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Abstract

The South Carpathians, which were thrust to the Moesian platform in the Alpine orogeny (Late Cretaceous to Tertiary),
include the Danubian nappe system. The Danubian pre-Alpine basement comprises two Variscan nappes, each one made
up of partially retrogressed amphibolite facies rocks intruded by granitoids and capped by an Ordovician-Devonian
volcano-sedimentary cover. No lithological correlation can be established between the pre-Ordovician basements of these
two units.

The metamorphic basement from the first Variscan nappe, the Drigsan Group, is composed of banded amphibolites with
some augen and aluminous gneisses intruded by granodioritic to tonalitic plutons. The banded structure of the amphibolites,
together with their geochemistry, suggests a volcano-sedimentary sequence. Zircon U-Pb data on an intercalated augen
gneiss have given an age of 777 & 3 Ma for the emplacement of the protolith of this gneiss. Nd model ages (Tpm) for
the amphibolites range from 717 Ma to 817 Ma. At 777 Ma, exq values cluster is at +8.3 to +9.8 and Sr initial ratios
range between 0.7007 and 0.7023, indicating an oceanic origin without continental crust contamination. Major and trace
elements from the Drigsan amphibolites consistently display an island arc signature, with three differentiation trends
evolving from an early tholeiitic trend to a more differentiated low-K calc-alkaline one. The Drigsan terrane is similar to
the early Pan-African juvenile terranes of the Sahara.

The basement of the second Variscan nappe, the Lainici-Pédius Group, is made up of metasedimentary rocks (mainly
quartzites, marbles and graphitic mica gneisses) cut by early leucogranitic dykes, medium-K calc-alkaline and alkali-calcic
(mainly granitic) plutons, and late medium-K porphyry diorite dykes. This magmatism can be bracketed between 588 Ma
and 567 Ma (U-Pb zircon ages). The best preserved pluton (Tismana, 567 Ma old), displays a composite alkali-calcic (very
high-K calc-alkaline) magmatic sequence, ranging from gabbro-diorite to monzogranite, including an ultramafic pod. Ages
and geochemical signatures resemble the Saharan late Pan-African granitoids.

The existence of Late Precambrian partly juvenile terrains is thus confirmed within the basement of South Carpathians,
which renders then a segment of the European Alpine belt that can be successfully compared to the Pan-African
Trans-Saharan belt.
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1. Introduction

Recent papers devoted to the basement of the
Alpine belt in Europe have mentioned the possi-
ble existence of several Late Precambrian relics
(Neubauer, 1991; Pin, 1991; von Raumer and
Neubauer, 1993; Dallmeyer and Neubauer, 1994).
Probably the largest of these relics is localized in the
South Carpathians of Romania (Minzatu et al., 1975;
Griinenfelder et al., 1983; Kriutner et al., 1988;
Krautner, 1993; Berza et al., 1994). This paper con-
firms the existence of Late Precambrian lithologies
in the South Carpathians and constrains their geody-
namic palaeoenvironment. In the Alpine foreland of
the Carpathians, contemporaneous terrains are only
known in the Moravian zone northwest of the West
Carpathians (Finger et al., 1989; Fig. 1). The fore-
land of the South Carpathians is of Mesoproterozoic
age while that of the East Carpathians is Palaeopro-
terozoic. Correlations with the well-preserved Pan-
African belt of northern Africa in the Saharan Tuareg
shield (Liégeois et al., 1994; Black et al., 1994) are
suggested.
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2. The Danubian nappes: Alpine and Variscan
features

The 900 km long arcuate Carpathian mountain
range in Romania comprises the East and South
Carpathians. The Apuseni Mountains lie inside this
Carpathian arc (Fig. 1). The East Carpathians are
thrust upon the East European Palaeoproterozoic
platform while the South Carpathians are thrust upon
the Moesian Mesoproterozoic platform. The contact
between these two platforms is NW-SE-oriented,
passing below the bend of the Carpathian arc.

The South Carpathians were thrust upon the Moe-
sian cratonic area in Upper Cretaceous to Tertiary
times and, after erosion, have been partly covered
by Oligocene to Neogene sediments. Current re-
lief is due to intraplate deformation inside the Alpine
framework, probably in response to horizcntal move-
ments along roughly E-W-oriented shear zones. The
small coal-bearing Oligocene-Miocene half-graben
pull-apart basin of Petrosani is related to such a
dextral movement along a major fault system (Berza
and Draginescu, 1988; Ratschbacher et al., 1993;
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Fig. 1. The different Alpine thrust units in the South Carpathians (modified from Krdutner et al., 1988). Inset: main geographical
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Fig. 2. Simplified geological map of the Danubian window in the South Carpathians (modified from Berza et al., 1994) enhancing the
Precambrian lithologies. Km 118.5, south of Petrogani, represents the main sampling locus of Drigsan metatuffs (groups A, B, C).
Basement and Alpine cover of the Getic and Upper Danubian nappes have not been differentiated. As they are very limited in outcrop

area, Ordovician to Carboniferous metasediments are not shown.

Berza et al., 1994). This recent tectonics has a brittle
behaviour and its effects are limited to fault zones.

2.1. The Alpine Danubian nappe system

At the beginning of the century, Murgoci (1905)
already recognized the Getic Nappe (Fig. 1) in the
South Carpathians, thrust on a unit later termed
Danubian by Codarcea (1940) and considered as
autochthonous. The Supragetic Nappe (Fig. 1), rest-
ing upon the Getic Nappe (Streckeisen, 1934; Co-
darcea et al., 1967), and the ophiolite-bearing Sev-
erin Nappe (Codarcea, 1940), which is situated struc-
turally between the Getic and Danubian nappes, have
been recognized later. The Danubian was shown to
constitute a nappe system (Berza et al., 1983; Fig. 2)
representing the lowest part of the nappe pile in
the South Carpathians. The assembly of the Getic—
Supragetic and Danubian terranes occurred only in
the Upper Cretaceous. Before the collision, in Up-
per Jurassic—-Lower Cretaceous, these terranes were
separated by the Severin oceanic domain, implying
that the pre-Alpine evolution of the Getic-Supragetic
was drastically different from that of the Danubian.

The various Eoalpine (Cretaceous) Danubian

nappes contain the same basement lithologies (Berza
and Seghedi, 1983). They consist of several series
metamorphosed in the amphibolite facies, and of a
lot of late to post-kinematic granitoids (Fig. 2). They
are capped by Mesozoic sediments, mainly carbon-
ates, but locally also by fossiliferous Ordovician
to Carboniferous sediments (Krdutner et al., 1981;
Fig. 3). The Eoalpine thrusting induced myloniti-
sation and metamorphism within lower greenschist
facies conditions on much of the Danubian rocks.
However, unaffected or slightly affected domains can
be found and their pre-Eoalpine evolution studied.

The Danubian nappe system has been subdivided
in two parts, the Upper Danubian and the Lower
Danubian (Berza et al., 1983, 1994; Figs. 1, 2),
which are separated by a major thrust plane and dif-
fer in their Mesozoic covers (Stinoiu, 1973; Kriut-
ner et al., 1981). In the Lower Danubian, two nappes
have been distinguished: the Lainici and Schela—
Petreanu nappes (Kréutner et al., 1981, 1988; Berza
et al., 1994). This paper only deals with the base-
ment of the Lower Danubian nappes. However, the
basement of the Upper Danubian has similar litholo-
gies (Berza and Seghedi, 1983; Krautner et al., 1988;
Kriutner, 1993; Berza et al., 1994).
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Fig. 3. Schematic cross-section of the Alpine Danubian nappe system in the studied area. The Variscan Retezat—Paring nappe comprises
the Drigsan amphibolitic basement and the Retezat and Paréng types of granites. The Variscan Vilcan-Pilugu nappe comprises the
Lainici-Piiug metasedimentary basement, the Lainici-Péiug leucogranitoid dykes, the Susifa and Tismana pluton types and the Motru
dyke swarms. Inside the Danubian, the Variscan thrusts separate different terranes (Drigsan and Lainici~P3iug Groups). This is not the
case for the Alpine thrusts. LD] = Lower Danubian 1; LD2 = Lower Danubian 2; UD3 = Upper Danubian 3. Upper Danubian 1, 2 and
4 are only present more to the west. VP = Vilcan—Pilugu Variscan thrust unit; RT = Retezat-Paring Variscan thrust unit.

2.2. The Variscan nappe system in the Lower
Danubian

The pre-Alpine thrusts in the Alpine Lower Danu-
bian nappes are of Variscan age. Indeed, they have af-
fected the Ordovician-Devonian sediments while the
undeformed Permian sediments rest unconformably
on the mylonites (Berza and Iancu, 1994).

Two Variscan thrust units have been defined (Figs.
2, 3): the Vilcan—Pilugu (VP) and the Retezat—Paring
(RP) units. The RP thrust unit rests always structurally
upon the VP unit. Both Variscan thrust units are made
of metamorphic rocks intruded by various granitoids
and capped by Ordovician—Devonian sediments. The
VP basement is metasedimentary (mainly quartzites
and carbonates, the Lainici-Pdiug Group) while the
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RP basement is metavolcanic, mainly banded amphi-
bolites, the Driagsan Group.

The Variscan deformation and thrusting event re-
sulted in the formation of 100 to 1000 m thick
zone of greenschist facies mylonites. Variscan and
Eoalpine dynamic effects cannot be easily distin-
guished. However, unlike the Eoalpine thrusts, the
Variscan thrusts seem to separate different terranes
(Krautner, 1994). Even if Ar~Ar ages give the most
often Alpine or Variscan ages (Dallmeyer et al,
1994a,b), neither period of retrogression reached the
amphibolite facies conditions, which can be iden-
tified only in rocks deformed during pre-Variscan
events. This conclusion is confirmed by the pre-
Variscan granitoids and the Palacozoic sedimentary
covers which, when they are affected by the Variscan
thrusts, reequilibrated in greenschist facies condi-
tions, but never to amphibolite facies.

3. Precambrian lithologies in the Danubian
basement

3.1. The Lainici—Pdius metasedimentary group and
its intrusives in the Valcan—Pilugu Variscan unit

The Lainici-Piiug Group (Manolescu, 1937) is
composed of abundant quartzite, biotite gneiss,
marble and graphitic gneiss, the richest parts of
which are mined for graphite. Minor amphibolite
is also present. Frequent migmatitic zones were
formed during the pre-Ordovician regional upper
amphibolite facies. Two formations have been dis-
tinguished (Berza, 1978; Schuster, 1980): (1) a
‘Carbonate-Graphitic Formation’, made up of crys-
talline limestone and dolomite, sillimanite—andalu-
site—cordierite~graphite-mica gneiss, amphibolite,
calc-silicate gneiss and biotite gneiss; (2) a ‘Quartzitic
and Biotite Gneiss Formation’, consisting of var-
ious quartzites interlayered with biotite £ amphi-
bole gneiss and minor amounts of amphibolite, mar-
ble and sillimanite gneiss. The Lainici—-Péiug Group
is characteristically affected by low-pressure/high-
temperature amphibolite facies metamorphism (Savu,
1970; Berza, 1978).

A characteristic feature of the Lainici~P#iug Group
is the abundance of leucogranitoid that intruded the
metasediments as dykes or bodies (Berza, 1978). The
bodies rarely exceed 100 m. The dykes are often

concordant, having intruded parallel to the metamor-
phic foliation after the peak of the amphibolite facies
metamorphism. They can be considered as lit-par-
lit injections, or as late-metamorphic syn-kinematic
dykes. These leucogranitoids, called Lainici-Piiug
leucogranitoid, correspond to ~25% of the coun-
try rock. It is characterized by the common black
colour of the porphyritic K-feldspar, scarce garnet,
biotite and muscovite, and a heterogranular fabric.
Some dykes are pegmatitic. Xenoliths from the coun-
try rocks are frequent in the dykes, though this feature
can often be interpreted as blocks isolated by intru-
sion.

The Lainici-Paius metasediments and leucogra-
nitic dykes were intruded by large elongated plutons
of two types (Manolescu, 1937; Berza, 1978). The
first one, the Susita-type, is made up of medium-
K calc-alkaline granodiorite and tonalite (Savu et
al., 1971). Mafic magmatic enclaves are abundant.
The main plutons are Susita, Frumosu, Oltey and
Buta (Fig. 2). They have been variably affected by
Variscan and Eoalpine thrusts; Susita is foliated,
displaying S—C mylonites, with only minor well-
preserved parts, while unaffected parts in the other
plutons are common. The Tismana-type plutons dis-
play a composite alkali-calcic magmatic sequence
(very high-K calc-alkaline, see below), ranging in
composition from gabbro-diorite to syenogranite, in-
cluding ultramafic pods (Berza, 1978). The mafic
rocks are in general equigranular, pyroxene-bearing,
and dominate at the margins of the plutons. The in-
termediate and acid rocks are commonly porphyritic
and contain biotite and hornblende. Mafic micro-
granular enclaves are frequent and mingling/mixing
processes between basic and acid magmas are con-
spicuous. Accumulation of K-feldspar is common.
The two plutons of this group, Tismana and Novaci
(Fig. 2), are weakly affected by later Variscan and
Eoalpine thrusts.

The last pre-Ordovician magmatic manifestation
is the intrusion of mainly porphyritic microdioritic
or microgranodioritic and rare microgranitic or lam-
prophyric dykes from the Motru swarm (Berza and
Seghedi, 1975) which, in contrast to the Lainici-
Pdiug leucogranitoidic dykes, crosscut the plutons.
In the Frumosu pluton, these dykes contain gran-
odioritic inclusions from the pluton with contorted
and diffuse boundaries, suggesting that the Frumosu
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pluton was still hot when the Motru dykes were
intruded.

3.2. The Drdigsan metavolcanic group and its
intrusives in the Retezat—Pardng Variscan unit

The major part of the Draggan Group (Pavelescu,
1953) is composed of banded amphibolite, but also
comprises ultramafic bodies, augen gneisses, biotite
gneisses and rare marbles. It is affected by a Bar-
rovian amphibolite facies metamorphism but many
areas have been retrogressed to greenschist facies
(Berza and Seghedi, 1983).

We interpret the banding of the amphibolites as an
original pre-metamorphic feature which suggests a
volcano-sedimentary origin (tuffs). Bodies of pyrox-
enites are known, especially in the Parfing Mountains
(Micaia Mountain) where their lengths can reach 2-3
km.

The Drigsan Group was intruded by the Retezat,
Paring and Culmea Cernei plutons (Fig. 2). The
Retezat pluton is leucocratic and composed of gran-
odiorite and tonalite with some quartz diorite at its
periphery. The Paring and Culmea Cernei plutons
are compositionally comparable to the Susita type of
the Vilcan-Pilugu unit.

4. Late Precambrian ages in the Danubian
basement

4.1. Previous results

In this paper, we will not discuss the numer-
ous K-Ar ages available for the Danubian base-
ment (see Minzatu et al., 1975; Griinenfelder et
al., 1983; Kriutner et al., 1988), as this system has
been strongly affected by both Variscan and Eoalpine
thrusting events and often gives reset or partly reset
ages. The oldest measured values (650-550 Ma) nev-
ertheless gave rise to the suspicion of the existence
of Precambrian terrains in the South Carpathians
(Kriutner et al., 1988). Dallmeyer and Neubauer
(1994) reported plateau *°Ar/>® Ar ages between 600
and 300 Ma for the Danubian basement, confirming
the K—Ar age range.

The only reliable and published Precambrian age
for the Danubian is a zircon composite age for two
different granites from the Valcan—Pilugu unit (Gri-

nenfelder et al., 1983). Their data give an age of 582
+ 7 Ma (20) for a Lainici—P&iug leucogranite from
the Jiu valley, and of 588 &+ 5 Ma (20') for a granite
from the Novaci pluton (recalculated from Griinen-
felder et al., 1983). Both ages, upper intercepts of
the discordias and based on four zircon fractions,
are interpreted as the emplacement age. The lower
intercepts are —40 £ 51 Ma and 22 + 8 Ma, re-
spectively, and probably correspond to continuous
Pb loss. The negative lower intercept of the Lainici—
Paius leucogranite indicates that the emplacement
age of this body is closer to 589 Ma than to 575 Ma.

4.2. New results

Methods are described in the appendix and re-
sults are listed in Tables 1 and 2. Four zircon frac-
tions from a granite sample of the Tismana pluton
(Valcan-Pilugu unit, Fig. 4A; Table 1) determine a
discordia line intercepting concordia at 567 4+ 3 Ma
(20, upper intercept) and 19 = 8 Ma (20, lower
intercept). The absence of Variscan and Eoalpine
events recorded in the zircon can be linked to the fact
that the Tismana pluton is well preserved and only
weakly affected by these events. As the post-nappe
Alpine tectonics is only brittle and very localized,
the lower intercept probably corresponds fo a contin-
uous Pb loss with no geological meaning. However,
a Miocene Neoalpine effect cannot be ruled out. On
the other hand, the upper intercept can only date the
intrusion of the pluton.

In the Retezat—Paring unit, in the basin of the
Raul Bérbat (Fig. 2), a kilometre-sized body of au-
gen gneiss, interfingered with amphibolites, was in-
terpreted as a pre-metamorphic felsic pluton (Berza
and Seghedi, 1983). Four zircon fractions from this
augen gneiss (Fig. 4B; Table 1) determine a discordia
line intercepting concordia at 777 + 3 Ma (20, up-
per intercept) and 5 + 23 Ma (20, lower intercept).
Under the electron microscope, these zircons show
no core, are well-zoned and display well-developed
prisms with slightly rounded endings. They appear to
be magmatic, with no or little metamorphic overprint.
This is in agreement with the weak discordance of the
analysed fractions. The upper intercept age (777 + 3
Ma) is consequently interpreted as the intrusion age
of the protolith. The lower intercept corresponds to an
Alpine effect or to continuous Pb loss.
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Fig. 4. (A) Zircon U-Pb Concordia diagram for the Drigsan augen gneiss (Retezat-Pardng thrust unit). (B) Zircon U~Pb Concordia

diagram for the Tismana pluton (Vélcan-Pilugu thrust unit).

Sm-Nd isotopic measurements on Dragsan banded
amphibolites (samples preserved from Variscan and
Alpine effects, collected along the Jiu Valley at km
118.5 on NR66) give an age for the protolith of 835
+ 200 Ma (MSWD = 3.27, 8 WR, Nd initial ratio
= 0.51205 4 0.00004 corresponding to eng = +9.5
+ 1; Fig. 5A, Table 2). The zircon age of 777 Ma of
the augen gneiss is similar within errors. The MSWD
value of 3.27 suggests that only small variations in

the oceanic Nd initial ratio existed for the different
amphibolite bands. The augen gneiss (R126) lies far
below the amphibolites alignment indicating a differ-
ent source (eng at 777 Ma = —5.4).

By contrast, Rb-Sr isotopic measurements gen-
erate only an errorchron (424 £ 130 Ma; Sr initial
ratio = 0.70276 & 0.00049; MSWD = 171; Fig. 5B,
Table 2), which is obviously meaningless except
that it corresponds to a value intermediate between
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Table 1
Zircon U-Pb data

206Pb/204 Pb 207Pb*/235U 206Pb*/238U

07ppx/206pb* ¢ (BEULCPL*)  1(BSUAYTPLY) 1 (X7Pb*/2%Pb¥)

Drigsan augen gneiss (R126)

-3°M/63-106 n 1379 £ 2 0.9568 0.1069
-5°M/63-106 p 113 +£1 1.0141 0.1131
—6°M/63-106 n 840 1 0.93604 0.10417
~7°M/63-106 1 1614 £ 1 1.03494 0.11527

Tismana granite (R16)

—4°M/100-150 p 500 £ 2 0.4654 0.0579
-6°M/100-150 n 1054 5 0.5684 0.0692
-7°M/100-150 p 2402+ 12 0.5982 0.0745
~7°NM/100-150 u 1540+ 13 0.4934 0.0605

0.06489 655 682 771
0.06501 691 711 775
0.06281 639 671 780
0.06512 703 722 779
0.05831 363 388 541
0.05953 432 457 587
0.05827 463 476 540
0.05912 379 407 572

Sample fractions are characterized by their diamagnetism and their granulometry: each fraction contains 4 to 6 grains. U/Pb and Pb/Pb
ages are expressed in Ma. Radiogenic lead (Pb*) corrected for both blank (20-50 pg) and common lead (after the model of Stacey and

Kramers, 1975).

the magmatic age and that of a major perturbation
(Variscan thrusting?).

The 777 + 3 Ma intrusive age for the augen
gneiss is a minimum age for the amphibolite pro-
tolith. However, as the Tpy model ages of the latter
(8 rocks; Table 2) range between 617 = 95 Ma and
817 -+ 90 Ma following the parameters of Golstein
et al. (1984) or even younger following the param-
eters of Nelson and De Paolo (1985) or Michard
et al. (1985), they cannot then be much older. The
young Tpm values found with the two last sets of
parameters point out the overall imprecision of the
Tpom model ages which give ages with a precision,
at best, of +100 Ma. At 777 Ma, the epq of the in-
dividual amphibolite samples are bracketed between
+8.2 and +9.8, indicating a strong oceanic affinity
(Fig. 10B). The present ¥ St/*¢Sr ratios are between
0.7037 and 0.7057, and calculated back to 777 Ma
they are in the range 0.7007-0.7023 (Table 2), also
pointing to a depleted mantle origin. The Sr; of the
augen gneiss at 777 Ma is 0.7045, in agreement with
the eng of —5.4, indicating a crustal component in
the protolith.

4.3. Interpretation

In the Vilcan—Pilugu unit, the three granitoids
dated using U-Pb on zircon (Griinenfelder et al.,
1983; this study) are in the same age range: 582 +
7 Ma for the Lainici-Piiug leucogranite, 588 & 5
Ma for the Novaci pluton and 567 & 3 Ma for the

Tismana pluton. This indicates that the late-kinematic
Tismana-type plutons are not much younger than
the syn-kinematic Lainici—Péiug leucogranitoid that
they intruded. As Susita-type plutons are similar pre-
Variscan elongated bodies as Tismana or Novaci and
also crosscut the Lainici-Pdiug leucogranitoid, they
can also be considered to have intruded within the
same age range. If the field observations indicating
than the Motru dyke swarm cut a still hot Frumosu
pluton (Susita type) are correct, this suggests that syn-
to late-kinematic granitoids intrusive into the Lainici—
Piiug metasediments were all emplaced in the 588-
567 Ma age range.

In the foreland of the Western Carpathians
(Fig. 1), Cadomian granitic plutons within a 690-
550 Ma age range occur in the Moravian zone (Fin-
ger et al., 1989 and references therein) and similar
ages have been obtained on the Lusatian granitoids
in the northern Bohemian massif (542 = 9 Ma and
587 4+ 17 Ma, U-Pb on zircon, 573 + 44 Ma, Rb-
Sr; Kroner et al., 1994) and on detrital muscovites
from the Eastern Alps (Dallmeyer and Neubauer,
1994). This is also an age range typical for the late-
kinematic high-K calc-alkaline granitoids from the
Pan-African belt of Saharan Africa (Liégeois et al.,
1987, 1994; Schandelmeier et al., 1990). Moreover,
as the Lainici—Piius leucogranitoids are concordant
with the metamorphic foliation, the HT-LP amphi-
bolite facies metamorphism that has affected the
Lainici—Paiug Group is probably not much older
than 600 Ma, i.e. typically late Pan-African in age.
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Fig. 5. (A) Sm-Nd (nearly) isochron from the Drigsan banded amphibolites. The R126 augen gneiss lies well below this isochron, (B)
Rb-Sr errorchron from the Driigsan banded amphibolites. This errorchron corresponds probably to a partial resetting of the Rb—Sr system

during the Variscan thrusting.

In the Retezat—Parang Variscan unit, the intrusion
of the Dragsan augen gneiss protolith has been dated
at 777 = 3 Ma. This constitutes a minimum age for
the banded amphibolites which cannot be much older
(maximum 7Tpy model ages around 800 Ma). The
Sm-Nd isochron age of the amphibolites confirms
this view (835 % 200 Ma). These ages constitute a
maximum value for the post-metamorphic intrusion
of the Retezat, Parang and Culmea Cernei granites.

Sm-Nd isochron ages of 1018 + 59 Ma for pla-

gioclase amphibolites and 1071 + 43 Ma for banded
amphibolites from the Simplon area in the Alps have
been reported by Stille and Tatsumoto (1985). The
777 £ 3 Ma age of the Drigsan granite is com-
parable to the age of the early Pan-African events
described in the Tuareg shield (Sahara; Black et al.,
1994): to the west, the Tilemsi oceanic arc has been
dated at ~730 Ma (Caby et al., 1989); ages around
850 Ma have been obtained from the Iskel terrane
(Caby et al., 1982) and around 730 Ma in the juve-
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Fig. 6. Schematic map of northern Africa and Europe showing old cratons or platforms (>0.95 Ga), Neoproterozoic Pan-African domain
and Phanerozoic orogeny domain (after Black and Liégeois, 1993; Choubert et al., 1984; Dallmeyer and Neubauer, 1994). This map
shows the relative importance of the Neoproterozoic orogeny domain in northern Africa and Europe that justifies the use of the term
Pan-African in Europe. A world-wide use of the term Pan-African is suggested for all the Neoproterozoic orogenies (800-540 Ma).

nile Aouzegueur terrane (Caby and Andreopoulos-
Renaud, 1987). The early high-pressure metamor-
phism described in Air (Nigerian Sahara) is just
older than 730 Ma (Liégeois et al., 1994). The
two Cadomian or Baikalian age sets found in the

Danubian nappes (~780 Ma and ~580 Ma) could
correspond to the two coupled Pan-African oroge-
nies of the Tuareg shield (Liégeois et al., 1994;
Black et al., 1994). As the Pan-African orogeny is
widely present in Africa (Fig. 6) where it is the
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Table 3
Chemical compositions of the Dréggan unit

Al A2 A3 BI B2 B3 B4 BS B6 Cl C2 C3 C4 Ml M2 AG

(R118) (RI20A) (R206B) (R120C) (R117) (R119) (R121) (R208) (R207) (R209) (RI120B) (R206A) (R122) (R244) (R245) (R126)
SiO; S51.14 48.96 48.04 47.24 47.57 49.10 5364 5048 4999 6254 6151 63.87 66.60 50.31 4943 67.67
TiO, 2.65 273 2.76 1.50 1.75 1.80 1.52 1.34 1.54 0.80 0.89 0.62 0.31 0.13 0.05 0.64
Al O3 13.82 14.48 13.77 16.09 16.18 16.89 17.17 1695 1686 16.13 17.05 15.62 17.55 4.16 376  14.34
Fe 03 5.30 587 nd. 4.13 3.96 3.49 425 nd. n.d. n.d. 275 nd 1.77 nd. nd. 1.22
FeO 8.09 7.83  nd 7.07 7.49 7.07 542 nd. nd. n.d. 376 nd 1.02 nd. n.d. 3.85
MnO 0.25 0.25 0.30 0.16 0.18 0.22 0.20 0.24 0.24 0.09 0.09 0.11 0.07 0.15 0.14 0.05
MgO 4.32 527 7.07 8.42 6.87 6.27 397 531 5.56 2.88 2.60 3.40 0.87 20.16 20.15 1.7
CaO 7.73 8.15 8.76 7.82 9.03 7.42 6.99 7.77 7.67 3.02 3.51 4.47 3.65 15.60 17.52 0.94
Na,O 2.24 1.81 246 2.62 2.89 2.15 356 333 2.66 3.29 3.95 4.56 4.69 0.34 0.12 2.24
K-O 0.85 1.09 0.74 1.03 0.57 1.22 0.59 0.80 0.84 2.00 1.07 0.76 1.14 0.07 0.03 4.15
P>0s 0.37 0.47 041 0.26 0.26 0.37 0.33 0.25 0.31 0.13 0.15 0.15 0.14 0.02 0.01 0.11
PF 2.32 2.18 1.31 297 2.58 3.03 2.20 1.32 1.55 2.2% 2.55 1.13 1.46 1.06 1.58 2.54
Total 99.97 99.95 99.90 100.09 100.16  99.81 10043 9944 99.33 100.09 100.29 100.86 99.39 99.19 99.07 99.87
Fe,03  14.28  14.56 14.28 11.98 1228 1134 1026 1L65 1211 7.00 6.92 6.17 2.91 7.19 6.28 5.49
v 399 429 465 273 349 282 213 293 308 138 141 97 45 207 211 53
Rb 20.3*  22.1% 17.2% 20.8* 14.1%  29.4* 125% 153* 18.0% 424 22.4* 16.0* 22.1% 0.2% 0.2* 1723
Y 45.4 44.3 36.1 26.1 27.1 27.0 31.0 272 35.6 31.8 26.2 216 13.3 39 1.2 40.97
Zr 188 193 179 83 110 121 99 116 69 181t 184 120 148 22 0.4  308.02
Nb 7.8 9.2 7.9 3.5 4.9 5.6 38 22 2.5 5.8 54 34 2.8 0.1 0.1 21.1
Ba 163 179 155 185 102 205 165 260 200 366 206 234 310 5.22 3.62 572.93
La 14.0 14.7 14.3 6.1 8.4 10.7 104 9.6 83 20.6 15.8 11.0 13.6 0.5 0.2 60.7
Ce 40.1 4238 40.3 18.7 24.2 299 27.4 273 26.1 52.6 40.7 30.2 323 1.9 0.6 1294
Pr 5.76 6.15 5.85 2.77 3.57 4.33 398 3185 4.10 6.93 5.27 4.07 3.94 0.31 0.07 1432
Nd 28.4 30.0 29.0 14.9 17.2 20.3 19.6 18.9 21.6 304 23.6 18.5 15.6 t.9 0.6 526
Sm 7.28 7.65 7.51 4.12 4.39 4.90 5.18 490 6.11 6.84 5.54 4.15 297 0.63 0.19 10.07
Eu 2.42 2.69 2.69 1.47 1.67 1.83 1.78 1.79 2.07 1.72 1.54 1.48 1.02 0.18 0.03 .29
Gd 8.19 8.63 5.97 4.69 5.06 5.37 5.67 4.06 5.20 5.19 5.70 3.16 2.85 0.61 0.12 9.72
Dy 7.60 7.64 7.94 4.44 4.56 4.63 5.43 5.85 7.46 6.75 491 4.49 2.27 1.02 0.46 8.24
Ho 1.61 1.60 1.54 0.96 093 0.93 1.12 1.16 1.50 1.28 1.00 0.87 0.47 0.19 0.06 1.57
Er 4.29 4.26 4.35 240 2.55 2.56 3.17 339 4.34 3.86 2.75 2.62 1.46 0.59 0.27 442
Yb 4.11 3.90 3.87 2.38 2.25 2.15 3.00 332 3.92 371 2.88 2.71 1.62 0.52 0.24 4,17
Lu 0.58 0.56 0.54 0.30 0.32 0.30 0.42 0.46 0.52 0.51 043 0.37 0.27 0.06 0.04 0.60
Hf 4.60 4.54 5.12 217 2.54 2.76 2.51 3.37 2.17 5.31 4.81 3.70 353 0.09 0.01 8.00
Ta 0.39 0.46 0.46 0.10 0.20 0.26 0.14 0.10 0.10 0.37 0.3t 0.10 0.17 0.10 0.10 1.28
w 0.62 2.18 1.12 0.98 111 1.64 2.13 1.01 0.63 1.06 1.32 1.23 1.09 0.93 0.29 2.08
Pb 5.40 3.82 3.18 341 3.04 3.65 4.72 4.86 447 6.77 591 3.69 4.99 1.16 1.19 1241
Th 0.93 0.64 0.84 0.24 0.35 0.50 0.90 0.77 0.38 4.03 2.56 1.28 2.61 0.03 0.02 2080
U 0.45 0.35 0.53 0.20 0.18 0.36 0.45 041 0.30 1.34 0.89 0.68 0.93 0.10 0.01 4.48
Sr 212 222 245 160 251 186 358 321 333 287 335 321 399 25 12 87
Zn 129 132 132 143 17 127 103 108 123 89 76 59 28 48 40 66
Ni 10 10 56 163 82 69 10 10 10 25 26 42 10 215 183 10
Co 50 54 66 289 53 45 33 41 49 30 30 30 30 44 35 10
Cr 30 50 119 289 152 111 33 30 30 41 39 66 30 2898 3324 30

Chemical composition of 13 banded amphibolites (Jiu valley, Km 118.3), 2 ultramafic rocks (M1 and M2, Micaiai Mt.) and one augen gneiss (AG, K126, Réul Barbat

valley from the Driigsan unit.

Name between brackets are field name of the sample. Rb concentration marked by an asterisk measured by isotope dilution.

best preserved Neoproterozoic orogeny from all the
continents, we suggest the use of this term also in
Europe in the same way as Caledonian and Variscan
names are of worldwide use. We note that these Pan-
African ages in the South Carpathians are in sharp
contrast with the adjacent foreland, the basement of
the Moesian platform. There, medium- to high-grade
metamorphics of Palaeo- to Mesoproterozoic age are
unconformably covered by anchimetamorphic tur-
bidites (the ‘Green Schists’ sequence) of Vendian
age (latest Proterozoic; Sandulescu, 1994). The old
contaminant involved in the genesis of the dated au-
gen gneiss (Tpy 1660-1900 Ma) could be correlated
with Moesian but also to other basement such as

the ‘Altkristallin’ from Austria (Thoni and Jagoutz,
1992).

5. Geochemistry of the Drigsan metatuffs: an
oceanic island arc

The analysed Driigsan banded amphibolites from
the Jiu valley (Table 3) show a composite trend with
three stages in the AFM diagram (Fig. 7A): the first
(A) is typically tholeiitic, the second (B) is transi-
tional with calc-alkaline affinities, and the third (C),
the most differentiated one, is clearly calc-alkaline.
Two ultramafic rocks (pyroxenites) from the Micaia
Mount are typical tholeiitic cumulates (samples M1
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Fig. 7. (A) AFM diagram of the Drigsan metatuffs (A = K0 + Na;O; F = FeO + 0.9 Fe;03; M = MgO). The Drigsan metatuffs
define three trends: strongly tholeiitic (group A), mildly tholeiitic (group B) and calc-alkaline (group C). Two ultramafic samples from
the Micaia mountain (M7 and M2) correspond to tholeiitic cumulates. (B) FeO*/MgO vs. FeO* diagram (Miyashiro, 1974; FeO* is
total Fe expressed as FeO) showing the strongly tholeiitic, tholeiitic and calc-alkaline character of A, B, C Drigsan groups, respectively.
Thingmuli dashed line represents a typical tholeiitic trend (Carmichael, 1964).

and M2) in the AFM diagram. This is also shown the calc-alkaline field, and group C inside. Group A
in the FeO*/MgO vs FeO* diagram (Fig. 7B), with and B have similar rare earth element distributions
group A inside the tholetitic field, group B nearer to (moderately enriched in LREE, Cen/Yby = 2-3 and
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index of each group defined in the AFM diagram of Fig. 7B. Arrows marked DI show the differentiation trend. Heavy REE have an

LaCePrNd SmEuGd DyHoEr Yblu

incompatible behaviour in tholeiitic group B and a compatible behaviour in calc-alkaline group C.

no Eu anomalies; Figs. 8A and 8B), with higher
abundances in group A. Inside group B, there is
an overall REE enrichment from sample B1 to B6
(Fig. 8B). Group C is more fractionated (Cen/Ybn

4-5; Fig. 8C). The least differentiated sample
(C1) has a well-marked negative Eu anomaly. This
anomaly decreases and disappears through differen-
tiation together with the decrease of the total REE
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Fig. 9. MORB-normalised diagram (spidergram, Pearce et al., 1981) of the three Driigsan groups (A, B, C). Tholeiitic group A show a
pattern combining oceanic intraplate enriched mantle signature (such as Hawaii) and subduction-related signature. This feature could be
met in an oceanic island arc near a back arc basin. The subduction component is larger in groups B and C (see text).
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abundance, suggesting that some accessory minerals
rich in REE and with a negative Eu anomaly, such
as apatite, has controlled the evolution. The cumu-
lates from Micaia (Fig. 8D, Table 3) have low REE
abundances, relatively flat patterns, being slightly de-
pleted in LREE, and show a pronounced Eu negative
anomaly. This is in agreement with their pyroxene/
amphibole mineralogy.

MORB normalised spidergrams (Pearce et al.,
1981; Pearce, 1982) of group A (Fig. 9A) show a
pattern intermediate between an island arc tholeiite
(enrichment in K, Rb, Ba, slight negative Nb-Ta
anomaly) and intraplate Hawaii-type basalts (Yb
around | and values increasing regularly from Yb
to Th). This suggests a subduction origin involving
an enriched mantle. This could be met in a near
back-arc environment. Group B has a similar pattern,
but with a stronger island arc signature (Fig. 9B)
indicating a larger subduction component. Group C
displays strong Nb-Ta and P negative anomalies, is
more enriched in LILE, and is comparable to typical
calc-alkaline basalts from active margins.

The Ta/Yb vs Th/Yb diagram (Pearce et al., 1984,
Fig. 10A) gives a synthetic view: group A (tholeiitic)
is close to the primordial mantle (=enriched MORB)
with a slight subduction-related component; group B
typically falls within the tholeiitic oceanic arc field,
while group C lies inside the calc-alkaline oceanic
arc field. Oceanic origin and MORB affinity (Savu et
al., 1984) of group A amphibolites are also indicated
by Sr and Nd isotopic initial ratios (Fig. 10B), which
plot within the upper end of the mantle array. An
oceanic arc origin (back-arc affinity?) without any
continental crust component can thus be ascribed to
the Drigsan metatuffs which can be compared to the
pre-Variscan island arc of the Tauern window (Vavra
and Frisch, 1989).

The dated augen gneiss (R126, 67.7% SiO,, Ta-
ble 3) differs from the most acidic Drigsan mate-
rial (C4, 66.6% Si0O,): in Fig. 11A, R126 displays a
strong negative Eu anomaly, higher REE abundance
and higher Lan/Yby, when compared to the two ex-
treme terms of group C. Its eng at 777 Mais —5.3 indi-
cating a continental crust participation in its genesis,
in sharp contrast with the Drégsan tuffs. On the ocean
ridge granite (ORG) normalised spidergram (Pearce
et al., 1984), this augen gneiss displays a pattern sim-
ilar to late-kinematic high-K calc-alkaline Querigut

1
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Fig. 10. Oceanic origin of the Dragsan banded amphibolites. (A)
Ta/Yb vs Th/Yb (Pearce, 1982) showing the enriched MORB
affinity of the island arc group A and the evolution to group B
and C within the oceanic island arc field. The arrows represent
the effect of a subduction component [S], crustal contamination
[C1, within-plate component [W] and fractional crystallization [f].
(B) Initial Sr and Nd (expressed as eng) ratios calculated at 777
Ma. The Drigsan banded amphibolites possess a strong mantle
signature excluding any old crust participation in contrast to the
R126 augen gneiss protolith. For the latter, only the exg has been
calculated at 777 Ma. The Sr initial ratio has been estimated
due to Rb-Sr isotopic system resetting probably during Variscan
times (Fig. 5B). Tilemsi is a 730 Ma old oceanic island arc from
the western Tuareg shield (Liégeois, 1988; Caby et al., 1989;
Fig. 6).



J.P. Liégeois et al. / Precambrian Research 80 (1996) 281-301 297

1000
Dragsan

acid rocks

+ + —t + +

LaCePrNd SmEuGd DyHoEr YbLu

100
(B) Dragsan
] acid rocks
R126
Jamaica

10 1

(island are granite)

Querigut
O (late to post-
14 . .
O kinematic gr.)
)
[=X
£
3]
9D 1
Newfoundland ~T
(island arc granite)
0.1 " — +

K20RhBaTh Ta Nb Ce Hf Zr Sm Y Yb

Fig. 11. The nature of the acid rocks from the Dridgsan unit. (A) Chondrite-normalised REE diagram showing the difference between
the calc-alkaline acid rocks of group C and the R126 augen gneiss. (B) Ocean ridge granite (ORG)-normalised spidergram (Pearce et
al., 1984). Group C differentiates are in the range of oceanic island arc granites (Newfoundland and Jamaica) while R126 augen gneiss
protolith is similar to the French Variscan late-kinematic calc-alkaline Querigut granite.

granite (Fig. 11B). In the Pan-African Tuareg shield,
this kind of spectrum is typical of the late- to post-
kinematic granites, which also show slightly nega-
tive eng. In contrast, the C4 acid metatuff (R122) as-
sociated with the basic metatuffs and which has an
oceanic isotopic signature (at 777 Ma, exg = +9.2),
shows a pattern comparable to island arc granites
(Pearce et al., 1984). We can thus suggest that the
augen gneiss protolith probably intruded after the ac-
cretion of the Drigsan island arc with a continent. The
problem of whether this continent was represented by
the Lainici-Paiug Group or not cannot be solved at
present. Subsequently to the amphibolite facies meta-
morphism affecting the Drégsan Group, several large
granitoid plutons, not studied here, intruded in one or
several pre-Variscan phases.

6. Preliminary geochemical results on the dated
Tismana pluton

The Tismana massif comprises two petrographical
types (Berza, 1978): porphyritic monzogranites with

K-feldspar megacrysts up to 10 cm and equigranu-
lar diorites and quartz diorites. Intermediate gran-
odioritic rocks, interpreted as resulting from a min-
gling/mixing process, are also present. Tismana dis-
plays an alkali-calcic trend in a Peacock diagram
(Brown, 1961), with the intersection near the alkaline
field (Fig. 12A). Potash content increases from 2% to
4% in the 48-52% SiO; range and from 4% to 6%
in the 52 to 70% SiO, range (Fig. 12B). The slight
increase of K;O from 52% Si0, upwards reflects a
higher increase of K-feldspar relative to a concomi-
tant decrease of biotite (Berza, 1978). The Tismana
trend lies entirely within the shoshonitic or alkaline
field (Fig. 12B). In the Zr + Nb + Ce + Y vs K,O +
Na,O/CaO diagram (Whalen et al., 1987; Fig. 12C),
Tismana has A-type affinities, shown only by trace
elements due to relatively low Na,O abundances (2—
3% for the whole silica range; agpaitic index <0.8).
This points to a very high-K calc-alkaline character
(K;0/Na,0 ratio up to 2) for the massif. A detailed
geochemical study on Tismana, showing that the gen-
esis of this massif has been greatly controlled by frac-
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tional crystallization and mixing processes leading
to a composite series (following Rossi and Cocherie,
1991), will be published elsewhere (Duchesne et al.,

in prep.).
7. Conclusions

(1) Both basements present in the Danubian of the
South Carpathians are Late Precambrian in age.

(2) The protolith of an augen gneiss from the
Drégsan basement has been dated at 777 £ 3 Ma
(U-Pb zircon). This age is a minimum age but
is close to the age of amphibolite protoliths (Tpm
model ages of maximum 820 Ma). The ages of the
regional amphibolite facies metamorphism and late-
to post-kinematic granitoids are not precisely known.

(3) The ages of the various syn- to late-kinematic
granitoid intrusives in the Lainici-Pdiug basement
are in the 588-567 Ma range. The regional LP-HT
metamorphism is probably not much older.

(4) The major and trace elements, together with
Sr and Nd isotopes indicate that the Drigsan banded
amphibolites represent an oceanic island arc with
no participation of older continental crust. These
metatuffs display a composite trend with an evolu-
tion from tholeiitic to low-K calc-alkaline, showing
probable interaction between island arc and back-arc
environments. Late accretion of these oceanic rocks
on a continent is marked by late-kinematic high-
K calc-alkaline granitoids, in the genesis of which
continental crust participated. This event was fol-
lowed by an amphibolite facies metamorphism and
by a'second generation of late to post-kinematic
leucogranitoids.

(5) Preliminary geochemical data on one of the
plutons that intrude the Lainici-Péiug basement indi-
cate a very high-K calc-alkaline trend (alkali-calcic).

Fig. 12. Preliminary geochemical characteristics of the ~567 Ma
old Tismana granitoids (intrusive in the Vilcan-Pilugu thrust
unit). (A) SiO; vs CaO/Na;O + K0 diagram (Peacock index
following Brown, 1961). A = alkalic, A-C = alkali-calcic, C-
A = calc-alkalic, and C = calcic. An alkali-calcic to alkalic
signature is defined. (B) SiO» vs K;O diagram showing the
highly potassic character of the Tismana pluton. (C) Zr + Nb +
Ce + Y vs NaxO + K,O/CaO diagram. If total alkali content is
quite normal, high HFS element abundance points to an A-type
affinity of the Tismana pluton. This is linked to its very high-K
calc-alkaline character.

(6) The Pan-African orogeny in northern Africa
(Fig. 6) with its two coupled phases (early phase
800650 Ma, late phase 640-550 Ma; Liégeois et al.,
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1994), abundance of early juvenile oceanic terranes
and of late high-K calc-alkaline to alkaline grani-
toids, polybar high-grade metamorphism and great
relative mobility of terranes (Black et al., 1994),
represents an important correlative.
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Appendix A. Analytical techniques

Isotopic measurements have been carried out on a Fisons VG
Sector 54 and on a Finnigan MAT 260 mass spectrometer.

A.l. Rb-Sr, Sm-Nd

After acid digestion in Teflon bombs of the sample and Sr or
Nd separation on ion-exchange resin, Sr isotopic compositions
have been measured on Ta simple filament and Nd isotopic com-
positions on triple Ta-Re-Ta filament. Repeated measurements
of Sr and Nd standards have shown that between-run error is bet-
ter than 0.00002. This error has been chosen in the calculations
in the general cases where the within-run errors are lower. The
NBS987 standard has given a value for 8781/%68r of 0.710258
+ 0.000005 during this study (20 on the mean, normalised to
86Sr/88Sr = 0.1194) and the MERCK Nd standard a value for
M43Nd/#4Nd of 0.512740 + 0.000005 (20 on the mean, nor-
malised to '"6Nd/'*Nd = 0.7219). Rb and Sr concentrations
have been measured by X-ray fluorescence or by isotope dilution
when concentrations were <30 ppm. The error on the Rb/Sr ratio
is <2%. Sm and Nd concentrations were measured by ICP-MS.
The error on the Sm/Nd ratio is <2%. The Rb-Sr and Sm-Nd
ages have been calculated following Ludwig (1995) and all the
errors are given at the 20 level. Used decay constants are 1.42
% 10~'1 a~! (¥7Rb, Steiger and Jiger, 1977) and 6.54 1072 a~!
(WSm).

A2. U-Pb

The method is derived from that of Krogh (1973) and
Lancelot (1975). About five zircon crystals (few inclusions,
crack-free) were chosen. Pb was separated on ion exchange resin
after acid dissolution. Pb is measured on single rhenium single
filament and U on triple Ta—Re-Ta triple filament, both with
silica gel. The fractionation factor is equal to 0.12% (+0.1%)
per am.u. Disintegration constants: U = 9.8485 x 10~1¢
a~l; B8U = 1.55125 x 107'0 a~! (Steiger and Jiger, 1977).
The intercepts with concordia and errors have been calculated
following Ludwig (1980). For details, see Liégeois et al. (1991).

A.3. Major elements

XRF on Li borate and carbonate (with La) glass discs was
used to determine major elements except Na which was mea-
sured on pressed raw material; FeO has been deterrnined by
titration (Bologne and Duchesne, 1991).

A4. Trace elements

Three different techniques have been used for the analysis
of 29 trace elements: X-ray fluorescence on raw material for Rb
and Sr; ICP-AES for Cu, Zn, Cr and Co (for details, see Navez,
1983); ICP-MS for all the other elements. The result of the
alkaline digestion (0.3 g of sample +0.9 g of lithium metaborate
at 1000°C during one hour) has been dissolved in HNO3 5%.
The calibration curves were established with both artificial and
international rock standards. For all these elements, the precision
varies from 5 to 10% (for details, see Navez, 1995).
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