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GEOCHIMIA GRANITOIDELOR DIN CARPATII MERIDIONALI:
O TRECERE IN REVISTA
GEOCHEMISTRY OF GRANITOIDS FROM THE SOUTH CARPATHIANS:
A REVIEW

T. BERZA, P. ANDAR, M. TATU, C. TELEMAN, N. STAN, V. IANCU - Romania
J. C. DUCHESNE, J. P. LIEGEOIS, J. VANDER AUWERA, D. DEMAIFFE - Belgia

Rezultatele proiectului CT93-0237 “Geochimia
granitoidelor din Romania” al programului CIPA,
finantat de citre Comisia Comunititilor Europene
mtre 1994-1997, au fost obtinute printr-o colabo-
rare a unor geologi romani de la Institutul Geologic
‘al Romaniei cu petrologi §i geochimigti belgieni de
la Universitatea din Liége, Universitatea Liberd din
Brixelles §i Muzeul Africii din Tervuren.

O trisituri majord a geologiei Carpatilor Meri-
dionali este abundenta si diversitatea granitoidelor,
fare in majoritate sunt cantonate in soclul panzelor
danubiene i au fost puse in loc ulterior coliziu-
il panafricane.  Intelegerea acestei diversitati si
consecintele ei asupra evolutiei geologice a Carpatilor
Meridionali, ca si problema originii granitoidelor, au
constituit punctul omega al acestui studiu.

Panzele danubiene au socluri metamorfice care
ot fi repartizate la doud unititi litologice diferite:

eazutd, si grupul metabazic Driaggan, metamorfozat
i conditii de temperaturd ridicati gi presiune ridi-
catd.  Atat soclul de tip Lainici-Piiug, cat gi cel
de tip Draggan din panzele danubiene includ diferite
ipuri de granitoide, extrem de variate. Desi adeseori
granitoidele au fost transformate in timpul orogenezei
alpine in milonite de temperaturi scizuta, exista s
#one i care structurile i paragenezele magmatice an
St prezervate gi pot fi observate. In soclul de tip
Lainici-Piius a fost observati urmitoarea succesiune,
de I cele mai vechi la cele mai noi:

- masivele gnaisice Petreanu si Furcitura (grani-
toide panafricane precolizionale);

- dykeurile sincinematice leucogranitice tip Lainici-
Pains (panafricane sincolizionale);

§i urmatoarele masive panafricane posteolizionale:

= masivul leucogranitic de Varful Pietrii;

- batolitele calcoalealine Susita, Oltet si Frumosu;
- plutonii shoshonitici Tismana si Novaci:
dyke-urile de roci porfirice calcoalcaline tardeci-
iematice (Complexul Filonian de Motru - CFM):

- masivul peraluminos heterogen Ogradena, po-

The results of the ("T93-0237 Project “Geochen-
istry of Romanian Granites” of the CIPA Pro-
gramme, funded by the Commission of the Euro-
pean Communities between 1994-1997, were obtained
through a co-operative investigation between Ro-
manian geologists from the Geological Institute of
Romania (IGR) and Belgian petrologists and geo-
chemists from the University of Liége, the Free Uni-
versity of Brussels (ULB) and the Africa Museum in
Tervuren.

A paramount feature of the South Carpathians geo-
ology is the abundance and variety of granitoids, most
of them being restricted to the basement of Danu-
bian Nappes and emplaced in the Pan-African post-
collision period. The understanding of this geological
diversity and its consequences for the geological evo-
lution of the South Carpathians, as well as the prob-
lem of the granitoid origin, were the omega point of
this study.

Danubian Nappes have basements that can be
ascribed to two contrasting metamorphic lithologie
units: the metasedimentary LP-HT Lainici-P#iug
Group and the metabasic MP-MT Driggan Group.
Both Lainici-Piiug and Drigsan type bagements of
the Danubian Nappes comprise different types of
granitoids, extremely varied. Although often trans-
formed to low-grade mylonites during the Alpine
orogeny, they possess preserved areas where primary
magmatic structures and mineralogy can still be ob-
served. In the Lainici-Piius basement, the follow-
ing succession of granitoids, from the oldest to the
youngest, has been observed:

- Petreanu and Furciitura gneissic granitoid massifs
(Pan-African pre-collisional granitoids);

- Lainici-Paiug syn-kinematic leucogranitic dyke
swarm (Pan-African syn-collisional):

and the following Pan-African post-collisional mas-
sifs:

- Varful Pietrii leucogranitic massif:

- Susita, Oltet and Frumosu large calc-alkaline
bathaliths;

- Tismana and Novaci shoshonitic plutons:
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sibil varistic.

In soclul de tip Dragsan varstele relative ale plu-
tonilor nu sunt cunoscute, relatii mutuale nefiind ob-
servabile pe teren. Legitura dintre granitoide si arcul
insular Draggan nu este cunoscuti. Dyke-urile sunt
rare in grupul Dragsan, dar in unele zone lamprofire
sau rnicrogranite porfirice pot forma roiuri. Aw fost
cercetali cincl plutoni:

- plutonii calcoalcalini Parang, Sfardin, Cherbelezu
st Muntele Mic;

- plutonul leucogranodioritic Retezat.

Acestor doud seturi plutonice le adiugim o serie
de dyke-uri lamprofirice care ar putea avea aceeasi
varstd cu cele din Complexul Filonian Motru, dar
care pot fi i mai tinere,

Au fost obfinute si date geochimice asupra masivu-
lui peraluminos varistic Sichevita din soclul panzei
getice.

Studiul este astfel focalizat asupra a 18 masive sau
ocurente: 145 de esantioane au fost analizate pentru
elemente majore §i minore (36 de elemente), din care
pentru 30 de egantioane au fost an alizati izotopii Rb-
Sr §i Sm-Nd. Au fost folosite cele mai bune metode
aflate la dispozitie; XRF, ICP-MS si TIMS.

Baza de date cuprinde astfel peste 5500 de valori
§i poate fi considerata o contributie majora la baza
de date geochimice romaneasca, In raportul inaintat
Comisiei Comunititilor Europene in octombrie 1997
am prezentat o interpretare preliminara a intregului
set de date §i un studiu detaliat al unui masiv de-
osebit de atractiv: plutonul Tismana. Pentru acest
masiv, deosebit de complex §i bine conservat, inter-
pretarea datelor geochimice (33 de analize) a relevat
mecanismele complexe (dar directionate) de formare
a serfei de roci.

In ceea ce priveste procesele petrogenetice, mo-
delarea masivului Tismana a condus la concluzii re-
marcabile. Desi la prima vedere geochimia diferitelor
tipuri de roci apare foarte dispersati, s-a putut sta-
bili o legaturd printr-o linie de filiatie a lichidelor
(liquid line of descent). intre anclavele microgranu-
lare §i rocile lor gazdd. Aceasti linie de evolutie
a magmei poate fi controlatd atat prin abordarea
geochimicd, cat §i prin cea termodinamici, ambele
metode conducand la rezultate similare. S-a demon-
strat amestecul (mixing) diferitelor lichide la di-
verse stadii de evolutie, ceea ce implici existenta
unor gradienti chimici in camere magmatice, In
fine, caracteristicile izotopice pot fi interpretate ca
indicand contaminarea selectivi, neevidentiatid de
concentratiile in elemente minore. Aceastd inter-
pretare sprijind o posibila decuplare a izotopilor Sr gi
Nd in raport cu elementele majore §i minore in cadrul
proceselor petrecute in camere magmatice. Lucrarea
"Shoshonitic liquid line of descent from diorite to

———

- late-kinematic cale-alkaline porphyry dykes
swarm (Motru Dyke Swarm-MDS);

- Ogradena peraluminous heterogeneous granite,
possibly of Variscan age.

In the Dragsan basement, the relative ages of the
plutons are not known, no mutual relations being ob-
served in the field. Their link with the Dragsan is-
land are is not known. Dykes are rare in the Draggan
Group, but lamprophyres or porphyry microgranites
may form swarms in some areas. Five plutons have
been studied:

- Parang, Sfardin, Cherbelezu and Muntele Mic
calc-alkaline plutons;

- Retezat lencogranodioritic pluton.

To these two major granitoid sets, we have added
a series of lamprophyric dykes which could have the
same age as the Motru swarm, but could also be muéh
younger.

Some data have also been obtained in the basement
of the Getic Nappe on the Sichevita peraluminous
massif of Variscan age.

Our study is focused on 18 massifs or ocenrrences:
145 samples were analysed for major and trace ele-
ments (36 elements) and 30 samples for Rb-Sr and
Sm-Nd isotopes. The best available analytical meth-
ods were used for this purpose: XRF, ICP-MS and
TIMS.

The database thus comprises more than 5500 val-
ues and can be considered as a major input to the
Romanian geochemical database. In the report for-
warded to the Commission of the European Com-
munities in October 1997 we presented a prelimi-
nary interpretation of this whole data set and a de
tailed study of one particularly attractive massif: the
Tismana pluton. A thorough interpretation of the
geochemical data (33 analyses) has revealed the com-
plex (but straightforward) mechanisms of formation
of the Tismana rock series,

As far as petrogenetic processes are concerned, the
modelling of the Tismana body led to very fruitful
conclusions, Though at first sight the geochemistry
of the different rock types seems very dispersed, it
has been shown that a connection could be made
between the microgranular enclaves and their host
rocks through a liquid line of descent. This line was
constrained with geochemical and thermodynamical
approaches, both methods giving consistent results.
Mixing between different liquids at different stages of
evolution was demonstrated, which implies the exis-
tence of chemical gradients in magma chambers. Fi-
nally, the isotope characteristics can be inferpreted as
due to selective contamination, unsupported by trace
element concentrations. This interpretation confirms
a possible decoupling of the isotopes and the other
trace and major elements in magma chamber pro-




granite:  the late Precambrian post-collisional
Tismana pluton (South Carpathians, Romania)” de
J.C. Duchesne, T. Berza. J.P. Liégeois and J. Vander
Auwera, aparuta (1998) in Lithos - Special Volume
dedicated to Post-collisional plutonism (Lithos; 45,
p. 281-303), detaliaza aceste aspecte.

Pentru celelalte 17 ocurente, gradul de acumu-
lare al datelor este diferit. In ciuda numdarului
mie de analize per masiv, folosirea criteriilor chimi-
ce pentru caracterizarea diferitelor suite magmatice
ofera o imagine asupra evolutiei magmelor ducand la
distributia actualad a tipurilor petrografice. Aceasta
se datoregte in primul rand selectiei unor esantioane
reprezentative (printr-o metoda de explorare, pentru
Rb, Sr, Zr, Nb, a unui numar mai mare de esantioane)
§i. in al doilea rand, determindrii unui mare numar
de elemente cu semnificatie petrogenetici. Cu
exceptia masivelor Tismana, Novaci, Varful Pietrii,
Sfardin §i Cherbelezu (cu de la 33 pana la 7 anali-
ze fiecare), pentru ceilalti plutoni am efectuat. 2
pana la 6 analize. O abordare grafici a reprezen-
tativitatii esantioanelor noastre a fost folosita pen-
tru a compara cu rezultatele din literatura e-
xistentd analizele noi pentru unele elemente sau
parametri specifici, Aceasta permite o estimare a
reprezentativitifii esantioanelor selectionate; a rezil-
tat o reprezentativitate buna pana la excelenti.

Pana acum, unele dintre rezultatele cooperarii din-
tre geologii romani §i belgieni au condus la recon-
stituirea unor stadii timpurii ale evolugiei geologice
a soclurilor panzelor de sariaj din Carpatii Meridio-
nali:

- la 800 Ma - formarea unui arc insular oceanic
(Draggan terrane) i evolugia sa subaeriana;

- la 780 Ma - acretarea arcului insular (Drigsan
terrane) la un vechi continent a generat un mag-
matism calcoalcalin, restrans ca amploare (protoli-
tul gnaiselor oculare de Fagetel din cadrul grupu-
lui Dragsan). Aceasta a fost mai curand o acostare
(docking) decat o coliziune majora;

- la 600 Ma - o coliziunea majori a indus un meta-
morfism in faciesul amfibolitelor, de presiune medie
i grupul Draggan si de presiune coborati in grupul
Lainici-Paiug, cu generare de leucogranite, care apar
i grupul Lainici-Paiug ca roiuri de dyke-uri sincine-
matice. Presupunem acesta a fi momentul coliziunii
Dragsan contra Lainici-Paiug;

- la 580-560 Ma - generarea gi intruderea in aceste
socluri a unor corpuri de granitoide; acestea etaleaza
serii sodice pand la potasice (incluzand compozitii

shoshonitice), insa granitoidele peralcaline lipsesc.

Finalul acestui important eveniment magmatic post-

colizional este marcat de aparitia dyke-urilor cu

tendinte sodice sau potasice (lamprofirice).
- la 300 Ma - orogeneza varisticd a reactivat varia-
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cesses. A paper entitled “Shoshonitic liquid line of
descent from diorite to granite: the late Precambrian
post-collisional Tismana pluton (South Carpathians,
Romania)” by J.C. Duchesne, T. Berza, J.P. Liégeois
and J. Vander Auwera has been published (1998) in
Lithos - Special Volumie dedicated to Post-collisional
plutonism (Lithos. 45, pp. 281-303).

The maturation of the data concerning the other 17
occurrences is not yet completed. Despite the small
number of analyses performed for each massif in this
study, the use of chemical criteria to characterise the
various granitoid suites offers a useful image of the
evolution of magmas leading to the present distri-
bution of petrographic types. This is firstly due to
the selection of representative samples (thanks to an
exploration method in which the contents of some el-
ement - Rb, Sr, Zr, Y - are measured in a larger num-
ber of samples than these completely analysed) and
secondly to the determination of a large number of
elements with petrogenetic significance. Except for
Tismana, Novaci, Varful Pietrii, Sfardin and Cher-
belezu, which are relatively well represented (from 7
to 33 samples), we have performed only 2 to 6 analy-
ses for the other plutons. A graphical approach of the
representativity of the newly analysed samples was
used to compare new analyses to the existing data in
the literature for some diagnostic elements or charac-
teristic parameters. This allows an estimation of the
representativity of the selected samples. In general
the representativity is good to excellent.

Up to now, the results of the co-operation between
Romanian and Belgian geologists allow to reconstruct
some early stages of the geological evolution of the
basement of the nappes building the South Carpathi-
ans:

- at ca 800 Ma, an oceanic island arc (Dragsan
terrane) formed and reached the maturity stage in
an aerial environment;

- at ca 780 Ma, this island arc collided with an eld
continent that produced limited calc-alkaline magma-
tism (protholith of Figetel augengneiss in Driigsan
amphibolites). This collision was rather a docking
than a major collision:

- a major collision occurred later, at ca 600
Ma: it induced amphibolite facies metamorphism,
medium- pressure in Draggan Group and low-pressure
in Lainici-Paiug Group, and generation of leucogran-
ites, represented in particular by the Lainici-Paiug
syn-kinematic dyke swarm. We suppose this to be the
collision of Draggan against Lainici-Piius terranes;

- at ca 580-560 ‘Ma, several generations of gran-
itoids intruded these basements; they display sodic
to potassic lineage (including shoshonitic types), but
true alkaline granitoids are lacking. The end of this
important post-collisional magmatic event groups
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abil aceste socluri panafricane, cu generare limitata a
magmelor granitice de tip S (Ogradena?), dar a creat
geometria actuali: soclul Dragsan sariat peste soclul
Lamici-Paius;

- la 70 Ma - m timpul orogenezei alpine, soclurile
pre-alpine au fost sariate spre sud peste platforma
moesica. Fragmente ale soclurilor prealpine au fost
prezervate in cadrul structurilor alpine. Orogeneza
alpind a generat plutoni calcoalcalini "high-K” (ba-
natitele) in partea de vest a Carpatilor Meridio-
nali (acegti plutoni nu an facut obiectul prezentului
studiu).

Concluziile studiului nostru sunt:

(1} Datele geochiimice aratd clar ca fiecare plu-
ton din Carpatii Mendionali 151 are propria sig-
naturd, cil toate cd pot exista si asemanari impor-
tante. Teoretic, acesta este rezultatul, pe de o parte,
al diferentelor privind sursa si modalitatile procesu-
lui de topire partiald i, pe de altd parte, a praceselor
de diferentiere petrecute in decursul cristalizarii, fie
prin cristalizare fractionati, fie prin asimilarea rocilor
gazda. Tehnicile de modelare geochimica pot singure
rezolva acest aspect. Acest demers laborios a fost
aplicat masivului Tismana, unul din rarele corpuri
granitoide din lume cuchimism shoshonitic. A rezul-
tat astfel o evolutie complexa, in care au functionat
doud camere magmatice situate la nivele diferite
in crusta terestrid, imprimand signatura geochimica
a rocilor. Prima, situatd la mare adancime, a
fost locul cristalizarii fractionate, cu formarea cu-
mulatelor stratiforme si a unei coloane de magma
zonatd chimic.  Miscin tectonice tarzii au golit
aceastd camerd, topiturile expulzate (impreuné cu cu-
mulatele peridotitice asociate) fiind amestecate intre
ele, inaintea si in timpul intruziunii in cea de a doua
camerd, in care a avut loc consolidarea finald. Acest
scenariu este acum controlat de modelul petrologic al
evolutiei "liniei de filiagie a lichidelor” (liquid line of
descent) pe care am pus-o in evidenti si prin dovezile
amestecului diferitelor lichide in stadii succesive de
evolugie de-a lungul acestei linii de fihatie. Un de-
mers similar ar trebul intreprins si pentru celelalte
masive studiate, dar numarul mic de analize al celor-
lalte masive nu permite in stadiul actual acest grad
de detaliere.

(2) Varsta de 567 Ma a granitului de Tismana este
o borna decisivd in evolutia cronologica a soclului
danubian din Carpatii Meridionali deoarece dateaza
stadiul final al procesului orogenic. Trebuie remarcat,
ca am demonstrat existen{a indubitabild a terenurilor
papafricane in Carpatii Meridionali. Varsta plu-
tonului Tismana permite gi controlul interpretirii ca-
racteristicilor izotopice ale altor masive. In timpul
acestui studiu am realizat, de asemenea, importania
datarii eatorva altor masive prin metoda U-Pb pe

both sodic and potassic (lamprophyric) dykes; |

- at ca 300 Ma, these Pan-African basements were
variably reactivated by the Variscan orogeny, which
produced only limited amounts of crustal S-type
granites (Ogradena?), but created the present-day
geometry: Drigsan basement overlying Lainici-Péiug
basement;;

- at ¢a 70 Ma, during the Alpine orogeny, all the
pre-Alpine rocks were thrust to the south onto the
Moesian Platform. This event has allowed the preser-
vation of nice pieces of basement as tectonic slices in
the Alpine structure. The Alpine orogeny produced:
high-K calc-alkaline plutons (banatites), to the west®
of the South Clarpathians (these rocks have not been
studied here).

The main conclusions of our study are the following
ones:

(1) The present geochemical data clearly show that
each pluton from the South Carpathians realm pos-
sesses its own signature, althongh important similag-
ities exist. This is theoretically the result, on the one
hand, of differences in the source rock composition
and in the modalities of partial melting processes an
on the other hand, of the differentiation processes:
occurring during crystallisation, either by fractionall
crystallisation or assimilation of country rocks. Trace
element modelling technique is needed to completely
solve this aspect. This time consuming work has been
applied to the Tismana massif, a rare occurrence of
shoshonitic granitoids in the world. It is shown that!
a complex history, in which two magma chambers
at different levels in the crust have played a role in
the evolution, has coined the geochemical signature
of the rocks: the first one, at depth, has been the lo-
cus of fractional crystallisation with formation of lay=
ered cumulates and of a column of chemically zoned
magma. Late tectonic movements have emptied th
chamber and the expelled melts (and their associz
peridotite cutnulates) have been mixed together hes
fore and during their intrusion in the second magma
chamber, where final consolidation has taken pla
This scenario is actually constrained by the petrolog-
ical model of evolution of the "liquid line of descent
that we have put forward and by evidence of mixing
of various liquids at different stages of evolution along
this liquid line of descent. A similar approach should)
also be attempted for the other massifs, though the
relatively little number of currently available samples
will not permit the same degree of sophistication.

(2) The Tismana age of 567 Ma is a decisive mile-
stone in the chronological evolution of the South
Carpathians because it dates the waning stages of
the orogenic processes. It should be pointed out that
we have unambiguously demonstrated the existence
of Pan-African ages in the South Carpathians. The-




zircoane: varsta plutonului Retezat din terrane-
ul Dragsan este esentiald pentru cotrolul perioadei
m caré a avut loc importanta incilecare a grupu-
lui Driagsan peste grupul Lainici-Paiug. In mod
‘asemanator, cunoasterea varstei masivului Sfardin
{alt pluton din soclul tip Driggan) ar permite con-
firmarea cronologiei intruziunilor din acest terrane gi
compararea cu varsta de 567 Ma de la Tismana. In
terrane-ul Lainici-Paiug, varsta U-Pb pe zircoane a
masivelor Petreanu (deformat) si Varful Pietrii (sill
concordant nedeformat) ar fixa limitele perioadei de
mtruziune a plutonilor granitoizi.

(3) Cazul Tismana aratd c& magmatismul postco-
lizional poate avea afinitate shoshonitici. Plutonul
Novaci, ce aratd asemindri evidente pe teren si sub
microscop cu Tismana, este de asemenea shoshonitic
in cazul rocilor bazice, dar cele acide nu sunt atat de
bogate in potasiu. Caracterul shoshonitic dobandit
la inceputul evolutiei a fost demostrat prin faptul
cd lichidul parental si cele mai primitive cumulate
peridotitice sunt bogate in K. Am tras concluzia ei
mantaua generatoare a fost, de asemenea, bogata in
potasiu, poate datoritd unei metasomatoze anterioare
legata de subductie.

(4) In acest mediu posteolizional, evolutia grani-
toidelor indicd o imbogétire in timp progresivi in a-
numite elemente majore si minore, de la seriile cal-
coalcaline sincolizionale la cele "high-K™ si apoi la
cele shoshonitice ("very high-K"). Aceasta evolutie a
fost observata i multe alte provincii §i datele noas-
fre pot fi utilizate pentru construivea unni model mai
general, In danubianul Carpatilor Meridionali se ob-
serva o trasdturd aparte prin faptul ca plutonii gra-
nitoizi sunt intrugi m socluri formate in medii geotec-
tonice diferite: arc insular pentru soclul tip Draggan
§t margine continentald pentru cel tip Lainici-Paius.
Ambele serii de plutoni prezintd in linii mari ace-
leagi tipuri de granitoide (lencogranitoide, granitoide
calcoalcaline), dar stadiul shoshonitic a fost obser-
vat numai in soclul tip Lamici-Paing. Ambele so-
cluri sunt traversate de roiuri de dyke-uri calcoalca-
line (Complexul Filonian de Motru - CFM - si lam-
profirele), aratand ca in stadiile finale ale evolutiei
tectonice o fazd extensionali de deformare le-a afectat
producand, in mod surprinzitor, topituri calcoalca-
line. Aceasta sugereazit apropierea geografici a celor
doua terrane-uri m panafricanul tarziu (o prima co-
liziune fiind marcata de gnaisele oculare de Fagetel la
777 MA), icilecarea Driggan / Lainici-Paiug (varis-
ticd sau mai noud) find o structurd intraterrane.
Aceastd recurenta calcalcalind indicid o sursi unica
pentru ambele grupe de granitoide, diferentele legate
de situarea intr-un terrane sau in altul fiind proba-
bil o trasdturd superficiali responsabili doar pentru
evolutia terminald a magmatismului granitoid.

17

Tismana age also permits to constrain the interpre-
tation of the isotope characteristics of the other mas-
sifs. During this study we have also realised the im-
portance of dating few more massifs by U-Ph zircon
method: the age of Retezat pluton in the Drigsan
terrane is a key constraint for the exact age of the
large pre-Alpine overthrust of the Driggan Group
over the Lainici-Pdiug Group. Similarly, U-Pb age
on the Sfardin massif (another pluton in the Drigsan
basement) would permit to confirm the chronology of
the intrusions in that terrane and to compare it with
the 567 Ma of Tismana. In the Lainici- Paius terrane,
the U-Pb zircon age on Petreanu (deformed) and on
Varful Pietrii (undeformed but concordant sill) would
bracket the intrusive period of the granitoid plutons.

(3) The Tismana case has shown that the post-
collisional magmatism can be of shoshonitic affin-
ity. Novaci, which shows obvious similarities in the
field and under the microscope with Tismana, is also
shoshonitic in its more mafic rocks but its acidic
rocks are not so IK-rich.  We have shown that this -
shoshonitic character is earmarked from the begin-
ning of the evolution: the parental liquid and also
the most primitive peridotitic cumulates are K-rich.
We have concluded that the mantle was also K-rich,
pussibly due 1o a previous subduction-related meta-
sormatism.

(4) In this late-collisional setting, the granitoid evo-
lution indicates & progressive enrichment with time in
typical trace and major elements, from cale-alkaline
syn-collisional series to high-K and shoshonitic (very
high-K) kindreds. This evolution hias been observed
in many different provinces and our findings can be
used to build up a more general model. In the South
Carpathians, a particular feature is ohserved: maost
granitoids are distributed in two different types of
nappe basement which have been formed in distinet
geological environments, the Drigsan and Lainiei-
Paiug nappe basements respectively built in an is
land arc and a continental margin settings, Both se-
ries of granitoids show grossly similar petrographic
types (leucogranites, calc-alkaline granites). The
shoshonitic stage is, however, observed oily in the
Lainici-Paiug terrane. Both terranes are also cut
across by dyke swarms of calc-alkaline composition
(the Motru Dyke Swarm - MDS - and the lampro-
phyres), thus showing that in the latest stages of
tectonic evolution an extensive phase of deformation
have affected the two terranes to produce (surpris-
ingly) calc-alkaline melts. This points to geographic
proximity of the two terranes in Late Pan-African
times {the docking is supposed toproduce the Fagetel
augengneiss dated at 777 Ma), the Driggan-Lainici-
Paiug thrust (Variscan age or later) being an intrater-
rane structure. This calc-alkaliné recurrence in ex-
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(5) Distributia pamanturilor rare in “granitoidele
medii” aratd mari asemindri, indiferent de tipul de
terrane (Draggan sau Lainici-Piiug) in care acestea
sunt cantonate, indicand de asemenea o sursa comuna
{fig.). Presupunand ¢4 arcul insular §i marginea con-
tinentald au avut compozitii chimice diferite, este
greu de admis cd ele au putut produce magme
asemindtoare. Se poate deci accepta ca cele doud
terenuri erau deja sudate de o importantd incalecare
ce duplica crusta, astfel incat aveau un fundament
comun.

(6) Totugi, marea varietate de varste TDM indica
fie ¢a rocile sursi aveau varste diferite, fie ca diversele
granitoide au rezultat din amestecul in proportii vari-
ate al unei surse juvenile (manta sau crusta recent
formati) cu o componenta veche crustald (arhaicd).

(7) Desi cele mai multe masive aratd, pe criterii
structurale, o geneza postcolizionala, ele au totugi o
gami largd de compozitii chimice care, atunci cand
sunt folosite criteriile de discriminare clasice, ar in-
dica medii sincolizionale sau intraplaca. Aceasta con-
firma ineficienta acestor criterii, cel putin in cazul
prezent.

(R) Desi au caracteristici petrografice (in primul
rand caracterul leucocratic) si trisituri geochimi-
ce comune, masivul Varful Pietrii §i dyke-urile
leucogranitice sincinematice nu sunt inrudite: sursele
lor au varste si caracteristici izotopice diferite. De
remarcat oi feldspatii potasici “negri”, caracteristici
acestor dyke-uri, nu apar in leucogranitele de Varful
Pietrii.

(9) Ogradena este un granitoid tipi¢ pentru topi-
turi crustale (granit tip S). El arata o distributie a
pamanturilor rare cu continuturi relativ joase in e-
lemente incompatibile, sugerand un grad scizut de
topire partiald (cand mineralele refractare bogate in
REE nu au fost incd dizolvate in leucosoma). U-
nele roci sunt foarte asemanatoare cu roci din masivul
Sichevita (distributie platd si joasd a REE). Aceste
similarititi sugereazia ci izocrona Rb-Sr varisticd
obtinutd pentru Ogradena reflecti varsta intruziunii,
deoarece pentru masivul Sichevita exista varste U-Pb
varistice. De remarcat mmsa ca Ogradena este conginut
in soclul danubian, 1 timp ce Sichevita aparfine
panzei getice. Trebuie remarcat cd varsta varistica
obtinutd pentrn Ogradena este un alt rezultat al
acestui studiu. Se impun alte studii de geochimie
a elementelor majore si minore §i izotopicd asupra
rocilor din masivul Sichevita, pentru a documenta
procesele de topire crustald varistice. In acelagi mod,
o atentie particulard ar trebui acordatd leucogra-
nitelor Lainici-Piius, ce evidentiaza anatexie in situ
(endomigmatite).

{10) Carpatii Meridionali expun o suita unica de
granitoide intruse dup# orogeneza panafricana.

tensional environment suggests that a similar source
must have been available for both groups of grani-
toids, the terrane difference being probably a super-
ficial feature only responsible for the late evolution of
the granitoids.

(5) REE distributions in the "average granites”
show many similarities irrespective of the type of ter-
rane (Dragsan or Lainici-Paius) in which the granites
have been emplaced. This again points to a common
source (Fig.). Considering that the island arc and
the continental margin environments had probably
distinet chemical composition, it is difficult to ad-
mit that they could have produced similar magmas.
One is therefore forced to accept that the two ter-
ranes were already welded together by a large thrust
duplicating the crust in-such a way that they had a
common basement.

(6) The large variety of TDM ages, however, in-
dicate either that the source rocks were made up of
fragments of different ages, or that the different graii-
toids result from the mixing of a juvenile source {man-
tle or recently formed crust) with an old Archaean
crustal component.

(7) Though most granitoids occur in the same post-
collisional tectonic setting they, however, show an ex-
tended range of chemical composition which, when
classical discrimination criteria are used, would in-
dicate syn-collisional to within-plate settings. This
confirms the inadequacy of these criteria, at least in
the present case.

(8) Though they have common petrographic char-
acteristics (namely their lencocratic character) and
geochemical features, the Varful Pietrii large sill and
the Lainici-Paiug leucogranitic dykes are not related:
their sources have quite distinct age and isotope char-
acteristics. Note that "black”™ K-feldspars, charactes-
istic of these dykes, are not known in Varful Pietril.

(9) Ogradena is a typical crustal melt (S-granite).
1t shows a REE distribution with rather low incom-
patible element contents, suggesting low degree
partial melt (when refractory REE-rich minerals are
not vet dissolved in the leucosome). Some rocks are
very similar to Sichevita rocks (flat and low REE
pattern). These similarities suggest that the Rb-
Sr Variscan isochron measured in Ogradena is the
emplacement age, as for Sichevi{a there are U-Pb
Variscan ages. Note, however, that Ogradena is in-
truded in the Danubian basement and Sichevita is
in the Getic Nappe basement. It should be high-
lighted that the Variscan age obtained for Ogradena
is another original result of this study. It certainly
urges for further studies (major, trace and isotope
elements) of Sichevita rocks to better document the
Variscan crustal melting process. In the same way,
peculiar attention should also be brought to the
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Studii detaliate ale acestor plutoni, comparabile cu
cel pe care |l-am realizat pentru masivul Tismana,
vor conduce desigur la obfinerea unor constrangeri
asupra originii granitoidelor. Se impun diferite studii
(petrologice, geochimice, geocronologice) asupra seri-
ilor granitoide din Carpatii Meridionali.

Lainici-Paiugi leucogranites that show field evidence
of n situ anatexis (endomigmatites). '

(10) South Carpathians display a unique suite of
granitoids emplaced after the Pan-African orogeny.
Detailed studies of these plutons, comparable to that
realised on the Tismana massif, would certainly lead’
to major constraints on granitoid origin. There
is a need for several studies on the different as-
pects (petrology, geochemistry, geochronology) of the
South Carpathians series.
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