par-lit by granitic apophyses
and veinlets which point out their relationships with the granitic rocks.
This assemblage is locally cut by aplitic veinlets. All these field data
point out that diorites were formed before the granitic rocks of the
Virful Pietrii massif.
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The QAP diagram (Fig. 1) shows that they are grouped especially
in the monzodiorite field and display slight variations both towards
the quartz monzonites field and to the diorite field. Therefore, these
rocks regarded as diorites (Gherasi, 1937 ; Gherasi et al., 1968) are mostly
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Vig. 1 -— Q4P diagram. 1, granites, central facies; 2, granites, marginal facies; 3 granodio-

ritesi) 4° quarty diorites.

monzodiorites., The appearance of the monzonitic or dioritic rock-type
is mainly determined by a larger or smaller quantity of potash feldspar
as compared to that found in monzodiorites.

Under the microscope the rocks present a granular hipidiomorphic
texture,

Plagioclase 1s entirely altered being filled with a fine aggregate of
sericite, epidote and more rarely of albite. Shadows of polysynthetic twins
are seldom observed.

Hornblende is represented by the common variety of a green colour.
It occurs as well-developed, elongated, prism-like crystals with a good
cleavage and frequently twinned after (100). They display a good pleo-
chroism : Ng == green, Nim == light brown, Np = yellowish, ¢ : Ng = 18°,
Hornblende is less coloured on the marging, In places, it contains in-
clusions of quartz and altered plagioclase. In some zones of the dioritic
bodies a fibrous hornblende is observed; its extinction angle ¢:Ng = 15-18°
and it occurs especially as nests. The hornblende is of a light greenish
colour, weakly pleochroic and is formed at the expense of a primary
hornblende.

Quartz is usually found in small amounts as small grains. It is
xenomorphie, with an undulatory extinction filling the space between
the wider developed minerals (plagioclises and hornblonde).

_(’\ Institutul Geologic al Romaniei
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Biotite occurs in variable amounts in different outcrops of monzo-
dioritic rocks. It is found as irregular lamellas with the following pleo-
chroism : Ng = Nm == brown ; Np = yellowish. It is often chloritized.

Potash feldspar is represented by microcline ; its spreading is not
uniform. It usually occurs in small amounts, but locally it becomes
more abundant and displays an ocular character. Potash feldspar is Xeno-
morphous, incquigranular, with very irregular margins and always fresh.
In places, it contains inclusions of altered plagioclase.

© Accessory minerals arve represented mostly by sphene and apatite
and rarely by zircon.

Sericite, zoisite and epidote are secondary minerals formed espe-
cially by the hydrothermal alteration of plagioclase,

The main characteristics of the dioritic rocks in the Virful Pietrii
massif can be presented as follows :

QAP modal values : @ = 17.7,
A - 9.8“,-‘};
I

chemical composition :
Si0, Ti0, ALO; Fe,O, IeO MnO MgO Ca0 Na,0 K,0 PO H,O
56.20 0.8 16.34 237 130 022 513 643 3.5 3.08 041 1.09

= 7. 5”-&1

QAP normative values : @ .
A s 25.2“#“’;
2

= 67.3% )
Niggli values
s al fm ¢ al Ie g i
160.5 27.8 38.2 19.7 14.3 0.4 0.6 '

magma type : dioritic. ,/5’5#(/:76,4

4.1.2. Granitic Rocks

The Virful Pietrii granitoid massif is mostly constituted of a leuco-
crate crapite, of a light grey-whitish colour, with an almost massive
structure in the central part and an oriented or weakly oriented structure
(Pl. 1, Fig. 2) in the marcinal  zones. Maeroscopically the schistous
structurc is pointed out by the muscovite orientation. In some zones this
structure is wmore obvious and it reveals mechanic deformation pheno-

Jc. ae in the Niermes Valley nearby the confluence with
1rook, in the Strimbu Mare Brook and in the Bistra Maru-
am the eonflucnce with the Bloju Brook. The marginal facies
is not rmore than H00-600 1 wide (on an average 300 m) from the margin
of the eranitic massif towards the interior,

These structural differences of the granitic rocks correspond 1o
wealk variations of textural and mineralosical composition. The difforonces
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between the central and marginal facies refer especially to the rock
_granulation and only to a less extent to the percentage of the component
minerals. :

Generally, in the central, massive facies, the rocks show a typical
granitic, hipidiomorphic texture while in the marginal, schistous facies
the granulation is smaller, locally displaying an aplitic character. At the
same time the ratio between the calc-sodium feldspars and the potash
feldspar increases slightly in the schistous facies. To all this one can
add the presence of garnet and biotite in some marginal zones of the gra-
nitic massif. Garnet occurs as an accessory mineral only in the Bistra
Marului granites from the confluence with the Sturu Brook up to the
confluence with the Bloju Brook. Biotite, practically lacking in the cen-
tral part of the massif, occurs in the marginal zones e.g. south of Virful
Pietrii.

A variety of more alkali granites with microcline occurs sporadical-
ly, on small surfaces, as in the Murgana Valley and the porphyroid ones
at the confluence of the Pecineaga Brook with Bistra Marului.

Mineralogically, the Virful Pietrii granitic rocks consist of quartz,
plagioclase, microcline and muscovite, beside biotite especially in the
peripheral zones. A characteristic of the Virful Pietrii granite is the lack
of melanocrate minerals. The accessory minerals are also almost lacking,
except for garnet, which occurs as small grains in the western margin
of the massif, and sphene, which is very rarely found. As secondary
minerals, resulting from the hydrothermal alteration of the primary
minerals, especially of plagioclase, occur sericite, muscovite and more
rarely epidote and chlorite.

Although the mineralogical composition is quite uniform in the
granitic massif, as also pointed out by other researchers (Gherasi, 1937 :
Gherasi et al., 1968), certain variations can be observed as regards the
percentage of the component minerals. Thus, the modal composition of
the Virful Pietrii leucogranties indicates that :

— the quartz content displays a more obvious variation in the
marginal facies than in the central one, the average values being, how-
ever, close ;

— the ratio between the plagioclase feldspars and the potash feld-
spars increases from the central part of the massif, where its values are
almost equal to the unit, towards the periphery where it reaches 1.5 :

— the variation of the muscovite content 'is quite uniform, the
average content being a bit higher in the central facies.

The QAP diagram (Fig. 1) shows that the samples occur within the
limits of the granitic rocks domain, the monzogranite field and more
rarely in the syenogranite field. At the same time, one can observe

that the rocks of the marginal facies show a more granodioritic tendency,
their plotting field being situated in the close vicinity of the grano-
dioritic rocks domain, whereas the rocks of the massif facies fall only
in the granite domain. The plotting fields of the two facies are mostly
superposed.
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Microscopically, the Virful Pietrii leucogranites display a hipidio-
morphic texture, being constituted of quartz, plagioclase, potash feldspar
and muscovite.

Quartz constitutes about 35—40% of the rock. It is inequigranular
anhedral, irregularly disposed or occurring as nests in the central massive
facies and as conformable bands or lenses elongated after a certain
direction in the marginal facies. It is also found as small drop-like
inclusions or on different fissures in feldspars. The crystal margins are
very irregular displaying frequent interfingerings between them. The
quartz grains are usually small-sized (0.05-0.5 mm), but larger-sized
grains (0.8-1.5 mm) are also found. Regardless of their sizes, the quartz
grains present an undulatory extinction. Both the undulatory extinction
and the lack of inclusions in quartz indicate its recrystallization.

Plagioclase constitutes 25-35%/, of the granite mass, being spread
especially in the marginal facies. Plagioclase crystals are anhedral up to
subhedral and more rarely euhedral with a prism-like aspect. They are
{requently ovoidal or elongated with curved outlines, lobated with a
crystalloblastic aspect. When plagioclase comes into contact with potash
feldspar a very sinuous, convex corrosion line can be observed. Plagio-
clase is usually altered, turbid, being filled with a fine aggregate con-
sisting of muscovite, sericite, more rarely zoisite secondary mineral as-
sociation or it is transformed into a clayey, thick mass, a characteristic
feature of the plagioclase from the South Carpathians granites (Savu,
1970). Among these microlites muscovite occupies a significant part, its
frequency being inversely proportional to that of zoisite.

Plagioclase crystals contain locally globular quartz inclusions. The
plagioclase margins remain sometimes limpid and they show more albitic
features. In places, fresher crystals are observed which contain very fine
polysynthetic twins that show proof of the low anorthite contents in
plagioclase. Polysynthetic twins are also recognized in altered crystals,
locally only as traces. Associations of albite-Karlsbad twins are rarely
observed in plagioclase. Very rarely, especially in the south of the massif,
plagioclase shows a zonary texture emphasized by the different degree
of alteration of the crystal zones.

It is difficult to determine the plagioclase composition because of
their hydrothermal alteration which disturbed them. In some cases
values of the extinction angle of 8-14° could be determined by the me-
thod of the sections perpendicular to [010], which would point to a plagio-
clase with 5-18°An.

In the marginal zones of the granitic massif plagioclase often shows
cataclasis traces revealed by the fissured plagioclase crystals, torn, bent
twins individuals, ete. In places, the fissures are filled with quartz
(PL. II, Fig. 1).

The myrmekite-type plagioclase-quartz intergrowths are very rarely
found and they are quite poorly developed.

Potash feldspar constitutes 20-—35%, of the rock; it is spread es-
pecially in the central part of the Virful Pietrii massif and is represented

by microcline.
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Potash feldspar is anhedral, inequigranular, with highly irregular
margins and almost always fresh, _

It is developed interstitially as masses inside the plagioclase crystals
or as borders around them. Often it occurs on fissures crossing the plagic-
clase. Larger crystals with an irregular, ameoboidal, ocular (PL II, Fig. 2)
or tabular (Pl II, Fig. 3) outline are often found, too. Microcline is often
cross twinned. Microperthitic separations occur more rarely. The large
crystals of potash feldspar include frequently euhedral crystals or an-
hedral grains of plagioclase and globular quartz (Pl, II, Fig. 2). Potash
feldspar is very rarely zoned (Pl II, Fig. 3). A reaction zone consisting
of a very fine aggregate of quartz, sericite and altered plagioclase if often
observed around the large microcline crystals, Very rarely, in the mar-
ginal zones of the granitic massif, potash feldspar is fissured ; these-
fissures are more often filled with secondary minerals, quartz and sericite.

The optical and structural variation domains of potash feldspar
from granite were established on the basis of measurements of the optical
axes angle and of the extinction angle v :b on the universal stage on
110 crystals from 32 thin sections,

The results of this study point out that there are no differences
between the marginal and the central facies as regards angle 2V and
the angle between Ng and the plane pole (010). The value of 2V varies
between 73 and 88°, with the highest frequency (more than 60%) in the
domain 82-84°. In all the studied feldspars the extinction angle v : b
varies between 11 and 18° the maximum frequences ranging from
16 to 18°.

The carried out measurements made possible the determination «°
the triclinicity degree and, consequently, of the textural state of potasn
feldspar. The Laves-Vishwanathan diagram (1967) shows that the potash
feldspars from the Virful Pietrii granite have a high triclinicity and
they can be regarded as a maximum microcline.

Muscovite constitutes up to 10", of the rock. It occurs in two
distinct forms: as secondary mineral derived from the plagioclase
alteration and as primary mineral spread in the whole rock,

Secondary muscovite from plagioclase is usually found as small,
prismatic laths and more rarely as masses. Primary muscovite appearz
as isolated lamellas irregularly disposed or as nests in the central part
of the granitic massif and as oriented suites or lens-shaped nests in the
marginal zone of the massif. Muscovite crystals are usually small-mze&"
and they f{fill the interstices between the other minerals, quartz ang
feldspars ; large-sized crystals are found as well. The latter contain local-
ly drop-like quartz or biotite inclusions and are rarely surrounded by
a reaction zone,

A deformation of the large-sized muscovite crystals is observed in
the marginal zone of granite pointed out by their undulatory extinction
and the bent lamellas (P1. II, Fig, 4).

Biotite is very rarcly found and is usually chloritized.

As accessory minerals, apatite and zircon are f_or.u?d s‘poradicaﬂ}:
in the whole granitic massif, while garnet occurs only in the west of
the massif.
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The main features of the granitic rocks in the Virful Pietrii massif
can be presented as follows :

QAP modal values : @ = 39.80),
A = 31.5%,
P = 28.71%,

chemical composition :

8i0, TiO, ALO, Fe,0, FeO MnO MgO (a0 XNa,0 K,0 P,0, H,0
73.72 0.14 1442 0.66 0.62 0.06 0.60 1.49 3.76 3.34 0.05 0.67

QAP normative values : @ = 36.6%
A = 2249,
P — 41.0%,

Niggli values :
st al fm ¢ alk k mg
4105 47.3 10.9 8.9 328 0.4 0.5
magma type : engadinitegranitic-trondhjemitic.

4.1.3. Granodioritic Rocks

This petrographic type occurs sporadically in the marginal zone of
the granitoid massif, as local variations of the main mass of granitic
racks without forming bodies or distinct zones within the massif. Such
isolated, metrical occurrences are to be found in the Michi Brook, at
the confluence with Bistra Marului, and in the Pecineaga Brook.

The textural and structural features of the granodioritic rocks are
similar to those of the granitic rocks the only differences being the per-
centage of the component minerals. It is of note the more frequent par-
ticipation of biotite, which can reach 4-5%, of the rock.

- The QAP diagram (Fig. 1) indicates that the analysed rocks fall
in the granodiorites field.

"The general characteristics of the granodioritic rocks in the Virfut
D:le r11 massif can be presented as follo\w

QAP modal values : @ = 38.9%/,
. A = '12.8“}0
fERE— 48.30,"'I{i

" chemical composition : .
80, Ti0, ALO, Fe,0, FeO MnO MgO Ca0 Na,0 K0 P.0; HO
6555 0.32 18.05 1.26 1.15 0.06 2.96 452 409 1.32 008 1.13

" QAP normative values : @ = 26.0;
. A = 9_0“{!’0
P = 65.0%

f/ \1 Institutul Geologic al Romaniei



Niggli values :
si al fm & alk k mg
2459 39.9 239 18.2 180 02 0.7
magma type : granodioritic.

4.1.4. Pegmatites and Aplites

The pegmatoid facies are almost lacking within the Virful Pietrii
massif or at its periphery. They never form well-delimited veins or dis-
tinct bodies. Pegmatoid-like rocks are found as small amounts only in
the Murgana Brook. The rock composition is identical with that of
granites.

tnlike pegmatites, the aplitic rocks are more widespread. They
¢ ccur as microcrystalline facies rich in quartz, feldspars, and muscovite,
¢ipecially in the marginal parts of the massif. As already mentioned,
the aplitic veins penetrate both the dioritic bodies and the surrounding
schists,

4.1.5. Crystalline Schists Intercalations

Numerous crystalline schists intercalations are found in the Virful
Pietrii plutonic body. They occur both in the marginal zone and towards
the interior. The crystalline schists intercalations are very elongated,
lenticular. Their sizes vary highly, usually exceeding the metre order,
as those in the Pecineaga Valley or in the Michi Brook. Centimetric
intercalations are more rarely found, especially in the marginal zones, ¢.g.
in the Prodana Brook.

As concerns their relationships with granitic rocks, the crystalline
schists intercalations are more often conformable, their foliation
(schistosity) position coinciding with the granite foliation. However, in
places, the foliation of the crystalline schists intercalations forms an
angle of ca 10-30° versus the granite foliation, e.g. in the Loloaia Crest
and the Tarnita Brook. This unconformity is explained by the fact that
the crystalline schists intercalations represent blocks from the schistous
cover of the granitic pluton, distributed by the ascent of the viiscous
magma.

For both types of intercalations the contact with the granitic rocks
is clear.

The structural and textural features of the intercalations are proper
to the crystalline schists and they are determined by their mineralogical
composition. One can observe granoblastic, granolepidoblastic and lepido-
blastic textures and a schistous structure.

In petrographic respect, the intercalations are represented by retro-
morphosed gneisses and muscovite- and biotite-bearing quartzites. The
retromorphosed gneisses occur most frequently and they reach the largest
sizes, e.g. those in the Pecineaga Valley, Michi Brook and in the Pailtinet-
Virful Pietrii Crest. Quartzites are less spread and form smaller occur-
rences at the mouth of the Sciomfu Mare Brook, near Murgan Suminit,

) Institutul Geologic al Romaniei
IGR



3, GEOCHEMISTRY OF THE GRANITOID ROCKS IM THE TARCU MTS a7

where they are found in association with micaschists, and in the Cununa
Summit.

The crystalline schists intercalations are usually affected by gra-
nites ; the rocks display a migmatic character either because of bio-
titization and feldspathization (metablastic migmatites) or due to the
intrusion of a granitic material onto the schistosity planes (metatectic
migmatites), Such metablastic migmatites occur in the Pecineaga Valley,
upstream its confluence with the Peceneguta Brook, and in the Izvorul
Alb Brook, nearby the confluence with Bistra Marului. Metatectic mig-
matites are found in the Loloaia Crest and nearby the Murgan Summit,
where they are folded ; small quartz separations are observed in the
folds axes.

The small-sized crystalline schists intercalations are strongly affect-
ed by the granitic intrusion and altered into biotite hornfelses, e.g. in the
Niermes Valley and in the margin of the forest road.

4.2. Geochemistry of the Granitoid Rocks
in the Virful Pietrii Massif

4.2.1. Petrochemical Features

The petrochemical study of the granitoid rocks in the Virful Pietrii
plutonic massif is based on 43 complete analyses of silicates which re-
present the following rock types : 37 granite samples, 1 granodiorite and
5 quartz diorite samples (Tab. 1). Only four analyses have been taken
over from the literature : sample 1 for a quartz diorite (Gherasi, Mede-
san, 1968) and samples 2, 3, 4 of granites (Gherasi, 1967 ; Zimmermann,
Zimmermann, 1965).

As already pointed out by some researchers, e.g. Rittmann (1973),
Streckeisen, Le Maitre (1979), La Roche et al. (1980), Andreeva et al.
(1981), etc. the data of the chemical analyses can be used in the clas-
sification of the magmatic rocks either directly (pure chemical classifica-
tion) or calculating the normative composition (normative classification).

The projection of the results of the chemical analyses of the Virful
Pictrii granitoids on the RjR, diagram (Fig. 2) points out that most of
the analysed granitic rocks fall in the granite field, namely in the silica-
richer zone. Only few samples plot in other fields, especially in the
granodiorite field. The dioritic rocks fall in the field of quartz diorites
and diorites. This diagram shows a very good correspondence with the
mineralogical classification.

With a view to establishing the rock denomination and classification
according to chemico-mineralogical data the analysed granitoid rocks
were plotted on a QAP diagram (Streckeisen, 1967) on the basis of the
normative minerals values computed after Rittmann's method (1973). The
plots of the rocks are wider spread than in case of modal determinations
(Fig. 1), namely from the vicinity of the peak P up to the side AQ of
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Fig. 2 — R, — R, diagram. 1, quartz diorites; 2, Virful Pietrii granites; 3, Furcitura
granitoids ;4, Petreanu graniloids.

the diagram. This wide spreading of the plots makes possible the ap-
purtenance of the analysed rocks to several fields of the diagram. Thus,
the analysed samples of quartz diorites fall approximately near the same
fields as in case of the modal mineralogical composition : quartz-monzo-
nites, quartz monzodiorites, tonalites and quartz diorites. Quartz diorites
associated with the Virful Pietrii granites confirm only partially this
denomination, these rocks displaying a much more monzonitic character
due to the presence in variable amounts of the microcline porphyro-
Blasts. Most of the analysed granitic rocks plot in the granite field, monzo-
granite subfield, except for a few samples which fall in the granodiorite,
tonalite and alkali granite field.

The projection of oxides on Tyrell diagram illustrates a differ-
entiation process of the primary granitoid magma, the representative
points of the rocks being inscribed along curves that characterize very
well this phenomenon. Thus, the curves of the oxides AlyO3, Fey O, total,
CaO and MgO show a descending character concomitantly with the pas-
sing from the dioritic rocks to more acid terms of the granitic rocks.
This tendency of decrease of the oxide content concomitantly with the
increase of the SiO, content of the rocks is more marked in case of Fe,0,
and MgO. KyO curve shows a very weak tendency of increase towards
higher contents in SiO,, whereas Na,O curve, which first has a more

/-
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17 GEOCHEMISTRY OF THE GRANITOID ROCKS IM, THE TARCU MTS 31

marked tendency of decrease than K,O, decreases slightly at higher
values of SiOs.

The ratios Fe,O;/FeO and FeO/MgO vary similarly in the study
granitoid rocks. The first ratio, although varies a lot, shows a significant
tendency of increase concomitantly with the silica content.

The value of the alcalicalcic index (58) displays an obvious cale-
alkaline character of this series.

The FMA diagram shows clearly a magmatic differentiation process,
the plots being aligned along a line which starts approximately from the
centre of the diagram and reaches the F-A side nearby the peak A. The
change of the ratios between these chemical elements during the magmatic
differentiation indicates in the mineralogical composition of the rocks a
decrease of the melanocrate minerals up to their disappearance in the
most acid terms of the granitoid serics.

The CNK diagram also indicates a variation of the ratios between
these elements simultaneously with the evolution of the magmatic dif-
ferentiation process shown by the decrease of the calcium content and
the increase of the alkali content.

The normative composition of the granitoid rocks, computed by the
CIPW method, points to significant variations as regards the participation
of different virtual minerals, particularly of quartz, orthose and albite.
Moreover, one can observe that normative albite occurs always in a
larger amount than orthose in the whole series of granitoid rocks.

The normative mafic components, represented by pyroxene and only
once by olivine, vary within wide limits. The other normative compo-
nents occur in variable percentages in the granitoid rocks.

The character of suprasaturated acid rocks of the Virful Pietrii
granitoids is also pointed out by the ¥LM diagram, their plots occupying
the field situated above the PF line with a slight tendency of approaching

Si0?

A¥4 L4

AV
Ca0+MgQ 20 30 40 Alp 03+Fey03l(H)

Fig. 3 — Korjinski diagram. 1, quartz diorites; 2, leucogranites.
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a2 P. ANDAR 13

the @ peak of the diagram. Unlike granites, quartz diorites fall close
to the PF line or even below it, indicating their character of slightly
saturated or poorly nonsaturated rocks.

Korjinski (1968) classified the major elements, according to their
behaviour during the magmatic processes, into inert components (SiO,,
AlO3, Ca0, MgO, Fe;O; total) and quite mobile components (especially
alkalies), pointing out that the magma evolution is mostly influenced by
the variation of the contents of mobile components. The distribution of
the analysed granitoid rocks on the inert components diagram (Fig. 3)
shows that the magmatic differentiation followed the evolution line’ of
magmas with a normal alkalinity.

. These features are also illustrated by the @BF diagram (Fig. 4),
which indicates that the Virful Pietrii granitoids contain a much smaller

Qsss //\ il

# \\ 0?7
\‘ 3004

0 8 > A ok
F 555/ \ 45
f » * I.\\_ x§
200/, }' <
/v H =. LY
/ ol
L] /'/ :: ., a \\\
,// o \
1004 X

\
/ i ¥
F Vi Y v Ao

100 200 300 :
Fig. 4 — (BF diagram.

1, quartz diorites; 2, granodiorites ; 3, Virful Pietrii granites; 4, granites
(Le Maltrel, 1978); 5, leucogranites (Didier, Lameyre, 1969); 6, leucogranites
and granites (La Roche, Marchal, 1978).

amount of mafic components than the average of the granitoids com-
prised in the data base used by Le Maitre (1976) and than the leuco-
granites of the French Central Massif (Didier, Lameyre, 1969), but they
are identical with the leucogranites and granites of Alcantara, Spain (La
Roche, Marchal, 1978).

4.2.2. Statistic Distribution of the Major Flements

One of the main problems of the contemporary geochemistry refers
to the study of the distribution laws of the chemical elements in minerals
and rocks, Nt_n_'nemus researches (Ahrens, 1953 ; Vistelius, 1960, 1964,
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19 GEOCHEMISTRY OF THE GRANITOID ROCKS IN THE TARCU MTS 33

1980 ; Rodionov, 1961, etc.) pointed out the geochemical significance of
the distribution functions of the chemical elements contents showing that
they represent one of the most significant genetic feature of the rock
forming process — the phenomenon law.

The computed statistical parameters (Tab. 2) indicate a larger va-
riation of the contents of major elements from granites in comparison

TABLE 2
Statistical parameters of major chemical compernents in
granitoid rocks of the Vf.Pietrii massif

quartz diorites granites

min. | Xmax| X 5 v Xmin.| Xmax| X o o

3i0, | 5065 | 58.34| 56.20 | 3.24 [ 67,62 | 78.07| 73.72| 2.39 3
Ti0s 0.52 17 0.81| 0.21 26 0 0.60| 04| 013 | 78
Alg04112.50 | 18.43 | 16.54 | 2.34 | 14 11.81 | 1613 | 14.42| 0.98 7
fes0s 149 | 48941 257 | 147 57 0.15 1.84| 0.66| 0.37 55

X

reQ 3.59 5.3 430 | 069 | 1 0.23| 2.04 0.62| 0.35 55
Mn O 010 0.34| 0.22| 020 47 0 0.15| 00§ 0.03 51
Mgo 405 6.03| 513 | 086 17 0 1.49| 0.80| 0.54 81

Ca0 | 607| 686| 643| 029 4 03s| 3.36| 149| 077| 49
KO0 | 255 | 3.67| 3.08| 043 | %4 | 171 487| 362| 065 | 18
NapO | 302 | 3.22 | 215| 008| 3 | 2.67| 566| 376 | 0.55]| 15
P,0c | 0.25 | 0.87 | 041 | 026 €3 0 022 005! 003 69

with those from quartz diorites. The lowest variations occur in case of
the NasO, CaO and SiO, contents in quartz diorites and of the SiO, and
AlO5 in granites ; the highest variations are represented by the MnO,
Fe,04 and PsO; contents in quartz diorites and P,05;, TiO; and MgO in
granitic rocks. '

Likewise, one can observe very low contents of ferromagnesian
chemical elements in granitic rocks versus those in quartz diorites, in
which they are three or five times higher, as shown also by the minera-
logical composition of these rocks. The average contents of the alkaline
elements are quite close in the two rock types and the NayO/KyO ratio
is constant.

The aspect of the frequency histograms indicates a homogeneous
character of the study statistical population, they representing only one
maximum of frequency. The weak left asymmetry of the frequency
histograms drawn up on an arithmetical scale suggests a lognormal dis-
tribution of the study variables ; it is almost always confirmed by the
numerical test. The only exception is the potassium distribution which
is closer to the normal distribution, as also shown by the histogram or
the test values.

The lognormal character of the statistic distributions of most of the
major elements in the granitoid rocks is in favour of the prevailing of

3 e— c.482
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34 F. ANDAR 20

only one rock formation process, while the tendency towards normality
of K»O indicates two or several processes in the formation of the minerals
containing this chemical component. This fact is mineralogically proved
by the presence of neoformation microcline and muscovite, resulting
from the autometamorphism as Savu (1970) pointed out for other gra-
nitoid massifs in the Danubian Realm, too.

4.2.3. Major Elements Correlation

Another main problem of the modern geochemical researches is re-
presented by the study of the relationships between the chemical elements
contents from minerals and rocks. Chayes (1960), Vistelius and Sarmanov
(1961), Miller and Kahn (1962), Bodnarenko (1964) and others point out
that the study of the correlation between the chemical elements contents
of the geological formations is significant both theoretically, by its con-
tribution to the proving of genetic hypotheses, and practically, by estab-
lishing quantitative relationships that can be used in the research and
geological prospecting.

The values of the correlation coefficients (Tab. 3) indicate that the
major chemical components of the study granitoid rocks display generally

TABLE 3
Correlation coefficients between major chemical
components in leucogranites of the VYf.Pietrii massif

Si0; | TiO, | AlOy| Fefds| FeO | MnO | MgO | CaO | K,0 | NaO |
Tio, [-0.61
ALO, [-071 | 022
Fe,0,|-065| 061/ 0.56
FeO ™ (-063 | 068 026 0.44
MnO [-014 [-014| 0.19|0.23 | 0.04
MgO |-0.58 | 0.08 | 0.48 | 0.23 [ 0.29 | 0.25
CaO [-066 | 0.31 | 042 | 0.34 | 0.31|0.30 | 0.40
K0 | 042 |-0.25 (-0.53 |-0.20 [-0.09 |-0.03 |-0.36 |-0.27

Na,0 [-0.38 | 0.53 | G.26 | 0.13 | 0.16 |-024 | 0.14 | 0.07 |-0.27
P20s {-057 | 0.67 | 027 | 050 | 042 | -011 | 0.02| 0.22 |-0.06 | 0.37

a weak correlation (r < 0.4), only about 35%, of the computed correlation
coefficients showing significant values (r > 0.4). Among the latter almost
two thirds point to a satisfactory correlation (0.4 << r < 0.6) between
the study variables and only one third shows a good correlation
(0.6 << r << 0.8). The highest value of the correlation coefficient occurs
between SiO; and Al,O3 (r = —0.70) and the lowest value between MgO
and P,O5 (r = 0.02).

Si0y, AlyO4 and FesO, are the most frequently correlated variables,
while MnO and Na,O have almost no significant relationships with the
other components. A significant petrogenetic aspect is that, except for
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21 GEOCHEMISTRY OF THE GRANITOID ROCKS IN THE TARCU MTS 35

Ky0, all the other correlation coefficients between SiO, and the other
components have a negative sign pointing to a reverse variation of their
contents in these rocks. This finding is in agreement with the develop-
ment of the magmatic differentiation process during which a continuous
decrease of the ferro-magnesian elements content takes place simultan-
eously with the increase of the silica and alkali contents.

4.2.4. Areal Variability of the Major Elements Contents

Whitten (1963), Krumbein and Graybill (1965), Baird et al. (1965), etc.
showed that the areal distribution of the chemical elements contents
constitutes an important feature with marked petrogenetic significances
in the granitic rock formation process.

Polynominal trend-surface analysis was used for the areal variability

research of the major elements contents.

PSS S

Fig. 5 — Areal distribution of SiOz, _Alz 03, Fc?_ O3 and FeO contents.
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Fig. 6 — Arcal distribution of MgO, CaO, Na, O and K, O contents.

In order to point out differences in the areal distribution of the
major elements in Virful Pietrii granitoid rocks the computation of the
trend surfaces was effectuated in two variants. The first variant took
into account only the granitic rock data (Figs. 5, 6), and the second
variant used also quartz dioritic rock data. The trend surfaces were
computed only for eight major chemical components namely : SiOs,
AlO;, FeyO3, FeO, MgO, CaO, NayO and K,O. The computation of the
trend surfaces for alkalies was based on a larger number of chemical
analyses (n = 67) in comparison with the other major elements (n = 38).

A comparison of the two sets of trend surfaces computed for the
two variants shows that there are no significant differences in the dis-
tribution of the major elements. The areal variation trends of the major
elements in granitic rocks are slightly emphasized by taking inte account
the quartz diorite samples.
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Si0, displays a trend of the content increase from the massif
margins towards its central part, with a maximum content zone disposed
approximately along the massif long axis. The determination coefficients
of the trend surfaces (Cg4), which represent the strength of the fitted
surfaces to the observed data values, point to a good enough fit.

AlL,O, shows a trend of the content increase approximately reverse
versus Si0,. The minimum zone of the alumina contents occurs also
along the long axis of the massif. The high value of the determination
coefficient indicates a greater degree of {it of the respective surfaces,
and, therefore, the existence of a real factor which determined the dis-
tribution.

Fe,03 and FeO possess similar trend surfaces, both as regards the
aspect and their degree of fit. Both oxides show a trend of the content
increase towards the southwestern part of the granitoid massif and the
lowest determination coefficients, indicating that the computed surfaces.
are not representative, most of the variability of these components being
associated with local variations and with higher-order surfaces.

MgO and CaO display a more marked similarity of the areal
variation of their contents. The higher content zones are situated in the
marginal parts of the granitoid body, parallel to its long axis. The de-
termination coefficients of the computed trend surfaces have small values,
in both cases pointing to their low representation.

Na,O and K5O have an entirely different variation both of the other
oxides and between them. Thus, the high contents indicated by Na,O
constitute a quite large area in the west and north of the massif, while
the higher KyO contents form a more reduced maximum zone in the SE
part of the granitoid massif. The determination coefficients of the com-
puted trend surfaces display high values pointing to their high degree
of fit.

The study of the trend maps points out, for all the major chemical
components studied, the tendency of concentric increase or decrease of
the contents according to the form of the granitoid massif.

4.2.5. Factor Analysis

The major chemical components differ between them according to
their behaviour during the formation process of the granitoid rocks. The
study of the relationships between these components can be effectuated
by means of the factor analysis (Klovan, 1975).

The general aim of the factor analysis is to obtain simplified
relationships within a group of data by means of statistical-mathematical
methods. It can be used in the study of the relationships both between
the variables (R-mode analysis) and between samples (Q-mode analysis).

The effectuation of the computations of the R-mode analysis on
the matrix of geochemical data led to the estimation of the contribution

of each variable (chemical component) to the total variation (loading of
the factor).
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As shown in Table 4 and Figure 7, the most significant aspect is
the major contribution, but in a contrary sense, of TiO,, FeO, CaO, P,05
and MgO on the one hand and of SiO, on the other hand in case of

“W————————7T1
-08+ «Si0 .=-
-06r T
-0h} .
2927 Nayo «K70 L
_:§ Ot ] Fig. 7 — Diagram of rotated factors
her B - 1 and 2.
e 203 _
0.6- Feg03,  MnO )
' P205 MgO
ol 07, keB. |

1000806 0402 0 02 04 06 08 10
Factor 2

factor 1; the contribution of the other oxides is reduced. Factor 1 rotated
justifies 46 per cent from the total wvariation, thus being the most
significant one when explaining the rock variability. Factors 2, 3 and 4,

TABLE 4

Values of R-mode factors for granitoid rocks
of the Vf. Pietrii massif

F 1 F2 F3 Feg
Si 0, - 0.8138 -0.019 - 0.1624 —0.44 87
T O 0.9467 -0.0317 0.0772 0. 0969
Aly Oq C 4145 —-0.016 0.3290 0.8208
Feg0q 0-5957 C.0847 0.1666 0.4504
FeO 0.87112 0.1025 0.07%0 0.2526
Mn O G.5778 0.2455 0.269 0.1528
Mg O 0-7591 0.1009 0.2198 0.3661
Cal 0.8329 0.1469 01848 0.3388
K,0 -0.1360 0.1964 —-0.9425 —0.2106
Na,0 -0-0616 | —0.9763 0.1709 — 0.0042
P205 0.7845 0.0298 0.0768 0.2649
Sum, square 5.0853 1.1018 1.1966 1.5378

Var, explic. 46,23 10.02 10. 88 13.98

each representing only 10-14 per cent from the total variation, are the
result of only one chemical component: Na,O for factor 2, K,O for
factor 3 and Al,O4 for factor 4.
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The contribution of each sample to the total geochemical variation
within the granitoid massif was established by Q-mode analysis. It has
been established that in case of factor 1 the most acid terms of the
granitoid rocks series predominate, whereas factor 2 is mainly determined
by the quartz diorite samples.

The results of the computations of Q-mode analysis and R-mode
analysis can be used as a basis for a new petrochemical parameter which
makes possible a better definition of the variation of the study grani-
toid rocks.

The effectuated analysis points out that the main chemical elements
which characterize best the differentiation process of the magmas that
generated the Virful Pietrii granitoid rocks arc : TiO,, FeO, CaO, SiOs,
P,05; and MgO.

For the computations of a unique parameter including all the six
chemical elements and giving a complete image only of the variation
connected with the magmatic differentiation process, it has been con-
sidered to compute the loadings for the first Q-mode factor. The computed
factor justifies more than 90 per cent of the geochemical variation of
the rocks and the individual loadings of this factor can be regarded
as indicators of the differentiation process. As the influence of the other
chemical elements has been eliminated, the sample distribution in the
matrix of the rotated factor is much more clear now (Fig. 8).

0 T T i T
0z -
1
1
Chr -
Fig. § — Diagram ol rotated factors : 1 N
: S 1 ;
1 and 2. (6 wvariables only). =06 —
D 1
w
5 -
08+ .
By g
13911
- : ; T340
-10 -08 -06 -04 -02 0
Factor 2

With a view to recognizing in the field in the granitoid massif the
petrochemical variations pointed out by this parameter, the individual
loadings of the first Q-mode factor computed have been used in the
computation and drawing up of a trend map (Fig. 9). The resulting trend
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map points out both a NW-SE trending parallel to the direction of the
long axis of the granitoid pluton and zones with more rapid variations
due to the presence of more basic differentiates at the periphery of the

massif. The value of the determination coefficient points to a good
degree of fit of the trend surface ; it indicates that this surface represents
a result of the differentiation process, not something accidental.

4.2.6. Content and Distribution of the Trace Elements

For the pointing out of petrogenetic features, the Virful Pietrii
granitoid rocks have been analysed spectrographically (Tab. 5) and by
K-ray fluorescence (Tab. 6) and the results of the analyses have been
statistically processed (Tab. 7).

Copper. The copper contents display very low values in the granitoid
rocks, much lower than the average of 16 ppm established by Sandell
and Goldich (1943) for the acid rocks. In the few analysed samples of
quartz diorites the copper contents are higher and closer to the average
of 38 ppm established for intermediary rocks. The greatest variation of
the copper contents in the granitic rocks (V == 116) is worth mentioning.

Lead. Lead occurs in all studied samples and shows an increase of
the contents from quartz diorites (5-8 ppm) to granitic rocks, where the
average values of the lead contents is close to that established by Wede-
pohl (1956) for the acid rocks. Oftedal (1967) peinted out that the lead
content is often constant in the uniform granitoid massifs, but Virful
Pietrii pluton is not quite uniform as regards the lead content.

Gallium. The contents of gallium vary from 14 to 19 ppm in quartz
diorites and from 14 to 28 ppm in granites, showing a slight increase in
the latter. It is worth mentioning the poor variation of the gallium
contents in granitoid rocks; the contents are almost uniform (V= 14).

Nickel. The variation of the nickel contents ranges between 3 and
12 ppm in granitic rocks and between 35 and 65 ppm in quartz diorites.
In granites the average content of nickel coincides with that presented
by Taylor (1965); in quartz diorites- the average content of Ni is very
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TABLE 5

Trace elements contents in granitoid recks of the
Vi, Pietrii massif
[Bamplel 1
No no. PblGa| NI |Co | Cr |V L1 | Be | Ba | Sr ISC Y ¥b | La
quariz diorites .
1 197 | 63| 7 | w5520 |60l 70 2 9 |1080| 480| 19 | 30 | 3.2 | 62
2 |220 | 26| 8 | 19| 50|17 | 48| 46 55 (2050 520] 14 |31 | 33| &5 [
3 |z 6 | 15| 35 |20 | 70| 68| 18 1000| 650 1
4 {222 6| w |40 |15 |55 85| 20 3000 670
5 259 | n | 5 | 1.8|65 |20 73] 58 25|70 6s0| 17 | 29 |31 |4z
granites g
[3 7 s|zal 6] 6]z v |« 530/ 60| & | 13 | 1.5 <30
7 n 2|20 | w| s| 2| 2|7 4.7| 870| 270} 25| 14 | 17 <30
8 17 18 | 15 3 25 1000 450
oobize | @ e B B El & & 6.5/720| 205 15| n | 1.5 <30
10| 32 e | s 3 4 |15 1100 | 500
no| & 2|23 ®| 52| & |5 & | 850|250 15 15| 22%30
12 54 =1 28 15 3 2 & 3 371 310 87 2 37 < 30
13| 55 21 | 1| 3 <1 500|150
1w | 58 69 | 16 3 <1 750 | 350
15 | 68 18 | 18| 4 1 200| 95
16| 76 18 | 20 3 120} 50
17 ] 8 sS4 3 5 | &5 100 400
w | 83 | 3lzr | 5| 7 25| 4 6 | 630| 170 16 | 1.9 |<30
ol ss | 3 |2afm] 42 w02 5 | 600l 190| 25| 26 | 22| 30
0| B7 | &4 |28 || &) 2] 7|2 2.8| 400|125 2 | 21 | 2.4 <30
n | 90 13| 2 | 3 |26 300| 250
22| s | 23| ) 52|44+ 6 |1120]235| 15 17 | 24}<30
23 | 101 s || zs|2]8]a 42| 820| 215] 25| 21| 13 |30
24 ws | 3|13 20 5 ! 800! 150
25 | 110 15 | 17 i : 10 700| 370
76 | e | 3| 4s : i 7 800| 175
SEECUE R R R RN 4 |00/ 330| 15| 10 | 15 30
28 | 123 25 2 B 700| 350
29 | 127 3|12l 3| 2|8]S5 29| 740(255| 2 | 15 | 1.8 <30
0 | 133 18 2 14 700| 275
3 | wr )l 1| 3 je2 |6 | & 3 |9s0|200| 25|15 |2 [<30
a7 | 345 | A7 | s@lE0 ) &= |} 7 7 | 50| 70| 2 |18 |2 (€30
33 |we | s |0 17 |12 | 9|18 |33 | 5 |1200|480| 6 | 19| 2.3| 48
34 |51 | 2 [ 2@ |23 4|3 <1 | 7 |6 |4s0i128] 2 | 202230
15 160 | | 13 2 5 |12 600| 220
36 | 162 |48 |22 |22 & |2 | 1|5 9 |70 M5 | 3 |42 5332
37 | 172 2 |12 |20 3 |2 (=1 5 |3 lza0( 27 | 1 |24 <30
8 1 173 3|15 |28 | 5|33 |8 10 | 580 56
33 | 77 | 18 % 15 750|300
40 | 18 | 8 2 3 600|270
4y | walol2z{|3 2|1 ]|5 4 |1220]285| 2 i12 1.7 | 30
42 | 190 x| 2 4 300/ 150 | \
63 lws lwleofw|al2]1 |6} 4 | 780{185| 1,5] 11 |16 [<30
Lg | 204 24 2 4 280/ 150 |
ts |08 | gl |w|el3|2]s s [ssol2ss| 2 | 18|22 |<30
46 | 227 |20 025 |7 |4 |23 |5 s |eoolzoc) 15120 |27 (<30
47 | 232 n |23 2 L | & 850/ 600 | |
L8 | 235 2 |5 ; 6 | esoi 10 |
4o [2s0 [l Yoo | & 2 | v s | (4 |8s0[185125 24 26}30
so |2s6 | sz |m | 2 )z |1 e | l e !aoliaolzs] 2 28 1< 30
il e | | l2s | |eooj ol | !
s |ess [ 15 |1 - f o4 500l W | |
53 | 288 113 |20 1 = i {18 | | 600135 . ! _
s 280 | e st | | | s | [80g 40 |
ss |ea7 | 1w (2 | | | ja | [es] esn |
Analysis ; Viorica Mingroie and Constoma lidrescu
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TABLE 6
Contents and relations of some trace elemenis in granitoid
rocks of ihe Vi. Fietrii massif

No. [P2MPlel Ry | sr | v | ze | Nb | Bhw|B%s |RE4,
1| 259 | 102 122 | 231 |17 19.1 | 227 | 1049 ] 014
2| 220 | 163 | 746 | 28.8 | 314 181 | 187 | 12.57 | 0.22
3| %9 | 10 | 729 157 | 184 16.4 | 260 | 10.50 | 015
4 | 227 | 145 | 273 242 | 106 5.5 | 224 551 | 0.53
51 173 | 177 110 | 63.8 | 352 5.3 171 3.27 | 1.6
6 108 | 164 | 380 17.6 | 119 16.4 146 | 4.87 | 0.43
7| 285 | 769 | 111 86 | 67.6 | 188 | 185 | 520 | 0.69
8 1846 | 113 | 343 | 209 | 138 5.9 | 248 | 10.79 | 0.32
9| 119 [ 132 | 317 1.4 | 109 167 | 231 | 7.57 | 0.42
10| 256 | 174 | 236 28.8 79.8 | 18.6 172 | 2.52 | 0.74
111 127 | 123 | 288 21.2 75.7 | 163 | 217 6.01 | 043
12 26 | 320 62.8 | 145 | 109 2089 86 2.25 | 510
13| 83 | 150 | 178 %.9 | 84 207 | 206 | 420 0384
% 48 | 150 252 %.2 63.4| 18.7 196 5.66 | 0.59
15| 289 | 137 | 208 | 19.3 65.5| 16.8 | 205 | 5.83| 0.66
6] 151 | 199 | 151 | 222 | 571 | 22.2 | 159 2.41 ] 1.32
17| 99 | 157 | 249 | 184 | 104 | 202 | 179 | -713 | 0.63
18| 209 | 123 | 322 19.7 952 | 167 | 254 6.91| 038
19 87 | 162 | 170 | 25.3 857 | 8.7 | 194 | 2.46 | 0.95
20| 162 | 133 | 190 | 42.0 | 141 156 | 212 | 5.48 | 070
21| 145 | 185 | 134 | 24.3 | 49.5| 193 | 181 | 272 | 1.40
22 | 267 | 141 | 285 19.5 69.8| 20.7 | 187 | 4.25| 0.50

Analyst: Gabriela Grabari

close to the average value 50 ppm for diorites obtained by Vinogra-
dov (1962).

Cobalt. Cobalt occurs in most of the analysed samples. Its variation
limits range between 2 and 9 ppm in granitic rocks, and between 15 and
20 ppm in quartz diorites. Nevertheless the variation of the contents
of cobalt and nickel is very weak both in granites and in quartz diorites
(V = 29-34).

Chrome. There is a great variation of the chrome contents in the
Virful Pietrii granitoid rocks (V=126). The highest chrome concentrations
occur in quartz diorites (48-73 ppm), whereas in granitic rocks the
variation limits range between 1 and 18 ppm.

Vanadium. The variation limits and the average contents of vana-
dium are almost identical with those of chrome both in granitic rocks
and in quartz diorites.
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TABLE 7 e
Statistical parameters of trace elements distribution in
granitoid rocks of the Vf Pietrii massif

granites : granites .| auartz diorites

T = i

: C‘tI;l;‘I'; n o Xmin| Xmax] X 5 v 0 Xein | Xmax| X
Cu 10 7] A 48 | 7 79|n6| 3 1 63 | 33
Pb 20 so| 10|69 | 212| 81| 3| 5| 5 8 6
Ga 18 41| 14 26 | 81| 26| 14 5] 1w | 19| 16
Ni 05 | 27 3 12| 42 14| 34| 5 B | 65 | 49
Co 1 38| 2 g | 26] 07 29| 5 15| 26 18
Cr & 25 1 18 s 69 |126] 5! ¢3| 73| &
v 20 | 30 2 33 55| 26| so| 5| 46| 70| 60
Li 30 1 26 | 97| w7 |Hm| 2 9| 2 19
Be 3 25 28 w0 | 53| w8f 2| 3| 25| 5Bl 36
Ba 600 | 50| 120 1220 |e@s |zs04| 37! o 11060 12000 (1640
Sr 285 so| 27 | s0 | 218 [151.8] 68| 5| 480 | 670 | B
Sc 7 24 1 6 23] 13| 4pi 34 W 1w | 17
Y 40 sl 10| 42 | 1l es! =i o3 29| 3 | 30
Y 4 s, | 13| 530 23l 0% R 34 33| 33 32
La 40 2| 30 | 28 | 308 28| | 3] 42| 85 | &3
Nb 20 200 7| 252 185 200 w119
ir 150 | 20| 485|352 |08 2 [ 11 | 3%
Rb 150 20| 76.9|320 |14 z | w2 1163
U wo! o0s! 134l 39| 2416 [14] 16| 05| 46
Th 170! 1.9) 31| 95| 51|53 | 14| 34| 451]18.2
K 171! 04| 55| 34| 0824 | 14| 20 40| 2.8

Lithium. The content of lithium is very low in granitic rocks and
almost twice higher in quartz diorites. This is in agreement with the
very small amount of melanocrate minerals in granitic rocks in which
this mineral is concentrated by the substitution of magnesium in the
crystalline network of the micas (Rankama, Sahama, 1950). In granites,
the variation of the lithium content is the highest one from all analysed
trace elements, the variation coefficient being the highest (V= 131).

Beryllium. In  Virful Pietrii massif the contents of beryllium vary
from 2.5 to 5.5. ppm in quartz diorites, higher values than the average
established by Vinogradov (1962) for such rocks, and from 2.8 to 10 ppm
in granitic rocks. The higher concentration of. beryllium in the analysed
granitoid rocks as compared with other granitoid bodies in the South
Carpathians (Savu et al., 1972; 1973 b) is probably due to the higher
amount of muscovite in those rocks, one of the minerals that can con-
centrate beryllium (Goldschmidt, Peters, 1932).

Bariwm. In granites, the contents of barium vary from 120 to
1220 ppm. The lowest contents of barium occur in some aplitic-like
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samples in the marginal zone of the massif. Generally, the barium con-
centration in granite does not vary too much (V==237). The higher
contents of barium in quartz diorites are due to the presence of both
potash feldspars and of biotite, the latter the main barium-pearer in
these rocks according to Rankama and Sahama (1950).

Strontium. Generally, strontium behaviour is similar to barium
behaviour ; strontium concentration changes when the barium concen-
tration decreases or increases. Like in case of barium, the highest contents
of strontium occur in quartz diorites (480-670 ppm) and in granites they
range between 27 and 600 ppm. Strontium behaviour in the study rocks
points out its geochemical affinity for calcium and its concentration
possibilitics in minerals formed at the expense of this major element,
as previously mentioned by Turekian and Kulp (1956) and Tavlor and
Heier (1960).

Scandium. Scandium contents vary from 1 to 6 ppm in granitic
rocks, with an average value almost twice higher than that indicated
by Goldschmidt (1937) for these rocks, and from 14 to 19 ppm in dioritic
rocks, being obviously higher than in similar rocks in the Muntele Mie
granitoid massif (Savu et al., 1973).

Rare earths. Among rare earths elements only Y, Yb and La have
been analysed. ¥ and La have contents much higher than Yb both in
granites and in quartz diorites. Nevertheless, there is a tendency of
increase of their contents in quartz diorites in comparison with granites
and a much more uniform variation of these trace eclements in the
former rocks.

Niobium. In the study rocks the variation of the niobium contents
is very low, varying between 14.7 and 25.3 ppm. In Virful Pietrii
granite the average content of niobium (Tab. 7) is less lower than the
average value for all the granitic rocks in the Earth’s crust (Taylor,
1964). The nichium contents in the study quartz diorites are similar to
those in the granitic rocks.

Zircon. Zircon contents show higher variations in the study samples,
ranging between 49.5 and 352 ppm. The average content of zircon in the
Virful Pietrii granitic rocks is much lower than the average value
(180 ppm) for all granitic rocks in the Earth’s crust. The zircon contents
of the study dioritic rocks are much higher than most of the granite
samples. The lower concentration of zircon in the Virful Pietrii granite
is in agreement with the fact that its distribution depends on the
alkalinity of the meltings that generated the rocks. '

Rubidium. In granitic rocks the rubidium contents vary from
76.9 ppm, in a sample taken off near by the granite contact with the
- surrounding schists, to 320 ppm. However, except for these extreme
values, the contents of the other analysed samples do not show hich
variations. The average content of rubidium of the granitic rocks is
identical with that calculated for the granitic rocks in the Earth’s crust
(Taylor, 1964). The rubidium contents of the two diorite samples analvsed
are included within the variation limits of the granitic rocks in the Virful
Pietrii massif,
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Some of the ratios between the chemical elements have a very im-
portant petrogenetic significance. Among them the ratios K/Rb, Ba/Rb
and Rb/Sr are most often used.

K/Rb ratio. The pair of alkaline metals, potassium and rubidium,
represents a good example of close geochemical association in the petro-
genetic processes due to their similarity as regards their chemical
properties : ionic ray, electronegativity, ionic potential and binding
energy. Due to the mentioned similarity rubidium substitutes potassiain
in small amounts in the crystalline structure of the potassium minerals.
At the same time, Kolbe and Taylor (1966) pointed out that in granites
rubidium prefers the mica crystalline structure instead of feldspar
structure, a fact explained by the higher preference of Rb* ions for
places with a greater coordination in the crystalline networks, Musco-
vite and biotite are the most significani rubidium bearers in common
rocks. Potash feldspars are twice or three times poorer in Rb. 1i re-
presents an example of the mineralogical influence over the cheraical
elements distribution. However, in the majority of granitic rocks potash
feldspar contains most of the K and Rb contents due to its greatest
abundance and it will control the K/Rb ratio.

The researches carried out (Taylor et al., 1956 ; Erlank, 1968) on the
use of the K/Rb ratio in the interpretation of the geochemical processes
showed that the K/Rb ratio is usually constant during the main stages
of magmatic differentiation, pointing to a decrease only during the final
stages of the magmatic differentiation or in the highly fractioned gra-
nitic rocks. The fractional crystallization of the silicate melting leads
usually to an enrichment both in potassium and in rubidium in the
liquid phase parallel with a relative slight enrichment in rubidium. Con-
sequently, the differentiated magmatic rocks series tend to show a
gradual decrease of the K/Rb ratio concomitantly with the increase
of the potassium contents. Shaw (1968) calculated an average trend from
.a variety of magmatic rocks, giving the following values :

K/Rb 433 332 254 195

K 0.01 0.10 1.00 10.00

in the study granitic rocks the K/Rb ratio varies from 86 to
260 ppm, usually within the limits established for the magmatic rocks
(115-460). The study quartz diorites show values of the K/Rb ratio
similar to those of the granitic rocks. The Virful Pietrii granitoid rocks
are relatively enriched in rubidium as compared with potassium ; the
average value of the K/Rb ratio is 197, a value lower than the average
value of the K/Rb ratio in the Earth’s crust (240).
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Ba/Rb ratio. The lower contents of Rb as compared with K are a
result of the very high Ba contents. Both rubidium and barium occur
in large amounts in potash feldspar, when micas are absent or in small
amounts and compete with potassium for the vacant places in the Crys-
talline network of the minerals. Taylor (1965) and Nockolds (1966) showed
that both potassium and barium are preferred to rubidium which is
thus excluded when barium oceurs in large amounts. This observation
is also verified in case of the Virful Pietrii granite because the samples
with higher K/Rb ratios have also the highest barium contents. These
results are in agreement with the hypothesis according to which during
the crystallization rubidium was generally maintained in liquid phase by
barium and potassium and probably concentrated during the last phases
of granite now eroded. It results that the Ba/Rb ratio can be success-
fully used as petrogenetic index impervious to different geological pro-
cesses, e.g. fractional crystallization. In the Virful Pietrii granitic rocks
the Ba/Rb ratio varies from 2.25 to 10.90, with an average value 5.3.
Eliminating from the calculation of the average value the two higher
values occurring in the porphyroid facies, the average value of the
Ba/Rb ratio decreases to 4.7. In the study dioritic rocks the Ba/Rb ratio
is much higher than in granites.

Rb/Sr ratio. Due to the different geochemical behaviour during the
magmatic differentiation process, strontium being included into the early-
crystallized minerals and rubidium, on the contrary, being concentrated
in residual liquids, the Rb/Sr ratio shows ever higher values in the dif-
ferentiated produces. In the Virful Pietrii granitoid rocks, the Rb/Sr
ratio ranges between 0.14 in quartz diorites and 5.10 in granitic rocks,
pointing to its increase concomitantly with the magma differentiation
process. The average value of the Rb/Sr ratio in the study granitic rocks
Is 0.66 whereas in the study dioritic rocks the values are much lower.

Rb/Sr ratio is used as an indicator of the magma origin (Fairbridge,
1972). The small values (< 0.02) of this ratio point to the magma origin
in the mantle, while the higher values (> 0.20) indicate magma formation
by the melting of the rocks from the Earth’s crust. Therefore, in the
Virful Pietrii granitoid rocks the Rb/Sr ratio represents a further argu-
ment in favour of the lithogene origin of the primary granitoid magma.

The frequency histograms (Fig. 10) as well as the values of the
numerical test indicate that most of the trace elements analysed display
a lognormal statistical distribution characteristic of the trace elements

distribution in rocks (Ahrens, 1953 ; Shaw, 1964 ; Rodionov, 1961). The
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only exception is barium whose normal statistical distribution indicates
a geochemical behaviour different from the other trace elements.
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Fig. 10 — TFrequency histograms of the trace elements in leucogranites.

4 .9.7. Correlation between Trace Elements

The study of the correlation between the trace elements contents
in granitoid rocks also represent a significant aspect of the geochemistry
of these rocks. The coefficients of linear correlation (Tab. 8) computed
according to the type of statistical distribution of the trace elements
emphasize a weak correlation for most of the pairs of analysed trace
elements (r << 0.4). Only about 15 per cent of the 90 coefficients com-
puted show significant values and among them only in two cases their
value indicates a very good correlation between the analysed trace ele-
ments e.g. Y/Yb and Co/La. The positive sign of these correlation coef-
ficients points to a similar variation of their contents.
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TABLE 8
Correlation coefficients between trace elements in
leucogranites of the Vf. Pietrii massif

rl

Cu | Pb| Ga | Ni [Co | Cr v Be | Ba | Sr | Sc Y Yb

Pb | 004
Ga |[0.18[-03
Ni  |-0.03{-0.22|-0.05 :
Co |-0.01/-010| 0.02| 0.64 ]
Cr  |-0.35(-0.24/-048| 0.49] 0.22 :
v 0.17{-0.26| 0.19| 0.50| 0.72|-0.06 !
Be | 0.26| 0.25| 0.40{ 0-29| 0-13{-0.01| 012 |
Ba | 043(-0.04/-0.11 | 0.26| 0.30| 0.20| 0.28|-0.02 ?

|
|
| ]
]

Sr | 0.03-0.03|-0.29| 0.34| 0.28/ 0.40| 0.15|-036| 073 |
Sc | 0.21]-004]-0.14( 0.39 | 0.32| 0.37| 019 0.33| 046 0.62'
Y | 021 0.26| 0.28-0.01| 0.07}-0.20|-0.08| 0.25|-0.47|-0.47|-0.04
vb | 024] 024 0.29[-001| 0.04]-0.25|-0.04| 0.25|-0.36|-043|-0.12| 092
La | 009/-052| 001 066| 0.88] 0.34[-0.76) 0.07) 0.28] 0.34| 0.35| 0. | 0412

In other cases, the values of the correlation coefficients indicate
a good relation between the pairs of trace elements taken into account :
e.g. V/La, Sr/Ba, Co/V, Ni/La, Co/Ni, Sc/Sr.

In the mentioned cases, the correlation coefficients have the positive
sign indicating a direct relation between the contents of the involved
elements.

A satisfactory correlation, either positive or negative, also occurs
between a series of trace elements : Pb-La, Ni-V, Cr-Ni, Y-Ba, Y-Sr, etc.

Among the study trace elements the most frequent correlations
occur between Sr, Ba, La, Co and Ni, while other trace elements display
almost no correlation, e.g. Cu, Be and Ga.

The correlation between the mentioned pairs of trace elements is
due either to the possibilities of mutual isomorphous substitution or with
the same major elements in the crystalline networks of the minerals,
e.g. Sr-Ba, Co-Ni, Co-V, or to the identical response of these chemical
elements versus a common petrogenetic process, such as the magmatic
crystallization.

Several correlation diagrams have been drawn up in order to estab-
lish the existing relationships between some trace elements and the
major elements which they can substitute isomorphically.

The Pb/K diagram indicates only a weak correlation between the
potash contents and the lead ones in the study rocks, the samples ocecur-
ring in an area almost parallel to one of the diagram axes.

Contrary to expectation, the Ba/K diagram shows a weak negative
correlation between these elements, that is the distribution of the barium
contents in the Virful Pietrii granitoid rocks is balanced negatively by
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the variation of the potash feldspar due to the autometamorphism pro-
cesses.

The distribution of the study rocks on the Sr-Ca, Cu-Fe* and
Cu-Mg diagrams illustrates the absence of any relation between the con-
tents of the respective chemical elements.

4.2.8. Variation of the Trace Elements Contents

The different geochemical behaviour of the trace elements in the
process of magma differentiation and crystallization was notficed by
numerous researchers (Wager, Mitchel, 1951 ; Locardi, Mittempergher,
1967 ; Tauson, 1967, etc.).

The behaviour of the trace elements during the granitoid magma
differentiation was followed by means of the variation diagrams, referring
the contents of trace and major elements to the differentiation index 1/3
Si4+K—(Ca-+Mg). At the same time, the trace elements contents have
been processed computing both the ratio between these elements and the
ratios between the trace and major elements geochemically associated.

Gallium, although geochemically associated with aluminium (Shaw,
1964), has a quite limited variation domain which indicates that the
contents of this chemical element have very close values in the granitoid
rocks regardless of their acidity. The Gax 10%/Al ratio varies from 0.18
to 0.34.

The variation curves of Ni, Co, Cr and less of V are almost parallel
to the Mg curve, indicating a gradual decrease of the contents of the
mentioned elements concomitantly with the evolution of the magmatic
differentiation process, and they differ slightly from the variation curve
of Fe, which indicates a marked decrease of the iron contents in this
rock series.

The behaviour of trace elements geochemically associated with Fe
and Mg is revealed also by the variation of the ratios of these chemical
elementes versus Fey,. Thus, the values, of the ratios CoX10%/Fey,
Nix10%/Fe,, Crx10*Fe, and VXx10*/Fe, decrease towards  th
acid terms of the series due to the more marked decrease of the contents
of these trace elements versus Fe ;. The Sr and Ca contents decrease
gradually from quartz diorites to granites. The variation of the strontium
contents in this rock series is in disagreement with Rankama and Sa-
hama’s opinion (1950), according to which the content. of strontium is
constant during the process of magmatic differentiation of the cale-
alkaline series.

On the other hand, while the potassium content shows a tendency
of increase from more basic rocks to more acid rocks of the massif,
barium, usually geochemically associated with this major element, shows
a tendency of decrease in the same direction. Thus, the different geo-
chemical behaviour of these chemical elements in the study rocks is
confirmed once more.

The geochemical behaviour of strontium and barium in the mag-
matic differentiation process is also indicated by the variation of the
Bax 102K and Srx102/Ca ratios. Whiile the values of the Srx10%/Ca

4 — ¢, 432
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ratio are in the beginning constant and then increase slightly in the
granitic rocks, the values of the Ba X 10%K ratio decrease strongly
towards the more acid terms of this rock series.

The variation of the contents of scandium, yttrium and ytterbium
during the magmatic differentiation process shows a tendency of their
decrease concomitantly with the transition from quartz diorites to gra-
nites and then a slight tendency of increase in the most acid terms. The
contents decrease is more marked for scandium and yttrium than for
ytterbium. A greater variation of the ytterbium contents in granitic
rocks as compared with the other two trace elements is also obvious.

4.2.9. Distribution of Radivelements

The contents of the radioelements uranium, thorium and potassium
were determined by gamma spectrometry using the following energetic
values : 0.350 MeV for uranium, 0.238 MeV for thorium and 1.470 MeV
for potassium (Tab. 9).

The parameters of the statistical distribution of the radioelements
contents (Tab. 7) show some geochemical particularities of the distribution
of these chemical elements in the study rocks.

The contents of uranium vary between 0.9 and 13.4 ppm in the
granitic rocks (average value 3.9 ppm) and between 1.6 and 10.5 ppm
in quartz diorites (average value 4.4 ppm). Both in granites and in quartz
diorites the contents of uranium show a moderate variation, the values
of the variation coefficients ranging from 60 to 70%.

The contents of thorium vary between 1.2 and 31.1 ppm in granites
and between 3.4 and 45.1 ppm in quartz diorites pointing to a special
increase in the latter rocks. Likewise, the higher contents of thorium
versus the uranium ones in the granitoid rocks are emphasized by the
value of the Th/U ratio which is higher in quartz diorites than in granites.
The variation of the potassium contents is quite uniform (V = 22-24%)
and shows a slight trend of increase towards the granitic rocks.

The average contents of the radicelements in the Virful Pietrii
granitoids as well as the Th/U ratio do not exceed the variation limits
of the average contents in other granitic massifs (Adams et al., 1959 ;
Coulomb, 1959 ; Larsen, Gottfried, 1960 ; Rogers, Ragland, 1961). Accord-
ing to the above mentioned authors, the high contents of radioelements
in different granitoid rocks would vary between 2.3 and 6.7 ppm for
uranium and between 8.3 and 27.6 ppm for thorium. Therefore, the
average values of the radioelements in the Virful Pietrii pluton occur
in the lower parts of these intervals.

In comparison with the average value of 5.2 and the variation
limits 2.2-14.4 of the Th/U ratio obtained for 50 granitoid massifs in the
U.S.S.R. (Kazitin, Socievanov, 1968) the granitoid rocks of the Virful Pie-
trii massif possess a more reduced conntent of thorium and are les
radioactive.

Likewise, a comparison of the average contents of the radioelements
in some granitoid massifs of the Danubian Autochthon (Savu et al,
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TABLE 9
Radioective elesmenis cﬁnteﬂts and wvalues of radiogene heat
production in granitoid rocks of the VI, Pietrii messif

|No.Semple Location U Th K Th/U H.P.
RO, PPm  ppm % }ucal/g.en
1 2 3 4 5 6 7 8
Quartz dioriies

1 153 Brook Pecinesga 5,0 12.6 3,40 2.5 T.09
.2 182 Bistra Mizulul %.0 8.5 2,T0 2.8 4.62
3 196 Blstran Haruinl 3&17 TGE 20?0 2.% 4,93
& 197 Bistra Mirviul Za0  LB.T 2.30 6,2 6,55
5 218 Bistra Miarului Tol 33.9 2.80 4.8 12.72
& 219 Bigtra HErulul 10,5 34,2 2.90 3.2 15,29
T 220 Bistra Harulul o 45,1 4,00 4.7 17.04
85 221 Bistrae MHdrulai 1.8 Fed 2,00 1.8 2:53
g 222 Bisire Hirului 4.2 174 2,30 3.2 037
10 223 Bietra Mirului 7.7 28:5 3,60 3.T 12.29

11 225 Biastra Miruiuil 1.6 8.8 Be20 545 D67
12: 257 Brook Capra Foil 2.8 10.0 2,00 3.6 4,58

13 258 Broeok Capra Foil 1.7 22,0 320 12.9 6.5
14 259 Brosk Capra Foil 2.8 8.3 2.20 2.9 4.30

Granites

16 4 Broeol Merga Y 258 1650 4.2 T.00
i6 €& Brook Bua 1.7 8.0 4o G.05
17 10 Brook Karga 2.0 10.5 Se2 3e44
18 11  Brock Strimbu Hare 3.0 1544 Esd D:19
19 12  RBreock Strimbu Mare 6o Ged i 1wk TeBY
20 13 Brook Sirimbu Mars 4o Fot 20 0.7 4575
21 14  Brock Strimbu Hare 9.8 1l.8 }O3L2 1054
az 1% Brock Strimbun Hare 15.4 T T 3 0.7 lgeéﬁ
2% 16  Brook Strimbu Mare 560 3 9 1.6 Gl16
24 17 Byook Strimbu Mare el Q.7 G0 2.5 g“56
25 18 Drookx Strimbu lare 5.9 9.2 4,20 2.3 5.82
26 19 o0k Strimbu Maxre T4 12,8 3,00 3.7 607
27 20 erook Strimbu Mars Tal 8,1 3,10 1.l T.064
2g 21 Rrook Strimbu Mare 5.6 13.4 530 2.5 Tubl
29 22 Brook Sirimbu Mare 3.0 Hel 3,30 1.7 4,10
30 23 Brook Strfmbu Mare 2,9 13.2 4,50 4.5 5,97
31 24 Brook Strimbu Mare T2 1347 4,00 4:&% 6.08
32 25 Brook Strimbu Kare 2,5 16.0 3.30 6.4 5,92
33 26  Brook Strimbu Mare 2,6 8.8 3.30 3.3 4.55
34 27 Brook Strimbu Mare 4.1 14.2 5,20 3.4 6,70
25 29 Brook Strimbu Mare 3.6 9.9 2,00 2.7 5S.42
36 30 DBrook Strimbu Mare 2.8 10,5 3.80 4.0 5.02
37 31 Brook Strimbu Mare 4,0 1145 3,40 2.8 §.14
38 32 Brook Strimbu Mare 4,5 8,0 .20 AT 9s7T2
39 33 Brook Strimbu Mare Bal 545 200! dwE Dbl
40 34 Brook Strimbu HMare 4,1 Gg.2 210 22 S5.67
41 35 Brook Strimbu Mare 3.4 11.4 3.10 3.3 5.60
42 36 Brook Primezu 4.1 8.7 3,60 2.1 5,70
43 37 Brook Popii 245 ST 3,00 3.8 4.57
44 38  Brook Popii 2.0 5.6 5,20 2.8 3.44
T 3,8 0,5 3430 2.5 5.56

L 45 39 Brook Popil
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LAfable 9 - comiinved)

6 7 B
4 * Gad 3.20 Te2 3.£9
T 42 Brook St 7 8.8 .80 2.0 4,52
48 43 Erock 3 £0G £.,% 3.T0 1.6 6.24
40 A4 Crept Strimbu 4,5 10.4 FsiU 23 8,20
50 45  Brook Scdrigoara L:3 9.5 3,20 5,0 4.15
21 47 Broock Scdrisears Za8 5.5 3,80 1.9 4,12
52 48 Brook Soirisc 1.9 3,70
53 49  Brook Scidrigo 2.1 Boad  3.00 4.0 4.05
54 50 Brook Sci 2.4 G0 3,60 3.6 4,52
55 51  Brook § 2.3 LGB 2,70 4.5 4.84
56 52  Brook Nise s P %80 1.9 T.19
5% 53 Brook 08 8. 5.T0 0.8 6,66
58 7”4 Broock Niown i FaTQ 10 ‘8,46
50 & Breok Nlermss 2 §.40 1.5 9.40
60 57 Brock Rorlevs iica .50 d.3 ﬁefE
61 58 Brook RBorlova i 4.80 0.9 5H.6%
62 59  FErock RBorlowva b 8 7.90 1.0 £,36
6% 61 Brook Ozasul Negru 5eb £.90 1.3 6.87 {
E“g 62 Bro 15 d.."':' )og‘a ..‘..ng 5033
65 6% 255 130 2.9 4,25
6 64 ».‘e-:a )aé(‘-’ 1 02 600?
67 65 2.30 1ol T.50
68 & 4.6 3.40 1.4 5,60
69 67 7.8 4,10 1.0 B8.44
70 68 A al 5.1 4,20 1.0 8,23
71 72  PBrook Nisrmes 9.2 S5¢4 4,10 0.6 9,10
72 73  Brook Nisrmesg 3.6 7.0 3.60 1.9 5,00
T T4 Brook Boriova Maras 6.3 Tad 3.70 1,1 7T.08
T4 75  Brook Borlova Msre Bes "k 3.680 1.2 7.02
75 76 Brook Borlova Hare 5.9 4,1 2,00 0.6 5,57
T6 77 Brook Borlova Mare 1041 4.5 130 0.4 8,62
T7T 78 Brook Borlove Mars Sl 5.4 0.90 0.8 5.78
78 79  Breok Berlova Mare 2.5 e 5.00 2.9 4.64
79 81  Brook Hiermsg 5.8 8.9 3.90 1.5 7.07
80 82  Breook Niermeg 4,1 22,1 3,60 5.1 8.18
8l 83  Brook Niermes To1l 15.5 3.90 2.1 9.3%4
82 84 Brool Niermeg i 3.90 1.7 8.81
83 86 Brook Neagru 5.2 13.6 4.50 2,60 773
84 87  Brook Biseriecutei 4.2 8.9 4,00 1.9 6.15
85 88 Brook Stinii 4,8 11,8 3.30 2.4 6,75
86 89 Brook Stinii Aeb 11,0 4,00 3,0 5,91
87 90 Brook Stinii 3.4 6.9 3,60 2.0 4,83
88 94 Crest Marga-Niermes 2.4 5.6 3,80 2.3 3.90
89 95 Crest Marga-Niermes 3,1 1l.3 3,80 3.6 5,55
90 97 Crest Sturu 3.9 845 340 2.1 5.46
91 9aq Bistra Bucovei 3.9 10.2 3.10 2.6 5,72
92 106  Bietra Bucovei I s [ 3.200 3.8 5.37
9% 107 Bistra Bucovei Fal 1E.B 5.50 3,1 5,95
94 109 Bistra Bucovei 2.8 12.6 5.00 4.3 5.45
95 110  Bistra Bucovei 5,2 1l.4 3,60 3.5 5,59
96 124 Distra Bl I0uo 2.60 3.2 4.96
ST 127 Bligtra B T2 5o BL10 A1 2,71 i
98 1%2 Bistra 35 4.5 310 2.9 2,83 i
99 136  Blstra 2.3 4.0 3,60 1.7 3.45 |
168 137 Bistra 1,4 28 340 2.0 3.08 J
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Brookx Moduga Hic
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1. .2 3 i 5 - 8 '
Brook Bincinsma s 3,60 6.4 5,22
Brook Diéncilcana . 3,70 5.3 . 2.62
Brook Modugu o 3090 2.9 3,09 4
Frock Medusu s 3.20 3.0 i
Broclk Modugu . 3010 3.0 d
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frock Hodusu
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FRSANANAEMS RO RDWND O

b Bt ded o et

Mo R

: i 1
Sedomin  Mare % T | 3 ;
| irulud 1 8.2 G40
143 Bistya idrulw 8,3 it 4,00
144 Bistra Marululi ST 1l.2 3,00
145 Bistra MBruiul e YLl 590
148 Bistras MErulul 3.7 4. 4,10
149 Bistra Marulul 1.6 2 L& 50 i
159 Bistrs Maruliul 4,9 Bl a0 i
4 151  Brook Pecinesga . 35,8 6,6 3,60 i
5 i%2 Brook Pecineagas 4,6 17.7T 3,30 :
“5 155 Rrook Pecineaga ' 4.9 11.4 3,80 :
27 155  Brook Pecineaga el 11.6 5,40
8 160 Brock Peclasaga S 19:8 %3230 f
129 161 Brook Pecineaga 53 14,9 2.80 i
L%0 162  Brook Pecinsaga 2.0 14,7 3,10 |
131 163 Proox WAmAsilA Ted 20.9 100 i
1132 164 Brook Tamigilia o 2 2,90
153 186 Brook Témdsild 5.2 6,1 4,70 1.2 6.2
1Ue 167 Brook Témigila 4.4 21,2 2,60 4.8 8.15
135 168  Brock Témisild 3.3 15,3 2,60 4.6 6,17
126 169 Brook Murgsna 725 30,9 3.00 4.1 12,40
137 170  Brook Murgana 10,3 18,2 3,00 1.7 11.97
138 171  Brook Hurgana 2.2 1leo3  3.70 5.1 4,.EBG
139 172 Brook Murgansa 3.0 9,2 4,70 3.1 5.30
140 173  Brook Murgsana 5.7 20,4 3.30 3.6 9,1%
1431 175 DBrock Loloais ; 32 9.8 4,40 3.0 5.48
i1£Z 174 Broosk Loloala ' 4,2 17.8 2.40 4.2 T,27 |
i14% 177  Rrook Psceneguja 4.4 12,3 3,10 2,8 6.51 |
ité4 178  Brook Pscensgula 4.0 18,3 4,10 4.5 T.69
{145 180 Brook Pescensguta 2.5 8.4 2.40 3.3 4.42
‘-.A.‘ff‘:;' 163‘ Bf.ﬁok S'turu 3#6 ?ep‘ i‘cgo . ?o{? 50%5
=47 182 Bwook Sturu 1.1 11.5 4.1C 10.4 4,21 |
148 18%  Brook Sturu 4.6 Bl %290 1.5 8,63
{l&% 184  Breok Stuzru L5600 A%.0 0 300 H.0 0 8,05
{150 100  Brook Valea Res Sed Tsd 350 Z2el %.97
%1:‘ 19% RBigtra Mizrului 1.9 G,.1 L.90 & 12
3 16t Rigtra fruinil Pak 549
lx- 2G Bistrs MErulul iel Tad
1154 26 Bistrae MErulul 1.6 11,7
ii,, 204 Bistra Mayului Te3 93
LiBG 224 Bistrs Marulud 5.8 8.b
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(Table 9 - continued)
1 2 5 4 5 6 7 8
R e e b D DD D P PEPES SR SN - S
157 226 Bistra MErului 205 905 3.T0 3.8 4,72
158 227 Bisira Marului 1.4 9.4 2200 6T 370
159 228 Biatra Marului 2.0 409 1.70 2.5 2090
160 229 Bistra Miarului 1.6 4.0 0.60 2.5 2.13
161 230 Bistra Miarului 2.6 6.0 2,80 2,3 3,85
162 232 Bistra Mirului 1.9 10,2 3.10 5.3 4.26
163 233  Bistra MArului 2:3 7.9 1.00 3.4 3,53
164 206 Brook Bleoju 2ol X242 3.70 5.5 5,04
1.65 209 Brook Bl@yﬂ} l¢9 709 2960 4,1 3067
166 210  Brook Bloju 2.T 6.8 3,00 2.5 4,14
167 211 Brook Jdimiru 2.6 16,2 4,00 6.2 6.22
168 214 Brook Jdimiru 9.4 14.5 1.30 1.5 10,11
169 216 Brock Jdimiru 2.6 8.5 2,90 3.3 5,19
170 261 Brook Capra Foili 4.1 B,1 3.60 1.9 5.53
171 246 Brook Dalci 2:9 G2 3.50 3.2 4.90
172 249 Broox Dalei 262 6.4 3,40 8y9 3.80
175 250 Brook Daleci 1o3  Tad 3,70 5.7 3.43
1174 254 Brookmizvorul Aldb 1.9 6.8 560 3.6 3.7
1175 285 Brook Izverul Alb 1.1 4.6. 3,30 4,2 2.61
176 256 Brosk Izvorul Alb 3.2 Te3  3.20 2.3 4.66
177 238 Brock Michi 2.8 Gué Le20 2.3 3.65
178 2% Brook Michi 4,5 5.2 12 1.1 4.64
179 234  Crest Zénoguja-Prislop 1.1 9.1  3.00 8.3 3,43
180 233  Crest Michi-ZZnoguta 02 3.7 3,30 2.4 2,73
181 265 Brook Netis - 1.7 3.9 3.29 2,3 2.91
182 264  Brook Netis 1.3 4:3 345 3.3 2.74
183 265  Brook Weiis 1s6 2,4 3,61 1.5 2.62
184 266 Brook Netis 1.4 508 3.1 2,7 2,62
185 267 Brook Netig 1.5 1.9 3.19 1.3 2.34

Analyst: Ioan Tlepac

1973) indicates that the Virful Pietrii granitic rocks have a much lower
radioactivity than most of them, whereas the Virful Pietrii quartz dio-
rites are the richest ones in radioelements.

The accessory minerals (zircon, allanite, sphene, monazite, apatite)
have the highest contents of uranium and thorium. The abundance of
these minerals in rocks can determine a high level of the radioelements
concentration for the whole rock. The microscopic study of the quartz
diorites indicated much higher amounts of accessory minerals (sphene,
apatite and zircon) in comparison with granites, thus pointing out the
relationship between the increase of the radioelements contents and the
abundance of the accessory minerals in quartz diorites.
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The unimodal aspect of the irequency histograms of the contents
(Fig. 11), drawn up on an arithmetical scale, reveals the homogeneous
character of the study statistical population. At the same time one can

%]

40~

il M
1o 1T

090 1421Uppm 120 3307Thppm 040 625 K%
Ho=lgn:A=-033; E=-127  Ho=lgnA=236, E=423 Ho=n:A=540; E=153

Tig. 11 — Frequency histograms of the radivactive clements in lencogranites.

observe a variation of the symmetry degree of the histograms from high
left asymmetric (e.g. in case of the uranium contents) to an almost sym-
metrical distribution (e.g. in case of potassium). This wvariation is
also emphasized by the quantitative verification of the statistical dis-

tribution laws. Thus, while for uranium the lognormal distribution law
is checked, thorium shows only a tendency towards lognormal distri-

bution : on the contrary, the contents of potassium show a tendency
towards normal distribution. Both the correlation diagrams and the values
of the correlation coefficients indicate the lack of a significant relation-~
ship between the contents of radioelements (y-mn = 0.37; Tpn-x = 0.15;
Trag=— 0.E5)

The study of the areal variability of the radioelements contents
in the Virful Pietrii granites was carried out by means of the poly-
nominal trend analysis.

The study of the computed maps (Fig. 12) indicates a trend of
increase of the uranium and thorium contents from the massif edges
towards its central part. This trend is more obvious particularly for
thorium, which shows a maximum zone in the central part of the massif.
For uranium, besides the maximum zone developed in the central part

and perpendicuar to the elongation trend of the massif, there is also a
slight trend of increase of the contents towards the northwest of the

massif.
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Unlike uranium and thorium, potassium areal distribution is rather
different. The radioactive potassium contents, generally quite uniferm
within the granitoid massif, show a trend of increase towards the massif
edges forming two maximums, a smaller one in the north and a moare

Fig. 12 — Areal distribution of radioactive elements contents.

obvious one in the north-west. However, the lower values of the deter-
mination coefficients suggest that a great part of the variability of this
chemical element is proved by random variations.

4.3. Genesis of the Virful Pietrii Granitoids

The relationships with the surrounding rocks, structure, texture,
mineralogical composition, origin of enclaves and general aspect of the
pluton prove the magmatic origin of the Virful Pietrii granitoid. For this
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reason, the genesis problems of the granitoids of the massif refer in fact
to the origin, way of differentiation, emplacement and crystallization
eonditions of the magma.

The sialic nature of the granitoid massifs in the Danubian Realm
was mentioned by Codarcea, Pavelescu (1963), Giusca et al. (1969) and
Savu (1970) who pointed out that during orogenesis phenomena granitoid
magmas can be formed by processes of crustal anatexis. These processes
followed the formation laws of the natural meltings studied by von
Platen (1965), Winkler (1967), Brown and Fyfe (1970), Fyfe (1970).

Under the influence of the pressures occurred during the orogenic
processes and favoured by the presence of deep fractures (Savu, 1972)
the primary granitoid magma begins to rise towards the upper levels of
the Earth’s crust where, due to the new conditions of pressure and tem-
perature, begins to differentiate.

The presence of hornblende- and biotite-bearing diorite enclaves
in the Virful Pietrii granites, e.g. those in the Bistra Mérului Valley, in
the right side of the Pecineaga Valley and in the Bloju-Piltinet Crest,
in the south of the massif, proves their consolidation previously to the
granites one. The relationships between the diorite and leucogranite
‘badies as well as their mineralogical and geochemical features point to
their formation in different stages and sources.

Petrographic evidence and the presence of more basic rocks (grano-
iorites), in the peripheral part of the massif (west and south), distri-
bution of granitic facies (marginal facies and central facies), as well as

geochemical arguments — e.g. areal distribution of the major and trace
elements — illustrate the concentric structure of the granitoid massif

peinting to a differentiation process due to the gradual consolidation of
pluton from the margins towards the interior.

The position of the Virful Pietrii granitoids within the residual
peirogenetic system is shown in Figure 13. The study granitic rocks occur
«either inside or in the close vicinity of the projection field of the ideal
granites (Tuttle, Bowen, 1958) ; however, a slight shifting of the plotting
points towards the @ peak of the diagram. Considering von Platen’s ob-
servation (1965), according to which for each normative anorthite percent-
age increases with 1%, the distribution of the plotting points coincides
even better with the zones of the compositions within maximum tem-
peratures of melting at water pressures ranging between 0.5 and

4 kilobars.

The dispersion of the normative components of the Virful Pietrii
granites on the QOrAb diagram is also probably due to the post-crys-
tallization reaction between granite and vapour phase (autometamorphismi
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Savu, 1972). The proof of the activity of a vapour phase in granites is
indicated also by the high frequency of the replacement structures of
plagioclase by microcline.

Ab avd — Op
Fig. 13 — @ Or Ab diagram.

I, quartz diorites ; 2, Virful Pietrii granite:; 3, Furcitura granitoids ;

4, Petreanu granitoids; 5, position of the eutectic minima at Py, 0

ranging between 0.5 and 10 kb.

As the normative anorthite content in the study rocks frequently
exceeds 2 per cent it is more correctly (Kleeman, 1965) to plot the rocks
in the Or-Ab-An-Q system, in which the relationship between the aver-
age granite composition and the low temperature zone is closer than in
the Or-Ab-Q system, especially at water pressures higher than 2000 bars.
As shown in Figure 14, almost all the projection points of the study gra-
nitic rocks occur in the distribution field of the ideal granites and they
point to a close relationship with the zone of minimum melting. It
constitutes a significant argument in favour of the hypothesis of the
granites formation in the Virful Pietrii massif by crystallization from a
granitic magma.

The distribution of the projection points on the diagrams of the
Or-Ab-Q and Or-Ab-Q systems indicates a formation temperature of the
granites between 670° and 690° at pressure up to 4-5 kilobars, according
to the water content. The presence of pertites in rocks also points to a
formation temperature of granite of about 660°C confirming its magmatic
origin.
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Another proof of the formation of the primary granitoid magma by
the melting of the Earth’s crust is the hypoaluminous character of the
Virful Pietrii granitoids. The high values of the Rb/Sr ratio (> 0.20)
also reveals the lithogene origin of the primary granitoid magma.

An

Fig. 14, — An Or Ab diagram (sec legend to Fig. 13).

The variation trend only towards acid compositions (among the
most acid ones from all the Danubian granitoid bodies), the relatively
low Fed*/Felt ratio, the presence of muscovite and garnet, considered
by Beckinsale (1979) among the mineralogical and geochemical features
of “S"-type granites (supposed to come from the melting of the conti-
nental crust) are also revealed by the Virful Pietrii granitoids.

The geochemical data presented both for the major elements and
the trace elements show that the primary magma differentiation process
which generated the Virful Pietrii granitoids followed the evolution trend
of the calc-alkaline magmas.

The concentration variations of the trace elements are significant
for the estimation of the evolution of the magmatic processes. The tracc
elements trend to be sensitive indicators particularly of the differentialion
processes, because their partition coefficients (between the solid phase
and the liquid phase) are generally lower than those of the major ele-
ments. Moreover, the concentration variations of the trace elements tend
10 become more regular than those of the major eleménts more highly
alfected by the real concentration of the element within the system,
by the composition variations of the crystallizing phases and by the melt-
ing saturation with a certain component.

Most of the study trace elements of the Virful Pietrii granitoids
show contents around the clark values typical of these rock types.
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A significant geochemical characteristic of the petrogenesis of the
Virful Pietrii leucogranites is represented by the low contents of the
chemical elements from the ferromagnesian group, both major and trace
elements, the lowest ones from all the Danubian granitoid bodies which
prove the formation of these rocks from a strongly differentiated acid
magma.

Also the variation trends of certain chemical elements — K/Rb,
Ba/Rb, Rb/Sr and Ba/K — in the Virful Pietrii granitoids are similar
with those shown during the fractional crystallization of the calc-alkaline
magmas, a fact mentioned by Taylor (1965), Taylor et al. (1968) and
Condie (1969) in other granitoid bodies. ’

Another proof concerning the formation of the Virful Pietrii gra-
nitoids by fractional crystallization from an acid magma is the slight
trend of plagioclase and potash feldspar to form zonary structures.

The magma mobility and its moving from the formation place
in the present position is illustrated by the unconformable position of
the granitoid body in relation to the surrounding rocks and by the
thermal contact metamorphic aureole, which proves that the magma tem-
perature was high enough. )

The emplacement time of the Virful Pietrii granites is not well
specified yet. The radiogene age of the Virful Pietrii granite obtained
by the K/Ar method (Soroiu et al., 1970) is of 280 M.A., which weuld
correspond to the Carboniferous. But, as shown by Gherasi et al. (1968,
1973, 1975), taking into account that in the Vidra Formation occur re-
worked fragments of Virful Pietrii granites, the granite is of ante-
Devonian age. Thus, the obtained radiogene age is due to a rejuvenation.

After consolidation, the Virful Pietrii granitoids underwent both:
autometasomatic processes under the influence of residual solutions, that
led to the hydrothermal alteration of plagioclases and their substitution
by microcline, and to some high external pressures revealed by cata-
clasis phenomena of the component minerals in the mylonitic marginal
facies.

5. PETREANU MASSIF

The mountainous massif lying between the Retezat Mts to the east
and the Virful Pietrii Mts to the west is known in the relevant literature
as the Petreanu massif.

The Petreanu granitoid bodies are of an elongated, irregular shape
and oriented north-southwards; their length is of ca 20 km and the
widths vary from 2-3 km in the south to ca 10 km in the centre (Picui
Crest-Petreanu Crest).

The opinions on the rock genesis of this massif changed concomitant-
ly with the enrichment of the geological knowledge, in general and the
profound geological survey in the study region. Thus, Schafarzik (1899)
considered them orthogneisses, pointing out that Mrazec had menticned
their origin in a granitic intrusion. Gherasi (1937) who studied the
southern part of the massif, called them granites supposing that the
material from which they formed would be mixed. Later (Gherasi,
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1959), on the basis of the structure and mineralogical composition of the
rocks, he changed the denomination into granitoid gneisses pointing out
their genetic significance.

The petrostructural researches (Gherasi, Dimitrescu, 1968) showed
that, in fact, the Petreanu massif consists of two complexes of migmatic
rocks which differ both as regards their petrographic features and their
stratigraphic position. Thus, in the north of the massif, the migmatic
complex of the Furcatura gneisses displays a mostly metatectic character,
whereas in the north the Petreanu migmatic complex shows a pre-
dominantly metablastic, granitoid character. The above-mentioned com-
plexes are separated by a very narrow rock strip (Nisipoasa Formation —
Dimitrescu, 1985) affected by migmatic processes.

According to Kidutner (1980) the granitoid rocks were formed by
an in situ migmatization of an alkaline metasomatosis. Later on (Krautner
et al., 1981) he considered that only the Petreanu granitoid rocks were
formed in that way, whereas the Furcitura granitoids would be of an
intrusive origin.

Dimitrescu (1985) reviewed the above-mentioned hypothesis (Ghe-
rasi, Dimitrescu, 1970) and considered that the Petreanu granitoid rocks
represent one or two metamorphosed intrusive bodies.

The Petreanu granitoid rocks are quite varied in structure and from
the mineralogical composition point of view (Fig. 15).

x 1
o2

Fig. 15 — QAP diagram.
1, Furcitura granitoids ; 2, Petreanu granitoids.

Both the rocks of the Furcatura granitoid body and those of the
Petreanu granitoid body are intruded by veins of eruptive rocks : micro-
granitic veins, aplites, pegmatites and quartz veins.
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5.1. Furcidtura Granitoid Body

This granitoid body forms a zone which begins in the right side of
the Riul Mare River and continues westwards up to Furcitura Clopo-
tivei ; then it curves southwards in the Jura Valley and extends east-
wards again in the right side of the Riul Mare River up to east of
Caldarii Brook. Thus, the Furcatura granitoid rocks occupy a horseshoe-
shaped area, opened eastwards, surrounding from three sides the Rof
antiform (Morariu, 1982) which, according to Gherasi and Dimitrescu
(1970), “constitutes the leading structure of the whole northwestern flank
of the Retezat granodioritic massif”.

In stratigraphic respect, the Furcitura granitoid body lies between
the Rof Formation consisting of micaceous schists with garnets, leptinites
and amphibolic schists, in the lower part, and the Nisipoasa Formation,
mainly represented by quartz-biotite schists, in the upper part.

The contact of the Furcitura granitoids with the Rof Formation
is clear ; leucocrate gneiss veins which intrude this formation occur only
locality. Accordinng to Codarcea and Gherasi (1945) and Berza et al. (1983)
it would be a tectonic contact (thrust plane) by which the Furcitura
granitoids thrust over the Rof Formation ; in Dimitrescu’s opinion (1985)
it is a common magmatic contact brought in the present position as a
result of two superposed foldings. The upper contact, with the Nisipoasa
Formation, is also trenchant but according to the above-mentioned
authors it is a magmatic one, the crystalline schists being considered as
the cover of the Furcitura body.

The rocks of this granitoid body are not uniform, several petro-
graphic types being distinguished due to the variations of structure and
mineralogical composition. The biotitic granitoid rocks are the most wide-
spread, but porphyroid granitoid gneisses and leucocrate granitic gneisses
occur as well. The granitoid gneisses usually display an undulatory
parallel structure. When they are more quartzous they have a plan-
parallel structure and when more feldspathic they become massive.

Biotitic granitoid gneisses show a parallel or granular structure ;
they are intruded by concordant leucocrate veinlets giving rise to stro-
matic migmatites or oblique, sinuous ones Torming phlebitic migmatites.
In places, the rocks display an ophtalmitic structure due to the meta-
somatic feldspathization whereas in other cases they become granular
due to the increase of the plagioclase content getting a nebulitic aspect.
Such nebulitic migmatites are found in the Piriul Repede Brook, Piriul
cu Pietre Brook, Caldarii Brook and in the left side of Riul Mare River
nearby Balanu.

In a quarry in the right side of the Riul Mare River, south of the
Luncii Brook, there are massive, granular, biotitic granitoids penetrated
by apophyses of leucocrate granitic gneisses and aplitic veinlets, giving
rise to stromatic and phlebitic migmatites.

Porphyroid granitoid gneisses form cliffs in the Riul Mare River

bed downstream “La Grebli” bridge. They contain microcline developed
in metablasts and more rarely in idioblasts with biotite inclusions. Local-
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ly, leucocrate pegmatoid bands and aplitic veinlets or small enclaves of
schists occur in the porphyroid granitoid gneisses. Due to the feldspar
metablastesis the rocks display a nebulitic aspect ; they no longer show
an oriented structure, biotite being irregularly disposed. Such nebulitic
migmatites can be observed in the blocks in the Riul Mare River bed
upstream the confluence with the Luncii Brook and on the Piriul Repede
Brook.

Muscovite-bearing leucocrate gneisses constitute a small body south-
east of the Furciatura Clopotivei Crest. They also form small apophyses
or veins which intrude the biotitic granitoid gneisses. Their relationships
with other petrographic types point out their intrusive character.

Under the microscope the Furcitura granitoids present a hypidio-
morphic texture, consisting of quartz, plagioclase, microcline, biotite and
muscovite in different amounts for each rock type.

Quartz is granoblastic ; it occurs as discontinuous bands or as nests,
in places lens-shaped (PL III, Fig. 1). In most cases the crystal edges
are quite irregular frequently with interfingerings between each other
and an undulatory extinction.

Plagioclase is an oligoclase with 10-25%, An and is represented by
two generations. Plagioclase of the first generation is anhedral, of small
sizes, and does not contain biotite inclusions, whereas that of the second
generation is subhedral, even euhedral, prism-like, of larger size
(0.8-1.5 cm), porphyroblastic and contains biotite and quartz inclusions.
This plagioclase was formed by metablastesis and imprints a porphyroid
aspect to the rock.

Plagioclase is usually altered, turbid and contains sericite and Z0i-
site microlites. Polysynthetical twins appear more rarely as shadows of
altered plagioclase, The myrmekitic intergrowths are extremely rare and
very poorly developed (PI. 111, Fig. 2).

Microcline is randomly spread and sometimes it is even absent
from the rock. It usually occurs as large crystals with irregular contour
and always fresh. Microcline frequently contains inclusions of altered
plagioclase, biotite, drop-like quartz and even sphene (PL 111, Fig. 3). It
often displays a characteristic crossed twin, but the microperthitic se-
parations are very rare. A reaction zone, formed of a fine aggregate of
sericite, quartz, albite and epidote, occurs around the microcline crystals.

Biotite is a common component of the biotitic granitoid gneisses
but it is almost absent in the leucocrate ones Where it yields to musco-
vite. It appears as fine lamellas with parallel or subparallel orientation
in the biotitic granitoid gneisses and unoriented in the porphyroid gneis-
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ses. It is pleochroic with brown-yellowish hues after Ng and yellow
after Np. Locally, it shows a beginning of chloritization.

Muscovite is more rarely found in biotitic granitoid gneisses and
occurs more frequently in the leucocrate ones. It forms small-sized lamel-

las usually oriented giving a gneissic structure to the rock. It forms neither
intergrowths nor reaction traces like other minerals.

Epidote (granular, usually in nests), apatite (rounded, short-
prismatic crystals) and sphene (euhedral crystals or slightly rounded
grains) occur as accessory minerals,

5.2, Petreanu Granitoid Body

The rocks of the Petreanu body constitute an S-shaped zone elong-
ated towards NNE, lying between the Tomeasa Mt and the Runcu Crest ;
further westwards it extends up to the Petreanu Mt where it bends
towards NNE up to the Cracul Crest surrounding the Furcitura granitoid
body. From the Netis Brook to the Runcu the Riul Mare River flows
through the Petreanu granitoid body, which forms rocky walls and steep
gorges displaying an almost continuous outcrop along its length.

The petrographic types constituting the Petreanu body are represent-
ed by granitoid gneisses and banded gneisses. The granitoid rocks of tHe
Petreanu body are generally concordant with the predominant foliation

of the surrounding crystalline schists belonging to the Bodu Formation.

Both at the periphery of the body and inside it occur intercalations
of crystalline schists unaffected by metasomatosis (resisters), conformable
with the gneiss schistosity where it can be distinguished. Such interca-
lations of crystalline schists of the metres order, represented by biotitic
gneisses and biotitic quartzites, occur downstream Gura Zlata at about
1 km on both sides of the Riul Mare River. Smaller intercalations of
retromorphosed amphibolic or biotitic gneisses are also found nearby the
northern margin of the granitoid body, in the left side of the Riul Mare
River south of the confluence with the Nisipoasa Brook and on the
Céprioarei Brook, Intercalations of biotitic gnesses and amphibolites also
‘occur on the Valea Mare Brook.

From the petrographic and structural point of view there is a large
variability of the rock types, characteristic of the granitization processes.
Thus, as shown by Gherasi (1937), large zones of obvious schistosity,
formed of migmatic gneisses intruded by aplitic veins conformable with
the schistosity (,lit-par-1it¢ gnéisses) or unconformable, giving a diadysitic
aspect, occur beside nebulitic granitoid gneisses and massive granitoid
gneisses with feldspar porphyroblasts. It is difficult to make a regional
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separation of the petrographic types occurring in the granitoid body
because of their random spreading. However, after the structural aspect,
one could observe the predomination of the banded gneisses with a
stronger schistosity in the north of the granitoid body, whereas in the
south prevail the granitoid gneisses with a less oriented structure or even
a massive one.

A common feature of the granitoid rocks of the Petreanu body is
the presence, in different amounts, of large-sized (0.5-3 cm) fresh potash
feldspar porphyroblasts (Pl. IV, Figs. 1, 2).

Petreanu granitoid rocks display wide variations of the mineralogic-
al composition which, however, do not depend too much on the rock type.

Banded gneisses are widely distributed in the north of the Petreanu
granitoid, The banded aspect of these rocks is given by the alternation
of more schistous, biotitic and feldspathic parts with centimetric leuco-
crate bands, conformable (stromatic migmatites ; P1. V, Fig. 1) or oblique,
sinuous (phlebitic migmatites ; Pl. V; Fig. 2). Ptygmatic folds are rarely
found. The above characteristics clearly differentiate them from the
granitoid gneisses.

Banded gneisses frequently present a lenticular, oriented structure
and contain microcline grains. Usually, the microcline crystals are elon-
gated, oval and are developed both in the melanocrate portions of the
rock and in their leucocrate bands (Pl V, Fig. 1). Other times the mi-
crocline crystals are idiomorphic, with a rectanguar outline and sizes
of 1—2 e¢m. Due to the increase of the content of feldspar the rock schis-
tosity decreases and the rocks become almost massive as the granitoid
gneisses. 3

Granular biotitic banded gneisses occur too, within which the micro-
cline crystals are elongated parallel to the foliation or microgranular with
feldspar bands parallel to the foliation. These migmatites are intruded
by fine metatectic aplitic bands concordant with the schistosity plane
of the paleosoma.

Under the microscope the banded gneisses display a granoblastic
or granolepidoblastic texture.

Quartz presents an undulatory extinction with a characteristic mor-
tar structure pointing to recrystallization. It occurs as nests or bands
of grains of variable sizes.

Plagioclase is found in large amounts; it is strongly altered and
packed with a cluster of fine crystals of sericite and zoisite. It is an acid
oligoclase (An ;y_s ). Albite twin is frequently found. In places, the twin
lamellas are very fine, indicating the secondary character of these crys-
tals. Plagioclase is often corroded and substituted by microcline.

9 — ¢. 432
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Microcline occurs either as large ovoid crystals or as small crystals
or masses Which replace plagioclase. It is usually fresh and contains
remains of altered plagioclase, “drop-like” quartz and biotite. Crystals
are surrounded by a reaction zone formed of a very fine aggregate of
quartz, sericite and muscovite (PL. III, Fig. 4).

Biotite is slightly pleochroic, from dark brown to light brown. In
places it is chloritized and slightly deferred, when pseudomorphoses of
pennine after biotite with an abnormal (violaceous) pleochroism occur.
In rocks with a lower content of potash,feldspar the parallel biotite
lamellas give an oriented structure to the rock. Concomitantly with the
increase of the microcline content and especially of the large crystals
the structure becomes lenticular and then almost massive.

In the marginal zones of the granitoid body common green horn-
blende occurs sporadically and pyroxenes very rarely,

As accessory minerals, the banded gneisses contain apatite, as small
grains or short rounded laths, magnetite, as irregularly-shaped isolated
crystals, and pyrite as masses. In the Zeicani Brook nearby the spring
zone, in the bed of the brook, concentrations of pyrite crystals occur in
a stratiform position (P1. V, Fig. 2).

Granitoid gneisses possess a less oriented structure, lenticular or
even massive. The massive granitoid gneisses occur in the Riul Mare
River in the Gorganu bend, at the confluence of the Riul Mare River
with the Bodu Brook, south of Gura Zlata and upstream the confluence
of the Rades Brook with Riul Mare River at about 1 km.

According to the ratio between biotite and microcline, there are
darker coloured biotitic granitoid gneisses, with small amounts of potash
feldspar and a more oriented structure, e.g. in the Lunca de Laturi
Brook and the Valea Mare Brook, and light grey, massive granitoid
gneisses with numerous microcline porphyroblasts. As a result of the
gradual increase of the feldspar content there are gradual transitions
between these types.

When neosoma consists of feldspar porphyroblasts (microcline) they
give the rock an undulatory structural aspect (ophtalmitic structure). Ac-
cording to Menhert (1968) this structure is characteristic of migmatites
and all the migmatic rocks display it at least as traces. The large micro-
cline crystals, more rarely the plagioclase ones, are frequently ovoidal ;
in the more advanced stages of metasomatosis there is a tendency towards
the idiomorphic habitus. Such rectangular large porphyroblasts are found
in the Slatina Pocinesti Brook (Pl. 1V, Fig. 1).

When the migmatization is more intense the paleosoma cannot
be macroscopically separated from the neosoma and the rock shows a
nebulitic aspect. In such rocks only weakly differentiated rocks can be
observed due to a slightly different content of minerals. The rocks formed
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in the most advanced stage of metasomatosis are highly homogeneous,
Restricted zones with such migmatites occur in the right side of the Riul
Mare River at its confluence with the Valea Mare Brook, downstream
the confluence with Céprioarei Brook and in the Gorganu bend.

Under the microscope the fexture of the Petreanu granitoids is
similar with that of the plutonic rocks of the granite-syenite-diorite
group.

Quartz is found as nests or bands. It is xenomorphous and shows
an undulatory extinction. Quartz is characterized by the absence of in-
clusions, which implies their resorption during the crystallization.

Plagioclase is frequently found, usually as idiomorphous crystals.
It is almost always turbid, altered and transformed into a thick mass
of sericite and zoisite. Unaltered plagioclase is rarely found and in that
case polysynthetic twins can be noticed. Frequently, the plagioclase crys-
tals show corroded margins filled with quartz and microcline. It is an
oligoclase with 10-250,, An.

Microcline occurs as xenoblasts with irregular margins intruding
the plagioclase. It is fresh and frequently contains inclusions consisting
of biotite lamellas, drop-like remains of plagioclase and quartz. Usually
it presents a quadrille structure and is rarely perthitic. In places occurs
an albitization of the microcline which starts at the crystal edge.

Potash feldspars of the Petreanu body present a quite high ftri-
clinicity, the values of the 2V angle ranging between 70 and 85°.

Microcline distribution in the granitoid gneisses is not uniform re-
sulting in the formation of more or less potassic rocks. Granitoid gneisses
devoid of microcline are very rare. In the granitoid gneisses no orientation
of the microcline porphyroblasts versus the foliation can be observed.
More often than not the microcline porphyroblasts are surrounded by
& fine aggregate formed of sericite, quartz, albite and epidote.

Biotite occurs in variable quantites and is the only mineral that
under conditions of a less intense metasomatosis stil preserves the primary
orientation. It forms irregular lamellas and shows the following pleo-
chroism: Ng = Nm = dark brown, Np = yellowish. Inclusions of accessory
minerals in biotite are rarely found. Locally, biotite is altered and trans-
formed into chlorite and slightly deferred.

Muscovite appears especially in more leucocrate types of the
granitoid gneisses.

Epidote, apatite, sphene and more rarely magnetite occur as accessory
minerals.

5.3. Vein Rocks

Both the Furcidtura and Petreanu granitoid bodies are penetrated
by vein rocks represented by microgranitic veins, aplites, pegmatites and
vein quartz,

The Petreanu granitoid rocks include veins of metric leucocrate
microgranites, e.g. those in the Zeicani Brook, Bodu Brook and in two
small brooks in the Tomeasa Mount. The rocks of these microgranitic
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veins are of a white-grey colour, fine- to medium-grained and display
a massive structure.

Aplites are the most frequent vein rocks within the Petreanu
massif, penetrating both granitoid bodies. The thickness of the aplitic
veins varies from some centimetres up to several decimetres. Zones with
several such occurrences of aplitic veins appear in the left side of the
Riul Mare River, nearby Bailanu, in the Piriul Repede Brook, in the
Piriul cu Pietre Brook and the Caldarii Brook (in the Furcidtura granitoid
body), and in the Lunca de Laturi Brook, Valea Mare Brook, Tomeasa
Brook and the Riul Mare River and south of Gura Zlata, south of the
confluence with the Rades Brook (in the Petreanu granitoid body).

The aplitic rocks consist of a microgranitoid leucocrate mass formed
of xenomorphic quartz with undulatory extinction, plagioclase and
potash feldspar, almost devoid of melanocrate minerals. The albitic
plagioclase (Ang_q;) occurs as . altered hipidiomorphic crystals with
traces of polysynthetic twins, Potash feldspar is xenomorphic ; it displays
a cross texture and more rarely of microcline-perthite.

Isolated quartz occurrences appear within the Furcitura and Pe
treanu granitoid rocks. They usually occur as subcentimetric or centi-
metric veinlets, e.g. in the Lunca de Laturi Brook and Valga Mare Brook,
and more seldom as random agglomerations. Larger quartz veins are
found only in the Cracul Brook, in the Petreanu granitoid body, and are
mined out in a small quarry. They consist of white quartz, in places
with chlorite nests, and very rarely with quartz idiomorphic crystals.

Pegmatitic veins are very seldom found in the granitoid rocks of
the Petreanu massif. The pegmatitic rocks never form well-outlined

veins or distinct bodies. They usually occur as irregular nests near by
deformation zones.

5.4. Geochemistry of the Granitoid Rocks in the Petreanu Massif

5.4.1. Petrochemical Features

The petrochemical study of the granitoid rocks in the Petreanu
massifl is based on 36 complete analyses on silicates (Tab. 10) belonging
to the following rock types: 17 Furcitura granitoids and 19 Petreanu
granitoids.

The statistical parameters presented in Table 11 show differences
of chemistry between the Furcatura and Petreanu granitoids, which are
closely connected with their mineralogical composition.

Although the variation limits of the oxides for the two granitoid
bodies do not differ too much, there are significant differences between
their average contents. Thus, the contents of SiO, and Na,O, are much
higher in the Furcitura granitoids, and the contents of Al;0; Fe;0s,
FeO, MgO, TiO; and PyO; are much higher in the Petreanu granitoids.

These differences in the rock chemistry indicate important differ-
ences in the process of formation and evolution of the two granitoid
bodies. R|-Ry diagram (Fig. 2) indicates a variation of the character of
the granitoid rocks in the Petreanu massif from monzodiorites to granites.
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57 GEOCHEMISTRY OF THE GRANITOID ROCKS IN THE TARCU MTS 71

- TABLE 1 :
Statistical parameters of major chemical components
in granitoid rocks of the Petreanu massif

Furcatura (n=17) Petreanu (n=19)

Amin [Xmax| X s v Xmin [Xmax| X 5 v
Si{.‘rz 67.09(73.96 | 70.24| 435 7 55.98 [73.77 | 64.49 | 477 %
TiOs 003| 0.40) 0.21| 0.26] 97 014 0.79 | 0.45] 0.21| 47
AlpO3 | 12.61(17.79 [15.61 | 158 | 10 [11.40 [20.49 | 16.71 | 2.53] 15
FeZOE: 0181 2141 0.73| 079/ 90 0.02| 3.37| 1.62| 0.97| &0

Fe O 0.13] 2.00| 0.82 | 1.36[128 | 027 | 3.32] 181 0.90] s0
MnO 0.04| 017 [ 0.09| 004 42 | 004| 0.22| 0.12] 0.05| 44
Mg D 0.04| 210| 0.83| 1.33|122 | 0.43| 3.90| 2.04] 1.02| s0
Ca0 0.94] 3.64f 2.21| 23| 50 | 1.50] 616| 3.&! 1.44] 39
MagO | 4181 6.05| 4.94| 064 | 13 | 2.55] 5.33] 3.93| 0.1 | 18
K, 0 1.941 406|326 051 16 |1.63| 51 | 3.52] 029! 22

Py 0.0 | 022 | 0.10] Das| 113 003] 0.46] 0.23] 0.23]102

The distribution of the analysed samples points to a clear differentiation
between the Petreanu granitoids, with a more basic character (quartz
monzodiorites, granodiorites) and the Furcitura granitoids, with a more
acid character (granites, granodiorites). In comparison with the Virful
Pietrii granites, both the Petreanu granitoids and the Furcitura ones
present a more basic character.

The projection of the @, A, P values computed by Rittmann’s
method (1973) indicates a quite important variation in the chemical-
mineralogical composition of these rocks. This variation is stronger within
the Petreanu granitoids, a characteristic of rocks in whose formation the
metasomatic processes played a preponderent part. QAP diagram shows
that the Furcatura granitoids differ from the Petreanu ones, the former
possessing a more granitic average composition as compared with the
latter ones with a more granodioritic composition. By the projection of
the analysed rocks in the FMA diagram (Fig. 16) two distinct fields re-
sult which clearly diffefentiate the two granitoid bodies by the variation
of the alkali content whereas the ratio between iron and magnesium
remains constant,

The CNK diagram (Fig. 17) emphasizes the almost constant content
of potassium as compared with the variations occurring along the Na—=Ca
line. The distribution of the analysed rocks in distinct zones illustrates
the decrease. of the calcium content as compared with alkalies concomi-
tantly with the intensification of the granitization process and makes pos-
sible the discrimination of the higher—Na Furcitura granitoids from the
higher—Ca Petreanu granitoids.

It is worth mentioning the lower content of potassium and the hi-
gher content of sodium of the granitoid rocks in the Petreanu massif as
compared with the average of the pelitic rocks computed by Shaw (1956)
and the clays average computed by Turekian and Wedepohl (1961).

4 \l Institutul Geologic al Romaniei
IGR



72 P. ANDAR 58

The ratios between the alkali contents in the granitoid rocks of the
Petreanu massif -are emphasized by the Na;O—K50 diagram (Fig. 18) on
which the analysed rocks are plotted in the field of the acid metamorphic

Fig. 16 — FMA diagram (see legend to Fig. 15).

rocks (Mehnert, 1968). In comparison with the averages of the granitoids
in the Earth’s crust (Baird et al., 1963), the granitoid rocks of the Pe-
treanu massif, especially the Furcidtura ones, display a more sodic ten-

K

x
£ ')\ . 23
: \\\ o4
N
\
\
3

AV A \ l:l:l

Fig. 17— CNK diagram. 1, Furcitura granitoids; 2, Petreanu granitoids; 3, pelites (Shaw,
1956) ; 4, clays (Turekian, Wedepohl, 1951} ; 3, arkoses (Pettijohn, 1963).
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59 GEOCHEMISTRY OF THE GRANITOID ROCKS IN THE TARCU MTS 73

dency, the values of the K;O/NayO ratio for the latter ranging between
0.5 and 1. At the same time the alkali amount points out clearly the

more alkaline character of the Furcitura granitoids as compared with
the Petreanu ones.
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Fig. 18 — Na,0 — K,0 diagram.
1, Furciitura granitoids; 2, Petreanu granitoids; 3, average value
of granitoids in the Earth's crust (Baird et al., 1963) ; 4, field of acid
metamaorphic rocks (Mehnert, 1968).

Korjinski diagram (Fig. 19) illustrates once more the differences
between the Furcitura and Petreanu bodies, their granitoids being pro-
jected in different fields.

The rocks of the two granitoid bodies also occupy different fields
in the al — alk — ¢ +- fm diagram (Fig. 20). The Furcitura granitoids
oceur in a field situated closer to the al-alk side, which points to a
higher content of leucocrate minerals ; unlike them the Petreanu granit-
oids fall is a field closer to the c-fm peak of the diagram.

The CIPW normative composition of the granitoid rocks in the Pe-
treanu massif emphasizes some of their particularities. Thus, although
the variation limits of the virtual contents of quartz are similar for the
two rock bodies — between 4.39%/;, and 32.13%, for Furcitura granitoid
and between 4.11%, and 32.85%/, for Petreanu granitoid — the average
content of this mineral is slightly hegher in the former body. In contrast
with the variation of the normative content, the virtual content of orthose
is not significantly different. The components of the normative plagio-
clase (Ab, An) show a weak tendency of reverse variation; the virtual
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Fig. 19 — Korjinski diagram.
1, Furcitura granitoids; 2, Petreanu granitoids.
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Tig. 20 — al — allt — ¢ 4 fm diagram (see legend to Fig. 19).
The distribution of the normative melanocrate minerals illustrates

more clearly significant variations as regards the participation of dif-
ferent virtual minerals in the formation of the study rocks.
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61 GEOCHEMISTRY OF THE GRANITOID ROCKS IN THE TARCU MTS 75

5.4.2. Statistical Distribution of Major Elements

The average contents of the major elements in the Furcitura and
Petreanu granitoid rocks (Tab. 11) correspond to rocks with an acid
chemical composition. The contents of the major elements in the granit-
oid rocks show a different statistical variation. Thus, for some chemical
elements, generally ferromagnesian ones, one can observe a quite
significant variation of the contents of MgO, Py0;, TiOy and FeyOj,
which is more pronounced for the Furcitura body than for the Petreanu
body. The lowest variations of the contents occur at SiQ,, NasO and
K50, that is at the chemical elements added to the host rocks during
the granitization process which led to a certain uniformity pf their
contents. Both the aspect of the frequency histograms and the quantitative
verification of the statistical distribution law points to differences be-
tween the two granitoid bodies. Thus, while most of the major chemical
components of the Furcatura body show an obvious tendency towards
the lognormal statistical distribution law, the majority of the major
chemical components of the Petreanu body tend to the normal statistical
distribution law. The bimodal aspect of some of the frequency histo-
grams suggests the unhomogeneous character of the rocks.

5.4.3. Correlation between Major Elements

A significant geochemical aspect of the formation process of the
Furcitura and Petreanu granitoids is represented by the establishing of
the relationships between the major chemical components of the rocks.
The presence and character of these relationships were emphasized by
means of the linear correlation coefficients (Tab. 12).

TABLE 12
¢ Correlation coefficients between major chemical components
in granitoid rocks of the Furc@tura Body {above diagonal)
and of the Petreanu Body (below diagonal)

Si0; | TiD, |Al; 03 |Fep03| FeO | MnO [ MgO | Cal K50 | Na, O P,0q
Si0p -073 |-041 |-064]|-074 |-0.45]|-051 | =073 |-0.0 057 |-070 ¥
TiOp -0.70 21| 0071 089 0.34| 044 0.781-0.02 [ -031 | 0.9
Al,05 |-0.3%| C.20 0.30| 0.32| 0.65|-0.15| 0.33|-0.61 |~0.07 | 0.15
FeoO3 [-0.50| 0.48]-0.27 0.57| 0.37| 0.08] 0.61|-0.04|-0.40| 0.65
FeC -0.84] 0.80| 0.23] 0.58 0.42) 0.48| 0.73)-006|-0.26| 0.87
MnO |-0.45( 051 062} 0.23| 05O 0.06| 018 -0.07|-0.67| 0.5
MgO |-0.82| 065 010| 0.52| 0.78| 0.24 0.50| 0.26 [-0.37| 0:47
Cal -0.74 0.59|-014 | 0.68| 0.80| 010 | ©.B2 -0.22-0.27| 072
K,0 |-0.25! 0.23)-0.42) 0.73| 0.21| 0.01| 0.28| 044 -0.28; 0.08
: Ngp0 0.64) -0.43|-0.23 1 ~0.49|-0.55 |- 0.45|-0.57 [ -0.59} - 049 -0.28 ¢
i P,0s | -0.82] ©0.79] 0.37| 0.61| 0.78 | 0.63| 0.70| 066 | 0.40 | -071
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76 P. ANDAR 62

The frequency of the correlation connection between the contents
of the major chemical components differs in the two granitoid bodies.
Thus, whereas for the Petreanu body about 70 per cent of the computed
linear correlation coefficients display values lower than 0.4, for the Fur-
catura body they represent only 50 per cent. More than half of the
correlation coefficients with significant value show a close (0.6 <<r << 0.8)
and very close connection (0.8 <r<C1.0) between the variation of the
major chemical components contents. Among the lowest values of the
correlation coefficients, which indicate in fact the absence of any cor-
relation between the contents of the respective chemical elements, it is
worth mentioning those between KyO-MnO for the Petreanu granitoid
body and between K,0-TiO, and K,O-SiO, for the Furcitura granitoid.
The highest values of the correlation coefficients occur between the
contents of FeO, TiO, and PyO; for the Furcatura granitoid and between
the contents of SiO, and those of FeO, MgO and P,Os for the Petreanu
granitoid.

Except for K,0 and Al,O,, which present almost no significant cor-
relations with the other major chemical components in neither of the gra-
nitoid bodies, the other major elements display a close correlation between
their contents. As regards the sense of the correlation, a study of the correla-
tion coefficients values points out as a significant petrogenetic aspect that
except for sodium and less for potassium all the other correlation coefficients
between SiO, and the other chemical components have a negative sign indi-
cating a reverse variation of their contents. This fact is in agreement with
the two modes of formation of the granitoid rocks : by crystallization from
a magmatic melting and by granitization.

5.4.4. Areal Variability of the Major Elements Contents

The areal distribution of the contents of major elements is important
in the research of the petrogenesis of the granitoids in the Furcitura and
Petreanu bodies. The trend surfaces were computed separatedly for each of
the granitoid bodies for the main eight major chemical components (Figs.
21, 22). The computed trend surfaces for alkali are based on a larger number
of chemical analyses as compared with the other major elements.

S10,. The areal distribution of silica indicates an increase of the con-
tent of this chemical element towards NNW for both granitoid bodies (Fig.
21). This variation trend is evidenced by the distribution of the zones with
510, maximum and minimum contents in the two granitoid bodies. .

Al;04. The areal distribution of Al,O4 shows a reverse variation of the
contents of this chemical element versus those of the silica contents. The
zones with maximum contents of Al,O, coincide with those with minimum
contents of Si0, and viceversa.,

Fe,03 and IF20. The content of Fe,O, shows a trend of increase towards
the western part of the Furcitura body unlike the FeO contents which
display a maximum zone in the northeastern part of the granitoid body. In
the Petreanu granitoid body the areal distribution of the two cnemicai com-
ponents is similar, the zones with maximum contents being superposed. As
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Fig. 21 — Areal distribution of Si0,, Al,0,, Fe,04 and FeO contents.

in case of silica, the two granitoid bodies differ by the value of the deter-
mination coefficients of the computed trend surfaces.

MgO and CaO. The areal distribution of the MgO contents indicates
a trend of increase towards the northern and southern parts of the Furcdtura
body, whereas in the Petreanu body the zone with maximum contents
occupies a central position in the south of the body. The areal distribution
of the CaO contents shows a trend of increase towards NE and SW of the
Furcitura body. In the Petreanu body the variation of the CaC contents
is quite similar to that of the MgO contents.

Na,0 and K,0. The areal distribution of the alkalis indicates a reverse
behaviour in the two granitoid bodies, the maximum contents zones of a
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CaO

Ca=93% j

B

Fig. 22 — Areal distribution of MgO, CaO, Nay, O and K50 contents,

chemical component coinciding with the minimum contents of the other
component,

The areal variability study of the major chemical components points
out no connection between their areal distribution in the two granitoid
bodies suggesting differences in the formation mode of the granitoids,

3.4.5. Factor Analysis
The behaviour of the chemical elements under physico-chemical eon-

ditions proper to the petrogenetic processes is relevant for the understanding
of the formation process of the granitoids in the Petreanu massif,
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The R-mode analysis emphasized the contribution of each major
element in the rocks global variation.
-

_ TABLE 13
Values of R-mode factors for granitoid rocks

of the Petreanu massif

Furcatura Petreanu
F F2 F3 F1 F2 F3
Si0y -0.9730 | -0.1776 0.0963 | -0.9478 01355 |-01527
TiO, 0.9795 | -0.0404 | - 0.1517 0.8338 |-0.2193 0.2098
Al,03 0.30684 | 0.9077 0.1916 0.2345 | - 0.9085 | 0.015
Fes03 0.8061 | —0.0234 0.1962 0.6552 0.6363 | 0.0143
FeO 0.9364 | 0.0012 | ~0.1934 0.9335 | - 0.0779 | &2942 }
MnO 0.6062 0.4023 | 0.6197 0.4286 | - 0.6918 |-0.3306
Mg O 0.8301 | - 0.3732 | 0.592 0.9350 01146 0.2001
CaO 0.9020 | 0.1013 0.3259 0.8356 0.4403 | 0.2370
K,0 0.1362 | -0.8892 | 0.2977 0.4114 0.6175 | -06082
Nap0 - 0.6471 0.3071 | - 0.6169 |- 0.7773 0.0232 | 0.4668
P205‘ 0.9478 | - 0.1049 | - 0.1928 0.8100 | - 0.2900 |-0.3138
Sum. square 6.7324 2.0649 | 1.1668 61423 2.4543 1.0558 -
Var. explic. 61.2040| 18.7724 | 10.6077 | 55.8394 | 22.3121 9.5982

Table 13 and Figure 23 show the significance of the major contribu-
tion, but in a reversed sense, of FeO, TiO,, P,O,, MgO and CaO, on the one

hand, and SiO,, on the other hand, within factor 1 for both granitoid bodies.

Furcatura Petreanu
R I 1T 1 T T- 17T T T 1 =1
s . ‘Sfoz ) i 1 T 1 T I ] LSII021i
i L 2] » =
B .Nuz 0 - . N02 O_
— — - il ==
C | 5. [ Ao j
£0 5 Ky0 Al203 S0 FaMn 0 - 7
b = ;. — L =
*Mn 0 . *K20 E
K . L My, ]
. *Fe,03 - o
: P,0s- FeO B
- HQO.Z\I‘UZ.CQO - — Mgﬁ'CaO oFeZ 03 -
4 ) Y s, .k SO 7 SO [ 1 ) O g . A O T |
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Fig. 23 — Diagram of rotated factors 1and 2.
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80 P. ANDAR 66

This factor proves almost 61 per cent of the total variation for the Furcstura
body and 56 per cent, respectively, for the Petreanu bedy, being the most
important factor when explaining the rock variability. The other factors,
each justifying less than 10—20 per cent of the total variation, contain the
effect of only one major chemical component.

The fact that the alkali elements, that play a significant part in the
metasomatic processes, do not represent a high percentage in the global
geochemical variation (factor 1) of the granitoid rocks in the Petreanu body
and in the following factors represents a further argument in favour of the
hypothesis according to which as a result of these processes the variation
of the alkali contents was diminished by a supply of residual fluids, somehow
uniform, in the composition.

The contribution of cach analysed sample in the total variation of the
granitoid rocks was established in the Q-mode analysis. Almost the entire
geochemical variability of the rocks is comprised by the first factor (more
than 90 per cent for each granitoid body). The studied samples tend to oceur
on a continuous curve pointing to a gradual transition between the more
basic terms and the more acid ones of the analysed rocks ; this trend is more
obvious for the Furcitura body than for the Petreanu one,

The results obtained using this method of study were useful for the
computing of a synthetic geochemical indicator for a more complete descrip-
tion of the geochemical variability of the study rocks.

As shown by the R-mode analysis, the main chemical components
which characterize best the formation process of the granitoid rocks in the
Petreanu massif are FeO, TiO,, P,0,, MgO, CaO and Si0O,. For this reason
only these chemical components were taken into account and the percen-
tages of each sample for the first Q-mode factor were computed. The factor
thus obtained justifies more than 90 per cent of the rock variation and the
individual percentages of this factor can be considered as indicators of the
geochemical differentiation process. As the influence of the other chemical
elements has been eliminated, the sample distribution in the matrix rotated
by factors becomes clearer. The drawn up diagrams (Fig. 24) evidence better

Furcatura Petreanu
0 i T T T 1 0 T T T
02 i = 02 - =
<~ 04 - . — 04 |- *
s i s .
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Tig. 24 — Diagram of rotated factors ! and 2 (only 6 components).
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67 GEOCHEMISTRY OF THE GRANITOID ROCKS IN THE TARCU MTS #l

the petrochemical variations of these rocks by defining a larger variaticn
domain.

In order to establish the'areal variation trends of this gecchemical
variation the individual percentages of the first Q-mode factor were used
when computing and drawing up a trend map (Fig. 25). The obtained trend

Fig. 25 — Arcal variation of the petro-
genetie index.

map for the Furcitura body presents a maximum value of the computed
petrogenetic indicator in the central zone of the granitoid body. In the

Petreanu body the maximum values of this indicator form an elongated zone
in the southern part of the granitoid body. The arcal distribution of the
values of this indicator illustrates the existence of the geochemical and petro-
genetic differences between the Furcdtura and Petreanu granitoid rocks.

5.4.6. Content and Statistical Distribution of the Trace Elements

As shown by many researchers (Shaw, 1964 ; Taylor, 1965, etc.) the
knowledge of the content and distribution of the trace elements plays an
important part in the clearing up of the petrogenetic processes. With that end
in view the granitoid rocks in the Petreanu massif were analysed by spec-
trographic (Tab. 14) and X-ray fluorescence method (Tab. 15) and the
results of the quantitative anclyses were computed, several statistical para-
meters being calculated (Tab. 16).

Copper. The contents of copper in the Furcitura and Petreanu grani-
toids vary much (V=100 9,), the variation limits ranging between 4 ppm,
and 40 ppm. The average copper content in the two granitoid bodies dis-
plays quite closc values.

Lead. The variation domain of the lead content differs in the two gra-
nitoid bodies, being quite limited for the Furcdtura body and much larger
for the Petreanu body.

Although both copper and lead are calc-alkali elements with a trend
of maximum accumulation in the late magmatic stages they have a different
geochemical behaviour (Szadeczky-Kardoss, 1955). This behaviour is illus-
trated also by the variation of their average contents in the granitoid rocks
of the Peireanu massif. The average lead content is much higher in the

6 — c. 432
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TABLE 14
Trace elements contents in granitoid rocks of the

Petreanu massif

Ne PO ¢y | Po|sn | 6ol Ni | co | e VJJ_Li Be Ec:iSr Se| Y |vb|La
| !-Tu‘r C c:! tu __

s [ 0] 2s sl sl 2] 2] | 670| 350
] s | 828 13 2| 1] 6 350 200
2l 7 ]wfzs| ]| 3] 4] 3|20 930(450| 55/ 19| 27 48
= 2 40| 28 1 18 1 2 7 451 100 65
s 128 vie | 3 4| 3 ]23f | 6 |n20{4s0] 55| 18| 18 <30
6 17 |wl2s| 1|19 2 1 n 1200 460
T8 | sl2r || 1] 2 1| 7 3.8[1700| 290| 25| 16 | 13 {<30
e 9| 9l22| 2[15] 2 2| 8 3.5| 640/ 580
S |26 | 9lz2a|3|w| 2| 2| 2] 31 |2100( 520 4.5| 22| 2 | 42
6| 25 |23 |25 <y | 19] 4| 4| 3|28 1750 | 600
no| 2 30 26| 6| 6 1 1400| 740
12| 48 [ 13|28 | 1| 23| 4| 4 3|32 44| 950 730| 4 | 16 | 1.5 <30
2| s2 | ef26| 1 [w] 3| 1|1]s 35 [ 400] 310{ 1.5| 22 | 1.8 <30
s in|@|1|aalalals|n 52 |nso0| 670 :
1560 |17 (20| 1(20| 2| 3|1 ]| 471550 720| 2.5[ 15 | 11| 55
18 62 as 20 3 3 | 3 Nog| 420 :
7|65 [ n2s | z{z20] 2| 2] 1| 39| 870| 510| 2 | 17 | 13 <30
w7 ojs|2of 12z | 2] 2] 2| 2.7 | 1500| 860
19086 [ 7 (23| 1 8|2 2|1 |1 3.2 [1220] 230
20| 80 | w3 |n | 1|19| 3| 3|22 351800/ 3%0| 5 | 15 | 13] 96
tl92 s | |<r(w8] 3| 2|1 |n 1400/ 700
22 (197 | 5 32| 12[19) 2] 43|19 38 (1300| 800| 4 |17 | 18] 30
23 |198 | 4 |40 18] 2] sl 1 ]n 4 | 430] 250

Petreanu granitoids than in the Furcitura ones as a result of the isomor-
phous substitution of potash by lead in the crystalline network of the
potash feldspar which is more abundant in the Petreany granitoids.

Tin. The contents of tin in the granitoid rocks ranges between 1 ppm
and 3 ppm, displaying very low average values. The geochemical behaviour
of tin in the Furcitura and Petreanu bodies is similar to that of lead.

Gallium. The gallinm contents display the lowest variation trend from
all the trace elements analysed in the granitoid rocks, the variation coef-
ficient being the lowest one.

Nickel. Unlike gallium, the nickel contents in granitoid rocks show a
marked variation trend, its values varying between 1 ppm and 6 ppm in the
Furcdtura body and between 2 ppm and 54 ppm in the Petreanu body. The
nickel contents are very different in the granitoid rocks of the massif. The
Petreanu granitoid rocks display a nickel content five times higher than the
Furcdtura granitoid rocks. Being known the nickel geochemical affinity for
the ferromagnesian minerals (Goldschmidt, 1954) in which it can substitute
Fe**and Mg2* the higher nickel concentrations in the Petreanu granitoids are
explained by the high amount of melanocrate minerals in these rocks,

The average content of nickel in aplites is very close to that in the
granitoid rocks of the massif.
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Petreanu (Table 14- continued)
24 32 | 12| 22| 1 19 2 | 3 1 | 1% 3 (1850|620 4« | % | 11| 30 |
25 34 | 11|61 w2 | s 2 |14 272200 440| 25| 15 | 11| S50
26 80 |12 | 25| 1 | 21 5| 5 7 | 43 3.7 |1370| 900
27 81 | 14 | 40 14 | 3 2 2 | 22 2.2 [3600| 650
28 85 |31 | 20| 2 | 24|10 9 |19 | 64 3.2 17001000 11 | 19 | 21| 5B
29 58 9 |50 2 |24 9| 4 9 | 59 850 | 580
30 1om 8 |170 | 26| 26 7 4 8 |38 £ 11050| 750
N 08 9 60| 18] 27 8 5 n 57 4.5 |1100] 800
32 m 75 18 4 i 15 7 1800| &00
33 12 7 | 8022|286 9 5 g | 52 2.2 [ 1750 900 85| 19 | 1.7 | 58
34 116 8 52122 25 |10 L |14 | 40 1n00| 870
35 n7 5 || 312813 | 8 |23 |73 2.6 (1800/1700| 14 28| 26| 78
a6 We |43 | 38 | 36|25 | 34| 1 |63 |73 5.8[MBO| 930
37 125 | 4 |30 [2z2]22 00| 5|7 |& 2.2(1800(1600
38 129 | 33 |125 | 37|26 | 54 |14 | 90|97 6 |1350(1000| 16 | 32| 3.2| 82
3s 137 7 25| 24| 20 | 37|14 | 85 |10 5.3 11620 N50
40 %o | 8 | 27 12 2 2 1 8 1 |3400] 820
41 | 14 6 | 26 | 27| 28 |30 | 10 | 60 | 80 2100|1700
42 | 142 9|16 |2 18 [19 | 10 |50 | 70 3 |2900|1000]{ 12 | 22 | 2.3]| 76
43 | 143 (70 |27 |2 17 | 40 | 18 |100 | 95 1800| 80| 16 | 22 | 2.7| 60
4 148 6 | 22 13| 23 12 9 23| 78 2.7 | 200011700
45 | 151 |19 |32 (23| 24 [34 |15 | 70 |95 5.5 | 1700 1600
46 | 152 b B 7 s B - s 10 | 27 | 90 2.5 11800 1100| 8 19| 1.8 |125
47 | 158 4|15 | L7 |20 |20 8 ta0 | 72 3 |2600G1700| 13 | 29| 2.8 96
48 | 160 40 19 ] S0 | 17 1500 600
49 | 1863 | 4 |19 |15 22 |15 | & |30 |72 3.1 |1750(1500| 10 | 25| 1.8 90
50 | 185 50 16 10 25 12 1600 | 870
51 | 167 30 13 g 20 3 1800| 900
52 (176 | 6 |82 |2 |20 |18 |10 | 40 |82 3.7 [1950[1400| 14.5| 31| 2.5| 75
53 | 180 7 53 23 1 4 FA R e o 1.8 | 430| 600
54 | 183 | 10 20 |23 22 19 4 | 30 [ne 4.2 [1500(1000| 18 32 1 3.3] 80
55 | 183 9 42 1 1.6 20 16 9 36 |17 2.8 (1900| 900| 9 26 | 2.4 68
56 193 5 i) 1.1 | 23 6 4 7 4Ll 6 1350| 800 7.5] 19| 1.9] 70
57 195 8 12 1.8 19 9 4 6 12 29 | 600 | 570
58 220 15 40 T 1600| 750
59 124 |12 |35 |22 | 26 n 4 1 17 2,3 | 620| 950
60 | 135 | 8 |75 |24 |27 12 & 8 | 19 500| 420
61 | 147 |12 |42 |22|24 L 10] 3|10 16 540| 600
62 166 5 78 19 1 3 9 17 g 2000|1600

1-25 granitic gneisses; 28-33, 41-56, 58, granitoid gneisses; 26, 27,40,57, granites;
59-62, aplites

"% Analysts: Viorica Mindroiu and Constanta Udrescu

Cobalt. Although the variation domain of the cobalt content is more
reduced than in case of nickel, the high value of the variation coefficient
points to a marked variation trend of the cobalt contents especially in the
Furcétura granitoid rocks. Due to the atomic features the geochemical beha-
viour of cobalt in the studied rocks is similar to the nickel behaviour, the
oontent differences between the granitoid bodies mentioned in case of nickel
occur also for cobalt. Thus, the cobalt contents in the Furcitura granitoid
rocks are, generally, less than 5 ppm, whereas the Petreanu granitoid rocks
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TABLE 15
Contents and relations of some trace elements in graniteid
rocks of the Petreanu massif

No. |3@mPlel Ry | st Y Zr No | B2 | B | PB4,
Furcdtura
1 22 19 719 80 155 14.3 260 Q.16
2 197 135 689 8.7 145 15.8 179 |- 9.62 0.20
3 48 109 685 13.9 155 161 199 8.71 0.5
4 1 148 587 20.0 136 217 189 7.56 Q.25
5 32 107 700 14.3 168 14.3 256 17.28 0.15
6 90 133 332 15.4 146 8.3 212 13.53 0.40
T 92 125 647 1.8 137 15.2 199 11.20 0,19

8 | 198 191 269 | 345 782 | 193 | 172 2.25 | o.7
9 | 62 166 332 211 621 17.3 189 6,62 0.50
| Petreanu

10 1| 151 730 22.4 188 16.3 236 1n.25 0.21
11 1e3 127 686 236 179 16.8 212 .81 0.8
12 n7 100 860 24.0 | 216 15.6 277 18.00 0.12

13 141 128 756 16.7 | 186 7.8 | 292 | 1640 | 0.17
% 158 | 0 | 812 | 245 | 195 | 107 | 281 | 23.63 | 014
15, 112 436 | 634 18.9 | 150 128 | 237 | 1869 | 015
15| 183 140 767 20.9 | 212 13.0 | 183 | 12,50 | 0.8
17| 193 | 145 706 17.9 | 200 141 196 | 9.44 | 0.20
18| 101 94.4 | 623 22,6 | 141 133 | 250 | 1132 | 045

19 | 134 128 919 8.2 | 188 158 200 0.14
20| 125 106 849 11.3 165 4.7 398 | 16,98 | 0.13

21| 195 120 449 9.6 | 209 124 | 200 500 G.27
_____ 22 | 180 73.8 | 587 8.0 | 142 | 120 | 183 [ s.82 | 012
Analyst: Gabriela Grabari

are higher than this value. Unlike mcke] the average cobalt content in
aphtes is, however, much lower than that in the gramtmd rocks.

Chrominm. The contents of this chemical element present the most
marked variation from all the studied trace elements in the granitoids of
the two bodies. The chromium contents in granitoids vary concomitantly
with the amount of melanocrate minerals. Th\, much higher contents of
chromium in the Petreanu granitoids than in the Furcitura ones can be
explained by the isomorphism between Cr** and Fe3* whose ionic rays are
0.64 and 0.67 A, .esp\::tl"cﬂv The average chromium content in aplites
is much lower than that in granitoids.

Vanalinm. The variation domain of the vanadium contents ranges
between 3 ppm anld 18 ppm, showing a quite marked variation of its con-
centration, As in case of other trace elements associated with melanocrate
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TABLE 16
Statistical parameters of trace elements distribution in
gruniioid_ rocks of the Petreanu massif

Furcdtura Petreanu
b xmir‘. xmux, X 2 V o J(m‘mA X max. - s ¥
Cu |21| 4 | 40 n.el s [10034] 4 70 126] 13.3 108
Pb |23 | M o0 | 282] e8| 2539|112 | 170 | 433] 322 | 74
Ni |23l 5 271 53|16 (35| 2 54 15 | 120 ] 8
Co |18] 1 & 25 41 | 106 {38 2 19 7.3 62| 57
g ] 2 3 1.9] 3.2 (158 (34| 1 | 100 271 | 27.6 | 102
{ Y v 32 45| 20 |109 (3% 8 115 51.3.| 3151 6
§ Ba | 23100 | 2100 |14 | 523 | 46 [39|430 | 3800 |i842 | 702 | 43
fSr {23165 880 | 491 | 210 43 |39 {420 1700 | 990 | 385 | 2§
i 5n | 15] 1 3 i2 14| 93 |30] 1 3T 2 07 33 |
Ve |15 290 6 | 40| 29| 6227] 1 6 34| 14| 40]
P Ga | 22|13 | 28 | w88 27 w |38 12| 28 | 218| 41 198!
? Li 2l 31 17 5| 3 17 1.2 i
f Rb | 3109 | 191 | 137 13| 73.8| 151 | 1S 22 |19
iS¢ (10| 15) 85| 2 15 11| 18 03| 511 50|
Yy [10]15 | 22 17.7 15115 | 32 236| 58| 2
Yb |10 W1 2.7 1:7 151 11 33 22 i 8D
La | 10|30 | 96 | 42 15|30 | 125 73 | 22 |30
Nb | 10| 83| 217 1358 13[107| w8 137 18113
ze | 9|621] 185 |13 13w | 216 | 181 | 26 | 14
u |s3| os} s56{ 23| 10 |44 |85| 05| 93| 27| 18| 69
Th Is3l a4 39.4F 74| 57 (78 86| 25] 339 1 5.9 | 49
K |s3]| 11| 69| 32| 09 |29|86]| 14| 64| 34| 08] 25

minerals, the high vanadium contents occur in the Petreanu granitoids. The
isomorphous substitution with the corresponding vanadium ions of the
Tit* ions (r —0.66 A) and P3* ions (r = 0.35 A) in the sphene and apatite
network, accessory minerals found frequently in the analysed granitoids,
explains the quite high average content of vanadium in these rocks.

Beryilium. The contents of this chemical element are, generally, redu-
ced, ranging between 1 and 6 ppm. The average content of beryllium in the
granitoid rocks of the Petreanu massif is close to the that found by Golds-
chmidt and Peters (1932) in the granitic rocks.

Bariwm. Barium contents do not show a quite high variation coefficient,
most of the studied samples having values closer to the average value.
Although the variation of the barium contents versus the mineralogical
composition of the study rocks is not as obvious as in case of other trace
elements (Ni, Cr, V), the highest contents of barium are found in rocks
richer in potash feldspar and micas. The higher average contents of barium
in these rocks can also be explained by the abundance of potash feldspars

in the Petreanu granitoids.
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Strontium. The geochemical behaviour of strontium is very similar
to that of barium, as shown by Rankama and Sahama (1950), the rocks with
high contents of one of the two metals being usually rich in the other metal,
too. The average content of strontium in the Petreanu granitoids is more than
twice higher than in the Furcitura granitoids. The higher contents of stron-
tium in the Petreanu granitoids can be explained by the geochemical affi-
nity for K+ and Ca2?*, ions with radiums close in size with that of Sr2+,
present in the crystalline network of feldspars, minerals representing more
than two thirds of the rock volume.

A comparison of the average content of barium and strontium in the
Petreanu granitoids with that in the Rathjen gneisses in South Australia
(White, 1966), in which the average content of barium is 720 ppm and of
strontium 130 ppm, indicates that in the Petreanu granitoids the average
content of barium is more than twice higher and that of strontium seven
times higher.

Scandinm. The scandium contents in the two granitoid bodies vary
between 11 ppm and 18 ppm, the variation coefficient being quite high.
This variation of the scandium contents is determined by the clear trend of
this chemical element to concentrate mainly in the network of the melano-
crate minerals in which it can replace Mg?* (r = 0.78 A) and Fe*'(r = 0.83 A).

The average content of scandium in the Petreanu granitoids is almost
three times higher than in the Furcitura granitoids clearly demonstrating
this trend.

Rare earths. The rare earths elements contents show a medium varia- -
tion, although the values of their average contents are quite different. The
average contents of the rare earths are twice or three times higher in the
Furcdtura granitoids than in the Petreanu ones.

Nidobiwm. The niobium contents in the analysed granitoids are quite
uniform and there is no difference between the Furciturs granitoids
and Petreanu granitoids. The average value of the niobium contents in the
Furcdtura and Petreanu granitoids is lower than that computed by Taylor
(1964) for the granitic rocks in the Earth’s crust (20 ppm).

Zirconium. The zirconium contents in the granitoid rocks vary from
62.1 ppm to 216 ppm. Unlike niobium, zirconium distribution displays
significant differences between the two bodies, the average content of zir-
conium in the Furcitura granitoids being much lower than in the Petreanu
granitoids and than the average value for the granitic rocks in the Earth’s
crust (180 ppm). The average content of zirconium in the Furcitura grani-
toids is closer to the average content of this chemical element in the Virful
Pietrii granitoids (120 ppm) than that of the Petreanu granitoids.

Rubidium. The variation domain of the rubidium contents in ihe
Furcitura and Petreanu granitoids ranges hetween 73.8 ppm and 267 ppm,
The variation of the rubidium contents in the Furcitura and Petreanu
granitoids points out the mineralogical influence on the distribution of this
chemical element. Thus, the Furcitura granitoids, although with an average
content of K,O close to that of the Petreanu granitoids, present an average
content higher than the Petreanu granitoids due to the greater quantity of
biotite as compared with potash feldspar. The average content of rubidium
in the Furcitura granitoids (137 ppm) is very close to that of Virful Pietrii
granite and to the average value for the granitic rocks in the Earth’s crust,
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while the average content of the Petreanu granitoids (115 ppm) is mueh:
lower,

This difference between the Furcitura and Petreanu. gramitolds is
evidenced also by the values of the ratios K/Rb, Ba/Rb and Rby/Sr which:
have a special petrogenetic significance. Thus, in the Furcitura granitoids
{198) the average values of the K/Rb ratio s almost identical with that .
the Virful Pietrii massif (197), while the average value of: this ratio. in: the-
Petreanu granitoids (242) is higher and almost equal to that consmputed for
the “I<LI‘Ht01d‘: in the Earth's crust (Erlank, 1968). Thz same variatiom is
;01;-\{1\ ed in case of the Ba/Rb ratio whose average value is lemer in the:
Furcitura granitoids (9.26) than in the Peftreanu granitoids (i3:4). In
exchange the value of the Rb/Sr ratio is twice higher fa the Funeidtura gra-
nitoids (0 34) than in the Petreanu ones (0.17).

The frequency histograms (Fig. 26) of the trace elements condents,
drawnup on aritmethical scale, do not indicate significant differences hets

”}00 . Furcdture
T
50 |
25 rr_ﬂ_,., |
B2 100 249 65 99 ;\
gn: A=031 n:A=-072 n:A=026 1
E=-831 ‘BI% E=-0M E=-11t -,
75 : i
1% :
50 Ni Cr v
“ rﬁ'\ H i
& h6 1 ? 1 35 3 33
lgn:A= 204 lgn:A= DAS . (gn:A=144
E 296 E2219 pateans . E=088 .

Sr

°/o Ga I_P-EE’_’
371 30 1 §2 430 3960 420 1845

lgn A=-024 n:A=-087 lgn:A=-057 n:A=185 lgn:A=101
E=-138 E=-083 E=-080 E=-053 E=-056

fU/EO Cu Pb
25 l I | ‘
L m

4 80 12 188 2 61 1 15 3
Ign:A=129  lgn:A=034 lgn A= 0_32 tgn:A=-096 n:A= 0?3

E=-048 E=-062 E=-160 E=-091 £=-158

Fig. 26 — Frequency histograms of the trace elements.
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ween the two bodies. The values of the numerical test evidence the lognormal
character or the tendency towards lognormal statistical distribution of the
contents of most of the trace elements except for barium and strontium in
the Furcdtura body and for barium, gallium and vanadium in the Petreanu
body. '

The different behaviour of gallium, strontium and barium in compa-
rison with the other trace elements is probably due to their presence in
almost equal quantities in two or several minerals unlike the other trace
elements which are concentrated especially in a single mineral.

5.4.7. Trace Elewments Corvelation

The study of the relationships between the trace elements contents in
the Furcidtura and Petreanu granitoids points out a moderate frequency
of the correlation between the contents of these chemical elements(Tab.17).

Almost half the number of the computed linear correlation coefficients
indicates a significant correlation between the study trace elements con-
tents (r > 0.4). The highest values of the correlation coefficients occur
between cobalt and chromium in the Furcitura granitoids and between
Co, Cr and V in the Petreanu granitoids. There is a good correlation
(0.6<r<0.8), especially in the Furcitura body, between some of the study
trace elements (ca 30 per cent of the computed correlation coefficients). In
all cases thesign of the correlation coefficient is positive indicating a direct
correlation between the variation of the trace elements contents:

A particularity of the Petreanu granitoid body is the absence of any
correlation between the lead and copper contents and the contents of the
other study trace elements.

TABLE 17
Correlation coefficients between trace elements in granitoid
rocks of the Furcatura Body labove diagonal)
and of the Petreanu Body [(below diagonal)

Cu Pb Sn Ga Ni Co Cr v Be Ba Sr

Cu 007 | 042 | 0.7 0.46| 0.68 | 062 | 050 | 061 | 0.02 | -014
Pb 008 041 |-0.01| 0.34] 034| 037 0.04| 054 | -0.20 | -014
Sn 0.25| 0.35 -0.23| 0.58| 0.00| 062 0.45| 0.00| 019 | 0.04
Ga -0.05( 0.23| 0.50 0.30) 041 018 0.43] -0.02] 0.39| 0.48
Ni 024 0.06| 0.69| 0.43 080 07| 0.68| 076 0.42 | 0.30
Co 0.30 | -034 | 0.40| 0.17| 0.83 08| 075 0.00| 0.52| 0.28
G 0.22| -0.01 | C58| 037 082] 0.8 0771 07T 0:23 | 04
v 014 | -0.06] 035| 040 0.72| O® 0.84 085 0.47 | 0.38
Be 034) 0.20| 0.25 048| 053| 057| 057| 0.62 0.07 |-0-06
Ba -006|-025|-0.19 | -0.49| -on | 018| 00s| 0.27| -0.13 0.72
Sr_1-027(-015] 0.25) 047| 049| 049] 058| 056! 0.46] 0.45
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Several correlation diagrams have been drawn up in order tostudy the
relationships between some trace and major elements that can be substituted
isomorphically in the mineral crystalline networks.
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Except for the V-Ti diagram (Fig. 27), which shows a very good cor-
relation between the contents of these chemical elements evidencing their
geochemicalaffinityand the possible isomorphic substitution of Ti**(r=0.68 A)
by V3+(r=0.74 A), the diagrams drawn up for the other pairs of chemical
elements (Pb-K, Ba-K, Cu-Fe?*, Cu-Mg) point to the lack of any correlation
between the variation of their contents.

5.4.8. Variation of the Trace Elements Contents

Although not all the granitoid rocks of the Petreanu massif were for-
med by crystallization from a magma proper, their appearance can be con-
nected with a magmatic phase represented either by residual solutions, that
led to the granitization of the host rocks, or by the anatexis of the preexis-
tent rocks.

The study of the variation of the trace elements contents during the
granitization processes represents an important aspect of the geochemistry
of the granitoid rocks in the Petreanu massif. Several ratios and diagrams
point out : '

— aluminium content, although shows wide variations from one sam-
ple to another, tends to decrcase concomitantly with the increase of the
rock acidity, that is from the Petreanu granitoids towards the Furcdtura
granitoids. The gallium content decrcases in the same sense as the alumi-

nium one illustrating the geochemical relationships between these chemica]l
elements (Shaw, 1964). The Gax 103/Al ratio varies between 0.15 and 0.37
with an arithmetical mean of 0.23;

W/ \‘ Institutul Geologic al Romaniei
IGR



90 . ANDAR =

— the variation of the Mg and Fe , contents indicates an obvious
decrease concomitantly with the transition towards more acid terms of the
Furcdtura granitoids. This trend also occurs in the variation of the contents
of chromium, nickel, cobalt and vanadium, but it is much diminished espe-
cially for cobalt and nickel. The behaviour of the trace elements geochemi-
cally associated with iron and manganese in the granitization process is
pointed out both by the variation of the ratio of these elements versus the
major elements contents and by the variation of the ratios between them.
Thus, the values of the ratios between the mentioned trace elements and
Fey, decrease from the Petreanu granitoids towards the IFrurcdtura granitoids.
The Vx103/Fe,,, ratio shows the highest variation degree, whereas the
Co x 10%/Fe,y, ratio presents a very low variation ;

— the content of strontium and barium decreases concomitantly
with the increase of the rock acidity. The variation of the barium and potas-
sium contents indicates the absence of any relationship between them,
suggesting that the barium presence is related with another chemical element,
probably calcium. The geochemical behaviour of barium and strontium in
the granitoids formation process in the Furcitura and Petreanu bodies is
illustrated also by the variation of the Ba x 10*/IKX and Srx 102/Ca ratios. In
spite of the wide dispersion of the values of the mentioned ratios a trend
of decrease of the ratios towards the more acid rocks of the Furcitura body
is sbvious ;

— the variation of the scandium, yttrium and ytterbium contents
in the study granitoids indicates a decrease of their contonts simultaneously
with the increase of the rock acidity, and, for vttrium and ytterbium, a
slight trend of increase of the contents of these elements in the most acid
terms of the Furcdtura granitoids.

5.4.9. Distribution and Correlation of the Radioelements,

The contents of uranium, thorium and potassium have been determined
in order to study the radioactivity of the granitoid rocks of the Petreany
massif (Tab. 18).

The unimodal aspect of the distribution histograms, drawn up on an
aritmethical scale (Fig. 28), points out the homogenous character of the
analysed rock collectivity. The degree of symmetry of the frequency histo-
grams varies from highly left asymmetric for uranium to almost symmetric
in case of potassium. The quantifative checking of the statistical distribution
aw of the radioelements contents shows that they present a lognormal sta-
tistical distribution in both granitoid bodies.

The statistical distribution parameters (Tab. 16) evidence the varia-
tion of the radioelements contents in the study rocks. The uranium average
contents in the two bodies are quite close, whereas the thorium average
content in the Petreanu body is almost twice higher than in the Furcitura
body. The highest thorium contents in comparison with the uranium con-
tents in the granitoid rocks are also pointed cut by the supraunitary value
of the Th/U ratio. The variation of the racdioactive potassium contents in
the Furcitura and Petreanu bodies is smaller than that ¢f uranium and
thorium . The granitoid rocks of the Furcitura and Petreanu bodies display
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TABLE 18
Radioactive elements contents and values of radlogene heat
production in granitoid rocks of the Petrsanu massif

e i i e e BT ——

D Ty ———

No.Sample ILocaticn U Th K Th/U H.P.
no. ppm  ppm % pcal/gean
i o B S D . T
Furcédtura
1 2 Riul Mare 2.9 Al:4 2.40 4,6 4.75
2 3 Riul Mare 2,0 739 2.70 309 3077
3 4 Rful Mare s 3.7 3.60 2.8 2.66
4 5 Riul Mare l.0 Bl 4,10 3e1 2.46
5 6 Riul Mare 2.“' g-o 2060 307 4.25
6 i Riul Mare 299 1109 F:10 44l 5653
ii4 9 Hiul Mare 3.0 195 3060 005 30“'6
8 10 Riul Mare 24 9.9 2,90 4.1 4.52
9 11 Riul Mare 1.9 9-1 3-00 ‘98 4002
10 36 Riul Mare 3.0 5-7 4.27 1.9 4,48
11 37 Riul Mare 2,8 T3 2.70 2.6 4,23
12 43 Hiul Mare 2@9 909 3920 394 4.96
13 54 Riul Mere b B 243 el FF A.TL
14 56 Rful Mare 1.4 5.1 3.30 3.6 2.93
15 15  Brook Riugorul Hobiteli 5.0 16.6 3.20 3.3 7.83
16 16 Brook Riugorul Hobif{ei 1,8 10.8 2,40 6.0 4.12
17 18 Brook Riugorgl Hobliei 1.6 4.1 3.20 2.6 2.85
18 19 Brook Riugorul Hobifei 1.1 0,6 1.60 0,5 1.35
19 22 Brook Riugorul Hobitel 2,1 6.3 2.60 3.0 3.49
20 23  Brook Riugorml Hobiltei 1.5 4.6 3.10 3.0 2.85
21 24 Brook Rfugorul Hobitel 2,3 6.7 3.30 2.9 3.91
22 25 Brook Riusorul Hobitei 0,8 39.4 3.75 49,2 9.48
2% 138 Brook Luncii s Te5 2,60 2.4 4.46
24 38 Brook Luncii 148 4.5 3.50 2.5 3,16
25 40 Brook Luncii 4.9 6.1 2,20 1.2 5.39
26 41 Brook Luncii 1.7 8.2 2,20 4.8 3.48
27 42 Brook Lunciil 343 1.8 3.40 0.5 3.69
28 46 Brook B&alanu Bab ITLT 3.40 5.0 T.01
29 48 Brook Repede ) 8.2 2,40 3.7 3.89
30 49 Brool Repede 2.6 6.3 5.40 2.4 4,62
3. ‘51 Brook Rof 2,6 9.1 3.T0 3.5 4.72
32 52 Brook Rof 1.8 Tl 4,00 1.7 3,01
35 B3 Brook Rof 1l.2 2.4 4.00 2.0 2.44
%4 57 Brook Jura 1.4 5l 3,30 3.6 2.93
3 58 Brook Jura 1o Seld 3.00 4.8 2,67
% 59 Brook Jura 2.6 5.9 2.70 2.3 3.81
37 60 Brook Jura 7 Tiad 2.T0 4.7 3.24
38 62 Brook Valea cu pletre 2.0 4.3 2.90 2,1 3.10
39 63 Brook Valea cu pietre 3.1 3.6 3.5% 1.2 3,93
40 64 Brook Valea cu pietre 2.3 6.3 %.10 2.7 3.78
41 65 _ Brook Valea cu piletrs BT TaT 3.50 2,3 4.89
42 66 Brook Valea cu pietre e . S8 3.30 4.5 3.02
43 B6 Brook Caldarii 5.6 12.9 A0 2.3 .59
44 87 Brook Caldarii Pl Ood 530 0.1 3.48
45 88 Brook Caldarii 1.8 6.1 2.10 3.4 3.10
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(Table 18 - continued)

1.2

46 89 Brook C&aldarii
47 90  Brook Caldarii
48 91 Brook Volla
49 69  Brook Sipots
50 70 Brook Sipote
ht 7L Brook 8Sipote
52 T2 Brook Sipote
53 T3 Breock Sipote

54 140 Brook Craculul
55 141 Brook Cracului
56 142 Brook Cracului
57 145 - Brook Cracului
58 144 Brook Cracului
59 14% Brook Cracului
60 27 BrooXk Slatina
61 28 Brook Slatinsa
62 29 Broek Slatins
63 30 Brook Sletina
64 31  Breok Slatina
65 32 Broock Slatina

€6 34  Brook Slatina

TL 94 Réal
72 95 Riul
73 96  Riul
T4 97 Rful
75 98 Riul
76 99  Rful
77 100 Riul
T8 101 Riul
79 102 Riul
80 103 Rful
81 104 Riul
82 105 Riul
83 106 Riul
84 113 Riul
855 115 Riul
86 116 Riuvl
87 117 Riul
88 118 Riul
89 121 Riul
90 122 Riul
91 123 Riul
92 12% Riul
9% 138 Riul
94 154 Riul
95 155 Riul
g6 158 Riul
97 159 Rful
98 157 Riul
99 161 Riul
100 162 Riul

57 80 Brook Scoatvele
68 81 Brook Scosbele
69 B84 Brock Bildinis
70 85 Brook B3ldinisg

3 . 4 2 6___ T __8 |
2.4 7.? 3030 3-2 4-18
2.8 13.4 3,00 4,8 5.53
g 0 T+0 2.60 2.2 4.36
1.6 7.8 2.40 4,8 3,%8
1.9 5.0 6,90 2.6 4.25
2.8 £.e5 3,00 2.3 4,15
1.5 Te0 2,80 4.6 3,25
0.8 4.1 2,90 5.1 2.19
Petreanu
Ga5 T2 3,87 15.8 2,99
1.2 95 357 Te9 3.74
1.4 8.4 3:T6 6D 3,72
3.,L 142 3.88 4.6 6.15
4.5 19.9 2,34 4.4 7T7.90
Hef)l 18,8 2.62 3,7 8.06
4,1 14.2 2.98 3.5 6.64
343 19.5 4.66 5.9 17.57
s % L 65 4,12 5,9 3,22
0.8 B3 3,10 4.1 2.08
1.8 2.9 T2l X.8 . 2:76
18 6.7 3.10 Bal 407
1-9 6%-9 3:\10 3»6 3-60
2.0 11,4 1,40 5.7 4,12
1.4 4.2 3.50 3.0 2.81
l.4 8.3 3,20 5.9 3,55
1.0 9.3 2,80 9,3 3,358
Mare 6.9 17.3 4,40 2.5 9.66
Mare 5.8 11,8 4,10 2.0 T.T70
Mare T.0 11.4 %80 Tubh BudD
Mare 3T 142 2.64 3.8 6.25
Mare 2;8 15-;4 3060 505 6.10
Mare 1.2 382 4,50 2.6 2.7%
lMare 2.8 15.4 3.30 5.5 6.02
Mare 4.2 13.9 2.80 3.3 6.60
Mare 2.9 14.2 2093 4:9 5-75
Mare 5.5 10-7 2079 109 6-91
Mare 3.6 10.4 2,18 2.9 5,30
Mare 2.8 11.9 3,18 4.3 5,28
Mare 2.6 10.2 2.96 3.9 4,74
Mzre 291 1003 2.49 499 4.26
Mare Lol ATeT 3.40 16,1 5.26
Mare 1.0 161 4.05 16,1 5.04
Mare G.9 11.9 50T 0122 5,87
Mare 2.9 20.8 4:57 T2 T.5i
Mare 1.3 12.9 3.05 9.9 4,35
Mare 1.0 13.7 4,16 13.7 4.59
Mare 1.0 13.8 4,15 13.T 4.60 .
lare i 00 4 10.4 3077 904 3090
Mare 8.9 21.0 4,80 2,4 11.99
Mare 1:8 28,1 Jo44 14.6 T.AH
Mare 1.3 218.6 4£.00 14,3 5,75
Mare 1.1 10.T 3.78 9.7 3.96
Mare 1.4 P20 321 15,8 B.3%
Mare 3.0 2.5 6.43 1.0 4,51
Mare 3o 8.3 2.55 2.8 4.96
Mare 1.8 2.47 4.9 3,75
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- 3 ' 4 5 6 7 __ 8

101 163 Riul Mare 1.3 18,5 3.01L 14.2 5.46
102 164 Riul Mare l.4 19.5 3.30 13.9 5.8L
10% 165 Riuvl Mare 1.5 1B.5 3.43 12.% 5.72
104 166  Riul Mare 3.9 8,0 331 2.1 5.34
105 167 Riul Ware 3.8 10.5 3.18 2.8 5,73
106 168 Riul Maze 2.4 18.1 3,19 T.5 6.23
107 169  Riul Mare 4,5 11,9 207 2.6 6,68
108 170 Rfvl Mare 4.0 Te8 2.7 149 52
108 171 Riul Mare 6.8 Bl 2.48 0.5 6.29
110 17 Riul #ara _ 0.8 3.9 1.73 4.9 1.83
111 108 Brook (Epricarei 2.4 18.8 2,68 T.8 6.24
112 109 Brouk Cipriocarsi 3.2 20.2 3.72 6.3 T.38
113 110 Breok Ciprioarel 2.8 10.5 303 3.7 4.96
114111 Brook Capricarsi B«5 18B.2 2.75 3,3 B.40
115 112 Brock Cipriocasrel le4 12.1 3.02 8.6 4.2
116 127 Brook Lumca de laturl 3.8 33.9 5,36 8.9 11.00
117 128 Brook Lunca de laturi 4,1 20.9 4.87T 5.1 8.49
118 129 Breck Iunca de lagurl 3.3 14.4 4.75 4.4 6,57
119 131  Brook Lunca de lsfuri 20.2 3691

120 132 rook Luncs de laturl 1.4 St 4,32 4,1 35,33
121 133  Brook Imnca de laturi 1.7 6.4 4.64 3.8 3.77
122 134  Brook Lunca de laturi 1.5 8.9 2.63 5.9 3.58
123 135 Brook Lunca de laturi 2,5 10,6 3,10 4.2 4,78
124 136  Brook Lunca de laturl 2.5 8.8 3.5% 3.5 4.54.
125.137 Brook Iunca de laturi 2,0 4,0 4.82 2,0 3,56
126 146  Brook Valea Maxe 1.4 11.7 2.456 8.4 4.03
127 147 Brook Valea Mare Ta6 12,0 2,54 3.5 5.71
128 148 Brook Valea Mare 0.9 97 3.17 108 3.45
129 149 Brook Valea Mare 2.4 4.2 4.13 1.7 3.71
130 151 Brook Valea Mare 4.9 15.2 4.08 3.1 T.T2
131 152 Brook Valea Mare 1.0 1642 2.98 16,2 4.7T7
132 153 Brook Valea Mare 2.9 11.1  3.09 3.8 5,17
133 176 Brzok Beodu 1.2 8.0 3.13 6.7 3.32
134 177 Brook Bodu 0.9 3.4 3.11 3.8 2,18
135 179 Brook Boedu 1.8 265 o1ls51. 1.4 2.22
136 182 Broock Netis 9.3 9.5 3.03 1.0 9.51
137 183 Brock Netls 2.7 7.3 3,14 3.2 3,99
1%8 184  Brook Hetilg 0.9 T.2 3,01 8.0 2,91
139 185 Brook Netis l.2 11.3 2.9%5 9.4 3.94

Anglyst: Iosn Tiepae

4 \l Institutul Geologic al Romaniei
IGR



94 P. ANDAR 80

fon _ . Furcatura
Sy Th K
20 :‘_T | |
|
] | Bl
0 [ '_:—-\ T ! R -

IO.B S58ppm (.4 £loom 110 T13%
Ho=lgn:A=019 Ho=lgn:A=289 Hs=lgn:4=-100
E=-077 E=-321 F=-159

-EG{.OO Petreanu

[«

U Th
201 | | _‘ b
LL_ﬁ P '1\ .

0 i I
05 _100ppm 25 ‘ 363ppm1L0 6.87
ho:ign:,ﬁ:-mj He=lgn: A=-283 Ho=lgn:A=-080
£=-102 E=(32 £=185

Qo
/o

Tig. 28 — Frequeney histograms of the radioactive elements,

smaller average contents of radioelements in comparison with other granitoid
massifs of the Danubian Realm (Savu et al., 1973).

- The correlation diagrams and the very low values of the computed
linear correlation coefficients (ry 4, = 0.20, Ty_g = 0.11, Tpy—x=0.03 for the
Furcdtura body and ry_q,=0.26, ry_x=0.05, Ipp—x=0.14 for the Petreanu
body) point to the absence of such relations between the radioelements comn-
tents in the Petreanu granitoids.

The areal distribution (Fig. 29) of the uranium and thorium contents
in the Furcitura body points out a trend of increase towards the margins
of the body, particularly to the northern side. The contents of radioactive
potassium do not show any clear trend of variation in the Furcitura body.
In the Petreanu body all the three radioclements show a trend of increase
of the contents towards the axial zone in the southern part of the body.

5.5. Genesis of the Granitoid Rocks in the Petreanu Massif

Unlike the Virful Pietrii granitoid, whose magmatic origin has not been
contested up till now, the formation of the granitoid rocks in the Petreanu
massif was and still is under discussion, evidencing the complexity of the
geological processes in the study region.

The enumeration of the hypotheses based on the geological researches
related to the nature and genesis of the two granitoid bodies 1n the Petreanu
massif shows that it might represent :

— the superficial part of some intrusive bodies (Giuscd, 1974) ;

— metamorphosed intrusive bodies (Mrazec in Schafarzik, 1899 :
Dimitrescu, 1983)

’
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Fig. 29 — Areal distribution of the radioactive elements content,

— an intrusive body (Furcitura) and a migmatic one (Petreanu)
(Krautner et al., 1981) ;

— two migmatic bodies : —lateral migmatization (Gherasi, Dimitrescu,

1970)
— 4n sulu migmatization (Gherasi, Dimitres-
cu, 1970 ; Krautner, 1980).

The mineralogical, petrographical, geochemical and structural obser-
vations point out significant differences between the Furcitura and Petreanu
granitoids, suggesting different petrogenetic and evolution processes. |

As alrcady mentioned at the mineralogical description of the rocks,
although they consist of the same mineralogical components, their percen-
tage differs and for this reason in the Furcdtura granitoid the more acid
petrographic types predominate (granites and leucocrate granites) whereas
the Petreanu granitoid is composed mostly of granodioritic rocks.
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The porphyroid structure with potash feldspar megablasts is much
more frequent in the Petreanu granitoids, whereas in the Furcitura grani-
toids they are less frequent and plagioclase metablasts occur.

The intrusive character, evidenced in the Furciatura body by the rela-
tionships between the leucocrate granitic gneisses and the biotitic granitoid
gneisses, is not observed in the Petreanu granitoid.

Another difference between the two granitoid bodies is the higher
frequency of the crystalline schists intercalations of different sizes and com-
positions in the Petreanu granitoids, unlike the Furcdtura granitoids where
they are almost absent.

Among the geochemical differences we mention the following :

— a more acid average chemical composition of the Furcitura grani-
toids corresponding to a granitic magma, as compared with a more basic
average chemical composition of the Petreanu granitoids, corresponding to
a granodioritic magma ;

— ahigher variability of the contents of major elements in the Petreanu
granitoids as compared with that in the Furcitura granitoids ;

— the greater amount of alkalis and the sodic trend of the Furcdtura
granitoids as compared with the smaller amount of alkalis and the potassic
trend of the Petreanu granitoids ;

— the variation diagrams also illustrate significant geochemical dif-
ferences between the rocks of the two mentioned bodies :

— the average contents very different for most of the trace elements,
which are twice up to five times lower in the Furcitura granitoids as com-
pared with the Petreanu ones :

— the relationships between the contents of trace elements are dif-
ferent in the rocks of the two granitoid bodies ;

— unlike the Petreanu gran1t01ds the Furcitura granitoids display
a similarity of the contents and variation trends of some major and trace
elements with the Virful Pietrii granitoids.

Considering all this, it is probable that the Furcitura and Petreanu
granitoids might have been formed differently. The mentioned arguments
point to their formation in two different stages : during the first btaoe the
formation of the Furcdtura granitoids took pl*u:(. as a result of a ma“m"LtIC
intrusion accompanied by metasomatic processes (sodic meta‘iomatosm),
during the second stage the formation of the Petreanu granitoids took place
due to an intense alkaline metasomatosis (mostly potassic).

In the Petreanu body the metasomatic granitization of the host rocks
consisted in a supply of alkalis and silicas and a release of ferromagnesian
chemical elements. Recent researches show that the ionic diffusion occurs
only on small distances, even in relatively long time-spans and that the
ionic transport in a fluid phase seems more likely for the regional granitiza-
tion. The residual fluids were much richer in water and could f01m pegma-
titic segregations in the Petreanu granitoids giving rise to an intense local
potassic metasomatosis as one can see in the Valea Mare Brook.

The projection of the study rocks in the Or-Ab-Q ternary system
(Fig. 13) shows obvious differences between the rocks of the two granitoid
bodies. Thus, while the Furcitura granitoids plot closely along the minimum
cutectic zone and in the uolohhomhood or even inside the ficld of the ideal
granites, proving the pr_mllnllt} of their formation from a magmatic melt,
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the Petreanu granitoids display a very wide spreading, pointing to no rela-
tion with the maximum thermic zone.

The alkaline metasomatic process 15 clearly evidenced by the shifting
of the plots in the field of very high pressures (more than 5—10 kilobars)
towards the peaks Ab (for both bodies) or Or (only for the Petreanu grani-
toids) of the diagram 1n relation with both the field of ideal wmnltes and
with the field of thc Virful Pietrii granitoids. The absence of a melt proper in
the formation process of the Petreanu granitoids is also illustrated by the
diagram of the Or-Ab-An-Q (Fig. 14) which points out that the study rocks
do not show any relation with the minimum thermic zone, most of them
oecurring at great distances from the field of ideal granites than the Furca-
tura granitoids.

The similar chemical composition of the magma that generated the
Furcitura granitoids and of that from which the Virful Pietrii granitoids
crystallized is suggested also by the geochemistry of some trace clements.
In this respect are of note both the average contents and the very close or
identical ratios of some trace elements such as Zr, Nb, Sc, Y, Yb, Co, Rb,
and K/Rb, Rb/Sr, respectively, in the Furcdtura granitoids and Virful
Pletrii granite.

At the same time, as shown by Taylor (1965), the magmatic differen-
tiation led to a significant enrichment of rubidium as compared with potash
in the last differentiates. Provided that such residual solutions invaded the
host rocks and granitized them, then a low K/Rb ratio compared with the
rocks formed by magma crystallization should result. The higher value of
this ratio, as well as of other ratios with a similar petrogenetic significance —
e.g. Ba/Rb and Rb/Sr — in the Petreanu granitoids versus the Furcitura
ones — suggests that the residual fluids, which led to the formation of the
Petreanu granitoids, did not resulted from the magma which generated the
Furcdtura granitoids.

As regards the time of formation of the Petreanu granitoids, Gherasi
et al. (1974) pointed out that it took place after the metamorphosis of the for-
mations later called Nisipoasa and Bodu formations by Dimitrescu (1985),
because the metasomatic processes affected them too as evidenced by the
feldspar metablastesis. The Precambrian age of the Petreanu granitoids is
proved by the value 656 (- 19) MA obtained by the K/Ar method for a bio-
titic gneiss from an enclave in the Petreanu granitoid situated downstream
Runcu (Soroiu et al., 1972).

6. RADIOGENE HEAT OF THE GRANITOID ROCKS IN THE
TARCU MOUNTAINS

The accurate estimation of the geothermic problems and of the radio-
gene heating ones was influénced by “the lack of adequate data concerning
the heat pmcll.u,twltv by radioelements and the radioactivity distribution
in the study materials especially its vertical distribution in the “Earth’s crust.

The evidence on the distribution of U, Th and K in magmatic rocks
is fundamental when interpreting petrolovlcal and U(')OIOUIC'LI matters of
magma generation and differentiation, of radiogenic Theat production and
h:.Lt flow and generally the evolution of the I:'L1th‘“~ crust. Nowadays is
widely accepted the hypothesis according to which the Earth’s internal heat

7 —0c 432
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depends on the radioelements distribution in the Earth (Rankama, 1963)
and that the heat flow observed on the surface of the continents can be
ascribed to the heat generated by radicelements, Thus, the knowledge of the
distribution of these producers of radiogenic heat elements in rocks where
the heat flow is measured is essential for any significant interpretation.

Radiogenic heat production of the granitoids in the Tarcu Mts was
computed from the contents of U, Th, K on the basis of Birch’s estimations
(1954) of heat production (1 prm Th = 0.20 v cal/gan; 1 ppm U =10.73 u
cal/g an; 1%K = 0.27 p cal/g an).

The values of the radiogenic heat preduction for the Virful Pietrii
granitoids (Tab. 9) range between 2.11 g cal/g an in granites and 15.29 p
cal/g an in quartz diorites, and in the granitoid rocks of the Petreanu massif
(Tab. 18) they vary between 1.35 and 9.48 u cal/g an in the Furcdtura grani-
toids and 1.83 and 11.99u cal/g an in the Petreanu granitoids. The average
values of the radiogenic heat production in the Petreanu granitoids are
higher than those in the Furcitura ones, but both are lower than the average
values for the Virful Pietrii granitoids (Tab. 19).

TABLE 19
Average contents of radioactive elements and
average values of radiogene heat generation
in some granitoid bodies

U Th K. CiR.

ppm ppm °fs calgan
virful  Pietrii 39 9.5 3.4 5.63
Furcatura : 243 7.4 32 4,02
Petreanu 27 121 3.4 5.41
Muntele Mic 41 15.5 3.6 7.06
Cerna 2.8 2.2 2.8 5.24
Sfirdin 4.3 17.8 3.5 7.58
Cherbelezu _ 7.5 18.4 3.9 1010
Ogradena - 43 5.7 3.8 5.31
Boulder batholith =T 39 15.4 3.3 6.80
Southern California batholith ' 1.7 5.5 1.7 2.70
Batholiths from west U.S.A. 25 ne | 24 4.70
Canadian shield 24 | 103 | 2.6 | 4.60
Continental crust : | 2.8 10.0 2.6 | %70

As compared with other granitoids in the Danubian Realm, the average
values for the radiogenic heat production in the Virful Pietrii and Petreanu
granitoids are situated in the lower part of the variation domain of these
values. The average value of the radiogenic heat production for the Furcitura
granitoids is even the lowest one of all the average values of the Danubian
granitoids taken into account, whereas the average value of the radiogenic
heat production for the Virful Pietrii granites is close to the average values
of the Cerna and Ogradena granitoids.
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The average values of the radiogenic heat production of the granitoids
in the Tarcu Mts are close to those of the granitoids in North America and
to the average value of the continental crust.

Studying the variation of the radiogenic heat production in relation
to different petrochemical parameters, Tilling et al. (1970) showed that the
radiogenic heat production varies according to the character of the magmas
which yielded the rocks.

On the diagram in Figure 30, the average values of the radiogenic heat
production place the granitoids in the Tarcu Mts either exclusively in the
field of calc-alkaline magmas (Petreanu granitoids) or to the common varia-

tion zone of the calc-alkaline and calcic fields (Virful Pietrii granites and
Furcdtura granitoids).
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Fig. 30 — Generalized diagram of heat production versus Si0, content.

L, field of calcic magmas ; 2, field of cale-alkali magmas; 3, superimposed zone of
calc-alkali and caleice fields ; 4, lower limit of the calc-alkali field ; 3, upper limit of
the calcic field; 6, Virful Pietrii granite; 7, Furcitura granitoid; 8, Petreanu
granitoid ; 9, Muntele Mic granite ; 10, Ogradena granite ; 11, Cherbelezu granite ;
12, Sfirdin granite ; 13, Southern California batholith ; 14, Boulder batholith.
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7. COMPARISON BETWEEN THE VIRFUL PIETRII, FURCATURA
AND PETREANU GRANITOIDS

The mineralogical and geochemical observations evidence notable
differences between the granitoid rocks in the Virful Pietrii and Petreanu
massifs, The petrographic differences between the rocks of the three granitoid
bodies were observed by Schafarzik (1901) and Gherasi (1937) who referred
them to different rock groups according to the classification of that time,

The Virful Pietrii granites form a circular-oval-shaped plutonic
body unconformable in relation to the surrounding crystalline schists, whe-
reas the granitoid rocks in the Petreanu massif constitute two irregular
bodies — Furcdtura and Petreanu — which are in different relationships
with the surrounding crystalline schists.

The Virful Pietrii granites are light grey, medium-grained rocks with
equigranular structure, massive or weekly oriented inside the massif and
more strongly oriented at the margin of the massif. The porphyroid facies
is poorly represented. The Furcitura and Petreanu granitoids are rocks of
a light up to dark grey colour, with an equigranular structure, from strongly
oriented subparallel up to massive. The porphyroid facies 1s frequently found.

The mineralogical composition of the rocks of the three granitoid
bodies is quite similar as regards the mineral species participating in their
formation. They, however, differ by the minerals percentage in the rock
formation. Thus, the Virful Pietrii granites are richer in quartz than the
Petreanu and Furcitura granitoids wihich contain a greater amount of
feldspars, especially plagioclase. As regards micas the difference is more clear
because the Virful Pletrii granites contain only muscovite while in the Fur-
citura and Petreanu granitoids micas are represented especially by biotite,
muscovite occurring only as a product of the plagioclase hydrothermal alte-
ration. The three bodies differ also as regards the variation of the mineral
contents. Unlike the Virful Pietrii massif, where there is a uniformity in the
variation of the mineral contents, the granitoid rocks of the Furcitura and
Petreanu bodies display significant variations of the mineral contents.

These differences in the mineralogical composition, especially in quan-
titative respect, determine the different character of the rocks of the three
granitoid bodies, as shown on the (.4 P’ diagrams (Figs. 1 and 15). Most of the
Virful Pletrii granitoids plot in the granite field, while the Furcdtura and
Petreanu bodies fall mostly in the granodiorite ficld.

The mineralogical and petrographical differences of the three bodies are
also reflected in their chemical composition. Tables 2 and 11 show significant
differences both as regards the average content and the variation of the
major chemical components contents. The major chemical components
contents present a more uniform variation in the Virful Pietrii granites
than in the Furcitura and Petreanu bodies.

Except for lithium, beryllium, vtterbium and uranium, the average
contents of all the other trace elements (Tab. 7 and 16) are almost twice or
four times lower in the Virful Pietrii granites than in the Furcitura and
Petreanu granitoids, while the average contents of lithium and ytterbium are
almost equal. Another difference between the rocks of the three granitoid
bodies consists in the frequency and intensity of the correlation between
the trace elements contents. In the Virful Pietrii granites only 15 per cent
of the computed correlation coefficients have a significant value while in the
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Furcitura and Petreanu granitoids the correlation coefficients with higher
values exceed 50 per cent

A comparison of cach of the two granitoid bodies in the Petreanu mas-
sif with the Virful Pietrii granitoids points out that the chemistrv of the
Furcitura granitoids is closer to that of the Virful Pictru granitc than to the
chemistry of the Petreanu granitoids. This fact1s evidenced, on the one hand,
by the statistical distribution (average content and variation limits) of the
major elements and of most of the elements and, on the other hand, by the
geochemical relationships between different chemical clements illustrated
by the values of their ratios (see diagrams and tables). -

Besides these simple methods of comparison other multidimensional
statistical methods with a high confidence degree — e.g. discriminant ana-
lysis and Wilks criterion — were also used. The values of Wilks criterion and
the results of the discrimmant analysis invalidate the hypothesis of the
equality of the averages and variances of the three bodies — Virful Pietrii,
Furcitura and Petreanu — and therefore of some. geochemical characters
identical for these rocks.

The differences evidenced between the rocks of the three granitoid
bodies point to different petrogenctic and evolution processes of these rocks.
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GEOCHIMIA ROCILOR GRANITOIDE DIN MUNTII
TARCU
(Rezumat)

Recent, ca urmare a reanalizdrii tuturor informatiilor geologice
acumulate in uitimele decenii Krdutner et al. (1981) si Berza et al. (1983) au
ardtat cd formatiunile cristaline ale autohtonului danubian apartin la doud
mari unititi tectonice — danubianul inferior si danubianul superior —cons-
stituite la rindul lor din mai multe subunititi,

Corpurile granitoide din masivele Virful Pietrii si Petreanu sint situate
in partea de nord-vest a autohtonului danubian in metamorfitele ferestrei
tectonice Petreanu -Rof apartinind danubianului inferior.

Stratigrafia, petrografia si structura unitdtilor litostratigrafice din
partea de nord-vest a autohtonului danubian au fost descrise ca urmare a
cercetirilor efectuate de numerosi cercetatori (Schafarzik, 1901 ; Gherasi,
1937 : Gherasi, Dimitrescu, 1968 ; 1970 ; Kriutner, 1980 ; Dimitrescu, 1983,
etc.)

Sisturile cristaline care apar in unitatea de Petreanu-Rof, si care pre-
zintd 10111:11 directe cu rocile granitoide, apartin la urméatoar ele umiatl lito-
stra.twm,{u,e : formatiunea de Rof, formatiunca de Nisipoasa, fornntlum,a, de
Bodu, formatiunea de Vidra si gr upul de Zeicani.
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Masiv al Virtal Pietrii

Masivul graniteid Virful Pietrii formeazd un corp plutonic cu contur
clipsoidal avind axele de dimensiuni apropiate (13 X 11 km) din care cauza
pare aproape circular. Rocile granitoide ale masivului Virful Pietrii aflo-
reazd intre riul Bistra Bucovei la est i riul Bistra Mdrului la vest.

Din punct de vedere petrografic masivul Virful Pietrii este alcatuit
din granite leucocrate, care ocupd suprafata cea mai mare, din granodiorite,
care apar cu totul sporadic in zona marginald si diorite cuartifere, care apar
sub forma unor corpuri mici in partea de vest a masivului.

Enclave de sisturi cristaline in rocile granitoide, cit si apofize ale corpu-
lui granitic apar frecvent in sisturile cristaline inconjurdtoare.

Descriere petrograficd st mineralogicd

Roca predominantd este un granit leucocrat de culoare cenugic des-
chisa, albicioasd cu texturd aproape masivd in partea centrald a corpului
granitoid si cu texturd orientatd sau slab orientatd in zonele marginale. Ca
extindere faciesul sistos nu depidseste 500—600 m de la marginea masivului
spre interior. Acestor diferente texturale nu le corespund decit variatii slabe
de structurd si compozitie mineralogicd. O varictate de granite mai alcaline,
cu microclin, apare sporadic ocupind suprafete mici pe piriul Murgana §i pe
piriul Pecineaga la confluenta cu Bistra Médrului. -

Din punct de vedere mineralogic rocile granitice ale masivului Virful
Pietrii sint alcdtuite din cuart, plagioclaz, microclin si muscovit, la care se
mai adang foarte rar biotit in zonele marginale. O caracteristicd a granitului
de Virful Pietrii o reprezintd absenta mineralelor melanocrate.

Granodioritele apar cu totul sporadic in zona perifericd a masivului gra-
nitoid fird a forma zone distincte. Astfel de iviri izolate de dimensiuni metrice
au fost intilnite pe piriul Michi si pe piriul Pecineaga. Caracteristicile texturale
si structurale ale rocilor granodioritice sint aseméndtoare cu cele ale rocilor
granitice diferentele manifestindu-se mai ales in proportia mineralelor com-
ponente. De remarcat participarea mai frecventd a biotitului care poate
ajunge pind la 4—59, din volumul rocii.

In partea de vest a masivului granitoid Virful Pietrii pe valea Bistra
Mirului apar doud corpuri mici de roci dioritice cunoscute sub denumirea de
diorite de Bistra (Gherasi, 1937). Iviri mai mici de diorite, de ordinul metrilor
sau citorva zeci de metri, apar in rocile granitice. Rocile dioritice sint strd-
bitute de apofize si filonase granitice punind in evidentd relatiile lor cu
rocile granitice, relatii din care rezultd cid dioritele s-au format inaintea
rocilor granitice ale masivului Virful Pietrii.

In masa corpului granitoid Virful Pietrii se intilnesc numeroase inter-
calatii de sisturi cristaline. Dimensiunile lor variazi foarte mult si de obicei
depisesc ordinul metrilor. Ele sint reprezentate mai ales prin sisturi clo-
rito-sericitoase si sisturi cuartitice cu muscovit si biotit.

Geochimia rocilor granitoide din masiwul Vivful Pietris
Caractere petrochimice
Studiul petrochimic al rocilor granitoide din masivul Virful Pietrii
se bazeazd pe un numdr de 43 analize de silicati reprezentind 37 granite, un
granodiorit si 5 diorite cuartifere.
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Parametrii petrochimici obtinuti prin prelucrarea datelor de analizi
chimicd au fost folositi pentru :

— caracterizarea rocilor granitoide prin stabilirca compozitier mine-
ralogice normative (C.ILP.W. si Rittmann) si a tipurilor petrografice pe
baza unor clasificdri chimico-mineralogice (diagramele R, — R,, QAP si

Q'-ANOR) ;

— determinarea tipului de magma ;

— caracterizarca procesului de diferentiere magmaticd.

Diagrama R; — R, (fig. 2) pentru clasificarea rocilor plutonice arati
cd rocile granitoide din masivul Virful Pietrii apartin la urmitoarele tipuri
petrografice : granite, granodiorite, diorite cunartifere si diorite. In compa-
ratie cu alte metode aceasta aratd o corespondentd foarte bund cu clasi-
ficarea mineralogicd.

Cu exceptia unui singur caz, toate tipurile de magmi caracteristice
rocilor granitoide din masivul Virful Pietrii apartin seriei calcoalcaline. Dia-
gramele de variatie aratd c¢d magma din care au cristalizat rocile granitoide
a avut un caracter calcealcalin si cd procesul de diferentiere magmatici a
urmat linia de evolutie a unor magme de alcalinitate normald.

Distribulia statisticd a elementelor majore

Studiile efectuate de numerosi cercetatori au subliniat importanta
geochimicd a functiilor de repartitie ale continuturilor elementelor chimice
ardtind cd acestea reprezintd o caracteristicd geneticd dintre cele mai impor-
tante ale procesului de formare a rocilor, legea fenomenului.

Studiul variabilititii continuturilor elementelor evidentiazi o variatie
mai mare a continuturilor elementelor majore din granite in raport cu cele
din dioritele cuartifere. Aspectul unimodal al histogramelor de repartitie
ale continuturilor elementelor majore din leucogranite arati caracterul
omogen al colectivititii de roci. Caracterul lognormal al distributiei statis-
tice a majoritdtii componentilor chimici majori din leucogranite pledeazd in
favoarea unui singur proces petrogenetic, in timp ce tendinta spre normali-
tate a K,O indicd participarea a doud sau mai multor procese la formarea
mineralelor ce contin acest component chimic. Acest fapt este confirmat
mineralogic de prezenta microclinului si muscovitului de neoformatie, rezul-
tate in urma unui proces de autometamorfism.

Corelatia dintre elementele majore

Examinarea valorilor coeficientilor de corelatie dintre continuturile
elementelor majore evidentiazd, in general, o corelatie slabd (r < 0,4),
numai 359, din numdrul coeficientiler de corelatie prezentind valori semni-
ficative. Dintre acestia din urmd aproape doud treimi indicd o corelatie
satisficdtoare (0,4 < r< 0,6) intre variabilele cercetate si numai o treime
arati o corelatie buni (0,6 <r<0,8). Variabilele cele mai frecvent corelate
sint Si0O,, Al,O, si Fe,Og, in timp ce MnO si Na,O aproape cd nu prezintd
legdturi semnificative cu ceilalti componenti.

Variabilitatea aveald a confinuturiloy elementeloy majore
Repartitia areald a continuturilor elementelor chimice constituic o

caracteristici importantd cu profunde semnificatii petrogenetice in procesul
de formare a rocilor granitice.
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Pentru cercetarea variabilititii arcale a continuturilor elementelor
majorea fost aplicatd metoda analizei suprafetelor polinomiale de tendinta.
Hirtile de tendintd (fig. 5, 6) ilustreazi ca o trdsdturd generald a tuturor
componentilor chimici majori o tendinta de variatie a Lontmnturllm contro-
latd de forma corpului granitoid. Astfel, in timp ce silicea si alcaliile aratd
o tendintd de crestere a continuturilor dinspre marginile plutonului spre zona
centrald, continuturile ulorlaltl componenti chimici m ajori manifestd o
tendintd de scddere in aceeasi directie.

Analiza factorilor

Pentru precizarea rolului componentilor chimici majori in desfasu-
rarea proceselor petrogenetice s-a utilizat analiza factorilor pentru stabilirea
contributiel fiecdrei variabile LL variatia totald. Rezultatele analizei R-mod
evidentiazd contributia majord, dar de sens contrar, a Ti0,, FeO, CaO,
P,0O; si MgO pe de o parte si a Si0O, de cealaltd parte in explicarca v ariabi-
hhttn mulm

Rezultatele analizei R-mod si ale analizei Q-mod au fost folosite ca
bazd pentru calculul unui parametru petrogenetic sintetic care sd ilustreze
procesul de diferentiere magmaticd. Ponderile individuale ale primului
factor, care justificd peste 90“*' din variatia geochimicd a rocilor, au fost
utilizate in construirca unei h'lltl de tendintd (fig. 9). Harta obtinutd
reflectil caracterele generale ale pmu‘%ulm de difer entiere si eristalizare mag-
maticd. Valorile pm’z,nutxulul sintetic caleulat evidentiezd atit o ‘forlclllltd.
de crestere de la marginile plutonului spre partea sa centrald, cit i o leg siturd
intre forma plulonulm st modul de variatie al acestui parametru.

Confinutul st distribufia elementclor minore

Continuturile elementelor minore din rocile granitoide ale masivului
Virful Pietrii se incadreazd intre limitele de variatie stabilite pentru tipul
petrografic respectiv. Variatia continuturilor elementelor minore in leuco-
granite este diferitd. Astfel, in timp ce pentru unele elemente minore ca La,
(uL si Co continuturile sint aproape uniforme, pentru alte elemente minore
ca Li, Cr si Cu continuturile prezintd variatii importante.

_\qunta,t("t elementelor minore analizate prezintd o distributie sta-
:[isticz-i lognormald, distributic caracteristicd rispindirii elementelor minore
I 1rocl.

Valorile raportului K/Rb din rocile granitoide ale masivului Virful
Pietrii se incadreazi intre limitele stabilite pentru rocile magmatice, evi-
dentiind totodati o imbogdtire relativi a rubidiului in raport cu pomsml
O tendintd de variatie wlttlllal"L este ilustratd si de raportul Ba/Rb. aloule
mporinlm Rb/Sr sint cuprinse intre 0,14, in dioritele cu: wetifere, si 3,10,
rocile granitice.

Corclatic dintre eclementele minore
Cercetarca corelatiei dintre elementele minore din leuce ogranite a aritat

cid numai 139, din coeficientii de corelatie calenlati au v alori semnificative.
Dintre acestia o legaturd foarte strinsd a fost identificati numai intre Y-Yb
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si Co-La. Cele mai frecvente legituri de corelatie sint prezentate de Sr, Ba,
La, Co si Ni, in timp ce alte clemente nu prezintd aproape nici un fel de
corelatie, asa cum sint Cu, Be §i Ga.

Variatia confinuturilor elementelor minore

Pentru a evidéntia comportarea geochimicd a elementelor minore in
timpul diferentierii magmatice a fost cercetatd variatia atit a continuturilor
elementelor minore, cit si a unor rapoarte dintre acestea si elementele majore
cu care se asociazi geochimic, in raport cu indicele de diferentiere magmatica.
Din diagramele construite rezultd :

— continuturile de galiu sint destul de uniforme ;

— continuturile de Ni, Co, Cr si mai putin V scad treptat odatd cu
diferentierea ;

— continuturile de Sr, Ba, Sc, Y si Yb aratd o tendintd de scddere
odatd cu trecerea de la dioritele cuartifere la leucogranite.

Distributia clementelor radioactive

Continuturile de uraniu variazi intre 0,9—13,4 ppm in leucogranite
si intre 1,6—10,5 ppm in dioritele cuartifere, iar cele de thoriu sint cuprinse
intre 1,2—31,1 ppm in leucogranite $i intre 3,4 —45,1 ppm in dioritele
cuartifere.

In comparatic cu alte masive granitoide dinautohtonul danubian recile
granitice din masivul Virful Pictrii au o radioactivitate mult mai scdzutd
decit majoritatea acestora, in timp ce dioritele cuartifere sint cele mal bogate
in elemente radioactive.

Repartitia arcald a continuturilor elementelor radioactive in leucogra-
nitele din masivul Virful Pietrii aratd o tendintd de cresterca confinuturilorde
U si Th dinspre marginile masivului spre partea centrald a acestuia. Aceastd
tendinti este mai evidentd pentru thoriu care prezintd o zond de maxim
exact in partea centrald a masivului.

Geneza roctloy granitorde din masivul Virful Pietrit

Relatiile cu rocile inconjurdtoare, structura, textura, compozitia mine-
ralogicd, natura enclavelor si aspectul general al plutonului au ficut ca ori-
ginea magmaticd a corpului granitoid Virful Pietrii sd nu fie pusd la indoiala.
Din acest motiv, problemele de geneza ale rocilor granitoide ale masivului se
referd de fapt la originea, modul de diferentiere, punerea in loc si conditiile
de cristalizare @ magmei.

Originea litogend a magmei granitice este evidentiatd de o serie de
caracteristici cum sint proiectia rocilor granitice in cimpul de distribufie al
rocilor metamorfice acide din diagrama propusd de Mchnert (1968), carac-
terul hiperaluminos al rocilor si valorile ridicate ale raportului Rb/Sr. Ten-
dinta de variatic numai spre compozitii acide, raportul Fettf e

; - relativ
scidzut, prezenta muscovitului st granatului, considerate printre caracteris-
ticile mineralogice si geochimice ale granitelor de tip .S’ sint evidentiate
si de rocile granitoide din masivul Virful Pietrii.

Pozitia rocilor granitice din masivul Virful Pietrii in sistemul petro-
genetic rezidual indicd formarea lor prin cristalizare dintr-o magma de com-
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pozitie graniticd la o temperaturd de 670—690°C si la presiuni de pind la
4—5 kilobari in functie de continutul de apd. Prezenta in rocd a unor pertite
aratd, de asemenea, o temperaturd de formare a granitului in jur de 660°C
confirmind originea Iui magmaticd.

Punerea in loc a corpului granitoid s-a efectuat intr-un cimp slab de
forte tectonice care au afectat in special zonele marginale ale plutonului.
Timpul de punere in loc a granitului de Virful Pietrii nu este bine precizat.

Masival Petreanu

Pe miasura acumulidrii de noi cunostinte, ca urmare a aprofunddrii
cercetdrilor geologice din regiune, ipotezele asupra genezei rocilor acestui
masiv s-au modificat. In prezent se considerd c4 rocile granitoide din masivul
Petreanu formeazd doud corpuri distincte; corpul granitoid Furcdtura,
situat in partea de nord a masivului si corpul granitoid Petreanu, situat la
vest si sud de primul corp.

Granitoidul de Furcdtura

Corpul granitoid Furcdtura ocupd o suprafati sub forma unei potcoave
deschisd spre est inconjurind diu trei pdrti anticlinalul Rof. Stratigrafic corpul
granitoid Furcdtura este cuprins intre formatiunea de Rof in partea inferi-
oard si formatiunea de Nisipoasa in partea superioard.

Corpul granitoid Furcdtura este alcdtuit in principal din gnaise grani-
toide biotitice, pe lingd care mai apar gnaise granitoide porfirice §i gnaise
granitice leucocrate. Relatiile gnaiselor granitice leucocrate cu celelalte
tipuri petrografice evidentiazd caracterul lor intrusiv.

Granitordul de Petreanu

Rocile granitoide de Petreanu alcdtuiesc un corp neregulat in formi de
S alungit in directia NNE, fiind cuprinse intre formatiunea de Nisipoasa
in partea inferioard i formatiunea de Bodu in partea superioari. Rocile
predominante ale corpului granitoid Petreanu sint gnaisele granitoide si
gnaisele migmatice. Din punct de vedere petrografic si textural apare o
mare variabilitate a tipurilor de roci. O separare regionald a tipurilor de roci
intilnite este foarte greu de realizat deoarece rispindirea lor este cu totul
intimpldtoare. Aldturi de zone largi cu sistozitate evidentd, alcdtuite din
gnaise migmatice strabitute de filoane aplitice, se giisesc gnaise granitoide
nebulitice si gnaise granitoide masive cu porfiroblaste de feldspati.

Geochimaa vociloy granitoide din masivul Pelreanu
Caractere petrochimice

Studiul petrochimic al rocilor granitoide din masivul Petreanu se
bazeazd pe un numdr de 36 analize de silicati.

Parametrii statistici calculati aratd cd intre cele doud corpuri grani-
toide existd deosebiri evidente de chimism, care sint in strinsd legituri cu
compozitia mineralogicd a rocilor. Desi limitele de variatie ale oxizilor
pentru cele doud corpuri granitoide nu diferd prea mult, totusi continuturile
lor medii se deosebesc semmnificativ. Prelucrarea analizelor chimice prin
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diferite metode evidentiazi urmdtoarele caracteristici petrochimice ale
rociler granitoide :

— rocile granitoide din masivul Petreanu corespund in general unor
roci de compozitie graniticd si granodioritica ; “

— rocile granitoide din corpul Furcitura au un caracter mai acid in
raport cu cele din corpul Petreanu.

Distribugia elementelor majore

Continuturile elementelor majore aratd o distribufie statisticd diferitd
in recile granitoide din masivul Petreanu. Astfel, unele elemente majore,
in general cele feromagneziene, prezintd o variatie destul de importantd a
continuturilor, care este mai pronuntatd in corpul granitoid Furcitura decit
in corpul granitoid Petreanu. Variatiile cele mai mici ale continuturilor apar
la Si0,, Na,0 si K,O, adicd la elementele chimice addugate la rocile gazd
in timpul procesului de granitizare care a condus la 0 anumitd uniformizare
a continuturilor lor.

Corelafia intre clementele majore

Frecventa corelatiei intre continuturile componentilor chimici majori
difers mn cele doud corpuri granitoide. Astfel, in timp ce pentru corpul Fur-
citura 70% din coeficientii de corelatie lineard au valori mai mici de 0,4,
pentru corpul Petreanu el reprezintd numai 50%,. Peste jumdtate din coefi-
cientii de corelatic cu valoare semnificativd aratd o corelatie bund sau foarte
buni intre continuturile elementelor majore. Valorile cele mai ridicate ale
coeficientilor de corelatie apar intre FeO, TiO, si P,0O; pentru corpul grani-
toid Furcitura si intre SiO, si FeO, MgO si P,0; pentru granitoidul de Petrea-
nu.

Variabilitatea areald a conginuturilor elementelor majore

Studiul repartitiei arcale a continuturilor componentilor chimici
majori efectuat separat pentru rocile celor doud corpuri granitoide din masi-
vul Petreanu evidentiazd urmitoarele caracteristici :

— continuturile de SiO, manifestd o tendintd de crestere spre partea
de NNV a masivului Petreanu ;

— continuturile de Al,O, prezintd o tendintd de variatie inversd fat{d
de cea a SiO, in ambele corpuri granitoide ;

— continuturile elementelor [eromagneziene aratd o tendintd de
variatie diferitd in cele doud corpuri granitoide ;

— variatia areald a continuturilor de alcalii indicd o comportare
inversi in cele doud corpuri granitoide, zonele cu continuturi maxime ale
unui component chimic coincizind cu continuturi minime pentru celdlalt
component.

Analiza fa ctorilor

Rolul componentilor chimici majori in procesele petrogenctice ale rocilor
granitoide din masivul Petreanu a fost evidentiat cu ajutorul analizei R-mod
prin stabilirea contributiei la variatia globald a rocilor. Contributia cea mai
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importantd, dar de sens contrar, o au pe de o parte FeO, TiO,, P,0,, MgO
Ca0), iar de cealaltd parte SiO, in ambele corpuri granitoide.

Indicatorul petrogenetic calculat separat pentru corpul Furcdtura
pentru corpul Petreanu evidentiazd existenta unor deosebiri geochimice
petrogenetice intre rocile granitoide din cele doud corpuri ale masivului.

ot =L
P ol 4

Conginutul si distributia elementelor minore

Datele de analizd, ca si parametrii statistici calculati, evidentiazd
urmdtoarele caracteristici

— continuturile elementelor minore din rocile granitoide ale masivu-
lni Petreanu se incadreazd intre limitele de variatie stabilite pentru rocile
granitoide din scoarta terestrd ;

— elementele minore se deosebesc intre ele prin continuturile si gradul
lor de variatie manifestat in rocile celor doud corpuri gldmtmde In timp ce
Cu, Sn, Be, Ga, Ba, Sr, La, Y si Nb prezintd variatii reduse si continuturi,
in general, apropiate in cele doud corpuri granitoide, Pb, Ni, Co, V, Sc si Zr
prezintd variatii mult mai mari si au continuturi mult mai ridicate in rocile
corpului granitoid Petreanu decit in cele ale corpului granitoid Furcdtura ;

— deosebirea dintre rocile granitoide de Furcdtura si cele de Petreanu
este subliniatd si de valorile unor rapoarte ale unor elemente chimice care
au o semnificatie petrogeneticd deosebitd cum sint K/Rb, Ba/Rb si Rb/Sr;

— aparitia frecventd a corelatiei, valorile cele mai ridicate ale coefi-
cientilor de corelatie fiind intre continuturile de Co, Crsi V;

— cu exceptia thoriului, continuturile medii ale clcmcntclor radio-
active in cele doud cor pu i granitoide sint destul de : apropiate.

Geneza rociloy granitoide din masiviel Petreanu

Spre deosebire de masivul Virful Pietrii, formarea rocilor granitoide
din masivul Petreanu a fost si este incd discutatd, evidentiind complexi-
tatea proceselor geolcgice care au avut loc in aceastd regiune.

Observatiile mineralogice, petrografice, structurale si geochimice
aratd deosebiri importante intre cele doud corpuri granitoide kus{mmd pro-
cese petrogenetice si de evolutie diferite. Astfel, d(.“}l rocile sint formate din
aceiasi componenti mineralogici proportia dintre acestia diferd, motiv
pentru care in corpul Furcdtura predomind tipurile petrografice de compo-
zitie mai acidd decit in corpul granitoid Petreanu.

Structura porfiroidd este mult mai frecventd in rocile granitoide ale
cerpului Petreanu decit in cele ale corpului Furcdtura. Caracterul intrusiv
evidentiat in (01‘pu1 Furcdtura de relatiile dintre gnaisele granitice leucocrate
si gnaisele granitoide bictitice nu este observat in corpul g 0131’11i01d Petreanu.

Dintre diferentele geochimice mentiondm :

— compozitia chimic& medie mai acidd a rocilor graniteide de Furcitu-
ra fatd de cea a rocilor granitoide de Petreanu: .

— variabilitatea mai ridicatd a (,ontlmuunlm elementelor majore
in rocile granitoide de Petreanu in raport cu cele de Furcitura ;

— tendinta sodicd a rocilor granitoide de Furcdtura Id;d de tendinfa
potasicd a celor din corpul Pctlmnu
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— continuturi medii foarte deosebite pentru majoritatea elementelor
minore.

Argumentele mentionate sugereazd formarea acestor corpuri in doud
etape diferite si anume : intr-o primd etapd a avut loc formarea rocilor gra-
nitoide de Furcitura, ca urmare a unei intruziuni magmatice insolitd de
procese metasomatice (metasomatozd sodicd), iar intr-o a doua etapd s-au
format rocile granitoide de Petreanu datoritd unel intense metasomatoze
alcaline (preponderent potasicd).

Aceastd ipotezd este sprijinitd si de dovezi termodinamice rezultate
din proiectia rocilor granitoide in sistemele petrogenetice. Se consiatd ca,
in timp ce rocile granitoide de Furcitura manifestd relatii strinse cu zona
de minim termic, demonstrind posibilitatea formdrii lor dintr-o topitura
magmatic, in cazul rocilor granitoide de Petreanu aceste relatii lipsesc.

Cildura radiogend a roeilor granitoide din munfii Tarecu

Producerea cildurii radiogene a rocilor granitoide din muntii Tarcului
a fost calculatd pe baza continuturilor de U, Th si K.

Valorile medii ale producerii caldurii radiogene in rocile granitoide de
Petreanu sint mai ridicate decit in cele de Furcdtura, dar ambele sint mai
scizute decit valorile medii pentru rocile granitoide din masivul Virful
Pietrii.

In comparatie cu alte masive granitoide din autohtonul danubian al
Carpatilor Meridionali corpurile granitoide din muntii Tarcului au valorile
medii ale producerii cildurii radiogene dintre cele mai scizute.

EXPLANATION OF PLATES

Plate I
Fig. | — Quartz diorite, Bistra Marului River (1: i).
Fie.2 — Granite in marginal facies, Bloju Brook (1: 1).
Plate 11
Fig. 1 — Virful Pictrii granite; twinned and fissured plagioclase. N, % 30, Marga Brook.
Fig. 2 — Virful Pietrii granite ; microcline with inclusions of altered plagioclase and , ,drop-like”’
guartz. N -+, % 15, Marga Brook.
Fig. 3 — Virful Pietrii eranite ; potash feldspar with a zonary structure. N4, X 15, WVirful
Pietrii Snmumit.
Fig. 4 — Virful Pietrii granite; deformed muscovite with undulatory extinetion and marginal

reaction rim. N2, x 13, Marga Brook.

Plate III
Fig. 1 — Furciitura granitoid gneiss; quartz arains disposed as bands and lenses. N, % 20,
Riusorul Hobitei Brook.
Fig. 2 — Furcittura granitoid gneiss ; marginal myrmekites, N + 33, Rinl Mare River.
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Fig. 3 — Puarcitura granitoid goeiss; microcline mazablast with inclusions of plagioclase,
sdrop-like' quartz and sphene. N4, % 23, Riul Mare River.
Tig. 4 — Petreanu granitoid gueiss; ameoboidal-shaped microcline metablast with reaction
zone. N+, % 10, Caprioara Brook.
Plate IV
TFig. I — Migmatic gneiss with ophtalmitic texture, 1:1, Slatina Pocinesti Brook.
Fig. 2 — Granitoid gneiss with a massive texture and potash feldspar porphyroblasts, 1:1,
Riul Mare River,
Plate V
Fig. 1 — Banded gneiss with stromatic texture, 1:1, Riul Mare River.,
Fig. 2 — Banded gneiss with flebitic texture, 1: 1, Zeicani Brook.
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Pl. II.
P. ANDAR. Geochemistry of the Granitoid Rocks in the Tarcu Mts.
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Pl IV.
P. ANDAR. Geochemistry of the Granitoid Rocks in the Tarcu Mits.
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GEOLOGICAL AND PETROGRAPHICAL STUDY
OF NORTH RETEZAT MOUNTAINS!

by
VIOREL MACALET?

Danubian Units. Getic Nappe. Polymetamorphism. Prograde metamorphism. Retrograde
metamorphism. Metamorphic vocks. Granodiorit>. Major elements. Minor elements. Stric-
tural Analysis. South Carpathians — Crystalline Danubian Domain — Refezai Mis;
Crystalline Getic Domain.

Abstract

Component geological formations in the northern part of Retezat Mts belong both to the
Getic Domain and to the Danubian Domain, which are now in tectonic relations. At the same
time, within the Danubian, two important tectonic units — Lower and Upper Danubian Units —
have been outlined. The Getic Nappe is constituted of meso-catametamorphic, Dalslandian
formations of the Sebes-Lotru series. Here the polyphasic character of metamorphism was pointed
out. Formations of Lower Danubian Unit have been distributed to Riugorul, Drigsan and Nuc-
soara Valley crystalline series, to Retezat granifoids (granodiorites and tonalites) and to Oslea
anchimetamorphic formations. Formations of Upper Danubian Unit are all included in Zeicani
crystalline series bearing two complexes. Drigsan series and lower complex of Zeicani series,
probably Riusorul series too, are considered to be synchronous and older in age (Cadomian) ; in
an upper position, they follow Nucsoara Valley formation and upper complex of Zeicani scries
(Upper Cadomian, eventually Old Caledonian) ; the succession is finished with the deposits of
Oslea formation which are distributed to Silurian-Lower Cretaceous interval. Within the Danu-
bian metamorphics, there have been also noticed several stages of metamorphism ; thus, an initial
progressive metamorphism corresponding to the conditions of quartz-albite-epidote-almandine
subfacies of greenschists facies = almandine zone was followed by a static retromorphism at
regional scale (probably during Caledonian movements mainly epirogenetic) and by a new meta-
morphic recrystallization under conditions of quartz-albite-epidote-biotite subfacies, probably
during Hercynian orogenesis. Granodioritic intrusions (in a little colder rocks) caused a wealk
metamorphism of thermal contact in Drigsan series schists ; thus, an aureola was born, in which
schistous hornfelses bearing biotite and epidote are very widely developed.

1 Thesis of doctor's degree held on November 22, 1985, at the University ,, Al 1. Cuza’
Iasi, paper received April 3, 1987, accepted for publication April 20, 1987,
% Institutul Politehnic. Splainl Independentei nr. 313, Bucuresti.
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Résume

Ftude géologigue el pétrographigue de la parite nord des monts Retezat. Les formations géo-
logiques qui forment la partie nord des monts Retezat — Tobjet de la présente étude — appar-
tiennent an domaine gétique et & celui danubien, qui & présent ont des liaisons tectoniques. On
@ sépard pour le Danubien deux unités tectoniques importantes : unité danubicnne inféricure et
unité danubienne supérieure. La nappe gétique comporte les formations méso-cata-métamor-
phigues, dalslandicnnes de la série de Sebes-Lotru, olt on a mis en éridence le caractére polypha-
sique du métamorphisme. Les formations de Punité danubienne inférieure ont été distribuées
anx stries eristallophylliennes de Riusorul, Drigsan et vallée Nucgoara, aux granitoides (grano-
diorites ot tonalites) de Retezat et 4 la formation anchimélamorphique d'Oslea. Les formations
de Tunite danubienne supérienre ont ¢1¢ attribuées en totalité 4 la série cristallophyllienne de
Zeicani, avee deux complexes. La série de Drdigsan et le complexe inféricur de la série de Zeicani,
probablement la série de Riugorul aussi sout considérées synchrones ef plus anciennes (cadomi-
eunes), en position supérieure. en continuité de la formation de vallée Nuesoara ¢t le complexe
supfricnr de la série de Zeicani {cadomien-supéricures, méme calédoniennes anciennes) ; la
succession achéve par les dépots de Ja formation d’Oslea attribués i Uintervalle Silurien-Crétace
inféricur. Pour Ies métamorphites du Danubien on a déterminé anssi plusicurs phases de méta-
morphisme ; wn mdétamorphisie progressif de début correspondant anx conditions de subfacies
quartz-albite-pidote-almandin du faciés des schistes verts — la zone de Palmandin — a 6té
suivi d'in rétromorphisme statique a U'échelle régionale (possiblement pendant les mouvements
calédonicns, épirogénétiques avee prépondérence) et par une nouvelle recristallisation métamor-
phique dans les conditions du subfacies quartz-albite-cpidote-biotite, pendant 'orogencse
hereynienne. L'intrusion des granodiorites (dans des roches un pen plus fraiches que celles-ci)
adéterming un faible métamorphisme de contact thermique dans les schistes de la série de Drig-
gan, avec la formation d'une anréole on les cornéennes schistenses 4 biotite et épidote enregis-

trent un grand développement.

INTRODUCTION

This study deals with the zone between the basin of Nucsoara Valley,
westwards and the basin of Riul Birbat Valley, eastwards. It covers the Crys-
tallinein the northernslope of Retezat Mts (South Carpathians). Northwards
and southwards, itslimits have geological origin, namely the contact with
Hateg sedimentary basin and with Retezat granitoid massif, respectively.

From geomorphological point of view, it belongs to the alpine domain,
having level differences up to 800 m and a complicated morphology. The
highest peaks are in the south, having about 1400 m, west of Riul Alb — the
summit being Prislop (1393.5 m) and Coltu Mare (1443.5 m) peaks — and
only 1100— 1200 m eastwards. Southern summits go northwards on parallel
ridges of slow slopes, following Ascutitul (1244.7 m), Stirbina (1239 m),
Migura Macestilor (1050.5 m), Virful Muchii (about 900 m) and Dilma
(808 m) peaks, then the slopes suddenly become evident and finish at the
contact with sedimentary deposits (with heights between about 600 and
700 m). Owing 1o these heights, this ervstalline zone corresponds to one of
the lower steps of Riul Ses erosion level. Actual aspect of the relief is dued
to petrographical composition, the crystalline zone (especially Danubian
crystalline) forming a “landing” between the granitoid massif and Hateg
basin ; at the same time, sudden evident slope at the contact with the sedi-
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mentary of the Hateg tectonic basin is caused by the fault system, owing to
which the basin sank, so that ridges are transversally cut off, forming
characteristic triangular areas, which are about plane.

Hydrographical network is tributary to Strei river, main valleys of
Nucsoara, Maliiesti, Parogului, Riul Alb, Apa Lazului and Riul Barbat, flow
about from south tonorth ; generally their profile is deep and has a big slope
in the mountains, then suddenly lessens when comes out in Hateg basin.
Excepting Parosului and Riul Alb, on these valleys, there are forrest roads,
which decply enter the mounntains ; at the same time, lately, there have been
built several roads which facilitate the way to Riul Mare — Retezat hydro-
energetic headquarters.

This paper represents the result of seven years investigations (1977—
1984). Durmg the first two years, we covered the whole zone through a
mapping at scale 1: 25000 and so we created a first whole image ; later on,
we retook and profoundly studied mostof the profiles at the same time with
a svsthematical test of all rock types | we also noticed mesoscopic elements for
each lithological unit and cach tectonic sector ; in order to find some possibi-
lities of correlation, we added some profiles in adjacent zones. Field obser-
vations have been completed, studying almost 1000 microscopic sections,
and using the results of more than 40 complete analyses of silicates and infor-
mative spectrals, 15 diffractometric Xeray analyses, more than 20 thermal
analvses (ATD and dilatometric ones) all of them being done on the author’s
samples ; at the same time, in order to complete the tectonic image, we built
43 scctor tectonograms, including more than 7000 measurements of schisto-
sity and fissure planes.

When I wrote this paper, I was helped by prof. dr. doc. R. Dimi-
trescu, who also suggested me to chose the Retezat Mts zone as$ subject
for my theses ol doctor’s degree | T am very grateful to him for everything
he has done to me. Secondly, I thank the Geology Department of Tasi Uni-
versity “AlI. Cuza” and especially prof. dr. V. Erhan, whose support and
kindness constituted an impulse and an obligation too for my activity  as
geologist. T am also grateful to dr. N. Gherasi, who in 1976 introduced me the
sccrets of the Retezat Mts and to prof. dr. doc. V. Manilici who helped me
during the whole period, when I claborated this paper. At the same time, I
am grateful to dr. A. Gurdu and dr. T. Berza for my fruitful discussions with
them and for their suggestions regarding various aspects of metamorphics.
T also thank all those who contributed to this paper, concluding it by means
of discussions, suggestions, bibliography or analyses.

1. GEOLOGICAL INVESTIGATIONS STORY

Regarding Retezat Mts zone, we have the first summary geological
informations in the papers of some Hungarian and Austrian investigators
at the end of the last century — Stur (1866) ; Hauer, Stache (1863, 1869);
Inkey (1889) ; Schafarzik (1898) ; Nopesa (1905). This first stage has a general
character and is crowned by Murgoci papers (1904, 1903, 1912). The sccond
investigation stage begins after 1927 when the Institute of Geology retakes
the investigation of South Carpathians : thus, Streckeisen, Gherasi (1931);
Streckeisen (1932, 1934) ; Codarcea (1933, 1940) ; Gherasi (1937) ] Mano-
lescu (1937); Ghika-Budesti (1938) achieved real monographical studies,

_(’\\ Institutul Geologic al Romaniei
IGR



118 V. MACALET 4

references and now they inquire important zones which also imply Retezat
Mts.

After an intermission, to the end of '50 year, detailed investigations
on South Carpathians geology amplify and continue up to now, when at a
superior level of knowledge, there is an obvious tendency to write some
general papers. The following papers have direct or indirect implications
on Retezat Mts : Pavelescu (1953 a, b; 1963) ; Pavelescu, Riileanu (1963) ;
Pavelescu, Pavelescu (1964, 1969) ; Gherasi, Dimitrescu (1968, 1970) ; Micu,
Paraschivescu (1970) ; Schuster (1972) ; Savu (1973) ; Solomon, Pop (1973) ;
Niastdseanu (1973, 1976) ; Stdnoiu (1973, 1976, 1982) ; Gherasi ct al. (1974) ;
Visarion, Solomon (1974) ; Bercia (1975) ; Berza (1975, 1978) : Solemon ct al.
(1976) ; Hirtopanu (1978) ; Krautner (1980) ; Krautner et al. (1981) ; Macalet
(1983) ; Berza, Seghedi (1983) ; Berza et al. (1983) ; Dimitrescu (1986).

Besides the studies of fundamental character, numerous data of
observation which often constituted some synthesis studies, now brought
the papers of geological prospecting in order to point out the economic
potential of Retezat Mts. So, Gherasi, Pirvu (1956) inquire the basin of
Nucsoara brook for tale, Micu (1965, 1966) prospects NE of Retezat Mts zone
for iron and manganese ores and together with Paraschivescu (1967) Inquire
the zone between Nucsoara and Riul Alb for talc; during 1969— 1972, Solo-
mon, Pop and Tomescu did geological and geochemical investigations for
non-ferrous ores in the zone of Riul Bidrbat. In 1973, Pop synthetized the
mineralization premises and indications. At the same time, Macalet (1977—
1980) did geological, petrographical and structural studies in order to deter-
mine the concentration conditions of useful minerals within the crystalline
formations between Riusorul and Riul Birbat.

II. GEOLOGY OF TIE REGION

During 1904—1905, for the first time, Murgoci noticed the existence
of tectonic relations between mesometamorphic and . epimetamorphic”’
crystalline (I group and II group respectively — Mrazec, Murgoci) in the
central and western part of South Carpathians. Posterior investigations
confirmed and brought numerous new data regarding the existence of a
huge overthrust nappe — Getic Nappe. Under it, Danubian formations
occur as a tectonic halfwindow in Paring , Vilean, Retezat, Petreanu, Tarcu
and Mehedinti Mts.

Geological formations which constitute the northern part of the Rete-
zat Mts between Nucsoara and Riul Barbat valleys belong both to the
Getic Nappe and to the Danubian.

1. Getie Nappe

It occupies the northern part cof the zone, lying on a small width (300 —
;1000 m) from the left slope of Nucsoara to the left slope of Riul Alb, then
't becomes wider (max. 4000 m) eastwards up to the basin of Riul Birbat,
Northwards, it is covered by the sedimentary deposits of Hateg basin and
southwards it thrusts over the Danubian crystalline formations. It is consti-
tuted of crystalline formations of an adva nced degree of metamorphism,
which bear Mesozoic sedimentary deposits on a small area (Fig. 1).
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2

1.1. Crystalline Formations belong to the Sebes-Lotru series (Savu,
Pavelescu, 1968) = Sebes-Lotru group of Karpian supergroup (Krdutner,
1980) and almost completely they are constituted of an alternance of various
types of gneisses and subordinately of micaschists, in which there are rare

300 m

S Magura Macestilor N

Fig. 1 — Getic Nappe and Danubian ; according to the photo — left
slope of Rinl Alb. Getic Nappe. 1, sedimentary limestones; 2, mica-

schists with garnets; 3, Danubian.

and weak intercalations of amphibolitic rocks ; isolatedly, therc can be met
veinlets or small decimetric lenses of quartz-feldspathic pegmatites bearing
muscovite. From structural point of view, two types of metamorphics obvi-
ously can be distinguished — onc type of a coarse structure , in which can
be separated microcline gneisses, muscovite-biotitic paragneisses, micas-
chists, feldspathic quartzites, according to mineralogical® composition and
quantitative relation among component minerals ; another type of a fine-
grained structure, which is mostly constituted of biotitic paragneisses bea-
ring garnet. Usually, typical amphibolites associate in the first group, while
amphibolitic gneisses in the second one; a special type is represented by
eclogitic amphibolites which crop out on the Piscurilor broolk (left tributary
of Serel brook). Excepting the amphibolites and some microcline gaeisses
which have obvious contacts with the surrounding rocks, in all the other
cases the contacts are gradually, passing from one rock type to another one,
being done on a certain distance. At the same time, most of the relations are
harmonious, excepting some microcline gneisses ; such a situation is met
on the left slope of Mdldiesti brook, where, inside the microcline gneisses,
there are decimetric intercalations of chloritized amphibolites, after which
gneisses have been intensely tectonized ; another case was noticed on Piscu-
rilor brook, where bigger bodies of microcline gneisses have apophyses,
intersecting the schistosity of the other gneisses.

‘The metamorphics of the Getic crystalline have been partly retromor-

hosed in the same time with an accentuated cataclasis (breccification and
mylonitization), especially near the overthrust plane on the Danubian for-
mations.

The metamorphic parageneses, chemical composition and crystallinity
degree show that all types of described rocks within the Getic crystalline
were born through the metamorphosis under conditions of almandine amphi-
bolitic facies, ky:;mite—almandine-muscovite subfacies, sillimanite-alman-
dine-muscovite subfacies and seldom sillimanite-almandine-orthoclase sub-

facies (Turner, Verhoogen, 1960) of some initial eruptive formations —
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12 V. MACALET G

amphibolites and at least some of microcline gneisses or sedimentary ones —
the other gneisses and micaschists.

Small stratigraphic thickness of Sebes-Lotru series does not permit
the separation of some distinct lithostratigraphical units. This is also thke
reason for difficult correlation with the surrounding regions. However, mul-
titude of microgranular biotitic paragneisses between Riul Birbat and Paro-
sului Valley and microcline gneisses between Mildiesti and Nucsoara
represent arguments to draw a parallel between the crystalline of Sebes-
Lotru series in these two zones with the upper part of lower complex (Gy)
and respectively, the middle complex (G,) which Bercia (1972, 1975) sepa-
rated in the Godeanu massif. So, they could be included in the lower gneis-
sic formation, respectively leptino-amphibolitic formation (Krautner,
1980 ; Krdautner et al., 1981).

Lately, most authors recognize that the formations of Sebes-Lotru
series (group) were born during the Upper Precambrian A = Middle Pre-

terozoic = Karpian.

1.2. Sedimentary Formations on the crystalline of the Getic Nappe
develop starting with the left slope of Maliiesti Valley up, to Apa Lazului,
being interrupted in the basin of Riul Alb, The basis has a thin strip between
Parosului Valley and Apa Lazului (being widely developed in Magura Mices-
tilor) ; it is mostly constituted of massive reef strongly-fissured limestones,
which belong to Barremian-Lower Aptian interval (Maciu, Ionescu, 1977),
or to Middle Oxfordian-Lower Aptian (Stilla, 1985). In upper position, to
limestones, there is a detrital complex, which is developed only between
Miliiesti and Riul Alb, and contains conglomerates, gritstones, clays and
marls  belonging to the Cenomanian-Turonian interval (Maciu, Ionescu,
1977) or to Vraconian-Cenomanian-Middle Turonian (Stilla, 1985).

2. Danubian

The Danubian in North Retezat Mts is constituted of crystalline
formations, granitoid rocks and weakly metamorphosed sedimentary for-
mations. Micu, Paraschivescu (1970) and Gherasi et al. (1974) point out an
overthrust line within the formations of autochthon, so prolonging eastwards
the division line at regional scale of Danubian formations, which was recog-
nized by Stdnoiu (1973) in SW of South Carpathians : Macalet (1983) sepa-
rates between Nucgoara and Riul Barbat, an unit of a paraautochthon part.
Synthetizing previous structural opinions for the whole Danubian, Berza
et al, (1983) outlines here two Alpine tectonic units — Lower Danubian Unit
and Upper Danubian Unit. We use this division in this paper, :

2.1. Lower Danubian Unit. Component geological formations of this
unit can be distributed to Drigsan series, in which tock place the intrusion
of Retezat granitoids, to Riusorul series, to Nucsoara Valley formation and
to Oslea formation.

2.1.1. Riugorul Series. Using this name, Pavelescu (1933) distingui-

shedin the basin of Riugorul Valley a prevailing quartzitic series which he
distributed to the crystalline schists and renounced the name of Riul Mare
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series (Gherasi, Streckeisen, 1933). Gherasi & Dimitrescu (1964) use this
name but only for the formations between Nucgoara Valley and Riusorul
Valley origin ; later on, Gherasi (1974) uses it up to Rades ridge. Gherasi
ot al. (1974) shows that Riusorul series is well developed between Riusorul
and Nucsoara valleys, lying in the axial zone of Rof-Ascutitul anticline fold ;
reading seven palynological samples determined by A. Visarion, the authors
conclude that the age of the deposits is Upper Precambrian.

In our zone, the rocks of this series constitute the whole ridge at left
of Nucsoara Valley between Ascutitul peak and the saddle south of Capul
Dealului and continues eastwards in the basin of Nucsoara Valley ; here in the
north, they are opened only in the left slope, plunging under the rocks of
Nucsoara Valley formation and in the south, they reach the basin of Mdld-
iesti Valley.

If in the Riusorul basin, the petrographical unit is remarkable, the
series being almost totally constituted of quartzitic schists bearing biotite,
in the Nucsoara and Mildiesti basins, the rocks of this series are a little
different, being represented by quartz-biotitic schists 4-sericite£ chlorite and
quartzitic sericito-chloritous schists :,':calcite;sul_mrdinatcly, there are met
retromorphosed amphibolitic schists and quartz-sericito-graphitous schists.

2.1.2. Nucsoara Valley Formation. In the basin of Nucsoara Valley,
lying on the Riusorul series and bearing the formations of the Upper Danu-
bian Unit in tectonic position, there are rocks which Pavelescu (19533) and
Micu, Paraschivescu (1970) attributed to the Tulisa series and Gherasi et al.
(1974) to the Riusorul series. Because it has differences in comparison with
both series, Macalet (1983) suggests for these rocks the name “Nucsoara
Valley formation.

An opened contact between Nucgoara Valley formation and Riugorul
series is on the left tributary of Nucsoara, which has the origin in the saddle,
south of Ascutitul peak. About 870 m height on both banks of the tributary,
with divergent falls, there are opened quartz-sericitous - graphitous schists,
belonging to Nucgoara Valley formation and on the brook direction there
are finely-grained, coarser quartz-biotitic schists of Riusorul series (Fig. 2).

They are different from theschists of Riugorul series through the low-
grade metamorphism, a lot of graphitous schists as well as crystalline limes-
Tones : from the rocks of Oslea formation, they are different through the

Fig. 2 — Contact between Riugorul series (1) and Nucgoaia
Valley formation (2); outcrop sketch — left slope of Nuc-
soara river.
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122 V. MACALET 3

higher grade of metamorphism and mineralogical and petrographical com-
position. The formation has a detritogenous character, a small thickness,
being strongly folded, sometimes even at the outcrop scale (Fig. 3).

Fig. 3 — Microfold in the schists of Nucsoara Valley forma-
tion ; outerop sketch — right bank of Nucsoara river.

2.1.3. Drdgsan Series (Sericito-C hloritous Complex). We kept this name
(sensu Pavelescu, 1953) only for the crystalline with which contact the Rete-
zat granitoid rocks and bear the rocks of Oslea formation or of Riusorul
series. Westwards from Prislop peak, the schists attributed to Dragsan
series mestly correspond to the complex of lower basic metatuffs (Gherasi et
al., 1974). In our zone, this series rocks are not so developed, the best opened
being those west of the perimeter, as a continuous strip of 400—700 m width
and being generally WSW-ENE directed in the basins of Nucgoara and
Mildiesti valleys ; castwards they are opened only in the other end of the
perimeter between the upper basin of Serel end Riul Birbat valleys, forming
a narrow strip of maximum 200—250 m width. Drigsan series is widely
developed east and south of Retezat granitoid massif. From petrographical
point of view, all the rocks of Drigsan series between Nucsoara and Riul
Barbat, are mostly quartzous, having various types of quartz-sericite-chlo-
ritous schists and subordinately quartz-amphibolitic schists, which were born
through metamorphism under conditions of green schists facics of some pel-
litic sediments bearing rare intercalations of basic tuffs and tuffites ; al-
though it is isolated, the presence of garnet makes us appreciate that locally,
regional metamorphism reached the almandine isograde being followed by a
retromorphism,

Everywhere, when the contact of granitoid rocks bearing Drigsan
series schists is not masked by Oslea formaticn, very close to the contact,
biotitization and sometimes feldspathization are very obvicus. When we
farther the contact, biotite quantity reduces, then after 200—300 m, we
notice normal rocks of the series, so that we can admit that cover rocks suf-
fered a metamorphism of thermal contact which lie over regional metamor-
phism of Drigsan series, changing into schistous hornfelses bearing biotite.

2.1.4. Retezat Gramitoids are here represented by marginal facies of
NE end of Retezat massif, coming into contact with crystalline formations
of Drigsan series eastwards and with Dragsan series formations or with the
deposits of Oslea formation northwards. Pavelescu (1933) describes gneissic
and laminated granodiorites, stating that the lamination of ms rginal zones ig
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caused by the consolidation of granodioritic body under conditions of stress,
the contact with crystalline cover being tectonic, which in fact would explain
the lack of thermal contact too; however, the absence of a contact zone
could be also explained through later changes of some contact biotitic
schists. Micu, Paraschivescu (1970) distinguish a zone of quartzitic schists
bearing biotite at the contact with granitoid rocks between Maldiesti brook
and Cirnic, showing that biotite presence is caused by the influence of gra-
nitoid rocks.

On the whole arca, granitoid rocks are represented by granodiorites
(maybe tonalites — trondhjemites too) bearing muscovite £ biotite.

Contacts with the schists in the cover which are very opened in the
Nucsoara basin as well as in Riul Bdrbat, point out an interpenctration of
the two rock types. In most cases, within granitoid rocks from the contact
are caught lamellac of biotitized schists as well as decimetric enclaves of
quartzilo—chloritous schists ; at the same time, biotitized (and feldspathized)
schists near the contact can be crossed by phanerocrystalline quartzitic vein-
lets or by granitoid rocks. On the left slope of Riul Birbat, in a deserted
quarry situated inside the granitoid rocks, immediately under the ridge line
towards Sohodol brook, there are opened at the lower part gneissic grano-
diorites and at the upper part there are schistous rocks ; these last ones could
be considered, as well as those along the whole contact in this zone, migma-
{ized schists so that the passage from granodiorites to schistsis gradually
done through a reduction of granitization. The same situation is noticed on
the right slope of Riul Birbat both in the case of northern contact (Corbului
brook) and southern one (Stirbului brook). At the same time, on the left
slope of Riul Birbat, at about 100 m from the contact with Oslea formation,
inside the granitoid rocks, there are some portions of quartz-muscovitic
schists bearing epidote and biotite, which are but enclaves out of the preexis-
ting schists. In comparison with the aspects described in the Riul Bédrbat
basin, in Nuecsoara Valley the contact is more sudden so that it can be
partly tectonic, uplifting of granitoid massif leading to vertical movement of
crystalline schis.s in the cover. On the other side, the development on much
bigger thickness ol schistous hornfelses bearing biotite in the basins of
Nucsoara and Miliiesti valleys than in the basin of Riul Barbat, makes us
think that in the west, a more profound level is opened than in the east,
where granitoid rocks deepen under the strongly dislocated crystalline cover.

Along the Miliiesti brook, at about 500 m downstream the confact
with granitoid rocks, on about 8 m thickness, within the schists of Dragsan
series, there are strongly laminated granitoid rocks which correspond to
cthe lens” figured on Pavelesca map (19533).

Regarding the age, most authors consider synkinematic granitoids
in central Danubian of South Carpathians to be probably emplaced at the
end of Precambriw and in any case, Pre-Silurian.

2 1.5. Oslea Form ttion. We use this name (sensu Nidstascanu, 1973) for
weakly metamorphosed (anchimetamorphic) Paleozoic deposits at the upper
part of Lowze D \n1bian unit, because it is a general tendency to usc this
name, although because of priority reason or proximity with the zonc of
Tulisa Mt where they have been separated and described for the first time,

it could be used the name of “Tulisa series™ (sensu Pavelescu, 1933).
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The deposits of this formation continuously develop starting [rom
Nucgoara right slope (about 250 m under ridge line) up to Riul Barbat
Valley with an interruption on its left slope. From west to cast, thev trans-
gressively display on Riusorul series up to SW of Coltu Mare peak, on Drig-
san series in the saddle south of Coltu Mare, directly on granitoid rocks up
to Serel Valley, then, after the above mentioned interruption, they reappear
on Drigsan series ; even on the banks of Riul Birbat, the situation is dif-
ferent ; on the left bank (Fig. 4) white-vellowish limestones lean directly on

Fig. 4 — Outcrop sketeh — left bank of Riul Birbat, I, laminated
granodiorites ; Oslea Tormation ; 2, limestones; 3, limy schists
4, sericite-graphitous phyllites; Zeicani series : 5, sericite-chloritous

schists,

or by means of a thin level of phyllitic metapsammites on laminated grani-
toid rocks and on the right bank between limestones and granitoid rocks
on about 10 m thickness there are quartz-sericite-chloritous schists thermally
affected.

The highest thickness, up to 90—100 m, is met on Stirbina-Prislop
ridge, Coltu Mare peak, the ridge right of Parosului Valley and in the zone
of Riul Alb-Poienii brook. Excepting Salidsel and Poienii brooks, where
under metagritstones there is thin phyllitous level and on the right ridge of
Parosului Valley, where under metagritstones there arc still phyllites and
limestones, between Stirbina-Prislop ridge and Lazului Valley, the succession
begins with metagritstones - microconglomerates and continues with
quartz-sericite - graphitous phyllites, limestones and limy gritstones and
again phyllites ; in Some cases, the succession ends at the level of limestones
(Fig. 5). A different situation is met between Preotesei brook (right branch of
Valea Lazului) and Sercl Valley where the above described succession,
which is here constituted only of limestones and upper phyllite level, rests
on laminated metaconglomerates “Valea Beusii metaconglomerates” (Maca-
let, 1983) — Figure 6. At the same time, in Rinl Birbat slopes, the succession
contains only limestones and upper phyliites, without metaconglomerates.

Concerning the thickness, generally metagritstones have 5—20 m, mid-
dle phyllites have 5— 10 m, limestones and limy gritstones have 3—20 m and
upper phyllites when occur have 5—50 m. Within metagritstons banks some-
times there are lenses of white quartz, as under Stirbina-Prislop ridge, where
there is a lens of more than 3 m thickness and more than 25 m length.

Considering that in this zone, laminated conglomerates have a higher
degree of metamorphism that the other deposits of Oslea formation and
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Fig. 5 — Outerop sketch-right slope of Riul Alb. 1, laminated grano-
diorites : Oslea formation: 2, metagritstones ; 3, ph_\'l]itc.-;; 4, limes-
tones ; Zeicani series: 5, quartz-sericitous schists,

Fig. 6 — Outcrop sketch-right slope of Beusii brook. 1, laminated granodio-
rites : Oslea formation : 2, metaconglomerates ; 3, limestones ; 4, phyllites ;
Zeicani series: 3, quart7,—s;cricite-ch‘lorit‘(ms schists,

directly bear the limestones level, there can be stated that between the twe
types of rocks, there are relations of stratigraphic (and metamorphic) dis-
cordance. So, laminated conglomerates can be equated to the conglomerates
of the lower complex of Tulisa series (Solomon et al., 1976), to Retezat con-
glomerates (Ndstiseanu, 1976) or to Capu Plaiului conglomerates (Sténoiu,
1976) ; main difference among them is the petrographic nature of elements
and matrix. The other formations in the succession would correspond to
the upper part of the lower complex and middle one in Tulisa series (Solomon,
1976), Oslea formation (Nistiseanu, 1973) or Girbovu formation (Stdnoiu,
1976).

2.2. Upper Danubian Unit. Geological formations which constitute the
Upper Danubian Unit between Nucsoara and Riul Barbat belong to its
background which is entirely cemposed of Zeicani series (Gherasi et al., 1967,
1974 - Macalet, 1983) or Zcicani group (Kréutner et al., 1981 ; Berza, Seghedi,
1983 ; Berza et al., 1983).

f/ \1 Institutul Geologic al Romaniei
IGR



126 V. MACALET 12

Using this name, Zeicani series, Gherasi et al. (1967) described the
formations which occur at the upper side of Danubian in Petreanu Mts ;
they are generally covered by the Getic Crystalline and include three com-
plexes : metatuffs and leptinites complex, metagreywackes complex and
metavolcanics complex. Later, the lower complex was passed to Migura
series, Zeicani Series containing only metagreywackes complex and volcano-
sedimentary complex (Gherasi et al., 1974). Berza, Seghedi (1983) show that
the lithological succession of Zeicani group mainly is represented by amphi-
bolites, ocular gneisses and micaceous gneisses, which are metamorphosed
under conditions of staurolite-almandine subfacies of almandine-amphibo-
litic facies ; here we bring as argument Solomon, Pop (1973) quotation of
Staurolite in the schists from Valea de Munte zone (Uric). Between Riul
Birbat and Nucsoara we included in this series all the crystalline which
thrusts over the Lower Danubian Unit and is covered by the Getic Nappe,
forming a EW oriented strip, having a small and relatively constant width
(300—600 m) between Riul Birbat and Parosului Valley and much wider
westwards up to almost 3000 m on Stirbina-Prislop ridge.

From lithological point of view, we can distinguish a lower complex
mestly volcanic and an upper complex mostly detrital.

2.2.1. Lower Complex contains most of thz Zeicani series and corress
ponds to the complex of uppér basic metatuffs of Mdgura series (Gherasi ef
al., 1974). At the same time, on the southern part it overlies most part ot
which Micu, Paraschivescu (1970) said to belong to the Tulisa series. From
petrographical point of view , there can be separated chlorite-albitic schists
bearing epidote and calcite, quartz-feldspathic sericito-chloritous schists
quartzitic Schists bearing sericite and chlorite, chlorite-albite-actinolitic
schists, epidote-actinolitic schists and hornblendites. Between Parogului and
Mildicsti valleys, within this complex, metaconglomerates are very widely
developed ; on Siliselului Valley and on northern ridge of Coltu Mare, they
have 600—700 m width. On Nucsoara left slope, zone of Stirbina peak and
on the left slope of Mildiesti brook, at about 500 m south of the contact with
the Getic Crystalline, there are similar rocks but having small thickness (at
most tens of meters). In this last case, on the metaconglomerates (height
in outcrop of 15 m), there is a level of green chloritous schists, then quar-
tzitic schists bearing chlorite and sericite : for this Teason, we can Suppose
that metaconglomerates sink under the green schists, without noticing a
discordance among them (they are intraformational conglomerates). But on
Sildgelului Valley, sudden passage from metaconglomerates to Sericito-
chloritous schists can be caused by a stratigraphic discontinuity : in this
case, it is about basal conglomerates,

Associated especially to metaconglomerates, there are met a few len-
ses of white quartz, of which that one on the left slope of Parosului Valley
crops out on about 50 m length and 3—4 m width.

A special situation have ultrabasites between Nucsoara and Maliiesti.
South of Stirbina peak, immediately under the ridge line towards Nuc-
soara Valley on about 60 m length and about 40 m width, crops out a body
of coarse hornblendites (uralitized pyroxenites) which has some parts of
decimetric order constituted of epidote-actinolitic schists. West of this body,
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on a right tributary of Nucgoara brcok, in the right bank, at about 150 m
from the confluence, there are opened strong talcitized hornblendites which
lay under quarizo-sericite-chloritous schists of phyllitic aspect of Nucsoara
Valley formation ; under them there are microgranular chlorite-albite-acti-

nolitic schists bearing biotite ; on the tributary direction, there are also thin
levels which almost contain only biotite. Otherwise, chlorite-albite-actino-
litic schists bearing biotite are widely developed on the whole right slope of
Nucsoara. Also on the rightslope but esgecially cn theleft cne, there are several
occurrences of tale schists bearing actinolite and tremolite ; there is often met
antigorite and crisotile. Considering also the serpentinites which occur west-
wards, on the left slope of Riusorul Valley, all these rocks have been attri-
buted to Tulisa series (Micu, Paraschivescu, 1970) or in Magura, Riugorul
and Zeicani series (Gherasi et al., 1974). Seme rocks described above espe-
cially hornblendites have similarities, scn ctimes are identical, with ultra-
basites which occur westwards in tle basin of Rinl Mare Valley — those on
Sipote Valley and on Bodu ridge.

Jecause, indeed, in this zone ultrabasic rocks are hosted in various
units, it seems reasonable to state that they have been emplaced on a fault
system which are about ENE-WSW oriented and are reactivated at various
time intervals. However, in Nucsoara basin, it seems that ultrabasic rocks
and probably talc occurrences are limited only to Zeicani series which near
the river crops out here and there under the schists of Nucgcara Valley
formation because of its small thickness.

2.2.2. Upper Complex forms a continuous sirip belween Nucsoara
Valley and Riul Barbat Valley having a few tens of meters in width. This
complex, which is everywhere thrusted over by the formations of the Getic
Nappe, mostly corresponds to the complex bearing metagreywackes of
 Zeicani series (Gherasi et al., 1974) : Micu, Paraschivescu (1970) described

these rocks at upper part of Drigsan series as a level of chloritous schists
bearing muscovite.

A characteristic profile for upper part of Zeicani series is placed on
Parosului Valley along which under chlorite-calcite-albitic schists (retro-
morphosed amphibolites) follow quartzitic schists bearing albite-tmusco-
vite : between muscovite schists and feldsyathic cericito-chloritous schists
below (of lower complex) there is a level of about 1 m thickness bearing limy
metaconglomerates (Fig. 7). Similar calcite schists as those on Parosului
Valley are also met under muscovite schists on the Valea Beusii breok.

On the left slope of Riul Birbat, under amphibolites lay on a same posi-
tion muscovite schists and above there are quartz-sericite-chloritous schists
which are crossed by numerous quartz-feldspathic separations. Contact
between amphibolites and above schists is obvious ; scme fissures in the
schists go on in the amphibolites below too.
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However, the upper part of Zeicani series is the best opened but wit-
hout amphibolitic level in Nucsoara Valley. On the left slope on about 50 m
stratigraphical thickness, finely-grained schists bearing muscovite from upper
part gradually pass to lower part bearing coarse sericitous rocks (micro-
conglomerates) with muscovite lamellae. Passage between them and chlori-
tous schists below is done on a few decimetric thickness through chloritous
feldspathic schists bearing rare muscovite lamellae ; this aspect would deny

Fig. 7 — Contact between lywer complex and upper complex of

Zeicanl series; outcrop sketch-right bank of Paros river. 1, quartz-

feldspathic sericitous schists; 2, limy metaconglomerates ; 3, quartz-
itic schist= with albite and muscorite.

the fact that the apparition of muscovite schists shows a stratigraphic dis-
continuity. On the right slope, about 35 m under the quartzitic schists bea-
ring albite and muscovite, there are limestones which are strongly schistous,
weakly mineralized with pyrite. Between limestones and muscovite schists
are chloritous feldspathic schists which however have a small quantity of
muscovite lamellae. Limestones are well represented especially on the left
slope where they form thin levels (generally not more than | m) in alter-
nance with strongly tectonized sericitous vellow schists.

We conclude that succession of upper part of Zeicani series follows
lower part in this way : limestones (limy schists) — chloritous feldspathic
schists 4 muscovite — quartzitic schists bearing albite and muscovite —
chlorite-calcite-albitic schists (amphibolites) — quartzitic-sericito-chlori-
tous schists (the last ones are opened only in Riul Barbat Valley).

It we admit that upper part of Zeicani series in this zone constitutes a
separate stratigraphical unit, then the Succession of the new unit would
begin at the level of carbonatic rocks, the above part including chloritous
feldspathic schists 4+ muscovite and quartzitic schists bearing albite and
muscovite is of terrigene origin, differences being caused by initial detrital
material, but chlorite-calcite-albitic schists (amphibolites) are metamorphic
correspondents of some basic rocks.

The rocks of Zeicani series were born through the metamorphosis of a
voleano-sedimentary pile under conditions of lower part of green schists

W/ \1 Institutul Geologic al Romaniei
IGR



15 GEOLOGICAL AND PETROGRAFHICAL STUDY OF N RETEZAT MTS 129

facies ; later, they adapt to moderate conditions of the same facies, first
taking place a degradation of component minerals. It is possible the last
wmetamorphic recrystallization tcok place during Hercynian orogenesis, when
Oslea formation was alfo metamorphesed and regional retromorphism took
place before.

3. Hateg Basin

Sedimentary formations of Hateg basin close to the contact with
Retezat|Mts; crystalline beleng to Paleogene, within Nucsoara basin and to
Sarmatian or Pleistocene between Riul Alb and Riul Birbat (in Stilla, 1985).

Paleogene is represented by a gritty-conglomeratic complex bearing
characteristic red cement and elements of crystalline schists (gneisses, mica-
schists, muscovite schists) and graniteid rocks.

Sarmatian is well opened between Riul Alb and Apa Lazului, east-
wards to Riul Barbat cropping out from under Quaternary formations only
along some brooks ; it is represented by gravels, sands and clays, here and
there with thin lignite intercalations.

Pleistocene is represented by terrace and piedmont deposits composed
of polygenous gravels and stones, which are gathered in a sandy clay
matrix of grey or yellow colour.

III. MINERALOGY AND PETRCGRAPHY
1. Getie Nappe — Sebes-Lotru Series (Group)

This unit basement is constituted of an alternance of various types of
gneisses and subordinately micaschists, in which there are thin intercalations
of am phibolitic rocks as follows : biotite-muscovitic paragneisses and mica-
schists, biotitic paragneisses, microcline gneisses, feldspathic quartzites,
amphibolites, amphibolitic gneisses, breccias and mylonites, all being inclu-
ded in Sebes-Lotru series. The sedimentary cover is exclusively represented
by Mesozoic deposits.

Main mineralogical and petrographical aspects regarding the Getic
Nappe have been discussed in a previous paper (Macalet, 1987) that is why
we add only a few figures which describe variation of anorthite content in
plagioclase feldspars of biotite-muscovitic paragneisses (Fig. 8 a), biotitic
paragneisses (Fig. 8 b), microcline gneisses (Fig. 8 c¢) and amphibolites
(Fig. 8 d); at the same time, Figure 9 has the values of 2V angle for the
microcline in microcline gneisses and Figure 10 describes the diffractogram
of a microcline sample (A = 0 ,88) in the same gneisses.

9 — o 432
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2. Lower Danubian Uuit

2.1. Riusorul Series. Within this series, between Nucsoara and Mali-
iesti, relative \'metv of described rocks is given not by quartz quantity
which prevails, but the relation between lamellar minerals — chlorite, seri-
cite, biotite; biotite in comparison with quartzitic schists bearing biotite
in the basin of Riusorul Valley occurs in smaller quantities or even disap-
pears in some Samples, because of the retromorphism which teok place in
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this zone with biotite schists. So, there are quartz-biotitic sericito-chloritous
schists and quartz-sericite-chloritous--calcite schists : subordinately there
are quartz-sericite-graphitous schists and retromorphosed amphibolitic
schists.

2.1.1. Quaritz-Biotitic Sericito-C hlovitous Schists. They are finely-grained,
uniform or weakly-banded rocks of dark grey colour, sometimes brown in
tint, silver on the schistosity surfaces and almost mat in the breach : the
schistosity is weak to middle. Under microscope, they have a granolepido-
blastic structure and a weakly-stratified oriented texture, usually alterna-
ting narrow strips (up to | mm) which are almost entirely constituted of
widely crystallized quartz, other minerals occurring in small quantities
with other wider and finely-grained strips in which quartz occurs in asso-
clation with biotite, sericite and chlorite in various quantities. Macroscopic
dark grey colour is caused by a fine graphitous pigment which is more abun-
dant in the zones rich in platy minerals. In some samples, besides these mine-
rals, there are also met albite and epidote-clinozoisite (tab. 1). Sphene,
tourmaline and pyrite occur as accessory minerals,

TABLE 1

% mm
Quartz _ 55-T0 ' ) 0.1=-0.5
Biotite .  lo-15 . Bwl-643
Sericite .= = 8-20 0.3
Chlorite -~ 5-12 _1 0.3.-"
Epidote- : -
clinozoifite 0o=5 © 0.01=0.05
Albite 0=-8 ' 0.l=0.7

2.1.2. Quartz-Sericite-Chlovitcus-+ Calcite Schisis. They are relatively
granular rocks of a weak to middle schistosity, of a general uniform grey-
green colour. But there are siluations when in the cutcrep or in the same
sample alternate plane-parallel or irregular zones of light grey-green colour
with zones of dark grey colour ; as a whole, the rock remains finely-grained,
weakly schistous. Under microscope, the structure is mostly granoblastic
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or granolepidoblastic and the texture is oriented, uniform or stratified. When
structure and texture are uniform, the rock occurs as a quartz grained mass,
sometimes bearing a little albite, among its grains displaying small chlorite
and sericite lamellae; in some zones, quartz grains are cemented with
calcite — table 2.

TABLE 2

% mm
Quartz 60"'75 : 0-1—0-4
Sericite lo-25 0.3
Chlorite §-25 0.3
Biotite O-2 053
Calcite 3-8 " 0.05=0.5
Albite 2-3 0.05-0.2

~ When macroscopically alternate zones of various colours, und er
microscope, structure and texture of these zones are different. Zones of
dark grey colour have a microgranolepidoblastic, ununiform structure;
so, within a very finely-grained mass, there are irregular parts where grains
are widely developed, this general aspect suggesting a probable initially
uniform rock, which was later influenced by an obvious mylonitization ;
from mineralogical point of view, these zones are constituted of quartz,
albite, sericite and chlorite. Passage to zones of light colour is suddenly done,
because these last zones are very different from the structural point of view,
being constituted by a much more coarse granular mass, which is relatively
uniform, of quartz; among quartz grains, there are small grains of
calcite as cement ; chlorite also occurs in small quantities. Considering that
in {inely-grained zones are also present irregular parts of prevailing quartz
and calcite, we can conclude that light colour zones, which are uniform gra-
nular, represent some parts resistant to mylonitization. Tourmaline, apatite,
sphene, garnet, zoisite and pyrite are met as accesory minerals.
 Comparing mineralogical compositions of the two types of schists,
which have been described up to now, in Riusorul series, we can notice that
the only important difference is the biotite presence or absence; at the
same time, the presence of finely-grained dark grey zones inside quartz-
sericite-chloritous schists relates these rocks to quartz-biotitic schists, which
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have similar structure, texture and colour. However, because of mineralo-
gical difference between the two types of schists from the point of view of
clorite, biotite, calcite and albite, they could have been different in the
beginning ; so, biotitic schists have no calcite, albite is a lot, while sericite-
chloritous schists have a lot of calcite, albite is seldom. Considering these
facts, only grey, finely-grained zones within quartz-sericite-chloritous schists
could be the retromorphosed equivalents of quartz-biotitic schists. Graphi-
tous pigment causes the grey colour in all cases.

2.1.3. Quartz-Sericile-Graplitous Schisis. They occur as small isolated
lenses being finely-grained, strongly schistous, black rocks. Under micros-
cope, they have a microgranclepidoblastic structure and oriented texture,
being exclusively constituted of quartz, sericite and graphite in various
quantities ; graphite can be up to 209,.

2.1.4. Zoisite Schists Bearing Chlovite and Albite. We met these rocks
only inside an outcrop of Nucsoara river. They are light grey, macroscopically
the rock being constituted of a grey microgranular mass, of a weakly green
tint where there are grains, which are sometimes lensy (up to 6—7 mm) and
have white-yellow colour. The schistosity is very weak. Under microscope,
grains of plagioclase feldspar prove to be widely developed and are almost
replaced by clinozoisite as developed, long prismatic, colourless crystals and
of blue birefringence colours. Clinozoisite is also present in finely-grained
mass together with albite, chlorite, quartz and sericite (tab. 3); apatite
occurs as an accessory mineral

MABLE 3
% mm
Clinozois:ite 63 Ool=1l.0
Chlorite 17 Oel=0,2
Alblte 13 0005"’0.5
Quartz 5 0.02=0.2
Sericite Ly B 0.1

2.2. Nuegoara Valley Formation. Petrographical background is repre-
sented mainly by quartz-sericite-chloritous schists or chlorite-sericitous ones
and quartzitic schists bearing sericited-chlorite in which we often find inter-
calations of meters thickness, of quartzitic schists bearing muscovite, quartz-
sericite-graphitous-i-chlorite4-calcite schists and crystalline limestones.
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2.2.1. Quartz-Sericite-Chlovitous and Chlovite-Sericitous Schists. They
are finely-grained rocks of a well developed schistosity, which are often
microfolded, grey-silver, sometimes green in tint, of a rough, satin-like
aspect on schistosity planes. We seldom met a weak banding or a weak
porphyric structure. At the same time, there are often small pyrite crystals,
which are partly limonitized. Under microscope, their structure is grano-
lepidoblastic and the texture is oriented, uniform or finely-stratified, alter-
nating submillimetric layers of quartz with others of quartz associated with
sericite and chlorite in various quantities. Sometimes, quartzitic zones are
lentiliform, lenses being displayed in continuous strips which during micro-
folding have been broken up forming microboudines. Besides mentioned
minerals in small quantities there are albite, muscovite, epidote, clinozoi-
site, biotite (tab. 4) and as accessory minerals there are pyrite, apatite,
sphene, tourmaline and zircon.

TABLE 4
% mm
Quartz _ - 52-To 0.05=044
Sericite - = 7-25 0el=le@Q
Chlorite -  5=20 0el=046
% ; .. . tl
Albite . - 2-8 042440 |
Muscovite 2-5 R -
Biotite 1 e 045

Quartz prevails as oblong grains, widely developed and has a polygonal
contour in strongly quartzitic zones and smaller irregular contour in the rest
of the rock. In most cases, extinction is weakly undulatory.

Sericite occurs as thin, oblong lamellae, which are displayed isolatedly
and nonorientedly among quartz grains or in plane-parallel or sinuous strips
in association with chlorite and quartz.

Chlorite can be abundant in some samples, being presented and dis-
tributed as sericite. It forms oblong lamellae, which often intergrow with
sericite ; it has a pleochroism in tints from light green to colourless and a
general low birefringence of usually dark brown, copper brown or blue
colours ; there are also seldom chlorite lamellae of birefringence colours from
light grev to green. Within the chloritic mass sometimes there are traces of
brown-vellow or brown-green biotite; in these cases, most of the times,
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chlorite and biotite aggregates suggest bigger lamellar forms which inter-
grow with muscovite lamellae; therefore, we conclude that inside initial
sedimentary rock, lamellar minerals were represented by muscovite and
biotite, then biotite was almost completely changed into chlorite. When
chlorite has the birefringence colours from light grey to grey-green {ints, it
has clear blastic aspect, forming for the first time ; when colours are brown
or blue an indefinite aspect appears showing that it is a secondary mineral
which is formed, in this case, through biotite chloritization.

Muscovite occurs only in some samples as widely developed lamellae
sometimes intergrown with chlorite or biotite; in most cases, muscovite
lamellae are almost completely sericitized (these are relict lamellae).

Feldspar is represented by albitized plagioclase as grains of various
sizes, generally clear and fractured ; it often has especially in the center of
the grains traces of polysynthetical twins; cnly bigger grains can contain
numerous inclusions of sericite and quartz. In sericite-chloritous zones can
also occur blastic, clear and untwinned albite.

2.2.2. Quarizitic Schists Bearing Sericite4-Chlorite. They are finely-
grained rocks of weak to middle schistosity, of grey to dark grey colour, weak
green in tint when they also have chlorite ; their aspect is nacre on schis-
tosity planes and glassy perpendicularly on these; generally, they are
weakly limonitized. Under microscope, structure is granoblastic to grano-
lepidoblastic, relatively uniform and texture is oriented ; from mineralogical
point of view, the rock is constituted of a mass of quartz which is some-
times weakly stratified ; among quartz grains, there is gericite and some-
times chlorite (tab. 3) as isolated lamellac or emall agglomerations ; seldom

TABLE 5
% mm
Quartz 92-94 " 0.l1-0.4
Sericite 2-7  041-0.5
Chlorite®  -0=5 Oel=043
Calcite 0=-1 0.02~042

lamellar minerals tend to lie on thin strips (less than 0.2 mm). Dark grey
macroscopic colour is caused by the presence of graphitic pigment but in
small quantities. Calcite and albite occur in small quantities (less than 19%,) ;
epidote, apatite, zircon and opaque minerals appear as accessory minerals.
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2.2.3. Quartzitic Schists Bearing Muscovite. They form metric layers
within the other schists. They are microgranular weakly schistous rocks of a
banded texture, alternating wider strips (2 8 mm) of prevailing quartz and
strips of especially micaceous minerals. General colour is light grey. Under
microscope, structure is not uniform, granolepidoblastic and texture is
oriented, stratified ; they contain almost exclusively quartz, muscovite and
sericite ; seldom we meet grains of albitized plagioclase (tab. 6). Opaque
minerals, apatite and sphene can occur as accesory minerals.

TABLE 6

f % mm

Quartz T&-82 : 0.05=0,.1 .
Muscovite lo~15 Oel=0.3
Sericite 2=5 < 0.1
Albite 1-5 0e2=1.0

2.2.4. Quartz-Sericite-Graphitous - Chlorite4-Calcite Sechists. All are
finely-grained rocks, dark grey or black in colour, nacre, satinated
on schistosity planes. Generally, graphite occurs only up to 20%.
Sometimes we notice macroscopically a fine stratification of white glassy
strips (about 0.5—1.0 mm) which alternate with about the same thickness
strips, dark grey in colour. Most samples are intensely limonitized. Under
microscope, structure is not uniform, granolepidoblastic and texture is
oriented, usually finely-stratified and often microfolded, alternating strips
or oblong lenses of quartz, then calcite, albite, sericite, chlorite and graphite

with strips of sericite, sometimes chlorite, a little quartz; the last strips
contain more graphite in quartzitic zones. In association with sericite and
chlorite, there is seldom biotite partly chloritized.

Owing to mineralogical composition, that is to say some samples have
calcite and chlorite in big quantities and others have not such minerals or
have them in very small quantities, we could describe two types of schists :
quartz-sericite-chlorite-graphitous schists bearing calcite and quartz-sericite
graphitous schists. Tables 7 and 8 show mineralogical compositions tor the
two types of schists. Everywhere, tourmaline, apatite, sphene, rutile and
pyrite occur as accesory minerals,
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TABLE 7
% mm
Quartz 45-55 - . 0,03-0415
‘ : O0nl=0.7 -
Sericite 12-32»" - = 0.8 . ‘
Chlorite 5-1o- L 0,8 -
Graphite 5-lo0 ' - fine pigment -
Calcite " Gul®  x x Gelmle0
Albi‘ba . l—2 . 001-0 0‘3
Biotite 0=-5 < 0e5
Sphﬁne Ce 5"'2 002”'0:7
TABLE
% mm
Quartz 45-60 0,03=0.1
Otl"'004 ;
Sericite 30~43. 2140
Graphite T=20 ( fine pigment
Chlorite o=5 < 065
Biotite 3 < 045
Albite 1 0s05=0,2
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2.2.5. Crystalline Limestones. They are often met especially on the left
slope of Nucsoara Valley as some concordant intercalations of some meters
thickness. They are relatively coarse rocks, about uniformly grained of a
saccharoidal aspect ; sometimes they appear weakly stratified, friable of a
weak schistosity. Thermal differential and dilatometric analyses on two
samples indicated calcite to be the only carbonate (Figs. 11 and 12). Moreo-
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Fig. 11 — ATD curves of limestones in Nuc- Fig. 12 — Dillatometric curves of limes-
spara Valley formation. tones in Nucsoara Valley formation.

ver, presence of quartz is pointed out on dilatometric curves too, outlining
the slope round the temperature of its polymorphic change (575°C). Under
microscope, structure is granoblastic, relatively uniform, in mosaic and
texture is oriented, the rock being almost constituted totally of calcite.
Quartz, albite, sericite, chlorite and muscovite can occur but in very small
quantities (tab. 9). Sometimes, when passage from limestone to surrounding
schists is not sudden, limestone can contain a bigger quantity of quartz (up
to 10%,) ; this fact makes the colour darker to grey and lessens calcite granu-
lation, its blastesis being hindered by quartz presence. Only pyrite apears
as accesory minerals.

On Nucsoara right slope, within an outcrop are opened limy muscovite-
chloritous schists and on the left slope, among quartz-sericite-chloritous--
graphitous schists in Fintinele, Lespezi and Zapozii brooks, there is a con-
cordant level of 0.5-5 m thickness, bearing white quartz-sericitous schists

with calcite,

2.3. Drigsan Series. Within this series , we can describe quartz-seri-
cite-chloritous schists (petrographical background), quartz-amphibolic
schists and schistous hornfelses, the last ones are to be discussed after
granitoid rocks (paragraph 2.5.).
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TABLE 9

% mm
‘Calcite 97-99 . 0.5-1.5
Quartz 0,5=2 0.0H5=0,3
L1bite 21 0.05=0.3
scericite <1 Z 0.8

2.3.1. Quartz-Sericite-Chloritous Schists. They are grey-green rocks of
a light or dark tint in function of sericite and chlorite relation, fine to middle
grained of a plane-parallel schistous texture or weakly microfolded ; schisto-
sity planes are often satinated because of sericite and chlorite flakes . With
naked eve, sometimes we notice epidote and feldspar grains and rare biotite
lamellae. Under microscope, structure is granolepidoblastic and texture
is oriented. Main minerals are quartz, sericite, chlorite, epidote-clinozoisite,
feldspar, biotite and calcite (tab. 10); sphene, apatite, tourmaline, rare
zircon and opaque minerals occur as accessory minerals.

Quartz forms both microcrystalline agglomerations (0.02—0.1 mm)
where it prevails and better developed granoblasts (0.1—0.5 mm), usually
displayed in strips of 1—2 mm width. In all cases, quartz grains have irre-
gular contours, weakly oblong forming a mosaic structure; extinction is
not uniform.

Sericite can occur in small quantities in some samples, others have up
to 20—25%,. When it occurs in big quantities, it displays in general sinuous
strips or fills spaces among other minerals; it also occurs as fine, weakly
oriented flakes, which are especially formed on account of grains of plagio-
clase feldspar.

Chlorite as well as sericite quantitatively varies among large limits
up to 30—359%, . Pleochroism is strong from intense green to light yellow-
green ; birefringence colours vary from brown to green tints. It occurs both
as fine oblong flakes as well as short, well developed lamellae (up to 0.5 mm),
which are sometimes overgrown with biotite and muscovite. When it appe-
ars with sericite in bigger quantity, they form a lamellar network in which
other minerals are to be found.

Biotite, when it appears, it is in' small quantity (less than 1%
especially as oblong lamellac which are oriented in the schistosity plane;
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sometimes it is overgrown with chlorite. Pleochroism varies from brown-

green to yellow-green. ‘ _
Epidote-clinozoisite especially form small grains (0.01-0.1 mm) which

are displayed in irregular agglomerations or strings but they also form bigger

PABLE 10
% mm

Quartz_ 4o0~To . 0,02=0,1
Quartz ' 5=1o Oel=0g
‘Sericite 2-25 <0.]
Chleorite 5=35 < 0,43
Epidote~ ' 040l=0,
clinozoi®ite 2-15" 0¢2-11
Albite . 1=5 0.02-0,1
Albitized _

plagioclase 1-3 0e2-1.5
Biotite ey Ge2=140

grains (0.2— 1.0 mm), which are hypidiomorphic, sometimes twinned, stron-
gly broken or spread within the rock ; they also occur within albitized pla-
gioclase grains. They quantitatively vary from less than 1% to about 15%,.
 Feldspar is represented both by clear albite grains (generally less than
0.1 mm) associated with quartz ; they are not twinned or are constituted of
two-three individuals associated according to (olo) aswell asof usually big-
ger grains (up to 1—1.5 mm) bearing numerous inclusions of sericite, calcite,
and epidote-clinozoisite and have traces of polysynthetical twins ; these last
grains correspond to a more basic, relict albitized feldspar. Some sample have
rare small microcline lenses (of 1—3 m thickness) bearing inclusions of
quartz and albitized plagioclase.

Calcite can appear in high quantity (up to 59,) when it forms strips
of grained structure (0.2—0.6 mm) ; but, usually, it occurs in small quantity
as irregular microgranular aggregates or as isolated grains within the rock.
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2.3.2. Quartz-Amphibolic Schists. They form small lenses within
quartz-sericite-chloritous schists being green rocks of grained aspect,
weakly schistous. Under microscope, structure is granonematoblastic and
texture is oriented. They are constituted of a finely-grained mass prevailing
quartzitic in which develop hornblende nematoblasts orientedly displayed
and feldspar grains of various sizes; epidote is also present (tab. 11).

TABLE 11
% mm
Quartz 45=55 0,01-0,1
Hornblende 25=30 Oe5=1.5
Microcline L 2=3 0.5-4.0
loite+Albitized
plagioclase P 0402=0,1
Actinolite 2-5 0605=0,2
Epidote o 1-3 0,02=0.05
Calcite 1~2 0+,05=0.1

Quartz forms small grains (less than 0.1 mm) which are generally
oblong, of undulatory extinction and teeth structure; it constitutes about
half of the rock.

Hornblende 1s a common variety of a pleochroism from intense green
to vellow-green and with ¢ : Ng = 14—20°; it forms weakly oblong crys-
tals (up to 1.5 mm) often twinned having strongly broken margins. Within
the prevailing quartzitic mass, there also develop small long-prismatic
crystals of actinolite.

Feldspar is represented by albite as small, clear grains in association
with quartz and by microcline, which forms weakly oblong grains of big
sizes (up to 3—4 mm) bearing numerous microgranular inclusions of quartz,
albite, calcite and even actinolite.

E pidote forms small grains (0.02—0.05 mm) and seldom big fractures
grains ; it is present in small quantity.

2.4. Retezat Granodiorites. Granitoid rocks pierce crystalline schists
of Drigsan series, being mostly represented by granodiorites. Because of a
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remarkable petrographical and mineralogical constancy, small differences
occurring in structure and texture, we shall describe them together.

They are phaneritic rocks of light grey colour, of green or yellow tint,
equigranular or weakly porphyritic, of a gneissic or schistous texture; this
last one is more obvious because of abundant micaceous minerals. Macro-
scopically there are feldspars, quartz, muscovite, sometimes biotite and epi-
dote. Under microscope, they show a holocrystalline hypidiomorphic gra-
ined structure and a texture which is more or less oriented. Strongly lami-
nated facies show a passage to crystalloblastic structure. Main minerals are
plagioclase feldspars, albite, microcline, quartz, epidote and clinozoisite,
muscovite and seldom biotite. Apatite, sphene and pyrite occur as accessory
minerals.

Feldspars belong to three generations. The first generation is represen-
ted by more or less idiomorphic plagioclase phenocrystals, which are generally
polysyntethically twinned according to albite laws and rarely according to
Karlsbad and Albite-Karlsbad law, in various saussuritization stages when
form albite, sericite, kaolinite, epidote, zoisite and quartz. Thereis a 50—809,
quantity of 0.5—3.0 mmsizes, It can be noticed a structure of schahbrettal-
bite within some crystals which are less changed. Sometimes, on account of
this feldspar, there developed short lamellae of muscovite, which are general-
ly displayed according to the main directions of cleavage — (001) and (010) ;
microscopic aspects Sugge‘it that muscovite replaced the feldspar which was
previously formed, even during magma’s crystallization. In most cases, pla-
gioclase crystals are surrounded by a clear zone of albite, having the charac-
feristics of a margin of magmatic corrosion. In some cases, it is interesting
to notice the apparition of plagioclase microclinization starting with the
central part of crystals, later on replacing the whole crystal. We consider
that initial more basic plagioclase feldspar continuously reacted with magma
on the way of crystallization, more and more acide, getting a primary zonal
structure. Tendency to plagioclase recrystallization was caused by later
regional metamorphic processes which influenced the whole region. Gene-
ralized albitization of plagioclase makes almost impossible to appreciate
its initial composition. The most frequent values of 2 V angle vary from -+74°
and — 85°, which would correspond to An,—An,, interval. Only in a few
cases, we obtained bigger values, but only An,. 2 V. Np/A(010) and
Nm A (001) values are given in Figure 13 a. An argument for a low con-
tent in anorthite of initial plagioclase can also be the small quantity of
calcium minerals (clinozoisite, epidote, calcite) among its transformation
products,

Second generation of feldspar is represented by microcline, micro-
cline-perthite and albite which mix among older minerals — plagioclase,
quartz, muscovite — including them and creating some lenticular forms —
,,ocdh — up to 1.5—2 cm. We can remark that plaglocla‘se feldspar included
in ocellis of microcline and albite are generallyaas crystals of a more accen-
tuated idiomorphism than plagioclase in the rest of the rock, usually being
fresher and, having a weakly tendency to orientation ; however there are
alsograins of strongly corroded plagioclase, In most cases, ocellis are sur-
rounded by a thin zone of muscovite. Microcline occurs both not twinned and
polysynthetically twinned in grills ; these situations can be met even inside
the same grain. Optical. signis (—) inmostcases,rarely (). Determinations
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at universal stage gave values between — 72° and 90° (Fig. 14 a), most of
them varying from — 2V= 75 — 82° and showing a cryptoperthitic micro-
cline. A X-ray diffractometric analysis (Fig. 15) pointed out an intermedia-
ry microcline with A= 0.80 triclinicity index. Albite exsolutions in
microcline are very often met, forming with (001) cleavage an ongle varying
about from 10 and 20° ; general aspects is a perthite film. There is also micro-
cline as small, allotriomorphic grains (0.1—1.0 mm), which are distributed
at random in the rock together with quartz and albite. If in some cases,.
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microcline is the only feldspar which includes preexisting plagioclase, consti-
tuting ocellar formations, in other cases, microcline is present in small
quantity or is lacking, in its place forming fresh and untwinned albite.
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A X-ray diffractometric analysis, on such an ocell (Fig. 16) indicated 80—
—85%, albite, which is associated with a plagioclase of oligoclase-andesine
type, totally corresponding to microscopic observations. In some samples,
microcline with albite of this second generation are varying from 15 to 20%,.

The last generation of feldspar is represented by an albite as small
clear crystals (0.1—0.5 mm) of about constant composition — An, Twins

4 \l Institutul Geologic al Romaniei
IGR



33 GEOLOGICAL AND PETROGRAFPHICAL STUDY OF N RETEZAT MTS

Microclice Microeline i
L e ——criptaperfhites spAlie

]

50 T
> -8 ot
o~ = .f

-70 . " il

-60

0 10 20 30 40 S0 60 70 8&0- %0 100

a
Microcline Microcline , Albite |
e —sbe———criptoper thites - e e
+80 > T
/ 90 " L E
b/.t‘ “
-80 ’/*‘ b —or . T .
% 70 Nl .
e | 3
- "
-60 . 1 '
O 10 20 30 40 50 60 70 80 90 100
b
I:mcroc‘[une crigﬁggg%ﬂhags i Albite J
+80 "
96 B0 ot
> .80 | .m‘*"‘ :
o4 “,"
-70 e al :
|
-60 sl

0 0 20 30 40 50 60 70 80 S0 iu
c
Fig. 14 — 2 V values for microcline : a, of grancdiorites ; b, of feld-

spathic metagritstones; ¢, of guartz-albitic sericitous schists with
microcline.

R Institutul Geologic al Romaniei
IGR.

&)



148 V. MACALET 34

o
ol
~ 0%
2o
o a
= <
ﬁoN') ’::
= sl
= g2 o
el -
o - Ol
(o] .
= —
o=
| = :
Z o |lmres
s<[ -1 | |7Ter—
@ _Gml|| &2 D_
b Lrct ‘q 45 ©
o S} = e =
T fen) ] Ve = O
adlldlse 85 =<3
ol S eE "‘!8 2
for] el B e
i . o
/U M U\: 7 |
i
7616 15 A 13 12 lge 20 18 16 14 12 10 B 6 4 2 4
Fig. 15 — Diffractogram of a microcline Fig. 16 — Diffractogram of an albite sampleg
sample in granodiorites, constituting ocellar formations in granodiorites;

presence according (010) which are generally constituted only of 2—3 indi-
viduals, corroborated with crystals freshness, are arguments which stress
the fact they were born during regional low grade metamorphism which also
influenced granitoid rocks. Quantitatively, metamorphic albite is at the
most 1—2%,.

Eprdote and clinozoisite are often present in these rocks both as primary
minerals (Pavelescu, 1953) and secondary ones which are born on account
of initial plagioclase feldspar. They often represent 1—3%,, rarely 89,
Primary epidote forms both prismatic idiomorphic crystals (0.5—1.5 mm),
usually twinned , sometimes zoned and especially grained aggregates which
are irregularly displayed within the rock. In some cases grained epidote,
especially associated with quartz forms thin veinlets (2—4 mm) which cross
the rock in various directions ; in other cases, in the samples strongly lami-
nated, microgranular epidote and muscovite are displayed in parallel strips,
On the margins of some epidote idiomorphic crystals, there can be often
noticed a narrow zone of microgranular, recrystallized and varied oriented
epidote,

Primary muscovite forms short lamellae up to 0.5 mm length, being
spread all over the rock, rarely forming small agglomerations together with
epidote and clinozoisite ; within strongly laminated facies, they are orientedin
the plane of schistosity. In some samples, we remarked a great quantity
of muscovite which moulded ocellis of microcline and albite, In some cases,
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muscovite, as short well-developed lamellae, partly replaced plagioclase
feldspar. Even in the richest samples in muscovite, it is 6—7%,. The second
generation is represented by secondary sericite formed on account of plagio-
ciise feldspar during the processes of metamorphic recrystallization.

Biotite , when it occurs, there is in very smal quantity, excepting
some samples downstream of Lolaia waterfall on Nucsoara Valley, where it
is up to 3%, as short isolated lamellae or intergrown with muscovite, which
it quantitatively surpasses. Generally, there is however a tendency to
increase biotite quantity near the contact with cover sehists,

C hilerite is seldom met, especially on the borders of the massif and 1s
formed on bioiite account.

2.5. Contaet Rocks 3 Schistous Hornfelses Bearing Biotite and Epidote.
Thev are fine to middle grained rocks of ununiform colour, generally greygreen,
often mottled in colour, because of a lenticular or nodular texture ; there is
seldom a plane-parallel banding. Schistosity is similar to the schists outside
the aureola  in some cases, we notice a better schistosity when coming close
to the contact. On the field, increase of biotite quantity and accentuated
mottled aspect are certain reasons for closing the contact, both in the north
of granitoid massif and in the south on Riul Barbat Valley,

Under microscope, we notice an oriented microgranolepidoblastic
mass which is mainly constituted of quartz, epidote-clinozoisitef-albitef
sericiteschloritef-muscovite, in which there are found well-developed
lamellae of biotite--chlorite and bigger grains of quartz, epidote-clinozoisite
and albitized plagioclase. When they occur, lentiliform (0.5—2/3—5 mm)
or nodular aggregates, which are macroscopically light in colour, prove to
be constituted of a microgranular mass (less than 0.05 mm); it is almost
exclusively constituted of quartz (75%), epidote-¢linozoisite (20%) and
sericite and those dark in colour are formed of biotite, quartz, epidote, cli-
nozoisite, apatite and sphene. At the same time, there can occur microcline
ocellis, bearing inclusions of quartz and albitized plagioclase, being similar
to ocellis in granitoid rocks. In some samples, we can add hornblende too.
As accessory minerals, there are met sphene, apatite, rarez ircon and opaque
minerals. Table 12 show variation limits of mineralogical composition and
mineral dimensions.

Quartz prevails in allsamples (50— 70%,) as small grains (0.02—0.1 mm)
and big ones (0.1—0.5 mm), equidimensional and a little oblong, strongly
caught in teeth among them and with other minerals forming agglomera-
tions or being displayed in strips ; extinction of grains is always ununifom.

Biotite is the characteristic mineral of these rocks being able to follow
all the passages from an incipient development on account of lamellar mine-
rale — sericite and chlorite — in original quartz—sericite-chloritous schist,
occurring as spots or oblong lamellae which are parallely displayed with the
schistosity, associated with sericite and chlorite, up to short well-developed
Jamellae of porphyroblastic aspect, which are often intergrown among them
or with chlorite, sometimes with muscovite too. Even when they form
agglomerations or are displayed in strips, individual_lame]lac are weakly
oriented or are not oriented at all, being irregularly displayed. In samples
bearing hornblende, we have to mention how porphyroblastic biotite deve-
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lops on hornblende account ; biotite lamellae cross it in various directions
or grow perpendicularly to the grains'margin. At the same time, in some
cases, newly formed biotite can replace grains of epidote-clinozoisite, Pleo-
chroism of porphyroblastic lamellae has lighter tints than in the case of biotite
as oblong lamellae or outside the aureola, from light brown-green to pale
vellow, almost colourless and refringence colour are very light close to mus-

‘TABLE 12
% . mm
Quartz . . . 45-To ; 04015-0.5
Biotite. - = - 2-20 i 0edmle5
Sericite . - 2-15 . : <0,1%.
Chlorite I‘ - S o=l5 ,0005=047
Muscovite - 0-12 ©0.l-0.5 1
| Epidote- | _ h . I
clinozoisite . 4=15. - " 0402=1,0
| Albitized = = - _. i F
plagioclaze .  o=5 . OGB4
Albite - . 14 0402-0,1
- microc1ine ' f, 0=5  Qel=4.0
.| Hornblende ;.' 0=T7 . 0e5=1,5
Caleite .  0=3 = - o.eleo.
covite. — 2V ongle is very small, interference figure being practically uni-

Biotite quantity in the samples, which was born on account of chlorite
and sericite, is generally a function of coming close to the contact, however
also depending on chlorite and sericite quantity from initial schist; thus
at the contact there can be found muscovite lamellae, which was forme,p

P
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through sericite recrystallization, if chlorite quantity was not enough to
form biotite, or well-developed chlorite lamellae, if initial rock had not enough
sericite. Two X-ray diffractometric analyses on samples of coloured lamel-
lar minerals from schistous hornfelses in Nucsoara Valley gave the following
results. The first sample at about 150 m distance from the contact pointed
out the presence in equal quantities of biotite and chlorite (Fig. 17 a) and the
second sample, at the contact, shows only the biotite (Fig. 17 b).
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Fig. 17 a, b — Diffractograms of two samples of
chlorite 4+ biotite and biotite in schistous hor-
felses with biotite and epidote.

W/ \1 Institutul Geologic al Romaniei
IGR



152 V. MACALET 48

Chlorite near the contact forms short, well-developed lamellae (up to
0.5—0.8 mm) weakly oriented, often intergrown with biotite ; it has a pleo-
chroism from light green to light yellow-green or pale yellow and light bire-
fringence colours in grey-green tints ; we have to remark some differences
from chlorite in the schists far from the contact, with a pleochroism in darker
green tints and darker birefringence colours, in brown-green tints. Relations
between biotite and prophyroblastic chlorite rather show a Simultaneous
formation than a replacement of one by the other one.

Sericite is found in big quantity in samples far from the contact (up
to 15—20%,), then it gradually reduces generally coming close to the con-
tact, where it is usually lacking or is present in small quantity because it
reacts with chlorite to form biotite, or because of recrystallization when
muscovite porphyroblasts are formed. However, at least a little of these
rocks’sericite could form later on within plagioclase feldspar. It occurs as
small flakes (less than 0.1 mm) which are not uniformly spread, rarely being
displayed as strips parallel to the schistosity.

Muscovite, when it occurs, forms both oblong, well-oriented lamellae,
displayed in strips mixed with the other minerals and short unoriented
lamellae, which are similar as form and distribution to biotite lamellae near
the contact; we have to remark that generally well developed lamellae
of muscovite in samples exclud chlorite presence. It is quantitatively up
to 5—109%,.

“pidote and clinozoisite are also characteristic minerals to schistous
hornfelses, sometimes they occur in big quantity (up to 12—159,). They
form both small grains, which are almost uniformly distributed and bigger
grains which are isolated or displayed in irregular agglomerations and strings,
Sometimes, bigger grains can have an obvious, short-prismatic, twinned
idiomorphism, in other times, they are strongly cataclased, fragments
being spread in the rock.

Hornblende rarelly occurs in schistous hornfelses corresponding to
quartz-sericite-chloritous schists. It is found a lot in those hornfelses coming
from quartz-amphibolitic schists. It is a common variety with ¢ : Ng=16—
—20°, occuring as grains, which are generally short and spread, being repla-
ced more or less by biotite association with chlorite and calcite ; grains have
1.5—2 mm. At the same time with the replacement of common hornblende
were born small, long-prismatic crystals of actinolitic hornblende which are
included together with remains of original hornblende in lamellar agglome-
rations of biotite or being ununiformly distributed.

Leldspars are represented by plagioclase, albite and microcline, all of
them being generally present in small quantities.

Plagioclase occurs as round grains, sometimes of 3— 5 mm, having all
passages from albitized plagioclase, sometimes with a schahbrettalbite
structure and traces of polysynthetical twins, being replaced by sericite
especially on the margins, up to a compact sericitic mass, which is partly
recrystallized by muscovite in which there are almost no remains of feldspar ;
within the sericitic mass, there can be found epidote-clinozoisite, quartz,
calcite and rarely biotite. In some samples, epidote-clinozoisite quantity,
which is formed by plagioclase replacement, is big enough, noticing situations
when one prismatic crystal of epidote completely replaced a plagioclase
grain.
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Albite forms small grains especially within the microgranular quartz
mass of clear aspect, being untwinned or constituted of 2—3 individuals
associated according to (010) ; its quantity is only 2—3%.

Microcline is especially found in the samples near the contact, forming
both isolated grains of 0.2—0.5 mm and bigger ocellis (1—4 mm) with
numerous inclusions of quartz, albitized feldspar and calcite. There are also
cases when albitized plagioclase of a schahbrettalbite structure is partly
replaced by untwinned microcline or with grilled structure. Its quantity can
be 4—35%,.

Sphene is present in almost all samples, being widely developed near
the contact, forming microgranular aggregates, isolated grains of irregular
forms and idiomorphic crystals as pens up to 1.2 mm ; small grains of sphene
are often included in biotite lamellae.

In comparison with the schists in the aureola at northern contact of
granitoids, those at eastern contact can have a bigger quantity of albitized
plagioclase feldspar, according to its abundance in regionally metamor-
phosed schists, the other features being similar.

Synthetizing the transformations of quartz-sericite-chloritous schists
and of quartz-amplibolitic schists in Draggsan series, inside the contact
aurcola, we can show the following :

_ From outside to inside, sericite and green chlorite quantity pro-
gressively reduces, at the same time with the porphyroblastic development
of light brown-green biotite and eventually of a light green-yellow chlorite.
Even within the aureola, we can remark a lighter colour of biotite and chlo-
rite when coming close to the contact. When chlorite quantity is smaller
than sericite quantity, sericite could recrystallize forming muscovite lamel-
lae ; newly formed chlorite also depends on the insufficient sericite in the
initial schist.

— High quantity of sericite in some samples, which replaces plagio-
clase feldspar and mirocline presence near the contact indicates a potassium
addition from magmatic body. This fact also caused the hornblende repla-
cement by biotite.

— lack of some typical minerals for contact metamorphism — cor-
dierite and andalusite for example — was especially determined by quartzi-
tic nature of schists, but also by a probable high stress during the contact
metamorphism which at least partly overlied temporally over the regional
metamorphism of surrounding rocks ; at the same time, contact temperature
which was a little higher than cover rocks, caused no substantial desequilibra
which lead to the apparition of some more different mineralogical associa-
tions.

However, mineralogical composition in table 12 suggests albite-epido-
tic facies of contact metamorphism.

2.6. Oslea Formation. Within this formation, we describe weakly meta-
morphosed Paleozoic deposits from upper part of Lover Danubian Unit.

2.6.1. Metagritstones and M etaconglomerates. Metagritstones are widely
spread among the rocks of Oslea formation between Nucsoara Valley and
Riul Birbat Valley, forming an almost continuous level usually at the base
of the succession. But metaconglomerates are not so developed, being met
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only in the basin of Serel Valley. The two types of rocks resemble because the
conglomerates'matrix has a similar petrographical constitution with the
metagritstones’(subarkosian ones).

a) Metagritstones. According to feldspar content, we can describe
quartzitic metagritstones, which generally have no feldspar and feldspathic
metagritstones — subarkosis (5—259% feldspar) and arkosis (more than 25%
feldspar). Besides quartz or quartz and feldspar, in most samples sericite
is present from 4 to 8%, rarely 15% or 1—2 9%,. Dark or light colour in the
handspecimen is determined by the presence or absence of graphitous pig-
ment which is finely spread in the rock.

Quartzitic metagritstones are not so developed, being
best represented in the openings on $tirbina-Prislop ridge and left slope of
Parosului Valley. They are hard, microgranular, massive or weakly schistous
rocks of dark grey colour and glassy aspect in the breach. Massive varieties
are strongly fissured : on fissures’planes, there is oriented sericite, which
creates a satinated aspect. Under microscope, the structure is mostly grained
and texture is oriented ; the rock has more than 909, quartz, then sericite
(tab. 13); graphite occurs in small quantities and seldom feldspar. They
formed through the weak metamorphosis of some quartzitic gritstones bearing
a little clay cement mixing with organic material.

‘TABLE 13
% mm
Quartz : S0~95 _ 0.1-0.5
Sericite - 5 4-8 . “ ‘ 0el=0.4
Albite - o-1. ' <o5 .
Graphite - fine pigment

Feldspathic metagritstones are widely spread, sub-
arkosian ones being the best represented. Because feldspar quantity is the
only difference among them, we shall describe them together. A general fea-
ture of feldspathic metagritstones is given by microcline which prevails
over plagioclase,

They are relatively middle-grained, of oriented, uniform or weakly
stratified texture, generally weakly-schistous. Their colouris grey, hasvarious
tints from-light grey to dark grey, glassy aspect in the breach and pearly
on the schistosity planes. Most samples occur weakly limonitized giving a
weakly yellow or brown tint. With naked eye, especially perpendicularly
on the schistosity planes, there are quartz and feldspar grains, which are
generally fresh and on the schistosity planes there can be seen fine sericite
lamellae, Sometimes, can occur bigger glassy lenses (up to 1 cm) of grey
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colour : at the same time, several times we can notice numerous small levi-
gation voids (gencrally less than 1.5 mm) of yellow-brown colour. Most
of feldspathic metagritstones are strongly laminated, macroscopically
some of them being similar with granitoid rocks. Under microscope, the
structure occurs especially grained, ununiform and texture is oriented being
constituted of a prevailing microgranular quartz mass together with sericite
and sometimes albite: in which there are ununiformly distributed bigger
grains of various sizes, generally strongly cataclased, of microcline, plagio-
clase feldspar, sometimes quartz. Stratified macroscopic texture met in some
cases, results alternating strips richer and poorer in sericite ; usually, strips
rich in sericite are narrower, generally have less than 1 mm and those poor
in sericite can have 4—35 mm thickness. Bigger lenses met in some cases are
constituted of quartz and plagioclase feldspar which is strongly alterated
and opacized or they are constituted only of microgranular quartz and are
dressed in a thin sericite cover. These lentiliform zones are but initial pebbles.
There are also limonite, sphene, epidote and tourmaline as accesory mine-
rals. Mineralogical composition and middle sizes are given in table 14.

TABLE 14

% mm
Quartz 73-86 ) 0005-145
Microcline = 4-20 _ 0e3=2.5
'Plagioclase and. ;
Albite 1=5 © Oe2=lo5
Sericite " p-15 _ < 0.5

Quarlz prevails in all samples (more than 70%,), being mostly micro-
granular ; it occurs as oblong grains with sinuous tooth borders and accen-
tuated undulatory extinction. When it forms bigger grains, they also have
irregular contour, with broken margins and a strong undulatory extinction,
sectoring completely the grains. These last grains represent an argument
for the fact that microgranular quartz also resulted through a complete
breaking and recrystallization of some bigger grains.

Microcline is present in all samples, several times it prevails as quan-
tity over plagioclase feldspar, varying from 4 to 25%, and often between 4
and 10%,. It generally occurs as clear widely developed grains of various sizes
with irregular or round margins, which are strongly fractures and recemented
with microgranular quartz. We often notice microperthitic exsolutions as
thin veinlets which are parallely displayed and polysynthetical twins in the
grill, Refringence of fine lamellae 1n microperthitic exsolutions is always
higher than the mass where they are found ; this means that exsolutions can

) Institutul Geologic al Romaniei
R

IG



156 V. MACALET 12

be more basic than Ab. Conoscopically, optical sign occurs both (—) and (4),
determinations at the universal stage really showing a big variation of 2V
angle (form —67°to 90°) — Figure 14b, without (++) values. The figure shows
that most grains are constituted of microcline — criptoperthites, their com-
position varying from Org, Ab,, to Oryy Abyy ; we have to remark that grains’
mass bearing microperthitic exsolutions would have a similar composition
as microcline. In some samples, microcline grains are found in various stages
of argillization (kaolinization) so becoming turbid. If its kaolinization advan-
ced with a nicols, on colourless rock background, we can notice numerous
brown-yellow spots ; with two nicols, these spots are almost completely iso-
tropic or have fine, short flakes of sericite ; In some cases, remains of micro-
cline are kept within these isotropic zones. This means that most microcline
was replaced by kaolinite and a little sericite. In some samples, there are
also found small, fresh, twinned in grill microcline grains, which are dis-
played among quartz grains. Besides isolated grains, microcline can also be
found in some polycrystalline pebbles, which are constituted of microcline,
plagioclase and quartz, probably coming from the gneisses of Getic Crys-
talline ; a better argument for this origin is also the presence of twinning in
the drill, which makes these microcline grains different from the microcline
in the granitoid rocks. However, in some cases, microcline grains have inclu-
sions of albitized and sericitized plagioclase as well as in granitoid rocks.
Presence in the same sample of both microcline grains bearing albitized
inclusions of plagioclase, typical to granitoid rocks and grains without inclu-
sions, twinned in grill, typical to Getic Crystalline, makes us conclude that
potassic feldspar comes from both types of rocks.

Albitized plagioclase is met in almost all samples, in most cases being
subordinated to microcline, generally being 2—59%,. Grain sizes are also
smaller than microcline’s, however being bigger than the grains of quartzitic
microgranular mass, It forms grains of various sizes which are irregular or
round and strongly fractured ; smaller grains can be clear and untwinned
and bigger grains have often sericite inclusions, being often polysynthetically
twinned, sometimes of a schahbrettalbite structure: in some samples,
plagioclase grains can be intensely impregnated with limonite and others
have graphitous pigments, thus, determine macroscopically a dark grey
colour, As in the case microcline besides isolated grains, plagioclase also
occurs in some bigger lenses in association with quartz ; in these cases, it is
completely albitized, probably coming from the gneisses of Getic Crystal-
line. At the same time, there are also lenses (pebbles) which are constituted
only of microcline and albitized plagioclase ; microcline forms a mass of
unitary optical orientation, representing a single crystal and plagioclase
can be represented by several crystals included in microcline ; these lenses
are pebbles of granitoid rocks.

Albite occurs as small, clear untwinned grains or constituted of 2—3
individuals twinned according to (010), associated with quartz in micro-
granular mass in small quantity (at most 1—29%,) of blastic character. In
some samples, it is interesting albite formation besides quartz on account
of broken grains of microcline too. 2V, NpA (010) and Nm A L (001) values
(Fig. 13b) show that in all cases, it is about an albite of a composition bet-
ween An, and Ang.
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Sericite occurs in all samples, generally in small quantity sometimes
more than 109, It occurs as small, thin and oblong lamellae isolated or
forming irregular agglomerations among grains of microgranular quartz or
around bigger lenses of quartz and feldspar. In the case of stratified sam-
ples, well oriented lamellae of sericite are displayed in narrow strips which
alternate with wider strips of quartz. When it occurs in the vicinity of grains
of albitized plagioclase, it always has the tendency to form wider developed
lamellae of muscovite. At the same time, sometimes there are rare muscovite
lamellae which are bent or broken and partly sericitized.

Only in some samples, in small quantity occurs chlorite, which is repre-
sented by pennine, probably formed through chloritization of some detrital
lamellae of biotite.

b) Metaconglomerates (Valea Beusii metaconglomerates — Macalet,
1983) are constituted of a similar matrix, concerning their composition and
structure, with coarser feldspathic metagritstones; in which are caught
wider developed elements of various sizes and with different petrographical
composition. As a whole, main structural characteristic is the prevailing
matrix in' comparison with included elements; also considering different
nature of elements, we can include these rocks in the group of extraforma-
tional (basal) polymictic, weakly metamorphosed paraconglomerates. They
are rocks of light grey colour of weakly yellow tints, which are constituted
of a relatively coarse, hard matrix of middle schistosity in which with naked
eye we can notice quartz, usually without distinguishing individual grains
and feldspar as relatively fresh grains of nacre lustre and generally with
sizes up to 3—3.5 mm ; however, there are cases when these grains have
5—6 mm. In comparison with most of described metagritstones, in these
rocks, white mica in quartz-feldspathic matrix is more widely-developed.
At the level of the outcrop, we see numerous lenticular elements strongly
flattened of 1—10 cm length, being dressed in a quartzitic sericitic mass.
Most of these elements are exclusively represented by quartz, in small quan-
tity there are elements constituted of quartz and feldspar, to which some-
times associates muscovite. Generally quartz elements are more widely
developed than the others.

Concerning the matrix, which has constitution and structure similar
with previously described feldspathic metagritstones, we show in table
15 only the composition and approximative sizes of grains in a few samples,
our considerations on occasion of description of feldspathic metagritstones
both regarding microgranular prevailingly quartzitic mass and bigger grains
of quartz and feldspar remaining the same.

Further on we shall describe in turn the two types of elements (pebbles)
of metaconglomerates — elements which are constituted of quartz and
quartz-feldspathic elements.

Quartzitic elements are strongly flattened ; for instance, one of the
biggest elements is like a lens of 10 cm length, 8 cm width and 3.5 cm maxi-
mum thickness. Macroscopically they are constituted of a microgranular
mass of light grey-white colour of a glassy aspect. Under microscope, all
these pebbles are almost exclusively constituted of quartz, most of them
having a relatively uniform microgranular structure and an oriented texture.
Essential difference between quartzitic elements and quartzitic host mass.
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Is sericite content in the latter; it also contains bigger grains of feldspar.
However, some elements can have a coarser, ununiform structure being
constituted of widely developed grains of quartz with strong undulatory
extinction and broken margins, among which there are as cement, small,

TABLE. 15
% mm

Quartz : , 80—85 o'.o‘j-»o.d,

: \ 0.6~1.8
"Microcline : LR QeF%3a8 ™
. . F
Plagioclasge =5 0s2-2,0 12

Sericite . 4-5 " 0e2=1.2

oblong grains of irregular margins obviously coming from broking bigger
grains ; in these cases, general aspect looks like a microbreccia. Having
these structural features quartzitic pebbles have all stages from a coarse,
ununiform, partly cataclased quartzitic rock (microbreccia) to a microgra-
nular rock (mylonite).

When sericite occurs, it is in very small quantity as fine isolated, a little
oriented lamellae,

Rarely in the elements of a coarser structure, there are also cataclased
albite grains (schahbrettalbite).

Approximative sizes of quartz are the following :

— in elements of relatively uniform microgranular structure : 0.05—
—0.3 mm ;

— 1in elements of ununiform coarse structure :

0.05 — 02mm . ... .......5 — 809
0.5 —J.Smm...‘...‘...20——50%

Coarse quartzitic elements probably come from a quartzitic rock simi-
lar to those from Zeicani series (on the left slope of Parosului Valley, for
instance).

Quartz-feldspathic elements are found in smaller quantity than quart-
zitic ones and have usually smaller sizes. Their colour is grey, of yellow to
brown tint, sometimes being strongly limonitized. Under microscope, they
occur constituted almost totally of quartz and plagioclase feldspar, a little
muscovite ; they form a relatively coarse structure.

Quartzis mostly found as widely developed grains of irregular margins
and undulatory extinction, strongly toothed among them or with plagio-
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clase grains. As small grains there is also quartz among fragments of plagio-
clase 1n feldspathic zones.

Feldspar is represented by strongly altered and opacized plagioclase,
because of limonites penetration on cleavages and fissures. Besides limonite,
as inclusions, it contains fine sericite flakes. In all grains, is kept polysyn-
thetical twinning, lamellae being bent and interrupted ; in fact, as a whole,
plagioclase grains are strongly divided.

Muscovite is the only lamellar mineral ; it occurs as short lamellae and
is more abundant in some zones. Averages of planimetric analyses of scme
pebbles are the following :

FTREE o v PR 45—50%......-. 0.1—0.3 mm
0.5—2.5 mm

plagioclase .......... 48—52% 0 cuwan s 0.3—2.5 mm

TMUSCOVITE  saaws s 129 <0 swsnn e [ mm

Having these features, these clements are fragments of Getic Crystal-
lilne gneisses.

At least in our samples , we have to remark that there are no big ele-
ments coming from granitoid 1ocks. Howcver, such elements are found in the
matrix of metaconglomerates as polyerystalline grains which are constituted
of quartz and microcline bearing plagioclase inclusions but whose sizes have
less than a few mm.

2.6.2. Carbonatic Rocks. Carbonatic rocks belonging to Oslea formation
are widely developed similarly with feldspathic metagritstones, being noticed
almost continuously from right slope of Nucsoara towards east of Riul
Birbat. They correspond to some limy lithic arenites (lithocalcarenites),
according to calcite quantity, there can be described limestones (more than
989, calcite) and limy gritstones (about 70—909%, calcite).

a) Limestones are quantitatively subordinated to limy gritstones,
most of them being relatively middle grained; they have a saccharoidal
aspect, are weakly oriented and generally lack of schistosity. Their colour
can be white, but is often light grey, generally glassy. Sometimes, they keep
a banded texture, alternating grey bands with lighter ones, almost white.
In the case of strongly cataclased limestones, prevailsfinely-grained structure.
They occur strongly fissured, undoing in plates at the level of the outcrop.
Thermal differential and dilatometric analyses indicated only the presence
of calcite — Figures 18 and 19. Under microscope, they occur constituted
of more than 98%, calcite, having a relatively uniform or ununiform grained
structure, according to cataclasis degrec; {heir texture is weakly oriented,
sometimes a little siratificd. There are small grains of quartz and rare seri-
cite lamellae, but in small quantity (tab. 16).

In weakly stratified (banded) samples alternate calcite bands with
bands bearing besides calcite, quartz and sericite; the latter ones can
contain albite too but in small quantity. In fact, these stratified zones are
but passage rocks from limestones fo limy gritstenes.

b) Limy gritstones are widerly developed than limestones and represent
passage formations from limestones to feldspathic gritstones ; theyare equi-
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wvalent to detrital sediment which was mainly constituted of calcite mixed
with quartz, feldspar and white mica. Most rocks are relatively mid-
dle-grained, oriented, weak to middle schistous ; sometimes weakly strati-
fied, of a saccharoidal aspect, generally glassy. Their colour is grey, generally
dark grey; sometimes because of weak limonitization, it occurs a brown
tint. As well as limestones, limy gritstones are found in various stages of
cataclasis. Under microscope, there occurs an ununiform grained structure
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Fig. 18 — ATD curves of limestones in Oslea Fig. 19 — Dillatometric curves of limes-
formation. ) tones in Oslea formation.
TABLE 16
% mm
Calcite 98-99 0.5-1.8
: 0.03-0.1
Quartz <1 0.05-0,15
Sericite <1 0,2
-Albite <1 0e.1=0,2
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and a weakly oriented texture, often stratified. They are constituted of a
calcite coarser-grained mass in which are caught feldspar grains of about the
same sizes and smaller quartz grains with which albite can associate in some
samples. In small quantity there is sericite, in some samples occurs graphite
too (tab. 17). When the structure is stratified, macroscopically lighter bands

TABLE 17

% mm

Calcite B7=87 0s2~1.2

0.03=0,4

Quarts 2-18 0.05=0.3

Plagicclase 2-8 0.2-1.3

- Microcline 0=5 0a3~1a5

Sericits 1-5 0.2~1a5
- Graphite &2 fine pigment

have a coarser structure, prevailing calcite, quartz and feldspar being in
small quantity, while darker bands are finer-grained and richer in quartz,
feldspar and sericite. As cataclasis degree increases, the structure becomes
finer and finer, moreover occurring numerous calcite veins (1—1.5 mm thic-
kness) crossing the rock. As accesory minerals, there are met pyrite and
partly opacized sphene, rarely zircon,

Considering carbonatic rocks in general, the fact that when they are
constituted almost of calcite, granulation is coarser and grains contour tends
to be polygonal, it means initial sedimentary calcarenitic rock, suffered a
weak metamorphic recrystallization ; this phenomenon affected only calcite.
Plagioclase feldspar was only albitized, however some smaller fragments
recrystallizing to blastic albite and quartz suffered no transformation, excep-
ting corrosion by calcite. A product of metamorphism can be also considered
sericite which occurs as fine lamellae ; muscovite detrital lamellae which are
widerly developed, have been bent and partly sericitized. Accentuated brec-
cifiation and mylonitization in some samples are caused by lamination which
took place after metamorphic recrystallization , during thrusting Zeicani
series over Oslea formation.

2.6.3. Sericite-Graphitous Phyllites. Phyllites are well represented among
rocks of Oslea formation as intercalations of meters and rarely tens of meters
in thickness at various levels. They are rocks of dark grey colour, finely-
grained and strongly schistous, schistosity planes succeeding at submillime-
tric distances. In most cases, perpendicularly on the schistosity, it can be
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noticed a fine stratification and on the schistosity planes of a nacre aspect,
occurs graphite which can be taken on our hands. Under microscope, they
are mainly constituted of quartz, sericite and subordinately graphite to
which in some samples add chlorite and albite (tab. 18). Accesorily, they
have pyrite, sphene, rutile, tourmaline and zircon. Their structure is micro-
granolepidoblastic relatively uniform and texture is oriented, finely-stra-
tified, sometimes microfolded, alternating strips richer in quartz with strips
richer in sericite. In most cases, they are intensely limonitized.

TABLE 18
% mm
Quartz Lo=b6T 0403=0.15
Sericite 30=50 40,8
Chlorite . o=T 0.2
Graphite . - 2=20 . fine pigment
Albite © 0=5  0405-0.2 :,

16 samples of sericite-graphitous phyllites and limy rocks of Oslea for-
mation (covering almost their whole area) which Sofia Luti analysed within
IPGG labs, have no palynological content, so that we have no certain data
to establish their age ; the only discussions concerning the age are those in
the chapter about the region geology in which we tried to correlate it with
similar formations in the neighbouring zones.

3. Upper Danubian Unit

_ All component geological formations have been grouped in the Zeicani
series (group) with a lower prevailing volcanogen complex (member) and
an upper prevailing detritogen complex (member).

3.1. Lower Complex (Member). Component formations occupy almost
809, of the outcrop area of Zeicaniseries between Riul Birbat and Parosului
Valley and more than 909, between Parosului Valley and Nucsoara Valley.
Towards the lower part the mostspreadschists are chlorite-albitic schists and
towards the upper part become more abundant quartz-feldspathic sericite-
chloritous schists. Locally or not so spread, are met quartzitic schists bearing
sericite and chlorite, chlorite-albite-actinolitic schists bearing biotite and
hornblendites.
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3.1.1. Chlorite-Albitic Schists Bearing Calcite and Epidote, They
are dark grey-green rocks, generally middle-grained and bave a
weakly banded aspect. In most cases, schistosity is weak, usually plane-
parallel at the level of the handspecimen and rarely microfolded. Under
microscope, Structure is granolepidoblastic, sometimes of a prevailing clastic
character and texture is oriented, The weakly banded aspect which is also
noticed macroscopically, i$ given by an alternance of oblong lenticular zones
whose width is 4—5 mm, in which prevail chlorite and albite, with those nar-
rower zones (0.5—2 mm) in which chlorite occurs in small quantity, its
place being taken by calcite besides albite ; at other times, calcite occurs in
small quantity or is lacking; in this situation, the rock can become rich in
epidote-clinozoisite so that we could establish a reversed relation between
calcite quantity on one side and epidote-clinozoisite on the other side. Quan-
titative relations among these four minerals can vary a lot, so that in Some
samples, they can prevail over the other minerals, each in turn, both albite,
epidote-clinozoisite and calcite, resulting albitic schists, epidotic schists or
calcitic schists. Sericite can also become a major component in some sam-
ples. Other minerals which are often met but without becoming major com-
ponents, are quartz, plagioclase feldspar (relict) and biotite. Accesorily
occur apatite, sphene, tourmaline and opaque minerals, Mineralogical com-
position and average sizes are given in table 19

TABLE 19
% mm

r'(.1’1*1?!.0?::1.'[:@ T=43 0.,05-0.4
Albite 17-60 0404=045
Sericitized :
plagioclase o=5 ; 0.2=1.5
Calcite 8-62 0.05=1.5
Epidote=

clinozoigite 1-20 0.02~1,0
Quartz 2-11 0,01~0,6
Sericite o-13 0,05=0.5
Biotite 0=5 0a07=0.5
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Chlorite is a main mineral of these rocks, although in quantity it can
vary about between 5 and 50%, , very often between 25 and 409, ; at the
same tlme in carbonatic or albitic separations, chlorite quantity can lower
under 1%,. When it occurs in bigger quantity, it forms a continuous lamellar
network &.ometlmeq with numerous inclusions of sphene and rutile, in whose
eves there are albite granoblasts; in carbonatic zones, chlorite occurs as
isolated lamellae which are not uniformly distributed. It has a pleochroism
from generally intensely green to green-yellow and birefringence colours
in grey-green tints to brown-green ; rarely, especially in the eastern part
of the perimeter, chlorite pleochrolbm has a lighter tint and birefringence
colours can have dark brown or grey-blue tints, Especially in Nucsoara and
Maldiesti valleys, on the background of green chlorite lamellae, there can
be noticed narrow and strongly oblong lamellae or only spots of dark brown-
green biotite, Sometimes h'lvlng the tendency to develop also obliquely in
connection with the orientation of the most part of chlorite ; at the same time,
the two minerals occur intergrown several times. These two last aspects can
be arguments for the fact that biotite developed on account of chlorite not
inversely.

Albite occurs in big quantity in most Samples constituting about
80—459%, ; rarely, it can be 75—80%, in albitic schists or it can disappear
in epidote schists. It occurs as hypidiomorphic granoblasts, equidimensional
or weakly oblong, generally clear and untwinned being seldom constituted
of 2—4 individuals associated according to (010). In the same samples, there
are zones in which albite granoblasts are included in a lamellar chloritic
mass and zones in which Spaces among albite granoblasts are occupied by
calcite ; in this last case, there is a tendency of albite corrosion by calcite,
S’Eal"[an from grains margins to calcite advance on albite cleavages. 2V,
NpA (010) and NmA L (001) values (Fig. 13c) show a variation of compo-
sition about between Abg An,and Abg An,,. In some samples, usually in
those taken from a bigger distance of the overthrust plane on Oslea forma-
tion, besides albite granoblasts of above mentioned features, there are met
unoriented, strongly ‘ataclased grains of various sizes up to 1.5—2 mm of
albitized p]a,glocl'a.%t, with generally clear margins, sometumes with a schah-
brettalbite structure, its center containing numerous inclusions; we can
often notice traces of polysynthetical twins. They are 4—5%, in quantity.

Caleite (Iig. 20) is present in almost all samples, usually repieScnting
5—25% ; it can be 55—609%, in calcitic schists bearing albite or under 1Y%
in epidotic schists. In small qumntlhes in zones with much calcite there are alSo
quartz, chlorite and sphene; generally, epidote-clinozoisite is lacking. In
zones mostly chloritic or epidotic, calcite occurs in small quantity, forming
small microgranular agglomerations ununiformly distributed.

Epidote-clinozoisite is constantly met in these rocks generally to
5—69,, excepting only some small, local separations, where it occurs
85—90%,, the other minerals bcmn represented by chloriteL-actinolite,
sphene and pyrite. It forms both blv grains (to 1 mm) strongly broken and
spread in the rock and especially small round grains or small crystals long-
prismatic oriented, spread in the zones rich in chlorite.

Quartz is in small quantity in all samples (2—59%,) sometimes it is lac-
king; it is present in higher quantity only in some samples near the over-
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thrust plane, where chlorite-albitic schists suffered an accentuated mylo-
nitization.

Sericite can occur in bigger quantity in the schists east of Parosului
Valley, between 2 and 109, rarely up to 209, being present in rmall quan-

1229 f
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Fig. 20 — ATD curve for a carbonate
sample in chlorite-albitic schists.

tity or lacking west of Parosului Valley, where usually associated with chlo-
rite, biotite also occuis. At the same time, Sericite is more abundant in
mylonitized schists above the overthrust plane than in those placed further,

Near the overthrust plane on Oslea formation, chlorite-albitic schists
suffered a strong cataclasis, lcoking like some microbreccias or mylonites,
In the most advanced stage of mylonitization, the rock occurs constituted
of an alternance of beds, mainly formed of microgranular calcite, with others
where prevail sericite and chlorite ; among these three minerals which form
a kind of matrix, there are microcrystalline agglomerations of albite and
quartz ; the only bigger grains inside the rock remain apatite ones, however
more fissured and of a mere irregular contour than in nonmylonitizedschists,

— Inside chlorite-albitic schists already described, there are lenticular
zo nes, which still keep some primary characters of the rocks on account of
which they foimed. They are constituted usually of dark grey-green rocks
relatively uniformly-grained and of a generally weak schistcsity. Under mi-
croscope, main difference from typical chlorite-albitic schists 1is the fact
that in the eyes of chlorite-biotite network there are no clear albite grano-
blasts, but broken grains of albilized plagioclase with numercus inclusicns
and with {races of polysynthetical twins ; at the seme time, ¢specially in the
chloritic mass, but also in the rest of the rcck, there are kept numerous
hornblende remains. Other minerals are calcite, epidote-clinozoisite, sphene,
actinolite and craque minerals (tab. 20).

Chlorite forms a finely-scaled felt cf light grecn colcur and birefrin-
gence colours i dark brown and grey-blue tints, in weakly rccrystallized
samples or it cccurs recrystallized as swall Jemellae, generally short, weakly
oriented cof an infense plecchioism ficm gieen to rale yellew end grey-green
birefringence cclouis. It cccurs often intergrewn with Tictite.

Bictite cccurs both s light bicwn-green syets cn 1le lackgreurnd of
finely-scaled mass cf chlerite erd £s small, skert, weakly criented lemellae
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of a pleochroism from brown-reddish to yellow and birefringence colours
only a little brighter than associated chlorite. Presence of brown-green bio-
tite associated to chlorite of brown or grey-blue birefringence colours could
be a reason to change hornblende first into biotite and then into_chlorite.
At the same time, apparition of widely-developed brown-reddish biotite

TABLE 20
% mm

Chlorite 40-50 0+05=0,2
Biotite 1=5 0,05-0,4
.Albitized
plagioclase 25=45 Oul=l.5
Amphibole 5=1 0.,05=1,5
Epidote=-
clinozoigite 1=15 _ 002-0,7
Calcite 1-1lo : 0.01=0,05

associated to chlorite with strong pleochroism and grey-green birefringence
colours, this situation being met only between Nucsoara and Miliiesti, could
be caused, as in the case of other schists right of Nucsoara, by coming
closer to the contact with ultrabasic rocks (hornblendites). This is because
at least in our samples dark-brown or grey-blue birefringence colours seem
to indicate a chlorite which was born following a retromorphism process on
account of some mafic minerals —hornblende, biotite, while chlorites of
birefringence colours in grey-green tints seem to have formed following a
process of progressive metamorphism, tints becoming lighter and lighter as
metamorphism advances.

Hornblende occurs as fragments of various sizes and forms spread
inside the rock, representing remains of some well-developed primary crys-
tals. It presents a pleochroism in light tints from light green to pale green
almost colourless and strong birefringence colours ; ¢ : Ng = 18—20°. Both
on the background of hornblende fragments and as acicular inclusions inside
some feldspar fragments, actinolite can occur.

Feldspar is exclusively represented by isolated grains or forming
agglomerations of albitized plagioclase strongly cataclased. Albitization of
plagioclase fragments is complete, keeping traces of polysynthetical twins ;
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sometimes, occurs schahbrettalbite structure, In most samples, plagioclase
fragments are recemented with calcite, noticing only ina few samples how
on their background are forming generally widely developed crystals of
epidote-clinozoisite. As in the case of chlorite-albitic schists, it can be noticed
a reversed relation between calcite and epidote-clinozoisite quantity. As
inclusions, it can also contain sericite, chlorite, actinolite and sphene.

Caleite, when occurs, is uniformly distributed especially in zones rich
in feldspar, cementing its grains as fine mortar.

Epidote-clinozoisite is abundant in some samples, especially in those
with a more advantaced degree of recrystallisation. Within the chloritic
mass, it usually forms microgranular agglomerations or small, isolated,
round grains and in zones rich in feldspar, they can be found as round grains
or idiomorphic widely-developed crystals, usually twinned.

Presence of such rocks is the best argument that all kinds of chlorite-
albitic schists from Zeicani series were born through the retromorphism of
some preexisting amphibolites, first taking place a degradation of component
minerals, later on taking place another metamorphic recrystallization. Pre-
vailing calcite or epidote-albitic portions were born through cataclasis and
albitization of plagioclase feldspar, these processes being followed by blas-
tesis of albite, calcite and epidote. Prevailing chloritic portions are also the
result of recrystallization to chlorite of chlorite and eventually biotite, resul-
ting from a process of hornblende degradation from original amphibolitic
rock : at the same time with chlorite, recrystallized sericite and biotite.

3.1.2. Albite-Cllorite-A ctinolitic Schists Bearing Biotite. In spreading
area of chlorite-albitic schists ficm right slepe of Nucsoara Valley, on a
small area, on both sides of hornblendite bodies which crop out south of
Stirbina peak and in Nucsoara Valley, there develop rocks which clearly
individualize from suriounding recks, both through structure and texture, as
well as through the presence in their mass of scme widely-developed biotite
lepidoblasts. As a whole, they are especially finely-grained rocks of grey-green
colour, oriented, weakly-schistous. Rarely, it occurs a weakly banded tex-
ture tco. Generally they lcok like scme green tuffs. Within aphanitic
finely-grained mass, there can be seen with naked eye too numerous biotite
leaflets forming thin pellicle agglomerations, which are displayed on schis-
tosity planes as oblongspots of various sizes. There are met all stages of pas-
sage from these finely-grained rocks with a lot of biotite, through more and
more coarse rocks to rnormal chlorite-albitic schists of the series. Under
micrescore, it i$ yeinted cut a microgranonematolepidoblastic mass, well-
oriented, constituted of albite, chlerite, and actinolite (tab. 21),in whichare
displayed biotite porphyroblastic lamellae forming bands mixing with
other minerals at 1—3 mm distance among them ; in the plane of oriented
bands, biotite lamellae can also occur weakly oriented or even transversaly
displayed. Other minerals are calcite, epidote-clinozoisite and quartz.
Actual aspects of these rocks suggest their formation on account of
some chlorite-albitic schists bearing calcite and epidote through an accen-
tuated recrystallization; but it is not clear how potassivm in biotite com-
position comes from.
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TABLE" 21
% mm

Albite 4o=60 0.95—0.15
Chlorite lo=25 0405=0,2
Actinolita 4-12 06005/0,05=0.02/0.3
Calecite 8=15 0.2=1,.5
Biotite 3-1lo -mc§5/o.2—-o.3/2.5
Epidote=
elinozoisite 38 0+03=0,3

Albite is found as small, clear grains, weakly oblong on the direction
of the rock orientation, when it is associated with chlorite, actinolite and
epidote and as widerly-developed grains, when it is associated especially
with calcite. Grains are generally untwinned and contain numerous small
acicular inclusions of actinolite. It generally resembles to albite in typical
chlorite-albitic schists.

Chlorite forms small, short or weakly oblong lamellae, which are dis-
played in the network in strongly chloritous zones or as isolated lamellae
among albite grains in rich zones in this mineral ; it intergrows with actino-
lite and rarely with biotite. Generally, pleochroism is in light tints from light
green-yellow to pale yellow, almost colourless and birefringence colours
are in grey-green tints.

Actinolite 1s abundant in some samples, occurring as long-prismatic
or acicular oriented crystals, especially associated with chlorite as well as
small inclusions in albite grains. It has pleochroism from pale green to colour-
less and birefringence colours resemble it to tremolite; c¢: Ng = 15—20°.

Biotite forms exclusively well-developed lamellae, generally oblong
and oriented, but also short lamellae transversally displayed. Most of the
lamellae contain numerous inclusions of calcite, actinolite, quartz, epidote-
clinozoisite, giving them a poikilitic aspect ; lamellae margins are irregular
as well. A X-ray diffractometric analysis on these lamellae indicated about
909; biotite and 10%, chlorite- Figure 21, chlorite nature being difficult to
clarify, its characteristic reflexes having a low intensity. [t is characteristic
carbonate and chlorite replacement by biotite, on their account forming
lamellar agglomerations of biotite, unorientedly displayed; sometimes,
albite grains corrode too. Biotite pleochroism is from light brown-reddish
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to pale yellow and bright birefringence colours are close to muscovite ; —2V
is very small, practically equal to zero. Lamellae length is up to 2—2.5 mm
thickness varying between 1/8 and 1/1 from length ; there are often inter.
growths among oblong lamellae and short ones, sometimes even at right angle,
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Tig. 21 — Diffractogram of a biotite sample in albite-chlorite-acti-
nolitic schists,

Calcite is ununiformly distributed but also displays in bands or widely
crystallized agglomerations (up to 1—1.5 mm) catching in their mass, well
developed, round, albite grains. It is strongly corroded by biotite.

E pidote-clinozoisite is found especially as small, round grains ununi-
formly distributed in chlorite-actinolite-albitic mass.

Quartz is microcrystalline, being present in small quantity.

Accesorly, there can be met apatite.

Trying a few considerations on these rocks, it can be shown that their
actual aspects are caused by partial recrystallization of some chlorite-albitic
schists bearing calcite and epidote with formation of actinolite, biotite and
new chlorite and with growth of calcite grains. Complete lack of sericite
shows that it was consummed for biotite formation ; at the same time, sam-
ples have no independent titanium minerals—sphene, rutile, which makes us
conclude that titanium was included in newly formed biotite, calcium in
sphene being set free and included in calcite. High content of titanium in
biotite is confirmed by its brown-reddish colour too.

— Similar macroscopic schists with those above described but without
biotite are also found as decimetrical intercalations in hornblendites which
crop out south of Stirbina peak. Under microscope, they prove to be consti-
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tuted more than 85%, of actinolite and epidote, minerals which also have
almost Ca, Fe?*, Fe?*, Al, Mg from the rock ; in small quantities occur quartz
and albite. Lack of micaceous minerals — sericite, biotite — rather show
that aphanitic portions formed through profound transformation of amphi-
bolic rocks in which they occur as intercalations on dislocation areas. This
means that widely developed biotites on right slope of Nucsoara Valley are

TABLE 22
% mm

Quartz 25=40 0.63-0.4
Albite lo=~25 0.05=0,4
Albitized

plagioclase 12-35 0a2=5.0
Sericite 0-12 0e0l1=1,0 ‘
Chlorite 5-15 | Oelm0,e3 _- -
Epidote=

clinozoisite 1-8 0,03=1,0 ’
Calcite 2-5 0401=045
Biotite 0=2 Oel=l,2

not caused by some potassium from ultrabasic rocks but more probably
because of the flow of some solutions rich in potassium on fracture planes
in the zone of Nucsoara fault.

8.1.3. Quartz-Feldspathic Sericito-Chloritous Schists. At upper part
of chlorite-albitic schists occur more and more frequent levels till they
become prevailing, being constituted of relatively coarse-grained rocks,
weakly banded and schistous of grey-silver colour on schistosity planes and
dark grey-green perpendicularly on them. Schistosity planes are rugose
because of numerous millimetrical feldspar grains dressed in sericite and
chlorite which come out into relief. Under microscope, it is pointed out a
microgranular miss of granolepidoblastic structure and oriented texture
mainly formed of quartz mixed with albite, chlorite, sericite, calcite, epidote-
clinozoisite in which are caught bigger grains of albitized plagioclase (tab.
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22) strongly fractured and recemented ; in some samples, there can be
also found epidote-clinozoisite as widely developed grains. At the same time,
in the west of the perimetre, between Nucsoara and Maldiesti, biotite asso-
ciated with chlorite can occur, its quantity generally increasing from north
to south.

Quartz-feldspathic schists atove described are probably retromor-
phosed correspondents of some gneisses with similar compositicn, having
rather a cataclastic structure not a blastic one ; quariz, more fragile, was com-
pletely broken and partly recrystallized and plagioclase feldspar was mostly
only fractured and albitized.

3.1.4. Quartzitic-Schists Bearing Sericite and Chiorite. These rocks occur
as metrical intercalations in chlorite-albitic or quartz-feldspathic schists,
especially west of Riul Alb Valley. At the same time, they form an almost
continuous level of a few tens of meters thickness at the base of the abrupt
given by chlorite-albitic schists in front of the overthrust on the rocks of
Oslea formation between Lazului Valley and Stirbina — Prislop ridge.
Because structural and textural aspects of quartzitic schists at the base of
the overthrust and those which occur as intercalations at various levels,
differ a lot, we shall discuss them in turn.

@) Quartzitic schists as intercalations are hard rocks , generally weakly
schistous of nacre aspect on schistosity planes and glassy in the breach. Per-
pendicularly the schistosity, the structure occurs coarsely, relatively uniform.
Within quartzitic schists cn Nucscara right slope on the schistosity planes
with naked eye, biotite lamecllae can be sometinies noticed ; at the same
time, some samples contain small lenticular agglomerations light grey in
colour, glassy, ununiformly distributed. Under microscope, it is pointed out
a granoblastic structure, sometimes of a weak tendency to granolepidoblastic
and an oriented texture. They mostly contain quartz with which in subor-
dinated quantities, calcite and albite from granoblastic mass can associate;
as lamellar minerals, they have sericite and chlorite and on Nucsoara right
slope, there is biotite (tab. 23). Accesorily, occur tourmaline, sphene, epidote-
clinozoisite and pyrite.

b) OQuartzitic schists which form the level above Oslea formation rocks
are different from those already described, mainly through structure and
texture, being similar from mineralogical point of view. They are grey-silver
rocks on schistosity planes with a dense well-developed schistosity, someti-
mes weakly microfolded ; granulation is fine. They are constituted of quartz,
sericite and chlorite ; in small quantities can occur albite, calcite and garnet
and accesorily tourmaline, apatite and opague minerals.

3.1.5. Quartz-Albitic Sericitons Schisls Bearing Microcline. These rocks
are the most developed between Mildiesti and Parosului Valley lying on
chlorite-albitic schists and supporiing quartz-feldspathic sericito-chloritous
schists. In the rest of the perimeter, they are not so spread. Macroscopically,
as a whole, they have a structure similar to ocular gneisses and generally
weakly developed schistosity, with irregular rugose areas. Their colour is
grey, uniform or weakly banded, alternating light grey bands of 0.5—2.0 mm
thickness with thinner ones (0.5 mm) of dark grey colour. ,,Porphyric” aspect
is given by the presence of numerous grains, which are about isometrical or
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weakly oblong on the schistosity direction, having sizes up to 8—10 mm and
light grey colour, sometimes a yellow or pink tint. Under microscope, it is
pointed out an oriented microgranolepidoblastic mass which is constituted
of quartz, albite, sericite in which are caught widely developed grains of
albitized plagioclase feldspar and microcline. In small quantities, can occur

TABLE 23

% mm
Quartz 75=90 0e2=0¢5
Sericite 4-15 <1s5
Chlorite 1=7 . & ded
Biotite 0=1,5 - < 2.5
Calcite 1-8 Oel=1,5
Albite 04 5H=2 Oel=0,3"

chlorite and biotite (tab. 24). Accesorily occur sphene, apatite and rutile.
Because of these features, they differ from quartz-feldspathic sericite-chlo-
ritous schists especially through the presence, together with albitized plagio-
clase, of microcline and through the very small quantity of chlorite ; at the
same time, epidote-clinozoisite and calcite occur in small quantities.

Quartz is prevailing mineral, forming together with albite and sericite
microgranular mass, in which are caught big grains of albitized plagioclase
and microcline ; if these last ones did not exist, the rock would be a typical
quartzitic schist bearing albite and sericite. It occurs as oblong grains of
irregular margins and undulatory extinction.

Albite in microgranular mass is always subordinately to quartz forming
about the same sized-grains, clear, untwinned or formed of 2—3 individuals
associated according to (010) ; their aspect rather seems to show they are
small fragments of albitized plagioclase than grains of blastic albite.

Sericite is found as isolated lamellae, diversely oriented among quartz
grains or forms agglomerations or sinuous scattering bands, surrounding big
grains of feldspar. In most samples, sericite has a tendency of recrystalliza-
tion to muscovite as widerly developed lamellae, which sometimes have more
than I mm thickness : at the same time, it is possible that a part of muscovite
to be relict.

Albitized plagioclase is found as grains of various sizes, both isolated
and included in microcline grains. Plagioclase feldspar as isolated grains
resembles to that in quartz-feldspathic sericite-chloritous schists, generally
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having round or irregular contour; some grains completely keep polysyn-
thetical twinning, others have marginal zones clear, untwinned, twin traces
keeping only in the central part, where grains usually have numerous inclu-

TABLE 24
% mm

Quartz 40-60 0.03=0.3

Albite 5«20 0.05~0.,3

Albitized

plagioclase 525 0.2=3.5

Microcline 3~15 Oe3~1o2

Sericite =18 0o2=1s0
| Biotite 0-3

Chlorite 0=1

sions, almost exclusively of sericite. 2V, NpA (010) and Nm A L (001) values
(Fig. 13 d) indicated for most of grains a content between Abgy An, and
AbgeAny, interval, however also meeting more basic plagioclase with 20, 25
and even 309, An, the last one coming close to the composition of initial
plagioclase which is now relict. Plagioclase feldspar included in microcline
can be found as idiomorphic crystals, but it is often noticed plagioclase
corrosion by microcline, being able to be completely replaced, on the back-
ground of microcline image noticing only some spots of a little higher bire-
fringence.

Microcline occurs both as smaller grains (generally less than 1 mm)
without plagioclase inclusions, with or without perthitic exsolutions as well
as bigger grains with inclusions of albitized plagioclase similar to those not
included in microcline. All the microcline mass in the same grain has an
unitary optical orientation. It is generally untwinned, sometimes some zones
keeping not enough clear the grilled twinning ; rarely Karlsbad twin occurs
too, the whole grain being constituted of 2 individuals. In convergent light,
optical sign is (—) or (), while at universal stage is exclusively (—), —2V
angle being between 72 and 85° — Fig. 14 ¢, values which correspond to
a cryptoperthitic microcline, as in other cases. A X-ray diffractometric
analysis indicated a microcline close to maximal microcline, with triclinicity
index A — 0.93 — Fig. 22. Owing to identical optical features, both of smal-
ler grains, without plagioclase inclusions and of bigger ones with inclusions,
we ean conclude that fragments without inclusions are but homogencous
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fragments of some grains initially bigger and later fractured. Related to
granitoid rocks, in which ,,ocellis” of microcline gradually disappear in the
rock mass, having numerous branches, in these rocks microcline grains are
generally round, have clear limits, being usually dressed in sericite, which
moulds their contour even in round portions.

Biotite, when occurs, is in small quantity as thin lamellae, isolated or
associated with sericite, with pleochroism from brown-green to pale yellow ;
sometimes it intergrows with chlorite.

Chlorite is only met in some samples in small quantity as isolated
lamellae or intergrown with biotite : pleochroism is in tints of green, usually
bright ones and birefringence colours in tints of brown-copper or grey-blue.

Because microcline (partly plagioclase feldspar too) in these has simi-
larities, several times to identity, inclusively optical arpects, with the
microcline which férms ocellis in granitoid rocks, we can conclude that
quartz-albitic sericitous schists bearing microcline are metamorphosed
correspondents of some feldspathic conglomerates, derivatives, if not from
the same granitoids, certainly from similar rocks. In fact, considering total
mineralogical composition, difference between granitoid rocks and meta-
conglomerates described above is given only by lack of epidote-clinozoisite
and by bigger quantity of quartz in the latter.

3.1.6. Hornblendites . These rocks crop out on right slope of Nucsoara
Valley, on Stirbina-Prislop ridge, as blocks being also found on left slope
of Maldiesti Valley. They are phaneritic, macrogranular rocks of massive
texture, green as grass up to dark green in colour. An X-ray diffractometric
analysis-Iligure 23 indicated the presence of more than 90% hornblende and
in small quantities calcite and chlorite. Under microscope, it is pointed out
a holocrystalline , panidiomorphic granular structure, weakly-oriented,
constituted of hornblende crystals as prisms of 10/5mm in size. Hornblende
crystals contain grains of carbonates, epidote, sphene, oblong prisms of
actinolite and tremolite and lamellar agglomerations of antigorite and chlo-
rite. There are some portions in the rock constituted almost of carbonates
(which prevail), epidote, zoisite tremolite and actinolite. As opaque minerals
there are iron oxides.

Within the schists which constitute the cover of hornblendites south
of Stirbina peak but especially in those on the right bank of Nucsoara, there
are noticed strong processes of biotitization, these aspects being already
discussed, when we described albite-chlorite-actinolitic schists bearing bio-
tite.

3.1.7. Talc Schists Bearing Actinolite and Tremolite. These rocks deve-
lop in the basin of Nucsoara brook, in numerous points being met ; they are
light grey-green in colour, of a silkly aspect, soft in touch and generally
friable. Macroscopically, there can be often noticed oblong crystals of acti-
nolite and tremolite displayed in a talc mass, Under microscope, it is pointed
out a nematolepidoblastic structure constituted of a tale fibre-lamellar
aggregate, in which there are actinolite, tremolite, a little carbonate, quartz
and antigorite.
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Fig. 22 — Diffractogram of a microcline Fig. 23 — Diffractogram of amphibole sample in
sample in quartz-albitic sericitous schists hornblendites.
with microcline.

Talc occurs as felty aggregates, colourless of high birefringence. Angle
of optical axis (—2V) is very big, showing a certain content of nickel. Figure
24 shows the X-ray diffractogram of a talc sample on Nucgoara right slope.

Actinolite occurs as oblong prismatic or acicular crystals (up to 10/0.5
mm). In basal sections, it has characteristic thombic contours. Pleochroism
is weak in green-light yellow tints and birefringence is high. Extinction angle
{c: Ng) is 15—18°.

Tremolite is quantitatively subordinated to actinolite, forming oblong
prismatic, colourless crystals of a high birefringence:

Amntigorite forms lamellar microcrystalline aggregates, lamellae being
colourless of low birefringence and right extinction.

Carbonate (calcite and magnesite) can form irregular microgranular
agglomerations or oblong crystals. Quantitatively, all these minerals can

vary very much. Quartz and opaque minerals occur in subordinated quan-
tities : rarely occurs chrysotilic asbestos.

Considering that initial rock, through whose transformation formed
tale, antigorite and chrysotile (eventually considering also antigoritic ser-
pentinites bearing asbestos which occurs in Riusorul Valley), is constituted
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of hornblendites, apparition of various mineralogical paragenesis can be
explained by the following chemical reactions :

2 hornblende 4- 2810, + 2 CaCO, — actinolite - 2 epidote

+ 2 MgCO,;

2(actinolite, tremolite) + 5C0,-+H,0 — talc 4 4CaC0;4+MgCO4+Si0, ;
2(actinolite, tremolite) + 5CO, + 4H,0— antigorite 4 4 CaCOy4 +
+ MgCO, + 10Si0,.

Iron in actinolite combines with oxygen, giving oxides which occur
under microscope as opaque minerals.
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Fig. 24 — Diffractogram of a talc sample.

If in final stages talc or antigorite form, it is in function of Si0, quan-
tity which comes out after the reactions, It is less probable that firstantigo-
rite forms, then it reacts with silica and changes into tale. Chrysotile can
form on account of antigorite, probably by pressure increase, accompanied
by an accentuated fissuring of the rock. Regarding these reactions, we notice
that for their achievement H,O, CO, and less SiO, contributed, which in
this case, can be probably connected with the ascent on fracture zones of
some corresponding solutions.

3.2. Upper Complex (Member). At upper part of Zeicani series, there
1s a complex of rocks which has at base limestones or limy schists and con-
tinues with feldspathic and quartz feldspathic schists in whose mass
almost everywhere there isintercalated an horizon of quartzitic sericitous
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schists bearing muscovite ; several times, the succession ends with amphi-
bolitic rocks relatively fresh between Riul Bdrbat Valley and Valea Beusii
brook and with prevailing chlorite-calcite-albitic schists, westwards up to
Riul Mare Valley ; rarely, over amphibolitic schists or over chlorite-calcite-
albitic schists are still opened quartz-feldspathic schists too.

3.2.1. Carbonatic rocks are found almost always at the base of the com-
plex, being represented by limestones, especially in the western part of the
perimeter and by limy schists eastwards.

a) Limestones are the best represented starting from left. slope of
Nucsoara up to left slope of Mildiesti brook ; eastwards, they are met spo-
radically in the basins of Riul Mic and Riul Birbat. They are microgranular
rocks, weakly schistous of dark grey colour. In all samples, it is characteristic
the presence of numerous small cubic crystals (usually submillimetrical ones)
of pyrite in various stages of limonitization. Because of intense pyrite limoni-
tization in some samples limestones colour can become brown-yellow. Under
microscope, structure is microgranoblastic, relatively uniform and texture is.
weakly oriented. They are constituted of calcite grains, which are about
equidimensional of irregular margins in direct contact, when form a tooth
structure or among them displaying small grains of quartz and albite or
muscovite lamellae ; rarely are met bigger fragments of quartz. Thermo-
differential and dilatometric analyses on two samples, one on Nucsoara left
slope and another on Maldiesti brook left slope pointed out calcite, as
the only carbonate, quartz and pyrite, this last one through exothermal
effect round 400°C value (Fig. 25, 26). In some samples, tourmaline occurs-
accesorily.

Mineralogical constitution and average sizes are given in table 25..
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Presence of muscovite lamellae relates these limestones with musco-
vite schists from above, from genectical point of view.

b) Limy schists are ununiformly grained rocks, weakly schistous of
grey colour, sometimes of weak green tint. In most cases, perpendicularly

TABLE 25
% mm

Calcite 90-92 0.05=0,2
Quartz 5ef 060202
Adlbite 2=3 Dol=0,3
Muscovite+

Sericite 1-2 Oe2=0,4d
Pyrite 1-3 Oel=0,5

the schistosity are noticed lenticular zones which are white and have
$—10 mm ; at the same time, they can contain widely developed lamellae of
muscovite. Under microscope, they occur constituted of a finely-grained
mass of calcite in which are ununiformly distributed quartz -and albite
grains of various sizes and wider zones mainly constituted of albite, quartz,
sericitefchlorite, calcite being in small quantity or lacking.

Quartz occurs as generally widely developed grains, strongly cata-
clased — from grains of accentuated undulatory extinction, strongly sectori-
zed up to fractured or fragmented grains, fragments being recemented with
calcite. Quartz presence with these features in carbonatic schists cannot be
related at all to chlorite-albitic schists on which they lie, so that carbonatic
schists did not form on account of below schists but it was discordantly dis-
played, quartz representing pebbles from a microconglomeratic sediment.

Albite is found both as isolated grains in the carbonatic mass and as
a main mineral in some prevailing sericite-albitic zones. Grains are generally
clear, fissured usually untwinned or formed of 2—3 individuals associated
according to (010).

Muscovite ozcars in various stages of replacement by calcite, in the
most advanced stage crleite pseadomorphosing lamellar muscovite paquets
and so forming big grains on the background of fine caleitic mass. Presence
of muscovite lamellae, similar to muscovite in muscovite quartzitic schists
from above also inlividualize these rocks from below schists. This mean s
that in this case, it is not about a replacement of initial rock — for instance
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amphibolite or chlorite-albitic schist — by calcite, but calcite represents
initial cement of a microconglcnierate.

Sericite 1s usually in smalll quantity being more abundant in zones
rich in calcite and albite.

Chlorite seldom occurs, it is almost colourless and has grev-green bire-
fringence colours.

3.2.2. Feldspathic chioritous schists are usually met under muscovite
quartzitic schists, being relatively finely-grained rocks of oriented texture
weakly schistous. Their colour s grey-green generally unifcim. Schistosity
planes can occur weakly wavy because cf some scale- like agglamerations of
chlorite 4 sericite. In all cample% prevailling minerals we feldspar and
chlorite, quantitative relations between them however varving frem one
sample to another one. Under micicscope, structure 1s untniform grano-
lepidoblastic and texture is weakly oriented, constituted of a microgr anular
mass mainly composed of albite and chlorite mixcd with saicite, calcite,
quartz, epldo[c-clmomlsnc in which are feund bigger grains of {Lllnhxtd
plagioclase (tab. 26). Accesorily ate met sjlene, ayaiiic ard pyrite

‘TABLE 26

% mm
Albite 25-60 0.05=0.2
Albitized
plagioclase 15-25 0+2-2.5
Chlorite 15=45 < 0a2
Sericite E=h <0.2
Calcite 3-5 0,02~0,2
Quartz 2=3 0405=0,8.
Epidote~ |
clinozoisite o-4  0.l-0,6
Sphene 1-4 II 0e2=0,8
Apatite < 0.3 0.1-0.4
Pyrite L )  0.1-0.5
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Because different plagioclase grains in the same sample are replaced
by different minerals — some by albite and Sericite, others by albite and
calcite and finally others by epidote-clinozoisite — we can conclude that
respective plagioclase grains had various initial compositions, this fact
being explained by detrital sedimentary nature of initial rock.

TABLE 27

% mm
Quaritz 65«80 " 0.,03~0,2
Sericite T=15 202
Chlorite  o0-8 . €0e2
Biotite o~5 ¢ 02
Albite 4=20 Del=1,8
Muscovite 2=7 Qel2=2.0
Calecite 1=3 e 02

At the same time, sphene can be considered a characteristic mineral
of these schists, being formed as widely-developed grains, generally round
sometimes strongly fractured. It has various stages of opacization from
grains containing only a few ilmenite oriented lamellae, parallel with clea-
vages up to grains almost completely replaced by a continuous opaque
mass.

3.2.3. Quartzitic Schists Bearing Albite and Muscovite. These rocks form
a continuous horizon on the whole northern margin of Upper Danubian Unit,
several times bearing the overthrust of crystalline schists of Getic Nappe.
They can be easily recognized because of constant presence in their mass of
some widely-developed lamellae of white mica, so constituting a very clear
guiding mark horizon. They are grey in colour sometimes of green tint ; seve-
ral times, in the outcrop, their colour has brown-yellow tints, because of a
small quantity of limonitespread in the rock. Theseschists are the best opened
on Nucsoara left slope, where granulation increases from upper part to lower
part of the horizon. In some cases, schistosity can be weak, but usually
itis well developed ; banding and microfolding are met enough rarely. They
are formed of a microgranular mass, relatively uniform, mainly constituted
of quartz, associated with sericite4-chlorite4-albite, in which are un-
uniformly distributed muscovite lamellae and in most cases, bigger grains
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of albitized plagioclase. In some samples, biotite is found in association with
chlorite (tab. 27). Accesorily occur calcite, pyrite, limonite, apatite and
rarely sphene.

> Quartz prevails in all samples, occurring almost exclusively as small
grains (most of them have less than 0.1 mm) which are about equidimensio-
nal or weakly oblong. Grains margins are irregular and extinction is undula-
tory. Sometimes, quartz forms irregular, finely-grained agglomerations
in whose mass are found widely-developed quartz grains with completely
broken margins which gradually disappearin the finely-grained mass. These
aspects show very clearly that quartz microgranular mass formed through
strong break of some bigger initial grains. But there are also met lenticular
microcrystalline agglomerations of quartz of 1.5—2 mm length, surrounded
by a sericitic mass, showing that these lentiliform agglomerations are but
detrital quartz completely broken grains.

Sericite is present in all samples up to 15%, both assmall flakes isola-
ted or associated with chlorite among quartz grains and as irregular agglome-
rations or strips, especially in zones rich in muscovite, It can be said that
most sericite formed on account of detrital lamellae of muscovite, this fact
being also stated by association in strips of sericite and muscovite.

Chlorite is found only in some samples, usually associated with sericite
and rarely forming separated agglomerations. Pleochroism is in light green
tints and birefringence colours in grey-blue or brown copper tints. Someti-
mes, when it is associated with biotite, birefringence colours are similar
to biotite’s, being only a little lighter.

Biotite when occurs is usually associated with chlorite with which it
can intergrow. It occurs as small, short lamellae, displayed among quartz
grains, forming agglomerations together with sericite and chlorite. Pleoch-
roism is from brown-green to yellow-green.

Albite (albitized plagioclase) occurs as oblong grains or of irregular
margins, often having traces of polysynthetical twins both according to
(010) and (001)/[010]; twin lamellae are often bent or interrupted. Bigger
grains have sericite inclusions at central part, smaller ones being generally
clear. However, in some samples, big grains of albitized plagioclase are
lacking, feldspar being represented only by albite as small grains (less than
0.2—0.3mm), clear, untwinned or constituted of 2—4 individuals associated
according to (010), these aspects giving them a blastic character.

Muscovite occurs as widely-developed lamellae, about equidimensional
in plane, on background of quartzitic finely-grained mass . Lamellae are
often bent having undulatory extinction or even broken, their ends disap-
pearing in a fine sericitic mass. Sometimes, it forms almost monomineral
agglomerations in which are kept only fragments of widely developed lamel-
lae, most of them being changed into sericite. Most of muscovite lamellae
have an advanced degree of losing aluminium, changing into phengite,
2 V angle being very small (5—10°).

Calcite is found only in some samples in small quantity, cementing
quartz grains in certain zones or penetrating on fissures of feldspars and
muscovite ; at the same time, it can replace pyrite in marginal zones.

These schists formed through the metamorphosis, especially dynamic,
of some arkosian gritstones (graywackes) bearing muscovite.
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3.2.4. Quartz-Feldpsathic Sericito-Chloritous Schists. They are generally
found between muscovite quartzitic schists and amphibolitic rocks or chlo-
rite-calcite-albitic schists rarely above them too. Main difference from feld-
spathic chloritous schists under muscovite schists is given by prevailing
quartz and bigger quantity of sericite. From the schists described with the
same name, developing in alternance with chlorite-albitic schists of lower
complex, differ because of lack of epidote-clinozoisite and advanced degree of
cataclasis. They are hard rocks, fine to middle grained of a generally weak
schistosity, of grey colour, usually uniform and rarely of a weakly banded
aspect. Schistosity planes often have friction mirrors being weakly limoniti-
zed. Under microscope, structure is granolepidoblastic ununiform and texture
is oriented, being constituted of a microgranular mass, ununiform teco, compo-
sed of quartz mixed with albite in various quantities, to which in some zones
add sericite, chlorite, sometimes calcite in which are spread bigger grains of
albitized plagioclase of various sizes and subordinately quartz weakly oblong
or lenticular fragments (tab. 28). Accesorily are met epidote-clinozoisite,

sphene, apatite and pyrite.
Actual aspects of these schists can be caused by strong tectonization
of some coarse rocks, initially constituted of plagioclase fedspar, quartz,

TABLE 28

| % mm |
Quartz 35=50 0,01l=0,1
Albite : 520 . 0,02=0,3
Albitized "
plagioclase lo=35 . 0e2=3a.5
Sericite _ 8=20 042
Chlorite 2=20 062

! Calecite 1-5 ¢0el

E Epidote= |
clinozoisgite 0=2 0.05=1,5
Sphene 1-2 : 0.1—0.5
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muscovite and biotite, Quartz, which is more breakable, was completely
broken and plagioclase was only fragmented and decalcified ; at the same
time, muscovite and biotite suffered a process of degradation being
changed into sericite and chlorite respectively.

3.2.5. Amphibolites. They form a thin level of a few meters thickness,
near the upper part of Zeicani series in this zone, between Serél
Valley and Riul Birbat Valley; the best are opened in both slopes
of Riul Birbat. They are massive rocks or weakly schistous, of
angular break, dark grey- green in colour. With naked eye, we notice
numerous crystals of about 1—2 mm black-green in colour, constitu-
ting about half of the rock ; these crystals are caught into an aphanitic mass
of epidote colour. Under microscope, main structural characteristic of these
rocks is advanced degree of cataclasis and transformation of original mine-
rals — hornblende and plagioclase, without suffering later a substantial -
recrystallization. Asa whole, they are 50—60%, constituted of well-developed
crystals of hornblende (up to 1.5—2 mm) in various stages of transforma-
tion, among which there is a fine, ununiformly grained mass, which is mainly
constituted of albite, with which associate epidote-clinozoisite, chlorite,
sphene and calcite in various quantites (tab. 29). We have to remark the
fact that if hornblende can be more or less changed, plagioclase feldspar
was completely changed. Accesorily we meet apatite and pyrite.

Hornblende prevails, occurring especially as crystal fragments, gene-
rally oblong, of irregular chipy margins; some of them have sphene and
apatite inclusions. It is a common variety of a pleochroism from green with
a weak tint of brown, up to light yellow-green and with ¢: Ng = 17—-20°
Degree of hornblende transformation as well as newly formed minerals differ
from one sample to another, both aspects being conditioned in a certain way
by cataclasis degree of the rock too. In less transformed samples, horn-
blende is partly replaced by chlorite, especially on the margins, cleavages
or fissures, calcite being in small quantity. At the same time, in some cases,
chlorite and calcite are lacking, hornblende having an accentuated tendency
to lose colour, becoming almost colourless, because it changes into tremolite
which partly pseudomorphoses initial hornblende, without forming separate
crystals ; in the tremolite mass in certain zones, we notice actinolite acicular
crystals. Concomitantly with tremolite and actinolite formation was also
born a mass of epidote-clinozoisite of vermicular structure. In the most
advanced stages of transformation, hornblende can be eventually recognized
after contour or cleavages, being totally replaced by chlorite and calcite,
sometimes associated with actinolite, generally having the orientation of the
two cleavage dircctions. In this case, ends of pseudomorphosed hornblende
fragments are completely broken, passing to finely-granular zones, which in
the rest of the rock include albite small grains.

Plagioclase can be recognized only in some cases as fractured, completely
albitized grains of irregular margins, containing inclusions of sericite, epidote-
clinozoisite and calcite and having traces of polysynthetical twins. But in
most samples, plagioclase was completely replaced, on its background deve-
loping a finely-granular mass of albite, epidote-clinozoisite, sometimes cal-
cite or sericite, in which are caught bigger fragments of hornblende. Rarely
epidote-clinozoisite and sericite are to develop porphyroblastically. Small
grains of albite are generally untwinned and have ununiform extinction.
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TABLE 29% .

% mm
Hornblende 50-60 0e2=2.5
Albite 25~35 Ca01l=l.0 ;
Chlorite 1=7 &iGiel ;
Calecite 1-5 £0al
Epidote=-
clinozoisgite 5=15 Ce02=0,3
Sphene 045=6 Oul=0.7

X
Given mineralogical composition corresponds to

the amphibolites in which initial hornblende was’

only partly replaced by chlorite and calcites

Cllorite usually is found in association with calcite, replacing horn-
blende ; rarely in some samples together with chlorite there is a small quan-
tity of biotite with which it can intergrow. Chlorite often forms beaches of
finely-scaled structure, containing inclusions of sphene and epidote. Pleo-
chroism is of light green tints and birefringence is low, colours are brown-
copper and blue tints.

Calcite is more abundant only in samples in which hornblende is found
in advanced stages of transformation, as fine grains mixed with chlorite and
epidote-clinozoisite.

E pidote-clinozoisite especially forms microgranular agglomerations
mixed withalbite, calcite, chlorite, but also bigger isolated grains, ununiformly
distributed.

Sphene is a characteristic mineral of these rocks, being found in big
quantity in most samples. It occurs as crystals generally idiomorphic, widely-
developed, ununiformly distributed or as inclusions in hornblende ; usually it
has simple twins according to (100) or multiple twins. In less transformed
amphibolites, opacization is weak, especially on the margins and on some
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fissures and in those strongly transformed, sphene crystals are almost com-
pletely opacized.

3.2.6. Chlorite-Calcite-Albitic Schists. They are often met over quart-
zitic schists bearing muscovite (Parosului Valley, Valea Beusii brook, Riul
Mare), being finely-granular weakly schistous rocks of dark grey-green colour,
Usually they have planes of friction mirrors. In the rock mass, we can notice
with naked eye numerous calcite veinlets and pyrite crystals. Under micro-
scope, structure is microgranolepidoblastic and texture is only weakly ori-
ented, alternating zones of irregular forms in which prevails calcite with
zones where chlorite prevails. Both in calcitic mass and in chloritic one, are
caught numerous small grains of albite, maybe a little quartz, generally
having less than 0.05 mm in chloritic mass and less than 0.1 mm in calcitic
one. In most samples, the only bigger grains are represented by sphene, only
in a few samples also finding grains of completely albitized plagioclase. In
small quantities, can also occur sericite and muscovite. Accesorily are met

pyrite and apatite.
Mineralogical composition and average sizes are given in table 30.
Microgranular structure and actual mineralogical composition of

TABLE 3o
a % mm
Chlorite - 3T7-4o0 & BT
Sericite 2—-10 ol
Caleite = 25=35 062
Albite 18=-20 G 01=04l t
Albitized |
plagioclass O=2 0eD=Te0 i
Sphene 2=3 0.05=0.4

chlorite-calcite -albitic schists are caused by strong cataclasis of preexisting
rocks (amphibolites already described) under the overthrust plane of the
Getic Crystalline, without suffering a substantial recrystallization ; only
calcite was partly redistributed.
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IV, CHEMICAL AND PETROGENETICAL CONSIDERATIONS
1. Granitoids

In order to discuss the chemistry of granitoid rocks in the investigated
area, we have 15 complete analyses of silicates and 15 spectral informative
analyses on our samples, especially near the contact with cover schists : only
on Riul Bérbat Valley, sampling was done on the whole opened thickness
of magmatic body. '

Results of chemical analyses and Niggli parameters are given in
tables 31 and 32, samples being written in order of SiO, increase.

Table of chemical composition points out a remarkable uniformity
of these rocks’chemistry, unable to find a significant correlation among
major elements; even on Riul Birbat Valley, when sampling was transver-
sally done on the whole thickness of granitoid body (in order, from north to
south, samples being 3, 3, 14, 7, 1 and 4) we notice no systhematical change.

Because modal mineralogical composition , which was appreciated
under microscope, would give errors when we petrographically framed grani-
toids, because of intense transformation of most initial minerals, starting
from chemical composition, we calculated normal composition — Rittmann
norm (tab. 33) and CIPW norm (tab. 34). In the first case, excepting sample
15 which would be a monzogranite, all the other samples are included in the
family of granodiorites and tonalites (trondhjemites) ; but plotting QA P
values, calculated starting from CIPW norm, all samples are plotted in gra-
nodiorites field — Figure 27.

On Q(Q" = Q/O+Or-+ Ab+ An): ANOR (ANOR = 100
An/(Or+An) normative diagram — Streckeisen, Le Maitre, 1979 — excep-
ting two samples, all samples are plotted in granodiorites field (Fig. 28) but
authors mention that in this field, can be also included some tonalites.

50
40
. ]
Q;ZO \ 8
10 \\
0
]
F20 2
]

L fe 1
Bbscensd . e i o o

0 10 20 30 40 50 60 70 80 9C

p ANOR= An ) 0r 4 Ap —
Fig. 27 — QAP normative diagram Fig. 28 — ' —ANOR diagram (Streckeisen, Le
(CIPW)  (Streckeisen, 1976). 1, xyle- Maitre, 1979). 1, xylexites; 2, alcaline granites:
xites; 2, alecaline granites; 3, granites; 3, granites ; 4, granodiorites : 3, tonalites.

4, granodiorites; 5, tonalites.
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GEOLOGICAL AND PETROGRAPHICAL STUDY OF N RETEZAT MTS

Both QML diagram (Fig. 29) and SiO,: alkalinity index diagram
(Wright, 1969) — TFigure 30 indicate without exception, chalcoalkaline

character of analysed granodiorites ; at the same time, on SiO, : total alka-
lis diagram (Rittmann, 1967) all samples are plotted in strong and middle

Pacific subprovinces (Fig. 31).

L

Fig.
S i !
= 4 \ 1
A i
, \ \ /
= = _.--.---.._\\\ \\ ir
70F A R ST !
. Il \ I
! A ALKALINE
{\ * e /l ;l \ ; b4
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———— i \ I &
. a E ¥ //f
- NE 7
0k CALC~ALKALI 7 /z // L/
7 s v :
/ bl .-~ Peralkaline
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i P v i | ]
Al2Q03 + Cca 0. total alkali -

Al203 4 Ca O-total alkali

Tig. 30 — Si0,: index of alkalinity diagram (Wright, 1969).

On al: alk diagram, samples are plotted in fields poor in alkalis and
alkaline intermediary fields — Figure 32, and on al: fin diagram (Fig. 33)
only with two exceptions, in salic field, points out a negative correlation

between al and alk, on one side and fm. on the other side.
Regarding minor elements, analyses having an informative character,

we can underline only their small number and extremely small quantities.
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Fig. 32 — al: alk diagram . Fig. 33 — al: fm diagram.

2. Crystalline Schists

Excepting biotitic microgranular gneisses, we did silicate complete
analyses only on samples of rocks with debatable premetamorphic — sedi-
mentary or magmatic — genesis, leaving those clearly sedimentogene. For
Danubian crystalline we have 13 analyses from Zeicani series — 8§ chlorite-
albitic schists, 4 amphibolites and a hornblendite analysis and for Getic
Crystalline, we have 10 analyses:4 microcline gneisses, 2 biotitic micro-
granular gneisses and 4 amphibolites.

Petrographical nature, sample location and chemical composition
are given in tables 35 and 36 and Niggli parameters in tables 37 and 38.

Within some general discussions which want to show that there is
no chemical convergence among magmatic rocksand certain types of sedi-
mentary rocks during a isochemical mectamorphism, Moine (1969) and La
Roche (1972) propose some diagrams, which are very interesting for compo-
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83 GLOLOGICAL AND PETROGRAPHICAL STUDY OF N RETEZAT MTS 197

sitional fields of various types of rocks. In Figure 34, diagram (according to
Moine, 1969) is given Al, Na, K differential behaviour in volcanic and sedi-
mentary rocks; moreover, to assure a good separation of basic magmatic
rocks of sediments, particularly of graywackes, they also considered the
siderophile character of the first ones. In this diagram results that metamor-

KAl Fe "n';/a-m .

Ab

Al+FesTi)/3-
I+e+}/3Nr.1

SERIES OF 200
MAGMATIC ROCKS,
I Granite 16
Il Granodiorite rauwackes
- 1l Diorite 2 Amphibolites
1V Gabbro 3 Hornblendes
V¥ Hornblendite
VI Bunite
or
LEGEND :
SERIES ZEICANI : « chlorite - albitic schis's
 amphibolites
O  hornblendite
SERIES SEBES -LOTRU: X m'ncro?lme gl'!e[SS.i?S
' <  biotitic paragneisses
& amphibolites

Fig. 34 — (Al + Fe + Ti)/ 3-K: (Al -+ F.t‘ -+ Ti) [ 3-Na diagram (Moine,
1969).

phic hornblendes are situated in the domain in which Na > K and their
associations with plagioclases create an obvious differentiation from the
associations of clay-carbonated rocks, as marls and carbonatic arkosis. The
problem is less clear in sodic domain where occurs a light overplapping
between the fields of graywackes and amphibolites. So, for the separation
of amphibolites from graywackes they offer a second diagram (Fig. 35, accor-
ding to Moine, 1969) in which graywackes are well delimited from basic
magmatic rocks through smaller values of the two parameters; metamor-
phosed dolomitic graywackes have values of (Ca + Mg) parameter compara-
ble to those of basalts, while (Al + Fe - Ti) parameter maintains at the
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198 V. MACALET 84

level of basalts. On these two diagrams, amphibolites from Zeicani series
and Getic Crystalline and most of chlorite-albitic schists plot in the field
of magmatogene amphibolites and hornblendite sample plots in the field of
metamorphic hornblendes ; biotitic microgranular gneisses in the field of
graywackes and microcline gneisses get close the arkoses.

AALsFesTi

Quartz, ; | . 1
100 300 500

Fig. 35 — (Al 4-Fe + Ti): (Ca + Mg) diagram — Moine, 1969,

In Si0,: 100 MgO/MgO-- Na,0 + K,0 : 100 Na,O/MgO + Na,O+-
+ K,0 diagram — Figure 36 (according to La Roche, 1972), magmatic
series outline a kind of dorsal from basalts near the triangle center up to
rhyolites, tendencies of sedimentary differentiation being oblique in com-
parison with magmatic tendencies, partly covering magmatic line. If all
our amphibolites and most of chlorite-albitic schists plot in the zone of basic
magmatic rocks — from quartziferous basalt to basalt, biotitic gneisses plot
in the field of graywackes (near diorite), microcline gneisses having an irre-
gular distribution but as well as preceding diagrams, near arkoses (from gra-
nodiorite to rhyolite).

On Simonen diagram, 1953 (in Holdus, 1971) in which it is represented
st: (al + fm) — (¢ + alk) correlation — Figure 37, amphibolites from Zei-
cani series and most of chlorite- albitic schists have clear magmatic tenden-
cies, being plotted near the basic zone of magmatic field : a similar tendency
have the amphibolites from Getic Crystalline. Among chlorite-albitic schists,
sample 4, which has an isolated position on other diagrams too, plots in
the field of limy sediments, this fact being explained maybe through its sam-
pling out of a more carbonatic separation and not through the belonging
to another type of rock. In the case of sample 3, it is possible that magmatic
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200 V. MACALET $6

material should be mixed - terrigenous material in a certain quantity. Bio-
titic gneisses plot in the field of clay sediments and microcline gneisses in
that of arenaceous sediments, partly in acid magmatic field too.

. Discussing variations in Ti distribution in metabasites and its genetic
implications, Misra (1971) proposed two diagrams. In the first diagram which
shows variation of $i0, content in function of F (F = (FeO 4 Fe,04)/(FeO-4-
+ Fe,044-MgO) — Figure 38, can be drawn a line which separates the fields
of ortho-and paraamphibolites, TiO, variations in magmatic rocks and their
metamorphic derivatives, showing systhematical changes with F, while this
relation is almost absent in the rocks with primary sedimentary parageneses.
Excepting sample 5 in chlorite- albitic schists and samples 7 and 10 of amphi-
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Tig. 38 — TiO, : F diagram (Misra, 1971). Legend as in Figure 34.
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Fig, 39 — TiO, : MnO diagram (Misra, 1971}, Legend

as in Figure 34,

bolites in Getic Crystalline, all the other samples of chlorite-albitic schists
and amphibolites plot in the field of orthoamphibolites. In the sccond dia-
gram — on which it is shown MnO variation in function of TiO, — Figure 39,
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87 GEOLOGICAL AND PETROGRAPHICAL STUDY OF N RETEZAT MTS 201

all samples of chlorite-albitic schists and amphibolites exclusively plot in
the field of orthometabasites. )

On si: (¢ + alk) — diagram Figure 40 , in which the field of ertptive
rocks is dehmlted_ according to Burri (1959) — all samples of chlorite-albitic
schists and amphibolites are focused in the center of eruptive field and the
two samples of biotitic gneisses out of it.

) Op tr: mg diagram — Figure 41, in which we plotted samples of chlo-
rite-albitic schists ; amphibolites and hornblendite sample, it is very wel
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Fig. 40 — si: (¢ + alk) diagram — Fig. 41 — #1: mg diagram. Legend as in
according to Burry, 1959. Legend as in Figure 34.
Figure 34.

pointed out the increase of "’ parameter at the same time with , mg™®
decrease, this relation being characteristic to the differentiation of basaltic
magma, but all samples plot in the field of magmatogene amphibolites,
which satisfy the relation # 4 10 mg = 6. 5 — 9 or very close to it. Concer-
ning hornblendite sample, we have to remark that on diagrams in which is
Mg implied, it is clearly pointed out its stronger magnezian character in com-
parison with chlorite- albitic schists and amphibolites.

On account of the presented diagrams, we can conclude enough cer-
tainly that both chlorite-albitic schists, maybe excepting samples 4 and 3,
and discussed amphibolites come from basic magmatic rccks partly inter-
mediary too, microgranular biotitic gneisses from graywackes and micro-
cline gneisses were born on account of some arkesian gritstones or locally
some rhyolitic tuffs. Therefore, we are to present normative mineralogical
composition (Rittmann norm) with corresponding names — tables 39 and 40,
for chlorite-albitic schists, amphibolites and gneisses and about hornblen-
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204 V. MACALET 90

dites we can only say that probably represent initial gravitational accumu-
ations of phenocrysts, which were matamorphosed afterwards.

V. TECTONIC CONSIDERATIONS

Major elements which control the structure of northern Retezat Mts
lare the overthrust of Getic Nappe, the overthrust of Upper Danubian Unit
on Lower Danubian Unit and Hateg intermountaneous tectonic basin.

As a whole, the crvstalline between Riul Barbat Valley and Nucsoara
Valley can be looked as a monoclinal structure, almost flat, with northern
inclinations ; onlv in the western part of the perimeter, where erystallofilian
formations have a big width, there develop some small anticlinal and syn-
clinal folds, especially in the schists of Nucgsoara Valley formation and
less characteristic in those of Riusorul series, as a result of Rof anticlinal
structure,

Abnormal tectonic relations between the formations of Getic domain
andd Danubian one have been noticed by Gh. Munteanu Murgoci in [903 for
the first time. In our region, the overthrust of Getic Nappe on the Autoch-
thon was accepted and confirmed by all later investigators (Pavelescu, 1933 ;
Micu, Paraschivescu, 1970 ; Gherasi et al., 1974 ;- Macalet, 1983), being well
pointed out both by mapping and by strong cataclasis (breccification and
mylonitization}, especially of the rocks above, on more than 100 m thick-
ness. On the whole length of the overthrust line, the Getic Crystalline lies
on the formations of Zeicani series upper complex and although there are no
clear outcrops, we appreciate the average bent of overthrust plane of 30-—40°,
Murgoci (1912) considered that the overthrust of the Getic Crystalline was
the result of the underpush action of Dobrogea and Prebalkans, this action
beginning still during Paleozoic and continuing up to now, stating that
the paroxysm of movements took place during Middle Cretaceous— bet-
ween Barremian and Cenomanian. Codarcea (1940) distinguished two paro-
xysmal moments in the evolution of Getic Nappe : Ante-Vraconian and
Ante-Campanian. From orogenetical point of view, we can say that the
overthrust of the Getic Nappe ended during the Austrian and Laramian stages.

A second important overthrust line is very clear pointed out within the
Danubian, lying in tectonic position the Zeicani series formations from west
to east on Riusorul series, Nucsoara Valley formation, Oslea formation or
directly on Dragsan series. This overthrust line is mentioned by Micu,
Paraschivescu (1970), but on the map which is added to the paper, it is drawn
much more to the north; Gherasi et al. (1974) drew it about at the same
level as we did. The most typical contact is that with Oslea formation rocks,
which can be noticed as an almost continuous, abrupt, which sometimes comes
to several tens of meters, from Riul Biarbat basin to Nucsoara right slope,
because of different rocks competence which come into contact — usually
quartzitic schists or chlorite-albitic schists above and phyllites below ; howe-
ver, when the succession of Oslea formation ends at the level of limestones, the
abrupt can be under limestones (between limestones and metagritstones
below there is often a phyllitic level). Inclination of the overthrust plane
Is bigger than in the case of Getic Nappe coming sometimes to 60-—70°
(Figs. 4, 5, 6). Because of this situation;, between Nucsoara Valley and Riul
Birbat Valley, we separated within the Danubian (Macalet, 1983) an upper
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a1 CEOLOGICAL AND PETROGRAPHICAL STUDY OF N RETEZAT MTS 2056

subunit, which is totally constituted of Zeicani series formations and a
lower subunit, constituted of granitoid rocks, Drigsan series , Riugorul
series, Nucsoara Valley formation and Oslea formation. We appreciate that
this dislocation took place during alpine movements, maybe at the same time
with the end of Getic overthrust, although the fact that under the overthrust
plane are caught weakly-metamorphosed deposits of Oslea Paleozoic for-
mation, is no proof about a more recent age than Hercynian onc.

At the same time, longitudinal dislocations which are not so big are
pointed out both.within the Upper Danubian Unit — the fault west of
Parosului Valley, because of which in this zone Zeicani series has the big-
gest width as well as within the Lower Danubian Unit in the basin of Nue-
soara and Milalesti valleys — the fault between Nucsoara Valley {ormation
and Riusorul series and the fault between Riusorul series and Drigsan
series.

Contact of Hateg basin sedimentary deposits with crystalline
schists is done according to major longitudinal faults, which existed
since the moment of subsidence zone formation and permanently acted on
up to now, today constituting mobile limits along which takes place the
uplift of surrounding mountaneous masses ; now these -major fractures occur
fragmented and slipped by numerous younger transversal faults (in Maciu,
Tonescu, 1977).

Mierotectonic Data

Structure as monocline of the whole crystalline between Nucsoara and
Riul Barbat as well as rarity of secondary microfolds whose axes would be
used as lineation (b =~ B) make almost impossible to establish directions
and axial sinkings of structures in different sectors, without detailed study
of planar elements — schistosity and fissures.

Schistosity (and foliation of granitoid rocks) measured in the outcrop
has predominantly east-west direction with variations between 30° north-
wards or southwards and the most common inclination between 30° and 50°,
constantly northwards, excepting the zone west of Nucsoara Valley, consti-
tuted of Riusorul series and Nucgoara Valley formation, where can be out-
lined some small anticlines and synclines. .

Fissures. Because in the region, it is not possible to define the position
of B tectonic axis through direct measurements, we shall name and analyse
fissures according to direction and inclination of schistosity. So, the most
developed systems are those of transversal fissures (ac) and longitudinal ones
(h0l), subordinately being diagonal fissures (hkl), too.

Starting from the tautozonality of schistosity and longitudinal fis-
sures (in Gurdu, 1982), we drew graphically the @ axis (= B) and deforma-
tion ellipsoid. Several times, AC plane overlies or finds itself close to the
maximum of ac fissure systems; at the same time, there where we could
measure axis of microfolds, their poles always plotted in the zone of maxi-
mum of ac fissure poles ( =~ B axis), this fact showing that our interpretation
1s correct. ;

On account of analysing fissure systems, related to schistosity and to
.deformation ellipsoid, we could outline some homogeneous sectors from struc-
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206 V. MACALET a2

tural point of view delimited by transversal faults — Plate III, which we
shall discuss on units from south to north and within the unit, when it is
necessary, from west to cast, referring to direction and inclination of main
axis of structure in each sector.

Granitoid rocks, maybe excepting the part from west of the faults in
Nucwara—Méliies;ti zone, for which our data are not conclusive, occur as
a homogeneous sector, the most developed being ac and (h0l) {fissure sys-
tems, prevailing the first ones; (h0l) fissures occur conjugated with foliation.
B axis constantly sink ENE, between N62—77°E[2—20°NE, so pointing out
only weak waves both horizontaly and verticaly (PL. III, 2—7).

Drégsan series in Nucsoara basin has a tectonogram similar with those
from granitoid rocks (with ac fissures strongly developed) different being
only big inclination almost up to vertical of S;- B axis has the position
N 72° E[4° NE (Pl I1I, 8).

In Riusorul series in comparison with the situation in granitoid rocks
and Drdgsan series, tectonograms are a little more complicated (Pl. III, 9,
10, 11), maxima of fissure poles having the tendency to be displayed on
longer arcs of cercle, because of the apparition of some systems of diagonal
fissures (hkl). West of the fault in Nucsoara right slope, 8 axis has the position
N 57° E[26°NE and eastwards N 71°E/10°E in the zone of Prislop peak and
N 62°E/24° E in the left slope of Maildlesti brook, so that between these two
sectors there is no significant difference.

In Nucsoara Valley formation, on Nucgoara right slope fissures focus
again in two clear maxima (prevailing ac and (k01) conjugated with schis-
tosity), @ axis plunging 10° towards N 47° | (P, I1L, 12).

In Oslea formation, where measurements have been taken in rocks of
very different competences (metagritstones, limestones, phyllites) only §,;
poles focus in well outlined maxima, fissure poles displaying on arcs of cercle,
being more difficult to delimit maximum of ac fissures and especially (h0I) ;
however, we have to remark that when measurements were taken only in
competent rocks, these maxima can be well outlined — usually (401) poles
in limestones (for instance, Coltu Mare peak) and ac poles in metagritstones
(for instance, Poienii brook) and metaconglomerates (for instance, Valea
Beusii brook). Excepting the sectors west of Coltu Mare, where B axes sink
to NE with values between N 44°E/25°NE and N 60°/32° NE (P1. II1, 13, 14),
Coltu Mare (PL. III, 15) and left slope of Riul Birbat (PL. III, 16) where
they are oriented E—W and are almost horizontal, in the most part of the
zone, B axes constantly sink W—NW with values between N 6§2° W and
N 90°W/ 10—32° NW (PL. 111, 17, 18, 19, 20, 21).

Within Zeicani series, the situation is somehow different in its two
complexes.
Lower complex is fragmented in several sectors, relatively homogeneous
from structural point of view :
— sector between Nucsoara right slope and Miliiesti Valley in which
# axes bent eastwards, having the position N 80°E/10°NE in $tirbina peak

P

W/ ¥ Institutul Geologic al Romaniei

_IGR



a3 GEOLOGICAL AND PETROGRAPHICAL STUDY OF N RUTEZAT MTS 207

(P1. II1, 22) and N 66°—90°/18°—20°NE between the saddle south of Stir-
bina peak and the thrust over the Oslea formation (PL. I11, 23, 24).

— scctor between Mildiesti Valley and left slope of Parosului Valley
where p axes have the direction N 75°—88° E and are close to the horizontal
in southern half (Pl. III, 25, 26, 27) or bending about 24° NE in northern
half (PL. III, 28).

Different situations in northern and southern halfes of the two sectors
discussed up to now can be explained through the existence of a longitudinal
fault, along which compartments were moved in vertical plane.

— Parosului Valley-Lazului Valley scctor, although it has a much
more oblong form, it has a remarkable unitary structure, structural axes
gradually curving only very little from west to cast both in horizontal and
vertical plane from N 57° E/27—28° NE to N 64° E/12°NE (PL. III, 29, 30,
81, 32).

About with the same position, the structure goes on in Serelului basin
(PL. III, 33).

— Secctor in the left slope of Riul Birbat in which the axis bends
westwards having the position N86°W/18°NW (PL. ITI, 34).

In upper complex, on which overthrusts formations of Getic Nappe,
can be separated from west to east about the same sectors, but it is important
to remark the fact that in some sectors # axes bend to the same sense with
those in lower complex (Parosuluiand Riul Birbat valleys) — Pl III, 35,
36 and in others in a contrary direction (Nucsoara and Serelului valleys) —
Bl 31l 37, 38,

In comparison with Lower Danubian Unit, in which the only fissure
systems well-developed are ac and (h0l), excepting somehow Riusorul series,
in the rocks of Upper Danubian Unit, especially east of Riul Alb Valley, a
third system of fissures, diagonal — (&), occurs well individualized.

In Sebes-Lotru series, diagrams of fissures point out groups of their
poles in numerous maxima displayed in belts, so that building ellipsoids of
deformation would be riskily. However, on account of approximative axes
of major structure, correlated with the geological limits, between Riul Alb
and Riul Birbat, where the series has a wider development, we could delimit
three sectors relatively homogeneous separated by transversal faults,because
of which compartments have been moved more in vertical plane (Pl III,
39, 40, 41, 42, 43).

If in granitoid rocks, Zeicani series (lower complex), Riugorul series
and even Nussoara Valley formation, structural directions are similar, some-
times being identical, Oslea formation and upper complex of Zeicani series
have a different situation. For instance, between the basin of Serelului Valley
and Coltu Mare peak, Oslea formation, resting on granitoid rocks and sup-
porting the overthrust of Zeicani series, plunges WNW, strongly contrasting
with the plunging of granitoid rocks and Zeicani series towards ENE ; west
of Coltu Mare pzak up to Stirbina-Prislop ridge, although plungings are
towards north-east and are similar to above and below units, their direction
is different. Somechow similar is also the situation in the case of the upper
complex of Zeicani series, where as we saw, in the same compartment deli-
mited by transversal faults the inclination of the structure can be different
from the lower complex.
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Different situations, especially in the case of Oslea formation but also
of Zeicani series upper complex, can be explained by the fact that their
actual structure (inclusively foliation and fissure systems) is the result of
advance movements of Upper Danubian Unit on Lower Danubian Unit,
respectively of the Getic Nappe on the Danubian. Accepting this hypo-
thesis, it is not difficult to reconstitute general direction of main transport j
from NNE to SSW in the case of Upper Danubian Unit and from NNW to
SSE in the case of the Getic Nappe ; certainly, locally some exceptions can
occur but caused by transversal disjunctive tectonics.

Concerning the upper complex of Zeicani series, the above discussions
can be arguments for its consideration as a separate lithostratigraphical
unit, newer than the lower complex and older than Oslea formation (pro-
bably synchronous with Nucsoara Valley and Riul Mare formations).

Admitting that the two main planes of the overthrust are the result
of Alpine tectonic movements, it means that during them, both the basement
of the Lower Danubian Unit (Drigsan and Riusorul series and granitoid
rocks) and of the Upper Danubian Unit (lower complex of Zeicani series)
behave as some rigid blocks, without getting a new important foliation and
fissuring. However, at least east of Riul Alb Valley, in the rocks of the Upper
Danubian Unit occurs a new system of shearing fissures, parallel to the
direction of its advance, in diagonal (h%l) position on the direction of the
structure ; similar situation met in Riusorul series too determined us to
consider that it thrusts over the Drigsan series. Therefore, the only impor-
tant cffects of Alpine tectonics are compartments according to (4C) faults
and a little (HOL) longitudinal faults west of Parosului Valley or diagonal
(HKL) faults in the east of the zone.

All tectonic interpretations, as well as dicussions on the mineralogy,
petrography and metamorphism of Drigsan series and lower complex of
Zeicani series, show that they are synchronous both concerning the age
of component deposits and the metamorphism, representing one and the
same lithostratigraphical unit, which is distributed to two different tectonic
units as a result of a double division at regional scale.

VI. MINERAL RESOURCES

Economic potential known in our crystalline zone is reduced, although
would have a certain importance talc occurrences in the basin of Nucsoara
Valley as well as magnetite and sulphide mineralizations inside metabasites
of Zeicani series.

Lale schists are placed exclusively in Nucsoara basin as lenses of
1—2.5 m thickness and 50—200 m length placed in the axis of some anti-
clinal and synclinal folds (Micu, Paraschivescu, 1970). Gherasi et al. (1974)
considered that tale rocks represent concentrations associated to basic
metamorphic differentiated, our point of view being expressed on the occa-
sion of description of talc schists bearing actinolite and tremolite.

Constant presence of magnetite and sphene in Zeicani series metaba-
sites-—amphibolites and chlorite-albitic schists—implies the possibility of
some accumulations of magnetite, titano-magnetite and sphene in these
rocks.

Sulphide impregnations are met almost constantly in chlorite-albitic
and amphibolic schists. More important occurrences are on Nucsoara right
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slope, close to the contact with hornblendite bodies, where pyrite can be
109 ; pyrite crystals are generally idiomorphic and uniformly spread. Under
microscope, in some sections, besides pyrite is pointed out a light impreg-
nation of bornite, calcosine and coveline whose occurrence can lead to the
conclusion of copper presence in the pyrite network.

In Riul Barbat alluvia, upstream Hobita village, it was met native
gold, probably related to veins of quartz with pyrite in crystalline schists
(in Pop, 1973).

To granitoid rocks could be related some accumulations of mineral
resources, presently unopened by erosion — polymetallic sulphides, rare
and dispersed metals and others.

At the same time, high purity and wide development of some lenses
of white quartz as those on Parosului Valley left slope, for instance, can
make profitable their investigation.

VII. CONCLUSIONS

Geological formations in northern part of Retezat Mts between Nuc-
soara and Riul Birbat have been distributed both to the Getic Nappe and
to the Danubian which are presently in tectonic relations. At the same time,
within the Danubian we outlined two important tectonic units — Lower
Danubian Unit and Upper Danubian Unit. The overthrust lines between
the Getic Nappe and the Danubian and respectively, between the two units
of the Danubian arc oriented approximatively E—W as well as most of the
geological limits between the formations within each unit.

The Getic Nappe is mostly constituted of meso-catametamorphic
crystallophylian formations totally belonging to Sches-Lotru series (group)
attributed to Dalslandian cycle (Schuster, 1972 ; Gherasi et al., 1974) or to
Lower and Middle Carpian — Cp,— Cp, (Kriutner, 1980) and subordinately
of sedimentary formations represented by Lower Cretaceous limestones
(Barrcmian-Aptian).

Crystallophylian formaticns are constituted of paragneisses and bio-
tite-muscovitic micaschists, biotitic paragneisses bearing garnet, micro-
cline gneisses and amphibolic 1ocks.

Metamorphism of Sebcs-Totru series in our zone corresponds to Bar-
rovian type of metamorphism (of middle pressure), taking place under
conditions of amphilolitic facies (Eskola, 1939) = amphibolitic almandine
facies (Turner, Verhcopen, 1960), kyanite-almandine-muscovite, sillimanite-
almandine-muscevite and here and there sillimanite-almandine-orthoclase
subfacies. As in the case of other zones (Hirtopanu, 1978), within the Getic
Crystalline between Nucsoara and Riul Birbat was pointed out the poly-
phase character of metamorphism ; this fact is the best illustrated in biotitic
paragneisses bearing garnet, finely-grained and in actinolitic gneisses. So,
minerals corresponding to older phase in paragenetic equilibrium are quartz,
plagioclase, biotite, almandine, kyanite (and the amphibole in actinolitic
gneisses) and those corresponding to newer phase are muscovite (and biotite
in actinolitic gneisses), sillimanite (fibrolite), garnet, plagioclase and quartz,
the last two forming overgrowths on older feldspar and quartz. In the other
types of rocks, neoformation mincrals can be considered : orthoclase (in

14 — ¢, 432
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biotite-muscovitic paragneisses) and microcline (in microcline gneisses),
both of them being related to sillimanite formation. Considering morpho-
structural aspects and spacial display of neoformation minerals, we appre-
ciate that they were born about under the same conditions of depth and
temperature with older minerals but after the main episode of deformation,
the metamorphism especially continuing only under the effect of lithostatic
pressure (= static metamorphysm). It means that at least in our zone,
the only minerals really newly-formed in this last phase of the same tecto-
magmatic cycle were sillimanite, orthoclase, and microcline, the other mine-
rals suffering only a remobilization and rcorganization of network.

During the Alpine overthrust, gneisses above the overthrust planc
have been strongly breccified and mylonitized on about 50— 150 m thickness.

The Danubian. Formations of Lower Danubian Unit have been dis-
tributed to Dragsan, Riugorul and Nucsoara Valley crystallophylian series,
to Retezat granitoids (granodiorites) and to Oslea Paleozoic anchimeta-
morphic formation and those of Upper Danubian Unit wholey to Zeicani
crystallophylian series with two complexes.

Regarding the deposits and the metamorphism age, we appreciate
that Drigsan series and the lower complex of Zeicani series, maybe Riusorul
serics too, are synchronous and older (Cadomian), in an upper position fol-
lowing Nucsoara Valley formation and the upper complex of Zeicani series
(Upper Cadomian, eventually Old Caledonian), then the succession ends
with Paleozoic deposits of Oslea formation attributed to Silurian (even-
tually Lower Devonian) -~ Valea Beusii laminated conglomerates and to
Upper Devonian-Lower Carboniferous interval — the above side which is
constituted of metagritstones, limestones and phylites.

Retezat granitoids, represented by granodiorites in our zone pierce
crystalline schists of Drigsan series framing in the granitoid group in “dis-
harmony” (Walton, 1955) magmatic intrusive (Reed, 1936), in circumscribed
massifs (Raguin, 1956), magmatic (Mehnert, 1971), or in the group of plutons
in the mesozone (Buddington, 1959) ; they are synkinematic in comparison
with the main episode of cover rocks metamorphism. Accepting Cadomian
age of Drigsan series metamorphism, it means that granitoids also have
the same age (argued by K/Ar isochrone too of at least 540 m.y. — in
Berza, 1978).

Presence of amphibolites in various stages of retromorphism among
formations of Drigsan, Riusorul and Zeicani series as well as garnet some-
times apparition seem to complicate in a certain way the establishment of
the highest degree of metamorphism in these formations : on the other side,
but excepting hornblende, plagioclase and garnet, lack of some index mine-
rals , as relics, for an advanced metamorphism limit our discussion possi-
bilities, Referring to mentioned minerals, we can consider the following.
Almandine garnet and hornblende, although they are characteristic espe-
cially to almandine-amphibolitic facies, can also occur in quartz-albitic-
epidote-almandine subfacies of green schists facies (Turner, Verhoogen,
1960) ~ epidote-amphibolitic facies (Eskola, 1939), almandine instead of
ferric chlorite, in pelitic rocks and hornblende instead of nonaluminous
actinolite in basic rocks (in Turner, Verhoogen, 1960). At the same time, in
basic magmatic rocks metamorphic hornblende can occur for the first tims
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even in chlorite zone (Gjelsvik, 1952 ; Harker, 1974,) because in originally
magmatic rocks, aluminium necessary to hornblende formation is found in
augite itself on whose account it forms; from PT conditions variations
point of view, the process being regressive, while in sedimentary calc-sili-
catic rocks hornblende generally forms just after conditions entering into
reaction of chlorite with calcite have been attained (the carlier in garnet
zone). Regarding plagioclase, presently mostly changed into albite and
epidote-clinozoisite, it can reach to oligoclase with 15—179, An compo-
sition in almandine zone (in Giuscd, 1974). Taking in view that chemical
data indicated the origin both of amphibolites and most of = chlorite-albitic
schists analysed in basic magmatic rocks, it results certainly enough that
initial progressive metamorphism did not surpass conditions of quartz-
albite-epidote-almandine subfacies of green schists facies = almandine zone.,

Progressive metamorphism under conditions of lower part of green
schists facies, was followed by a static retromorphism at regional scale
(maybe during Caledonian movements, prevailingly epirogenetic — Schus-
ter, 1972) and by a new metamorphic recrystallization under average condi-
tions of green schists facies >~ quartz-albite-epidote-biotite subfacies, maybe
during Hercynian orogenesis.

Granodiorites intrusion (in rocks that were only a little colder than grani-
toids) caused a weak metamorphism of thermal contact in Drigsan series
schists, forming an aureola of 250 —300m thickness, in which schistous horn-
felses bearing biotite and epidote are widely developed.

Regarding the metamorphism of Oslea formation, it took place under
conditions of upper part of green schists facies — quartz-albite-muscovite-
chlorite subfacies =~ chlorite zone, maybe in Sudete stage of Hercynian
cycle. Accepting also the existence of a Caledonian metamorphism, it is not
excluded that in the metamorphism of Valea Beusii conglomerates, Ardenic
stage (End of Silurian) of this cycle should have played a certain part.

The effect of Alpine movements is refound in the accentuated brecci-
fication and mylonitization, especially of Zeicani series schists close to the
overthrust plane on Oslea formation.
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STUDIUL GEOLOGIC SI PETROGRAFIC AL PARTII DE NORD
A MUNTILOR RETEZAT

(Rezumat)

Cercetirile noastre acoperd zona cristalinului din versantul nordic al
muntilor Retezat (Carpafii Meridionali), zond cuprinsd intre bazinul viii
Nucsoarei, la vest, si bazinul Riului Birbat,la est ; spre nord sisud limitele sint
de naturi geologicd, reprezentate prin contactul cu bazinul sedimentar al
Hategului i, respectiv, cu masivul granitoid de Retezat.

[ GEOLOGIA REGIUNHI

Formatiunile geologice care intrd in constitutia partii de nord a mun-
tilor Retezat dintre Nucgoara si Riul Bidrbat sint repartizate atit Pinzei
getice cit si Danubianului ; de asemenea, in cadrul Danubianului am con-
turat doud unititi tectonice importante — Unitatea danubiand inferioard
si Unitatea (pinza) danubiand superioard.

I. Pinza getiedt este constituitd in cea mai mare parte din formatiuni
cristalofiliene mezocatametamortfice, apartinind in intregime seriei (grupului)
de Sebes-Lotru, repartizatd ciclului Dalslandian (Schuster, 1972; Gherasi
et al., 1974), sau Carpianului inferior si mediu — Cp,—Cp, (Krdutner, 1980)
si, subordonat, din formatiuni sedimentare mezozoice.

Formatiunile cristalofiliene sint constituite aproape in intregime
dintr-o alternanti de diferite tipuri de gnaise si, subordonat, micasisturi, in
care se gisesc rare intercalatii de toci amfibolice; cu totul izolat pot fi
intilnite filonase sau lentile mici, decimetrice, de pegmatite cuarto-felds-
patice cu muscovit. Din punct de vedere structural se diferentiazd clar doud
tipuri de metamorfite — unul cu structurd mai grosierd, in care pot fi sepa-
rate gnaise cu microclin, paragnaise biotito-muscovitice, micasisturi §i cuar-
tite feldspatice $i unul cu structurd fin granulard, constituit predominant
din paragnaise biotititce cu granat. Cu primul grup sc asociazd, de obicei,
amfibolite tipice, iar cu cel de-al doilea, gnaise amfibolice (actinolitice).
Mai ales in apropierea planului de incilecare peste formatiunile Danubianu-
lui metamorfitele cristalinului getic au fost partial retromorfozate,
concomitent cu o brecifiere si milonitizare accentuate.

Desi grosimea stratigrafica redusd pe care este deschisd seria de Sebes-
Lotru nu permite separarea unor unitdti litostratigrafice distincte, totusi
dezvoltarea mare a paragnaiselor biotitice cu granat, microgranulare, intre
Riul Birbat si valea Parosului §i a gnaiselor cu microclin intre Méldiesti si
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Nucgoara sint argumente pentru paralelizarea cristalinului getic din cele
doud zone cu partea superioard a complexului inferior (Gy) si, respectiv, cu
complexul median (G,) separate de Bercia (1975) in masivul Godeanu. in
acest mod, ar mai putea fi incadrate in formatiunea gnaisicd inferioard, res-
pectiv formatiunea leptino-amfiboliticd (Kréutner, 1980).

Metamorfismul seriei de Sebes-Lotru din zona cercetati corespunde
tipului de metamorfism barrowian (de presiune medie), avind loc in condi-
tile faciesului amfibolitic, subfaciesurile disten-almandin-muscovit, silli-
manit-almandin-muscovit 3, pe alocuri, sillimanit-almandin-ortoclaz.

Ca si in cazul altor zone din Carpatii Meridionali, in cristalinul getic
dintre Nucsoara si Riul Birbat a fost evidentiat caracterul polifazic al meta-
morfismului, cel mai bine fiind ilustrat acest fapt in paragnaisele biotitice
cu granat si in gnaisele aclinolitice. Astfel, mineralele corespunzitoare fazei
mai vechi, in echilibru paragenetic, sint cuartul, plagioclazul, biotitul, alman-
dinul (si amfibolul in gnaisele actinolitice), iar acelea corespunzatoare fazei
mai noi sint muscovitul (si biotitul in gnaisele actinolitice), sillimanitul (fibro-
lit), granatul, plagioclazul si cuartul. In celelalte tipuri de roci pot fi conside-
rate minerale de neoformatie ortoclazul (in paragnaisele biotito-muscovitice)
si microclinul (in gnaisele cu microclin), ambele fiind strins legate de forma-
rea sillimanitului. Tinind cont de aspectele morfostructurale si de dispozitia
in spatiu a mineralelor de neoformatie, apreciem c¢i acestea au luat nastere
in conditii aproximativ egale de adincime si temperaturi cu mineralele mai
vechi, dar ulterior episodului principal de deformare, metamorfismul conti-
nuind mai ales doar sub efectul presiunii litostatice (= metamorfism static).
Daci lucrurile stau asa, inseamni ci, cel putin in zona noastrd, singurele
minerale intr-adevdr nou formate in aceasti ultimi fazi a aceluiasi ciclu tec-
tonomagmatic au fost sillimanitul, ortoclazul si microclinul, celelalte mine-
rale suferind doar o remobilizare si reorganizare a reteler.

2. Danubianul din partea nordici a muntilor Retezat este constituit
din formatiuni cristalofiliene, roci granitoide si formatiuni sedimentare slab
metamorfozate, repartizate la doud unititi.

2.1. Umlatea danubiand inferioard

Formatiunile geologice care alcituiesc aceasts unitate pot fi repartizate
seriei de Dragsan, in care a avut loc intruziunea granitoidelor de Retezat,
seriei de Riusorul, formatiunii din valea Nucsoarei si formatiunii de Oslea.

2.1.1. Seria de Riusorul constituie in intregime creasta din stinga viii
Nucsoarei dintre virful Ascutitul si saua de la sud de Capul Dealului si se
continud inspre est in bazinul viii Nucsoarei, unde, in partea de nord, este
deschisi doar in versantul sting, afundindu-se sub rocile formatiunii de
valea Nucsoarei, iar in partea de sud ajunge pind in bazinul viii Maldiesti.
Petrografic, este reprezentatd mai ales prin sisturi cuarto-biotitice si sisturi
cuartitice sericito-cloritoase.

2.1.2. Formafiunea de valea Nucsoarei (Macalet, 1983) se dezvolts in

bazinul Nucsoarei, stind peste seria de Riusorul si suportind in pozitie tec-
tonicd formatiunile Unitdtii danubiene superioare. Se deosebeste de sisturile
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seriei de Riusorul prin gradul mai scdzut de metamorfism, prin marea par-
ticipare a sisturilor grafitoase, ca §i prin prezenfa calcarelor cristaline ; de
rocile formatiunii de Oslea se deosebeste prin gradul mal avansat de meta-
morfism si prin constitutia mineralogicd si petrograficd.

2.1.3. Seria de Drdgsan. Am pistrat accastd denumire (sensu Pave-
lescu, 1953) numai pentru cristalinul cu care vin in contact rocile granitoide
de Retezat si suportd rocile formatiunii de Oslea sau ale seriei de Riugorul.
Pot fi descrise diferite varietdti de sisturi cuarto-sericito-cloritoase §i, sub-
ordonat, sisturi cuarto-amfibolitice.

Peste tot acolo unde contactul rocilor granitoide cu sisturile seriei de
Driagsan nu este mascat de depozitele formatiunii de Oslea, in imediata
vecindtate a contactului, biotitizarea si, uneori, feldspatizarea sint foarte
accentuate. Pe misura depirtirii de contact, cantitatea de biotit scade
pentru ca dupd 200—300 m s se treacd la rocile normale ale serici, asa incit
se poate admite cd rocile din inveligul granitoidelor au suferit un metamorfism
de contact termic, care s-a suprapus peste metamorfismul regional al seriei de
Drigsan, transformindu-se in corneene sistoase cu biotit.

2.1.4. Granitoidele de Retezat din zona studiatd sint bine reprezentate
prin granodiorite (probabil si tonalite-trondjemite) cu muscovit -4 biotit,
incadrindu-se in grupa granitoidelor in ,dizarmonie” (Walton, 1955), mag-
matice intrusive (Read, 1956), in masive circumscrise (Raguin, 1956), mag-
matice (Mehnert, 1971), sau in grupa plutonilor din mezozond (Buddington,
1959) ; fatd de episodul principal al metamorfismului rocilor din invelis, sint
sincinematice.

2.1.5. Formatiunea de Oslea se dezvoltd continuu incepind din ver-
santul drept al Nucgoarei pind in valea Riului Birbat, cu o intrerupere in
versantul sting al acesteia, grosimea maximd nedepisind 90— 100 m. Cu
putine exceptii, succesiunea incepe cu metagresii 4+ microconglomerate i
ce  continui cu filite cuarto-sericitoasetgrafitoase, calcare si gresii
calcaroase si, din nou, filite. O situatie deosebitd se intilneste intre
Pirjul Preotesei (ram drept al Apei Lazului) §i valea Serelului unde succesiu-
nea descrisy, care aici este formatd numai din calcare si nivelul filitos supe-
rior, repauzeazi pe metaconglomerate laminate — metaconglomerate de
Valea Beusii (Macalet, 1983).

2.2. Unitatea danubtand superioard

Este constituiti in intregime din seria (= grupul) de Zeicani, in care am
separat un complex (membru) inferior, predominant vulcanogen si un com-
plex (membru) superior, predominant detritogen.

2.2.1. Complexul (membrul) inferior cuprinde cea mai mare parte a
seriei de Zeicani din aceastd zond, petrografic putind fi separate sisturi clorit-
albitice cu epidot si caleit, sisturl cuarto-feldspatice  sericito-cloritoase,
sisturi cuarfitice cu sericit §l clorit, sisturi clorit-albit-actinolitice, sisturi
epidot-actinolitice si ultrabazite (hornblendite); intre valea Parosului s
Miidiesti sint bine reprezentate st metaconglomeratele.

2.2.2. Complexul (membrul) superior formeazd o bandd ingusti la
partea superioard a seriei de Zeicani, peste sisturile acestuia incdlecind pre-
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tutindeni formatiunile Pinzei getice. Succesiunea stratigraficd incepe cu un
nivel de calcare (sisturi calcaroase) si se continui cu sisturi feldspatice clo-
ritoase4-muscovit, sisturi cuartitice cu albit si muscovit, sisturi clorit-calcit-
albitice (amfibolite retromorfozate).

Privind virsta depozitelor si a metamorfismului, apreciem cd seria
de Drdgsan si complexul inferior al seriei de Zeicani, poate si seria de Riuso-
rul, sint sincrone si mai vechi (cadomienc), in pozitie superioard urmind for-
matiunea de valea Nucsoarei si complexul superior al seriei de Zeicani (cado-
mian-superioare, eventual caledoniene vechi), pentru ca succesiunea si se
incheic cu depozitele anchimetamorfice ale formatiunii de Oslea, repartizate
Silurianului (eventual Devonianului inferior) — conglomeratele laminate de
Valea Beusii si intervalului Devonian superior - Carbonifer inferior — partea
de deasupra formatd din metagresii, calcare si filite,

Acceptind virsta cadomiand a metamorfismului seriei de Drigsan,
Inscamnd cd si granodioritelor de Retezat trebuic si li se atribuic aceeasi
virstd, desi prezenta unor corpuri de granodiorite la vest de zona noastri,
in sisturile formatiunii de Riul Mare, considerati siluriand, ar putea fi un
argument pentru virsta caledoniand a intruziunii (faza ardenici).

Prezenta amfibolitelor in diferite stadii de retromorfozare printre
formatiunile seriilor de Drigsan, Riusorul si Zeicani, ca sl aparitia uncori a
granatulul par a complica intr-o oarecare misurd stabilirea gradului cel mai
ticicat al metamorfismului atins de aceste formatiuni ; pe de altd parte, insd,
lipsa, in afari de hornblendsi, plagioclaz si granat, a unor minerale indica-
toare, sub formd de relicte, pentru un metamorfism avansat limiteazs posi-
bilitdtile de discutic. Se poate afirma, cu un grad destul de mare de certitu-
dine, cd metamorfismul progresiv initial nu a depdsit conditiile subfaciesului
cuart-albit-cpidot-almandin al faciesului sisturilor verzi = zona almandi-
nului. Metamorfismul progresiv, in conditiile pirtii inferioare a faciesalui
sisturilor verzi, a fost urmat de un retromorfism static la secari regionala
(probabil in timpul miscirilor caledoniene, predominant epirogenetice) si
de o noud recristalizare metamorfici in conditiile medii ale faciesului sis-
turilor verzi — subfaciesul cuart-albit-epidot-biotit, probabil in tim pul
orogenezei hercinice.

Intruziunea granodioritelor (in roci doar cu putin mai reei decit ele) a
produs un slab metamorfism de contact termic in sisturile seriei de Drigsan ,
luind nastere o aureold, cu grosimea de pind la 250—300 m, in care o mare
dezvoltare o au corneencle sistoase cu biotit si epidot.

Metamorfismul formatiunii de Oslea a avut loc in conditiile partii
superioare a faciesului sisturilor verzi — subfaciesul cuart-albit-muscovit-
clorit = zona cloritului, probabil in faza sudetd a ciclului hercinic. Accep-
tind existenta si a unui metamorfism claledonian, nu este exclus ca in meta-
morfozarca conglomeratelor de Valea Beusii sd fi avut un oarccare rol si
faza ardenicd (de la sfirsitul Silurianului) a acestui ciclu. Efectul miscdrilor
alpine se regiseste in brecifierea si milonitizarea accentuats mai ales a sis-
turilor seriel de Zeicani din apropicrea planului de incilecare peste forma-
tiunea de Oslea.

3. Buzinul Matey. Formatiunile sedimentare ale bazinului Hategului
din imediata apropiere a contactului cu ecristalinul muntilor Retezat sint
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reprezentate prin Paleogen, in bazinul Nucsoarei $i Sarmatian sau Pleistocen,
intre Riul Alb si Riul Barbat.

I1. CONSIDERATIL CHIMICE $1 PETROGENETICLE

Granitoidele. In vederea discutirii chimismului rocilor granitoide am
folosit rezultatele analizelor chimice complete de silicati efectuate pe 15
probe, prelevate mai ales din apropierca contactului cu sisturile din acope-
1is ; numai pe valea Riului Birbat probarea a fost ficutd pe toatd grosimea
deschisd a corpului magmatic.

Este evidentiati o uniformitate remarcabili a chimismului acestor
roci, neputindu-se gisi vreo corelatie semnificativd intre elementele majore.
Plecind de la compozitia chimicd, am calculat parametrii Niggli, compozitia
normali — norma Rittmann, pe baza cdreia, cu exceptia unei probe care ar
fi un monzogranit, toate celelalte probe se incadreazi in familia granodio-
ritelor si tonalitelor (trondhjemite) si norma C.I.LP.W. dupd care (calculind
valorile (A P°) toate probele se proiecteazd in cimpul granodioritelor; un
rezultat aseminitor se obtine prin proiectarea probelor pe diagrama ('—
ANOR.

Atit diagrama QML, cit si diagrama SiO, — indice de alcalinitate
indicd, fird nici o exceptie, caracterul calcoalcalin al granitoidelor analizate :
de asemenca, pe diagrama Si0, : total alcalii toate probele se proiecteaza
in subprovinciile pacifice, puternicd si medie. Pe diagrama al: alk probele
se proiecteazd in cimpurile sdrac in alcalii si alcalin intermediar, iar pe dia-
grama al : fm, doar cu doud exceptii, in cimpul salic, evidentiindu-se o core-
Tatic negativi intre al si alk pe de o parte si fm, pe de altd parte.

Sisturile eristaline. Cuo singurd exceptie (gnaisele biotitice cu granat)
am cfectuat analize de silicati numai pe probe prelevate din roci pentru care
geneza premetmnorficfi — sedimentard sau magmaticd — este discutabila,
Iisind la o parte pe acelea clar sedimentogene. Pentru cristalinul danubian
am folosit 13 analize din seria de Zeicani — 8 sisturi clorit-albitice, 4 amfi-
bolite si o analizi de hornblendit, iar pentru cristalinul getic 10 analize —
4 gnaise cu microclin, 2 gnaise biotitice si 4 amfibolite.

Utilizind o seric de diagrame, se poate trage concluzia cd atit sis-
turile clorit-albitice cit si amfibolitele analizate provin din roci magmatice
bazice, partial si intermediare, gnaisele biotitice cu granat din grauwacke,
iar gnaisele cu microclin s-au format pe scama unor gresii arcozienc sau,
local, a unor tufuri riolitice. Pe baza acestei concluzii, in lucrare este pre-
zentatd compozitia mineralogicd normativd (norma Rittmann), cu denumirile
corespunzitoare, pentru probele analizate. '

1HI. CONSIDERATII TECTONICE

Elementele majore care controleazd structura pdrtii nord-estice a mun-
tilor Retezat sint sariajul Pinzei getice, incilecarea Unitdtii danubiene supe-
ricare peste Unitatea danubiand inferioard i bazinul tectonic al Hategului.
fn ansamblul siu, cristalinul dintre valea Riului Barbat si valea Nucgoarel
poate fi privit ca o structurd monoclinald, aproximativ platd, cu inclindri
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nordice ; doar i partea de vest-a perimetrului unde formatiunile cristalo-
filiene au o litime mai mare, se dezvolti o serie de cute anticlinale SRS
clinale mici, in special in sisturile formatiunii de valea Nucsoarei, si, mai
putin caracteristic, in acelea ale seriei de Riusorul, ca efect al structurii anti-
clinale Rof.

Raporturile tectonice anormale dintre formatiunile domeniului getic
si ale domeniului danubian sint bine evidentiate atit cartografic, cit s de
cataclazarea puternicd mai ales a rocilor de deasupra, pe o grosime care
poate depdsi 100. Pe toatd lungimea linici de sariaj, cristalinul getic std
peste formatiunile complexulul superior al seriei de Zeicani, inclinarea
medie a planului de sariaj filnd de 30—40°.

O a-doua linie de incdlecare importanti se evidentiazi foarte clar in
cadrul Danubianului, punind in pozitie tectonici formatiunile seriei de
Zeicani, de la vest cdtre est, peste seria de Riusorul, formatiunea de valea
Nucsoarei, formatiunea de.Oslea sau direct peste seria de Drigsan. Cel mai
tipic este contactul cu rocile formatiunii de Oslea, care se poate urmdiri ca un
abrupt aproape continuu, ce ajunge uneori la mai multe zeci de metri, din
bazinul Riului Bérbat pina in versantul drept al Nucsoarei, datoritd in prin-
cipal competentei diferite a rocilor care vin in contact — de obicei sisturi
cuartitice sau sisturi clorit-albitice deasupra si filite dedesubt. Inclinarea
planului de incdlecare este mai mare decit in cazul Pinzei getice, ajungind
uncori la 60—70°. Apreciem c¢d aceastd dislocatie s-a produs in timpul mis-
edrilor alpine, probabil concomitent cu desdvirsirea sariajului getic,  desi
faptul c& sub planul de incdlecare sint prinse depozitele slab metamor-
fozate ale formatiunii de Oslea, paleozoice, nu aduce o dovadd asupra unei
virste mai recente decit cea hercinici. -

De asemenea, dislocatii longitudinale de amploare mai redusi se evi-
dentiazd atitin cadrul Unititii danubienc superioare — faliadela vest de valea
Parosului, cit §i in cadrul Unitdtii danubiene inferioare din bazinul viilor
Nucsoara si Mildiesti.

Contactul depozitelor sedimentare ale bazinului Hategului cu sisturile
cristaline se face dupa falii majore longitudinale, fragmentate si decrosate
de numeroase falii transversale.

Pe baza anlizdrii sistemelor de fisuri, raportate la sistozitate si a
elipsoidului de deformatic construit au putut fi conturate o serie de sectoare
omogene din punct de vedere structural, delimitate de falii transversale.

Dac# in rocile granitoide, seria de Driigsan, seria de Zeicani (com-
plexul inferior), seria de Riusorul si chiar formatiunea de valea Nucsoarei
directiile structurale sint asem#nitoare, uneori pini la identitate, forma-
tiunca de Oslea i complexul superior al seriei de Zeicani prezintd o situatie
diferitd, care poate fi explicatd prin faptul cd structura lor actuald (inclusiv
foliatia si sistemele de fisuri) este efectul miscirilor de inaintare a Unitatii
danubiene supericare peste Unitatea danubiani inferioar, respectiv a
Pinzei getice peste Danubjan. Acceptind aceastd ipotezd, a putut fi recon-
stituitd directia generald a transportului principal ; dinspre nord-nord-est
cdtre sud-sud-vest in cazul Unititii danubiene supericare si dinspre nord-
nord-vest cétre sud-sud-est in cazul Pinzei getice ; local pot apirea si unele
exceptit , datorate insd tectonicii disjunctive transversale.
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Admitind ci cele doud plane principale de incdlecare sint efectul mis-
cirilor tectonice alpine, inseamnd ¢4 in timpul acestora atit fundamentul
Unititii danubiene inferioare (seriile de Drigsan §i Riugorul si rocile grani-
toide), cit si al Unitdtii danubiene superioare (complexul inferior al seriei
de Zeicani) s-au comportat ca niste blocuri rigide, fird a cdpdta o noud
foliatic si fisuratie importante. Totusi, cel putin la est de valea Riului Alb,
in rocile Unititii danubiene superioare apare un sistem nou de fisuri, de
forfecare, paralel cu directia de inaintare a acestora, in pozitie diagonald
(hkl) fatd de directia structurii ; situafia asemdndtoare intilnitd si in seria de
Riusorul ne-a determinat si considerdm cd accasta incalecd peste seria de
Drigsan. Asa stind lucrurile, singurele efecte importante ale tectonicii
alpine sint compartimentirile dupa falii transversale - (AC) si in mai micd
misurd longitudinale (HOL) la vest de valea Parogului sau diagonale (HKL)
in estul zonei.

Toate interpretarile tectonice, ca de altfel si discutiile privind mineralo-
gia, petrografia si metamorfismul seriei de Dragsan si complexului inferior
al seriei de Zeicani, aratd ci acestea sint sincrone, atit in ceea ce priveste
virsta depozitelor care le alcdtuiesc, cit $i a metamorfismului, reprezentind
probabil una si aceeasi unitate litostratigraficd, repartizatd insd la doua
unitdti tectonice diferite ca urmare a unei dedubldri la scard regionald.

EXPLANATION OF PLATES
Plate IV

Fig. 1 — Plagioclase poikiloblast bearing quartz inclusions in biotite-muscovite paragneiss;
N4, %120, )

Fig. 2 — Muscovite parily changed into fibrolite, in micaschist; N+, x 120.

Fig. 3 — Sillimanite in biotite-muscovitic paragneiss ; N+, x 120,

Fig. 4 — Biotite lamellae partly replaced by sillimanite (fibrolite), in biotitic paragneiss; N+,
¥ 300.

Plate V-

Fig. 1 — Lamella of porphyroblastic muscovite transversally placed, in biotitic paragneiss | N+,
w300,

Fig. 2. — Kyanite included in transversal porphyroblastic muscovite, in biotitic paragneiss

N4, x 300

Fig. 3 — Garnets of ,,atoll” structure, in biotitic paragneiss ; N4, % 300.
Fig. 4 — Sillimanite (fibrolite) at the margin and on the fissures of a kyanite grains, in biotitic
paragneiss; N+, X 300.
Plate VI
Fig. 1 — Garnet grains included in tremolite porphyroclasts, in eclogitic amphibolite ; N -,
x 120,
Fig. 2 — Actinolitic gneiss bearing Liotite ; N4, X 300.

Fig. 3 — Cataclasite; N+, % 120).
Fig. 4 — Plagloclase of zonary structure pointed out by alteration, in brecciated biotite-muscovite ..
paragneiss ; N+, X 300. = a5 o
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Plate VII

Fig. 1 — Quartz-biotitic schist, Riusorul series ; N -, x 300.

Fig. 2 — Quartz-sericite-chloritous schist, Nucsoara Valley formation; N4, » 120,
Fig. 5 — Quartzsericite-graphitous schist, Nucgoara Valley formation ; N+, % 120,
Fig. 4 — Crystaline limestones, Nucsoara Valley formation ; N +, % 120,

Plate VIII

Fig. 1 — Granodiorite ; N -, » 120.
Fig. 2 — Idiomorphic crystals of albitized plagioclase included in newer albite, in granodiorite ;
N4 30 120,
— Albitized plagioclase, which contains muscorite inclusions, gathered 1nto a microcline
mass, in granodiorite ; N+4-, 300,
— Microperthitic microline, in granodiorite ; N+, % 120,

3%

Fig.

&)
¥+
e

Plate IX

Fig. 1 — Schistous hornfels bearing biotite and epidote j N+, » 120,
Fig.
Fig.
Tig.

— Quartz metagritstone bearing sericite and graphite, in Oslea formation; N, x 120,
— Feldspathic metagritstone ; N--, x 120,
— Fragment of granitoid rock , in metaconglomerate ; N4, x [20.

1
fed [N

s

Plate X

Fig. 1 — Crystalline limestone, Oslea formation; N.&, % 120,

Fig. 2 — Crystalline limestone having an accentuated cataclasis: N 1., % 120,
Tig. 3 — Chlorite-albitic schist, Zeicani series; N -, » 300.

Fig. 4 — Hornblende remains, in retromorphosed amphibolite ; N4, % 300,

Plate XI
— Albite-chlorite-actinolitic schist s N4, x 300,
— Quartz-feldspathic sericite-chlorite schist bearing epidote ; N 4., x 120,

Fig.

Fig.

Fiz, 3

Fig. 4 — Element surronnded by sericite, which is constituted of albite bearing plagioclase
inclusions; N4, 120,

o

lsa

— Quartz-albite-sericitic schist bearing microcline; N &, » 120,

Plate XIT

Tig. 1 — Crystalline limestone, Zeicani series ; N4, »x 120.

Fig. 2 — Muscavite in quartzitic schist bearing albite and muscovite ; N4, % 120,

Fig. 3 — Amphibolite partly cataclased in which hornblende mostly resists ; N4, » 120,

Fig. 4 — Amphibolite cataclased and completely changed in which we recognize only the confour
of exhornblende erystals; N, s¢120.
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