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HEAVY MINERAL STUDIES ON CERTAIN TURBIDITIC
SEQUENCES IN THE GREEK MAINLAND: PRELIMINARY RESULTS

P. Faupl', A. Pavlopéulos", M. Iagroich' and G. Higiros"

ABSTRACT

In order to characterize the terrigenous material of the flysch deposits
of the Ionian, Gavrovo, Pindos, and Parnassos-Ghiona zone, heavy mineral
distributions are reported from 10 sections ¢f the Greek mainland. Most of
the heavy mineral associations comprise high portions of garnet. Distribu-
tions with remarkable amounts of ophiolitic detritus, such as chrome spinel,
pyroxene, green amphibole, and epidote, were also observed. Traces of blue
alkali amphibole, which were only found in the Ionian and Pindos zone, are
" important indicators for the existence of high-pressure rocks within the
source area. The heavy mineral associations of the so-called ,First Flysch™
are clearly different from those of the terminal flysch successions.

NEPINHVH

Mpoke LREvou va npoodLoptabei N MPOEAEUCH TWV KAXOT LKOV UALKAV TV QAUCY LKOV
oxnuat Lopdv 1wv Lwvav Ioviou, Tappbdfou, Nivdou kat NapvaccoUu-Ikidvag, t£fe1&odnKe
n Xatavoulfi 1wv PBapéwv OpukKTOV nou aveupédnkav o decliypata and 10 touég nov
npaypatonoinénkav otnv NneLpewt LKl EAAGSa. Ot napayevéceL§ 1wV Bapéwv OPUKTOV
Stakplivovial, xupiwg, yia TNV UYnAf NEPLEXKTLKOTNTA OF ypavaTEG. AlanmiLoTdenkav,
eniong, napayevéoe ¢ pe afLtoonue lwtn ocvppetox npoibdviwv d1&ppuong opLoALB LKV
oxnuaTLopudv, 4nwg xpwpoonivéiiog, nupbfevotr, np&oivor appipolotl xat gnidoto.
Ixvn xvavdv aueBoAwv, ta onoia gvioniocbnkav G11¢ akoAoubBieg Tou QAUOXNn TwWV
{wvov Ioviou xau Mivdou, elval onpaviikég evdeifeLg via tnv Unapén, or1t¢
neploxéc tpopodooiag netpwpdtwv uYnAfi¢c nicong. OL OUYKEVIPAOE LG TWV Papéwv
opux1dv nov PBpédnkav otov anokaloUupevo ,Mpdto ®AUoxn™ tnc Iévng tng NMivdou
elval capde SrapopeTIkéG and autTég ToUu TEALKOU @AUoxn otnv (dia dvn.

1. INTRODUCTION

Turbiditic deep-water sedimentation, commonly referred to as flysch depos-
its, is a widespread phenomenon in the Cretaceocus-Tertiary evolution in both
internal and external geotectonic zones of Greece with the exception of the
westernmost zone of Paxos. In the Ionian, Gavrovo, Pindos, and Parnassos-
Ghiona zone, the flysch deposits are unmetamorphosed or in a stage of
anchimetamorpism (FELDHOFF et al., 1993), whereas in the more internal parts
of the Hellenides different degrees of metamorphism are observed.

General overviews about the stratigraphy and the geological structures of
the flysch belts in the external part of the Hellenides are provided by RENZ
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(1955), BRUNN (1956), AUBOUIN (1957, 1959), IGRS-IFP (1966), BP. (1974),
DESPRAIRIES (1978), FLEURY (1980), JACOBSHAGEN (1986), among others. Detailed
description of the turbiditic facies and related deep-water deposits as well
as of palaeogeographic and geodynamic interpretations are given by KOCH &
NICOLAUS (1969), RICHTER (1976), PIPER et al. (1978), PIPER & PE-PIPER (1980),
PAVLOPOULOS (1981), KATSAVRIAS (1983, 1986), ALEXANDER et al. (1990), LEIGH &
HARTLEY (1992), RICHTER & MUELLER (1992, 1993a,b).

Recently, the authors of the present paper started a research program to
characterize the clastic material of different flysch suc¢cessions of the
Hellenides on the base of heavy mineral studies. In this paper, only prelimi-
nary results from selected sections are presented. The heavy mineral method,
as it is applied to flysch deposits of the Hellenides, has already given useful
information about palaeogeographic problems and the characterisation of prov-
enance areas in other segments of the Alpine orogenic belt such as in the
Eastern and Western Alps (e.g. WOLETZ, 1967; WILDI, 1985; BERNOULLI & WINKLER
1990; FAUPL & WAGREICH, 1992).

2. SAMPLING METHOD AND HEAVY MINERAL PREPARATION

In turbiditic layers, the distribution of heavy mineral grains usually
follows the graded bedding. Exceptions are massive and pebbly sandstone beds
and several types of mass-flow conglomerates which often show no grading.
Therefore, thin turbiditic layers (<10 cm) were sampled as a whole. From
thicker layers with significant graded bedding, samples were taken preferably
from the lower part of the bed because, in such beds, the amount of heavy
grains diminishes rapidly from the base to the top. From most of the samples,
thin sections were prepared and, from each, the maximum grain size was measured
to control grain size effects on heavy mineral distributions.

For heavy mineral preparation, the sandstone samples were crushed in
fragments of few millimeters. The carbonate minerals were dissolved in acidic
acid. The dissolution procedure of about 200 g of chrushed material normally
lasts up to two weeks. During this time, the acid is frequently renewed.
Apatite and other less resistant minerals are not attacked by this acid. For
heavy mineral separation, a sieve fraction of 0.4 - 0.063 mm is washed out. The
separation is carried out gravitationally using tetrabromoethane (2.96 g/ccm)
as heavy liquid. The heavy minerals are mounted in Canada balsam and are
examined under the petrographic microscope. In special cases, also X-ray
diffractometry is used. More than 200 translucent grains were counted with the
ribbon method excluding the minerals biotite, chlorite, glauconite and some
undesolved carbonates.

3. GEOLOGICAL SETTINGS OF THE SAMPLING LOCATIONS

In Fig. 1, the locations of sections sampled are indicated within the
geotectonic zones of the Hellenides. At present, heavy mineral associations
have been studied from the Ionian, Gavrovo, Pindos, and Parnassos zone.

The flysch succession of the Ionian zone seems to be connected
palaeogeographically with the flysch of Gavrovo zone. The tectonic contact
between the flysch of the Ionian zone and the pre-flysch formations of the
Gavrovo zone is clearly visible between the Valtos and Makrynoros mountains in
central western Greece (PAVLOPOULOS, 1981). The deposition of the flysch of
the Ionian zone started during the Upper Eocene and lasted up to the lowermost
Miocene (Aquitanian) (e.g. ALEXANDER et al., 1990). The transition from the
pelagic limestones of Eocene age into the flysch facies is gradual.

In the present paper, we give information about the heavy mineral distri-
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Fig. 1: Map of the geotectonic
zones of the Greek main-

7 [71] Rrodope massi land (after MOUNTRAKIS et
[£55] serbo-mMozedonion mossit al., 1983) indicating the
Circum-Rhodope zone sampling locations in the
Peonias z. flysch units. Ionian zone:
Poikon z. [ 'Or90r-Axios 1 - southern Makrynoros,
(5] armopios =. 2 - northern Makrynoros
U] pelagonion zone and the region of Petas,
B Avico-cyaiacic zone 3 - southern Athamanika
Subpelogonian zone mountains, 4 - Helleniko,
BEE rornossos zone SE Iocannina. Gavrovo zone:
B ringos zone 5 - regions of Astrochori,
Govrovo zone Elati, and Myrophyllo.
Hm]ml lomion zone pPindos zone: 6 -~ ,First
Flysch“, two sections in

Poxos zone . R
Plattenkalkseries and Phylile - the region of Palaeokaria

Quartzite series .

and Stournareika, 7 -
.First Flysch® W of Neraidhochori, 8 - Eastern part of the terminal
flysch in the Portaikos valley, W of Pyli, 9 - section through the

terminal flysch of the northern Pindos. Parnassos-Ghiona zone: 10 -
section E of Arachova.

Ix. 1: X&p1n¢ TWV YEWTEKTOVLIKOV JwvOV 1ng nmeLpwt LkAG EAN&GSa¢ (katé MOUNTRAKIS
& al. 1983) otov onoio onupeitdvovial oL Bféoeg1g delypatoAnyiag oO1L¢
Sl&dpopeg evéInTeg Tou @AUoxn. Idviog ({dvrn:l- vdétio Maxpuvbdbpog, 2-
BopeLo Makpuvépog Kol neproxn Méta, 3- vétio ABopavikd épn, 4- EAANVLIKO,
NA twv Iwavvivev. 2dvn TIafpéfou: 5- neproxéc Aoctpoxwpiou, EA&TIng, Kat
MupbpuNhou. Zdvn [Tivdou:6- ,lpdro¢ PAGoxne™ 1n¢ Nivdou oti¢ neproxég
NaAaxiokapud¢ Xal Stoupvapéikwv, 7~ ,Idpdto¢ OAToxne" dutix& 10U
Nepaidoxwpiou, 8- avatoAlkd tphApa tou ,TeAlxkod OAToxn™ o1nv KOLAGSa
tou Moptaikroy, dutik& 1n¢ NUANg. 9- topf ortov ,TeArtxkd OATOXRY 1n¢
Boperag Nivdou. 2avn HapvacooU-Tkidvag: 10- topf avatoAlkd tng Ap&xwpag.

bution of four sections which are situated in the eastern part of the Ionian
zone. The section 1 (Fig. 1} represents the region of southern Makrynoros, the
section 2 was sampled in the region of Petas and northern Makrynoros, whereas
the location 3 is situated in the southern Athamanika mountains. The transi-
tional zone was investigated near the village Helleniko SE of Ioannina (Fig.
1, sec 4).

The flysch sedimentation in the Gavrovo zone started also in the Upper
Eocene and lasted up to the end of the Oligocene. At present, we only have
informations on heavy minerals from one section (Fig. 1, sec. 5) which is
located in the eastern part of the large syncline of Epirus-Akarnania (AUBOUIN
& al., 1977; IGRS-IFP, 1966). The flysch successions investigated belong
clearly to the Gavrovo zone because of their stratigraphic position above
undisputable Gavrovo sediments.In this section, only sandstone turbidites
were sampled in contrast to the coarse-grained layers, which can be observed
in the regions of Klokova and Varassova mountains, west of Antirrio.

The flysch of the Pindos zone extends from the northernmost part of Greece,
from the Greek-Albanian border, to the Peloponnesus and from there to the
islands of Crete and Rhodos. Within the stratigraphic section of the Pindos
zone, thin bedded turbiditic intercalations of Middle Jurassic to early Late
Cretaceous age occur. For these turbiditic intercalations, AUBOUIN (1957) used
the term ,premier flysch du Pinde“. At the end of the Cretaceous, the platy
limestones of the Pindos zone pass up into a thick turbiditic succession
referred to as ,second" or ,terminal"“ flysch of the Pindos zone.
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In the northern part of the Pindos mountains, to the north of a transversal
axis defined by the rivers Kastaniotikos and Metsovitikos, the entire Pindos
zone is confined to tectonic slices of the terminal flysch. In this northern
part of the Pindos flysch, ZOUROS & MOUNTRAKIS (1991) reported about tectonic
windows of Gavrovo flysch and RICHTER & MUELLER (1992) detected small occur-
rences of Beotian flysch. KATSAVRIAS (1983, 1986) attributes the entire flysch
successions of the northern Pindos to the Gavrovo zone. This opinion, however,
is in contradiction with the stratigraphic data provided by RICHTER et al.
(1993) . On the base of nannofossil investigations, they reported a stratigraphic
range of Lower Paleocene up to Upper Oligocene.

To the south of the transversal axis, mentioned above, the flysch occurs in
highly compressed synclines, in stratigraphic connection with the pre-flysch
formations. The transition between these formations and the flysch successions
is formed by up to 100 m thick platy limestones intercalated with turbiditic
layers. In this area, the typical flysch deposition started in the uppermost
Paleocene (NP9, RICHTER & MUELLER, 1993b) and finished in the uppermost
Eocene. In the east Pindos syncline, a maximum thickness of about 4.000 m was
assumed for the entire flysch succession by KOCH & NICOLAUS (1969).

Palaeocurrent directions are, in general, directed to the south following
the strike of the Pindos zone (RICHTER, 1993).

In the terminal Pindos flysch, two sections were sampled, one in the
northern Pindos (Fig. 1, sec. 9) across the road Konitsa-Pentalophos and one
in the Portaikos valley, west of Pyli (Fig. 1, sec. 8). The latter one belongs
to the East-Pindos syncline.

Thin turbiditic layers of the so-called ,First Flysch" of Pindos (Fig. 1
sec. 6 & 7) were sampled in 3 locations. Two of these locations were already
described by RICHTER & MUELLER (1993a). They found little affinities to a real
flysch facies and, therefore, they proposed the rejection of this term.
According to nannofossil investigations by RICHTER & MUELLER (1993) and own
observations, the samples collected near Neraidhochori (Fig. 1, sec. 7) and
Stournareika (Fig. 1, sec. 6) belong to the Late Turonian-Coniacian (Fig. 1,
sec. 7). The third section, in the region of Palaeokaria, is located very near
to section 6 (Fig. 1).

In the Parnassos-Ghiona zone the transition from shallow-marine rudist-
bearing limestones into pelagic limestones occurred during the Maastrichtian.
Above these, a sequence of red pelites of Late Paleocene age follows. Between
the limestones and the red and grey calcareous shales, a hiatus and a
hardground of the Early and Middle Paleocene were observed (SOLAKIUS et al.,
1992) . The red pelites pass up into the turbiditic succession of the Parnassos
flysch, deposited mainly, as in the Pindos zone, during the Eocene (PAPASTAMATIOU,
1960; RICHTER & RISCH, 1981).

Our samples were collected in the road-cuts east of the village Arachova
(Fig. 1, sec. 10). The flysch deposits are highly deformed. The lithofacies are
sandy-pelitic to sandy, while in some places lense-shaped conglomerates are
intercalated. From the turbiditic succession, only south directed paleocurrent
indicators were observed (RICHTER & RISCH, 1981).

4. THE HEAVY MINERAL ASSEMBLAGES

Because of the preliminary character of these results, at this state of
investigation, we give only typical examples of heavy mineral assemblages in
form of diagrams (Fig. 2-6) demonstrating their variability. A detailed
analysis and pre-sentation on a much broader sampling base is in preparation.

From the eastern (internal) part of the Ionian zone (Fig. 1, section 1-4),

WYnoiakn BiBAI0BAKN "OedppacTog” - TunRua Mewloyiag. A.MN.O.
48




43 samples were investigated. About 75% of all these samples show a clear
predominance of garnet (Fig. 2a). Staurolite and chloritoid occur only in
traces. The stable minerals, like zircon, tourmaline and rutile, are repre-
sented by a total amount of about 10%, whereas the apatite content lies in 28
samples below 10 % and exceptionally increases up to 20%.

Chrome spinel is a very common constituent in the Ionian flysch. It reaches
about 10% in garnet-dominated samples. However, much higher values of up to 50
% are observed in the Dhistraton Fm. and in the Anemorachi Sandstone of section
2 (Fig. 1) as it is demonstrated in Fig. 2b. However, the sandstones of the
Dhistraton Fm. and the Potamia Marls sampled in section 3 (Fig. 1), does not
contain such high amounts of chrome spinel. The names for these formations were
proposed by IGRS-IFP (1966).

The epidote/clinozoisite group is frequently observed with amounts below
5%. Only in a few cases the values increase up to 27% (e.g. Anemorachi
Sandstone in section 2). Amphiboles are normally found in traces. Of special
interest seems to be traces of blue alkali amphiboles observed in 8 of the 43
samples.

Outstanding heavy mineral associations have been separated from the sandy
matrix of a deep-water conglomerate embedded in the Potamia Marls of section
3 (Fig. 1). Besides garnet and chrome spinel, high amounts of amphibole,
pyroxene and epidote are typical (Fig 2c¢), but no blue amphiboles have been
found.

Garnet-dominated samples of the transitional beds from the base of the
Ionian flysch (Fig. 1, section 4), show conspicuous amounts of pyroxene and
epidote, accompanied by traces of blue alkali amphiboles (Fig. 24d).

In the Ionian flysch, statistical analysis reveals no significant correla-
tion between the maximum grain size and the heavy mineral distributions.

The 18 samples of the flysch of the Gavrovo zone are characterized, only
with a few exceptions, by the predominance of garnet (Fig. 3a). The stable
mineral group is only of minor importance (average 11%). In 6 samples, the
content of apatite is greater than 10% (Fig. 3b). Together with this elevated
apatite content, also higher amounts of sphene
are observed. Chrome spinel is always present
with a mean value of 8% (max. 14%). Traces of
staurolite and chloritoid were only found in 3
samples, but no amphiboles were detected. The
sandy matrix of a conglomerate layer shows no
differences to the other samples. Fig. 3c exhib-
its an outstandig association (2 samples) con-
taining a striking amount of epidote and pyroxene.

Fig. 2: Typical heavy mineral assemblages from
the flysch sequences of the Ionian =zone.
a) sample 5/1, southern Makrynoros. b)
16/1, Petas region. ¢} 28/2, southern

I:] zircon m epidote Athamanika mountains. d) 31/2, transi-

7 A tourmaline _ tional beds near Hellenikon.

imme ﬂ]]]mc""““es"'"e' BEx. 2: Tunixéc¢ xatavopéc PRapéwv o0pUKTIOV Of
) hornblende axkolouBieg @AGoxn 1ng Ioviou {dvng. a)

% apatite alkali amphibale delypa 5/1, vétiLo Makpuvépog. b) 16//1,

garnet neptoxn Méta. c) 28/2, véTLa ABapavikd
stauralite épn. d)y 31/2, petafatlkd orpbduata ornv

NN titoni . .,
-chIDritDid AN titonite neptoxl 1ou EAANVLkoU.

pyraxene
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Fig. 3: Typical heavy mineral assemblages from the
flysch sequences of the Gavrovo zone, sec-
tion of Astrochori-Myrophyllon. a)sample 19/
1. b) 23/2. ¢) 20/2. For symbols see Fig. 2.

EX. 3: Tunixé¢ xatavopég PRoapéwv opuxkIdV and
akolouBieg @AGoxn 11n¢ {dvng tou Tafpdfou,
Touni Actpoxwpiou MupdpulAlou. a) deiyna 19/
1. b) 23/2. c) 20/2. Enefnynon ouupOAwv
6nw¢ oto ox. 2.

The garnet-dominated heavy mineral associations
of the Gavrovo flysch are comparable with the gar-
net-dominated assemblages of the Ionian flysch. How-
ever, such high chrome spinel contents, as they are reported from the Ionian
flysch (Fig. 2b), have not been observed in the flysch sequences of the Gavrovo
zone, until now. In contrast to the Ionian flysch, a relatively clear corre-
lation can be indicated between the maximum grain size of the samples and the
content of zircon, apatite, garnet, and, to a less extent, also, of chrome

spinel.

The data collected from the so-called ,First Flysch" of the Pindos zone
consist of 16 analyses from 3 sections (Fig. 1). RICHTER & MUELLER (1993a)
already noted the predominance of zircon, rutile and chrome spinel. Typical
heavy mineral associations of the outcrops near Stournareika and W of
Neraidhochori are documented in Fig. 4a, b. The associations are characterized
by the predominance of the stable mineral group (zircon, tourmaline, rutile;
>50%) and the occurrence of high portions of apatite (30%). The content of
metamorphic minerals (garnet, staurolite, chloritoid) is relatively small
(below 10%). In both sections, chrome spinel is a frequent constituent with
values normally below 10%. Only one sample of the Stournareika section.
contains exceptionally high amounts of chrome spinel (96%). Epidote, amphibole,
pyroxene, and sphene appears only in traces. Blue alkali amphiboles have not
been observed in either of the three sections.

The heavy mineral associations of the ,First Flysch"“ from the Palaeokaria
valley (6 samples) are in striking contrast to the two other sections mentioned
above. The samples are characterized by the predominace of chrome spinel and
by very small portions of the stable mineral group as well as of garnet and
apatite. Fig. 4c and d exhibit two types of these associations. Fig. 4c shows
striking amounts of green amphibole and epidote, whereas Fig. 44 represents
samples with high contents of green amphibole but without any epidote. One
sample from the Palaeokaria valley shows also such very high chrome spinel

content, but without any amphibole and epidote.
In the ,Terminal Flysch" of the Pindos zone, two

Fig. 4: Typical heavy mineral assemblages from the
so-called ,First Flysch" of the Pindos zone.
a) sample 84/2, Neraidhochori. b) 85/7,
Stournareika. c¢) 51/3, Palaeokaria. d) 51/
4, Palaeokaria. For symbols see Fig. 2.

Ex. 4: Tunixég¢ xatavouég Papéwv Opukid®v and 10V
xaloGuevo LMpdto PAGoxn™ 1tng {dvng Nivdov.
a) O8ciyua 84/2, NepaidoxdpL. b) 85/7,
Ttovpvapéika. c¢) 51/3, HNodaioxapud&. d) 51/
4 Nolatoxapud. EncfAynon ouUppoAiopdv oéneg
oto oOY. 2.
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Fig. 5: Typical heavy mineral assemblages from the
sTerminal Flysch® of Pindos zone. a) sam-
ple 54, Portaikos valley. b) 48, Portaikos
valley, c¢) 35/1, North-Pindos section. d)
33/1, North-Pindos section. e} 36, North-
Pindos section. For symbols see Fig. 2.

Ex. 5: Tunix£€g¢ xatavopég Papéwv opuktdv and 10V
#TeEANLKO QAUoxn™ 1ng {dvng tng MNivdou. a)
Seiypa 54, xolAd&da NopiaixoU, b) 48, xolA&da
NoptatikoyU, c) 35/1, toun pdperag Mivdovu.
d) 33/1 toph PRoéperag Nivdou.e) 36 Toup
RépeLag HNivdou. Enefnynon oupfolLopdv
6nwg.oto ox. 2.

sections were sampled (Fig. 1, sec. 8 and 9). Most
of the samples bear high amounts of garnet accompa-
nied by relatively small portions of apatite and
stable minerals (Fig. 5a, c). In these associa-
tions, chrome spinel is quite frequent, but only
with low values (about 5%). In two samples of the
Portaikos valley (Fig. 1, sec. 8), traces of blue
alkali amphiboles were observed. The sample from the transitional beds of the
Pindos flysch of the same section belongs also to this garnet-dominated
association. In the stratigraphically upper part of the Pindos flysch of
section 8, the garnet-dominated sandstones are followed by turbiditic se-
quences with sandstone beds characterized by high amounts of epideote (ca 30%)
and fregquent portions of pyroxene accompanying garnet and apatite (Fig 5b).
Chrome spinel plays a subordinate role.

In the North-Pindos section (Fig. 1, sec 9}, besides the garnet-rich
samples, chrome spinel-rich associations can be found which contain striking
portions of the stable mineral group (>25%). Fig. 5d indicates such an example
with relatively high garnet content, whereas Fig. 5e represents an example
without any garnet.

Following the geological sketch map of D. RICHTER et al. (1993, Fig. 2}, the
heavy mineral associoation indicated in Fig. 5e (rich in chrome spinel and
apatite, without garnet) represents a turbidite sequence of Late Eocene to
Middle/Late Oligocene age of the western facies of the Pindos flysch. The sandy
matrix from the so-called ,Juengeres Konglomerat™ of the western facies
(Middle/Late Oligocene age) contains an outstandig association of very high
amounts of pyroxene accompanied by amphibole and chrome spinel. From the
middle and eastern facies of this North-Pindos section, at the moment, only few
samples are investigated. They all belong to the garnet-dominated associations
as indicated in Fig 5a and c. Comparing our results with those published by
RICHTER (1993, p. 537), no good correspondence is observed. '

In the flysch successions of the Parnassos-Ghiona zone, three types of

Fig. 6: Typical heavy mineral assemblages from the
flysch sequences of the Parnassos-Ghiona
zone. a) sample 58/1, E Arachova. b) 60/3,
E. Arachova. For symbols see Fig. 2.

Ex. 6: Tunixf{g xatavopég and T1¢ aroloubleg Ttou
@eAUoxn 1ng lovnge tou MapvaccoU-Txkidvag. a)
Selypa 58/1, ovatolixkd& 1ng¢ Ap&xwpag. b) 60/
3, oavatoAilx& 1ng¢ Apaxwpoag.Emefiynon
cuppoAlLopdv onwg oto oOx. 2.
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heavy mineral assemblages can be distinguished. In 8 samples, chrome
spinel is only of very subordinate significance. Fig. 6a represents an
association with high portions of the stable mineral group (45%) and
fregquent amounts of apatite and garnet. The garnet-rich association
(Fig. 6b) is characterized by relatively high amounts of epidote (15%)
but only traces of chrome spinel. The heavy minerals extracted from the
sandy matrix of a thick conglomerate layer contain a very high chrome
spinel content (84%).

5. INTERPRETATION AND DISCUSSION

Important information can be extracted from the heavy mineral associa-
tions, mentioned above, about the source area of the non-carbonate extrabasinal
clastic material of the different flysch basins of the Hellenides. Also
insights can be given in the stage of exhumation of crystalline terrains and
ophiolitic bodies. Heavy minerals can also be a helpful tool for distin-
guishing flysch successions of unknown tectonic position, provided that a
well established data set exists. In the Hellenides, in general, the
geodynamic evolution of successive flysch basins and data on clast composi-
tion point to a predominance of orogen-internal versus external source
areas.

The source area of the Ionian flysch is characterized by a great
extent of mica schist terrains. Low-grade metamorphic series may have
played a subordinate role as it 1is indicated by the occurrence of
chloritoid, epidote and chlorite. Areas with gneisses and granitoid
rocks, the main sources of zircon, rutile and apatite, were of minor
importance. Apart from the broad developed metamorphic terrains, ophiolitic
complexes were also commonly exposed in the hinterland of this flysch
belt. Especially the content of chrome spinel and pyroxene reflects the
abundance of ultrabasic to basic rock types. The heavy mineral associa-
tion of the sandy matrix of the conglomerates intercalated within the
Potamia Marls (Fig. 2c) represents a very local source with high por-
tions of ophiolitic rocks.

The observation that the amount of chrome spinel increases distinctly in
the higher stratigraphic levels of the flysch succession of the Petas
region is an indication for gradual exhumation of a large ophiolitic
terrain. The data available at the moment, are too few to generalize this
for the greater part of the Ionian flysch.

The occurrence of blue alkali amphiboles indicates, that also high-
pressure terrains were exposed in the hinterland of the Ionian flysch. The
circumstance that these blue amphiboles occur only in traces can be ex-
plained by the relatively low stability of amphiboles against intrastratal
solutions.

In the source area of the Gavrovo flysch, such as in the source area of
the Ionian flysch, medium-grade metamorphic terrains with huge complexes of
mica schists were extensively exposed. Granitoid rocks were also of minor
importance. In contrast to the Ionian flysch, ophiolitic rock suites were
not so frequent. In the diagram of Fig. 7a the influence of ophiolitic rocks
on the heavy mineral associations of the Ionian and Gavrovo flysch is
demonstrated. Furthermore, the absence of indications for high-pressure
rocks, such as blue alkali amphiboles, seems to be characteristic for the
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Fig. 7: Compara&ive triangular diagrams of the
heavy mineral distributions. a) Ionian
and Gavrovo flysch. b) ,First“ and ,Ter-
minal™ flysch of Pindos and Parnassos-
Ghiona flysch. :
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Gavrovo flysch.

The most outstanding heavy mineral asso-
ciations have been observed in the so-called
+First Flysch* (Fig. 7b) of the Pindos zone.

chreepie . . v o . .
amp s pyr gar, stau The turbidites of this Cretaceous successions
@-F;:L?:sg;‘:. the ‘HHH' Terminol Fiysch of were fed by two distinct series of source
éTﬁﬁm‘S-"’;'y’d‘“ (N-Pindos section)  rocks. One consists of extended complexes of
(Portgikan valiey) 4 Pornasses Fiysch granitoid rocks and gneisses, whereas, in the

other case, ophiolitic rock suites are common constituents. Mica schist
terrains played only a very subordinate role. The ophiolite-dominated
turbidites characterize the sampling location in the Palaeokaria valley.
There, samples rich in green amphibole and epidote seem to point to extended
bodies of altered basic rocks.

Summarising the informations from both sections about the provenance of
the terminal Pindos flysch, we may say that mica schist terrains were
extensively exposed, but also ophiolitic complexes were common. The exist-
ence of high-pressure rocks is indicated by minor traces of blue amphibole.
Fig. 7b demonstrates that the overall trend in the composition of the
hinterland of the Pindos flysch is quite the same as in the Ionian-Gavrovo
flysch belt. However, within the realm of the Pindos flysch striking
differences were observed. RICHTER (1993) reports about facial changes
between the North Pindos and the flysch to the south of the transversal line
of Kastaniotikos. In the North Pindos, the heavy minerals of several
turbiditic layers indicate that ophiolitic rocks had covered extended re-
gions of the hinterland. In these cases, granitiod rocks and gneisses
accompanied these ophiolitic complexes.

In the hinterland of the flysch of the Parnassos-Ghiona zone, granitoid
rocks and gneisses as well as mica schist terrains played an important role,
whereas ophiolitic bodies acted only as a local scource. The palaeogeographic
vicinity of the Parnassos-Ghiona zone to the Pindos flysch can not be
clearly demonstrated by comparing the heavy mineral associations of these

two zones.
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