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ABSTRACT

In this paper the stratigraphical, structural, geochemical and petrological features of the Mirdita (Albania) and Pindos, Woarakas, Othrys and Ar-
golis (Greece) ophiolitic nappes are summarised and then compared. These ophiolitic nappes occur as a 700 km long frelnrAtiranda to Greece.
These ophiolitic nappes are located between the west-verging imbricate stack of thrust sheets derived from the Adriaerétt mangin to the west and
the Pelagonian zone to the east. Each ophiolitic nappe is represented by several end-members represented by the sétaoghbidiite ophiolite sequen-
ce(s) with their sedimentary oceanic cover and the supra-ophiolite deposits. The latter can be divided in syn- and postardplaesits, the first ones are
recognised only in Albania. All the described ophiolite sequences are characterised at their base by a well-developedicrsttemthigthrepresents a
further end-member of the ophiolitic nappe. The comparison among the features of all the end-members recognised in dphistiidiedppes allows
providing further constraints for the geodynamic reconstructions of the Mesozoic Tethyan oceanic basin located eastwasdds pldte

INTRODUCTION GEOLOGICAL BACKGROUND

The Hellenic-Dinaric belt is characterised by the wide- In the present day tectonic frame of the Hellenic-Dinaric
spread occurrence of ophiolites that represent the remnantsrogenic belt, the ophiolites preserved in the Mirdita (Alba-
of the lithosphere belonging to oceanic basin(s) located benia) and Pindos, Vourinos, Koziakas, Othrys and Argolis
tween the Eurasia and Adria plates. The geological andGreece) areas are located at the top of the west-verging im-
petrological features of these ophiolites record the openingoricate stack of thrust sheets derived from the Adria plate
of this oceanic basin and the following convergence eventscontinental margin to the west and at the top of the Pelagon-
whose final stage consists in the obduction of the oceanidan zone to the east (e.g. Aubouin et al., 1970). The west-
lithosphere onto the continental margin. All these ophiolitesverging imbricate stack of thrust sheets consists, from east
occur as a north-south trending, continuous alignment (Figto west and from top to the bottom, of the Pindos (known as
1) enclosed in the Hellenic-Dinaric orogenic belt, from Krasta-Cukali in Albania), the Gavrovo (known as Kruja in
Greece to Serbia throughout Macedonia, Albania, BosniaAlbania) and the lonian units (Fig. 1). They are charac-
Montenegro, Serbia and Croatia. terised by sequences detached from the Adria margin, that

Probably, the best-preserved and well-exposed ophiolitesnclude Triassic to Paleocene neritic to pelagic carbonates
occur along the alignment running from Mirdita (Albania) topped by Eocene to Miocene siliciclastic turbidites. The in-
to Argolis (Greece) areas, both located in the western areaseption age of the turbiditic deposition ranges from Late
of the Hellenic-Dinaric belt. These ophiolites crop out along Cretaceous, in the Krasta-Cukali unit, to Oligocene in the
an about 700 km long belt where the geological and petrodonian unit. This shifting is interpreted as the result of the
logical features of the oceanic lithosphere belonging to thewestwards migration of the deformation across the conti-
same oceanic basin can be usefully investigated. The aim ofiental margin of the Adria plate. These units were thrust on-
this paper is to present a review of the researches on Helo the pre-Apulian zone, which is regarded as the eastern-
lenic-Dinaric ophiolites carried out by the authors in the most, undeformed margin of the Adria plate. The Pelagon-
past decade, as well as by other researchers. In this pap&@n (known as Korab in Albania) zone is represented by an
the features of these ophiolites are summarised and theiassemblage of tectonic units consisting of a pre-alpine base-
characteristics are compared in order to highlight the simi-ment intruded by Late Paleozoic granitoids and covered by
larities as well as the differences. This comparison can proa Permian to Early Triassic siliciclastic deposits followed by
vide further constraints for the reconstruction of pre- andMiddle Triassic to Late Jurassic carbonates. These units
syn-convergence evolution of the Mesozoic Tethyan oceanshow a post-Jurassic deformation history associated to
ic basin located between the Adria and Eurasia platesmetamorphism ranging from very low- to low-grade (e.g.
Whether Hellenic-Dinaric ophiolites represent the ancient Mountrakis, 1984 and quoted references). In Albania, the
Pindos and/or Vardar oceans is still matter of debate and i®elagonian tectonic units are characterised by a Paleozoic
beyond the scope of this paper. basement consisting of an Ordovician-Devonian sequence
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Fig. 1 - Tectonic scheme and location of the
main ophiolitic massifs (solid black) for the-Di
naric-Hellenic belt, modified after Aubouin et
al. (1970). Abbreviations: Guev = Guevgueli;
Vou = Vourinos; Ko = Koziakas Oth = Othris;
Parn = Parnassus Zone. Box indicates the in
vestigated area.

200 KM

unconformably covered by a Permo-Triassic clastic se olitic units. The ophiolitic bodies constitutes a semi-continu
guence grading upwards to Triassic and Jurassic neritic andus ophiolite nappe over a distance of no more than 200
pelagic, mainly carbonate, deposits. The Pelagonian zonéilometres from the Vardar zone up to the ophiolites located
(including also the sub-Pelagonian zone) is considered beat the top of the Pelagonian zone and the Pindos unit.
longing to a micro continent (e.g. Doutsous et al., 1993) be  The relationships between the ophiolitic units and the
tween two oceanic areas or, alternatively, as part of theneighboring continental units are sealed by the “molasse”
Adria plate (e.g. Schermer, 1993). It is noteworthy that in deposits of the Meso-Hellenic trough, unconformably-cov
some tectonic windows below the units of Pelagonian zonegring all the nappe pile. These deposits, ranging in age from
mainly in Peskophi and Sillatina areas, the Pindos, Gavrovd=Eocene to Miocene, were sedimented in a NW-SE basin ex
and lonan units crop out. In addition, in the tectonic-win tending from southern Greece to northern Albania.

dows of the Olympus and Ossa mts., continental sequences In all the proposed models, these ophiolites are regarded
affected by blueschist-facies metamorphism (e.g. Schermeras fragments of lithosphere derived from one or more oceanic
1993) older than 84.5 + 3.3 Ma crop out (Lips et al., 1998).basins located between the Eurasia and Adria plates (Robert
Westwards, the sub-Pelagonian and Pelagonian zones aon and Dixon, 1984, and quoted references). Some authors,
thrust by the units belonging to the Vardar zone. This zoneas for instance Bernoulli and Laubscher (1972), Zimmer
is represented by a composite assemblage of continental-denann (1972), Vergely (1976), Jacobshagen et al. (1978) and
rived units, but it also includes Triassic and Jurassic-ophi Collaku et al. (1992), regarded the ophiolites as the remnants
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of an unique oceanic area located between the Adria and EWWestern and the Eastern ophiolitic belts, each showing
ropean continental plates; by contrast, their origin from two ophiolites with different stratigraphical, petrological and
distinct oceanic basins has been postulated by Nance (1981yeochemical characteristics
Jones and Robertson (1991), Shallo et al. (1992), Smith The ophiolite unit is thrust onto the sub-ophiolite
(1993), Beccaluva et al. (1994) and Ross and Zimmermanmeélange and their relationships are sealed by the Barremian-
(1996). In both the hypothesis, many aspects of the reconSenonian carbonate deposits (Fig. 2). Each ophiolite sub
structions remain controversial: the time (Triassic vs. Juras units include, from bottom to the top: a well developed
sic) of oceanic opening after the break up of the Gondwanametamorphic sole, the ophiolite sequences overlain by a thin
land, the age of inception of the subduction, the age of thesedimentary cover, consisting of bedded radiolarites, known
obduction of the ophiolites happes and the time (Early Creta as Kalur Cherts (Bortolotti et al., 1996) and the Upper Juras
ceous vs. Early Tertiary) of its final emplacement. sic-Lower Cretaceous Simoni Mélange-Firza Flysch. inh ad
In the model proposed by Bortolotti et al. (1996; 2002; dition, Upper Tertiary transgressive “molasse” deposits of
2003) only a single oceanic basin (Vardar ocean) existed irthe Meso-Hellenic trough, unconformably covered all the
the area. This oceanic basin opened following the riftingend-members of the ophiolitic nappe.
along the northern margin of the Gondwanaland from Late
Permian? - Early Triassic time onwards. Subsequently, dur
ing the Middle Triassic-Jurassic time span, the break-up led
to the birth of oceanic basin bordered by a pair of passive The sub-ophiolite mélange is represented by an assem
continental margins. The oceanic basin underwent in theblage of thrust sheets derived from both continental and
Jurassic time to convergence as result of motion betweemceanic domains. In the geological literature the sub-ephio
the Eurasia and Africa plates. This convergence led to-an inlite mélange is also reported as “volcano-sedimentary forma
traoceanic subduction associated to development of a widd¢ion”, “carbonate periphery”, “Rubik complex” or “peripheral
oceanic basin above the subduction zone. In the Middlecomplex” (Kodra et al., 1993; Shallo 1991, 1992 and 1994,
Jurassic, the continuous convergence between the EurasiBortolotti et al., 1996 and Robertson and Shallo, 2000).
and Adria plates resulted in the obduction of ophiolites onto  This mélange mainly consists of slices of Triassic-3uras
the Adria continental margin before the continental €olli sic carbonate successions. According to Shallo (1991,
sion. After the continental collision up to Neogene, the con 1992), Kodra et al. (1993), the commonest succession con
tinuous convergence affected the continental margin of thesists of Middle Triassic cherty limestones grading upwards
Adria plate, that was progressively deformed in west-verg to Upper Triassic to Lower Liassic platform carbonates,
ing, thick-thinned fold and thrust sheets represented by thevhich are often characterised by dolomitized, stromatolitic
Pelagonian, Pindos (Krasta-Cukali), Gavrovo (Kruja) and levels. At the top of the platform carbonates, a few meters
lonian units. In the resulted orogenic belt, the ophiolites of of Middle to Upper LiassicAmmonitico rossaype nodular
Albania and Greece are incorporated as huge thrust sheetsnestones and Dogger to Malmrotoglobigerinabearing
floating above the continental margin-derived units. pelagic marly and cherty limestones occur. This sequence is,
somewhere, stratigraphically overlain by pelites alternating
with cherts where an Aalenian/Bajocian to Bathonian radio
THE MIRDITA OPHIOLITIC NAPPE larian assemblage have been found by Marcucci et al.
(1994). Other carbonate successions are characterised by
Middle Triassic to Malm pelagic cherty limestones alternat
The Mirdita ophiolitic nappe is an assemblage of two ing with radiolarites. In addition slices of volcano-sedimen
main tectonic units (Fig. 2): the ophiolite units and the un tary sequence occur in the sub-ophiolite mélange. The vol
derlying sub-ophiolite mélange (known as Rubik complex, cano-sedimentary sequersensu stricticonsists of pillow-
Bortolotti et al., 1996). The ophiolite units can be subdivid lava picritic basalts and trachybasalts alternating with thin-
ed in two NNW-SSE trending subparallel subunits: the bedded cherts of Anisian age (Kodra et al., 1993; Bortolotti
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et al, 1996). Small bodies of trachytes and rhyolites also oc
cur, whereas the mafic rocks display a within-plate to transi
tional affinity (Shallo, 1992).

In the sub-ophiolite mélange, slices of lherzolites and as
sociated polimictic breccias occur. The lherzolites, generally
highly serpentinized, occur as thin slices, not thicker than 10C
metres, whereas the polimictic breccias are represented b
serpentinite, basalt and gabbro clasts set in a shaly matrix, ¢
undetermined age. Recently, Bortolotti et al. (in press), have
reported the occurrence in the sub-ophiolite mélange of
basalts with MORB affinity alternating with shales and radio
larites of Late Triassic age (Marcucci et al., 1994, Chiari et
al., 1996). The N-MORB affinity of these basalts is highlight
ed by flat HFSE patterns and by slightly LREE depleted pat
terns (Fig. 3), typical of present-day basalts generated at mid
ocean ridge. The occurrence of Late Triassic basalts witk
MORB affinity suggests that the phases of oceanizatien fol
lowing the Triassic continental break-up were already
reached in the Albania area during the Late Triassic time
span. In addition, slices consisting of Upper Jurassic - Lower
Cretaceous sedimentary deposits also occur at the base of tl
sub-ophiolite mélange. The slices of the sedimentary deposit:
are mainly represented by less than 200 m thick breccia
where serpentinites and gabbros, as well as sandstones, Trie
sic basalts, Triassic radiolarites and limestones are observe
as clasts and/or olistoliths in a shaly or arenitic matrix.

At the base of the sub-ophiolite mélange, a 300 m thick
slice of ophiolite-bearing and carbonate turbidites occur.

100
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Fig. 3 - Incompatible element and REE patterns for representative Triassic

These turbidites can be roughly subdivided in three mem yorgs from the sub-ophiolite mélange. Modified from Bortolotti et al.
bers: the lower member is characterised by the occurrenci(2004). Normalization values are from Sun and McDonough (1989).

of ophiolite-bearing pebbly sandstones and mudstones
whereas in the middle and upper members the calcareou

and ophiolites-bearing turbidites are prevailing. Nannofos al., 1996; 2002), the ophiolites from Mirdita area can be sub
sils findings imply uppermost Tithonian - Late Valanginian divided into the NNW-SSE trending subparallel Western and

age of these turbidites.

The ophiolite sequences

Eastern belts (ISPGJ-IGJN, 1990). They show different-strati
graphical, petrological and geochemical characteristics,
which suggest the occurrence of two paired ophiolite se
quences (Fig. 4). The boundary between these belts is repre

On the base of geological and petrochemical data (Shallsented by the Rreshen-Blinisht tectonic line, where the East
et al., 1991; Shallo, 1992; Beccaluva et al., 1994, Bortolotti etern ophiolites overthrust the Western ophiolites (Fig. 4). The

MIRDITA (Albania)

WESTERN BELT
(Maximum Thickness 2-3 Km)

Firza Flysch and Simoni

Melange g
Radliolgriar:l chensﬂ i .
early Bathonian- eal allovian v v
(early y ) < v VOLCANIC AND
Pillow lavas high-Ti and (&) < SUBVOLCANIC
intermediate basalts VVVYV SEQUENCE
vV VvVVvy
Massive lavas high-Ti basalts vv vv
v N v
- v v
Sheeted dike complex vivlv v
Y INTRUSIVE
Fe-gabbros N SEQUENCE
(mela)-gabbros iiiiéz
Troctolites e Petrological Moho
(Plagioclase-) -dunites,- ““’aﬂ»
wehrlites
MANTLE
TECTONITES
Serpentinized |herzolites
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(Maximum Thickness 8-10 Km)

Firza Flysch and Simoni Melange
(late Oxfordian-Valanginian)
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(Bathonian/ Callovian- early Oxfordian)
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Low-Ti and Very Low-Ti basalts,
basaltic andesites and andesites
(pillow and massive lavas)

Sheeted dyke complex

Quartz-diorites and
plagiogranites

(mela)-gabbronorites
(with minor troctolites)

(Plagioclase)-lherzolites
and (olivine)-websterites

Dunites and chromitites

Harzburgites (with chromitite pods and
dunite lenses)

Fig. 4 - Generalised stratigraphy of the ophio
lite sequences for the Western and Eastern belt
(Modified after Bortolotti et al., 1996).



23

tectonic relationships between Western and Eastern ophiolitegseloped generalised sequence (Fig. 4) including, at the base,
have been acquired during the Cretaceous tectonic events. harzburgitic mantle tectonites with ultramafic cumulates
which occur as both lenses inside the upper part of the man
The Western belt tle tectonites and as layers limited to the lower part of the
Magmatic sequence. - The Western belt is characterisedntrusive sequence. The latter includes chromite-bearing
by a partially dismembered ophiolite sequence whose fecondunites, chromitites, dunites, olivine-websterites, and-web
structed stratigraphy (Fig. 4) includes, from bottom to top: sterites, mafic cumulates mainly composed of (olivine-)
Iherzolitic mantle tectonites, mafic-ultramafic cumulates gabbronorites, followed by isotropic gabbros, quartz-dior
and a volcanic sequence (Shallo, 1991, 1994; Beccaluva dtes and plagiogranites. The intrusive sequence is topped by
al., 1994; Bortolotti et al., 1996). The lherzolitic mantle<con a sheeted dike complex showing a transition to a volcanic
sists of high strained to mylonitic Iherzolites (Nicolas et al., sequence including massive and pillow-lava basalts, basaltic
1999). The gabbroic complex (with a reduced thickness)andesites, andesites, dacites and rhyolites (Shallo, 1992;
consists of cumulus dunites, mela-troctolites, troctolites, 1994; Shallo et al., 1992; Beccaluva et al., 1994; Xoxha and
norites, gabbros, diorites, Fe-gabbro, Fe-diorites, and minoBoullier, 1995; Bortolotti et al., 1996; Robertson and Shallo,
plagiogranites (Beccaluva et al., 1994; Cortesogno et al.2000). The most complete ophiolitic sequences in the East
1998). The gabbroic complex is overlain by a very thin ern belt are observed in the northern sector of the Mirdita
sheeted dike complex with mid-oceanic ridge basaltsnappe, showing a thickness (from mantle tectonites to vol
(MORB) affinity. In some areas the sheeted dyke complexcanites) more than 8 km.
as well as the gabbroic complex are lacking, and the crustal According to the geochemical data, the Eastern belt ophi
section only consists of the volcanic sequence (Nicolas eblites show low-Ti affinity. Rarely, very low-Ti basalts and
al., 1999). The volcanic sequence is largely composed obasaltic andesites comparable to high-Ca boninites occur as
pillow lava basalts and subordinate doleritic basaltic dykesdykes in several areas (Beccaluva et al., 1994). Mass bal
and sills, showing high-Ti (MORB) affinity (Beccaluva et ance calculations suggest that the main cumulitic sequence
al., 1994). The most complete ophiolitic sequences in themay have derived by fractional crystallization in an initially
Western belt show a thickness (from mantle tectonites toopen system from low-Ti picritic parental magma (Beccalu
volcanites) not more than 3-4 km. This type of ophiolites va et al., 1994). These petrological features indicate the gen
has been interpreted as originated in a mid-oceanic ridgesration of Eastern belt ophiolites in a supra-subduction zone
with slow to intermediate spreading rate (Cortesogno et al.(SSZ) setting (Beccaluva et al., 1994).
1998; Nicolas et al., 1999). Sedimentary cover - At the top of the pillow lava basalts,
The geochemical fractionation trends show remarkablea sequence of radiolarites showing the lithostratigraphic fea
Fe-Ti enrichment, and the crystallization order (olivine tures similar to those of Western belt can be recognised. Ac
chromite followed by plagioclase and then clinopyroxene) cording to Marcucci et al. (1994), Prela (1994) and Marcuc
typical of MOR magmatism (Beccaluva et al., 1995). The ci and Prela (1995; 1996), the radiolarian assemblages
overall petrographical and geochemical characteristics indi found at the base of cherts from Eastern belt ophiolites sug
cate that this ophiolitic belt can be interpreted as beinggest an age ranging from Late Bathonian/Early Callovian. In
formed in a mid ocean ridge setting (Beccaluva et al., 1994).addition, decimetre-thick sequences of cherts recognised in
Although Western belt is largely characterised by the uppermost part of the basalt flows show Late
MOR-type ophiolites, volcanic sequences showing IAT Bajocian/Early Bathonian radiolarian assemblage (Chiari et
and MOR-IAT intermediate geochemical features, as wellal., 1994). The top of the cherts sampled in the Eastern belt
as very low-Ti, boninitic dykes are also found (Bortolotti et ophiolites from the northernmost areas of Albania shows
al., 1996; 2002; Hoeck et al., 2002). The IAT and MOR- Middle Callovian/Early Oxfordian radiolarian assemblage
IAT intermediate-type volcanites are mostly represented by(Marcucci et al., 1994; Prela, 1994; Marcucci and Prela,
pillow lava basalts directly overlying the more typical 1996).
MORB sequences. According to Bortolotti et al. (1996,
2002) and Hoeck et al. (2002), well exposed sections
where the MORB basalts are interlayered with IAT and
MOR-IAT intermediate-type volcanites have been recog  The Western and Eastern ophiolites show a metamorphic
nised in the central Mirdita area. In these sections, high-Tisole at their base (ISPGJ-IGJN, 1990), analogous to those
basalts alternate with basalts showing MOR-IAT interme recognised in other Eastern Mediterranean ophiolites (e.qg.
diate characteristics, whereas the top of the volcanic seSpray et al., 1984). According to Collaku et al. (1991) and
quence is represented by andesitic massive lava flow disCarosi et al. (1996), the metamorphic sole, ranging in-thick
playing boninitic geochemical affinity (Bortolotti et al., ness from few to 700 metres, includes garnet-bearing am
1996, 2002). phibolites, coarse- to fine-grained amphibolites, garnet-
Sedimentary cover - The radiolarian cherts, found at thebearing micaschists and garnet-bearing paragneisses. Based
top of the Western ophiolites, are characterised by a-thick on their geochemical signature, the inferred protoliths for
ness of 2-6 m. but some sequences with a thickness up tamphibolites are mid-ocean ridge basalts (MORB), cumu
15/20 m are also present. The age for the stratigraphic baslate gabbros, and ocean island basalts (OIB), whereas parag
of the cherts sampled in the Western belt areas range fromeisses and micaschists probably represent siliciclastic sedi
Late Bajocian/Early Bathonian to Late Bathonian/Early ments. Ar-Ar datings with ages ranging from 160 to 174 Ma
Callovian, whereas the top displays a Late Bathonian/Earlyhave been provided by Dimo-Labhitte et al. (2001) for the
Callovian radiolarian assemblage (Marcucci et al., 1994;Albanian ophiolites. A systematic younging from south to

The metamorphic sole

Marcucci and Prela, 1996). north, with a difference from 14 Ma along the 140 km
length of the belt is suggested by these authors. In the
The Eastern belt Mirdita area the datings ranges from 160 to 170 Ma without

Magmatic sequence. - The Eastern belt shows a well dedifferences along the east-west trending transects.
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The supra-ophiolite deposits In the study area, the mélange overlies the Late Bathonian -
. Early Callovian cherts, whereas the overlying Firza Flysch
Syn-emplacement deposits . e S .

The Simoni Mélange and the Firza Flysch represent ashows Late Tithonian - Late Valanginian nannofossil as

thick sedimentary sequence (Fig. 2) overlying the cherts onsemblages. In summary, Simoni Mélange sedimentation

both the Western and Eastern ophiolitic belts, probably occurred in a time span ranging from Late Oxfor

The Simoni Mélange unconformably overlies the Cherts,g'al? to Tlthomarr:_ The b!Othﬁ dated aslno younge:jthan
or directly the pillow-lava and massive basalts (Carosi et al allovian are coherent with the previously suggested age.
“'The stratigraphical transition to the Firza Flysch, as well as

1996). It is about 200-300 m thick, and occurs throughout ; . : .
o . ’ : the sedimentary features, corresponding to a high sedimen
the whole Mirdita region for over 150 square kilometres. tation rate, suggest a Tithonian age.

The Simoni Mélange is a typical "blocks in matrix-type The Simoni Mélange shows gradual transition to the

mélange showing a fabric, which includes blocks ranging . T . .
from several centimetres to several hundred meters in sizeF'rzal Flysch, a turbidite deposit dated as uppermost Fithon

. . : : ian - Late Valanginian bZalpionellidsand nannofossil as
set in a well-foliated shaly matrix. The sedimentary struc .
tures as grading or beddir¥g are generally lacking. I-)lloweversembla@les (Gard!n et al., 1996 and quoted reference_s). At
the occurrence of layers of arenites in the uppermost level h? t;)aj,g otfhth? Ft')r.é‘?}[ FIy?_c;]h, det_msf ﬂ?W de[:f)czﬁnslzqrelr'n:tler
of the mélange marks the transition to the Firza Flysch.c& €0 N he trbidites. 1he main feature of the Hrza iy
Lithologies in the blocks include both continent- and ocean-SCh Is the occurrence of ophloht_e-bearlng p.O“m'Ct.'C pebbly
derived rocks (e.g. Kodra et al., 1996). The continental-de sandstones and mudstones at different stratigraphical levels.

rived lithologies are volumetrically dominant. They include, = 1:;?] (;\I/Jerag Sfte?g::egir?]fotr?ieMSéE?]m eMa?f:Snlgierzanngczr?
in order of abundance, sandstones, Triassic volcanics; Triaf?vx)/r}]/ich aregl?nconformably found ngr the cherts an)é thé
sic cherts, carbonates and minor metamorphic rocks. Th . .
' . , . __basalts, can be regarded as syn-emplacement deposis, sedi
carbonate blocks include both shallow-water, oolite-bearing ! - : o : '
limestone (Late Triassic) followed bymmonitico rosso mented after the inception of ophiolite deformation (e.g.

type nodular pelagic limestones (Middle Liassic), and well Bortolotti et al., 1996).

bedded cherty limestones (?Liassic). The metamorphicype post-emplacement Barremian-Senonian deposits
rocks are mainly represented by marble and micaschists of ' Tpis syccession consists of thick, well-developed-shal
unknown age deformed under greenschists facies metamojjq-water deposits, showing a thickness up to 1500 m

phism. The continent-derived blocks probably represent & spGJ-IGJN, 1990). It includes a Barremian conglomerate
dismembered continental margin, which includes a-Crys characterised by pebbles derived from the entire ophiolite
talline basement overlain by a Triassic platform and Liassicgequence; its thickness is about 100 m. The ophiolite-bear
pelagic carbonates. The ocean-derived lithologies are-repreéing Barremian conglomerates grade upwards to Aptian-Al
sented by the entire ophiolite sequence; in order of abunpian shallow water carbonates. In the uppermost part of this
dance basalts, mantle ultramafics, gabbros and cherts occugy,ccession Maastrichtian shallow-water deposits were found
The mantle ultramafics are generally represented by hlghly(peza1 and Arkaxhiu, 1988). The Barremian-Senonian se
weathered, serpentinized Iherzolites or, occasionally, by hy g,ence unconformably overlies the ophiolite sequence from
drothermal weathered, ophicalcite-like, peridotites. Pillow- yerigotites to volcanics of the Eastern belt. The Barremian-
lavas and massive basalts are also present. Other rocks a&nonian sequence seals also the relationships between the

very rare, but gabbros, plagiogranite, Jurassic cherts andn_ophiolite mélange and the ophiolite sequence.
amphibolite blocks are reported by Shallo (1991). Accord P g P a

ing to Shallo (1991; 1992), the occurrence of both high-Ti

and low-Ti basaltic blocks suggests that the source area of THE PINDOS OPHIOLITIC NAPPE
the mélange included ophiolites from the Eastern and-West
ern belts. The Simoni Mélange has not yet been definitively
dated. Nevertheless, good age constraints are provided by The Pindos ophiolitic nappe crops out in the northwest
the deposits stratigraphically linked to the Simoni Mélange.ern Pindos Mts., western GreefeG.M.E., 1983) This

Geological framework
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nappe is thrust over the Pindos flysch unit that mainly con age has been recognised. Slices entirely made up of cherts are
sists of Paleocene (?) to Eocene siliciclastic turbidites (Fig.also widespread. Slices of sequences, up to 250 m thick,
5). The Pindos flysch unit belongs to the Pindos zone,-corremade up of well-bedded siliciclastic turbidites represented by
lated with the Krasta-Cukali zone in Albania; it is thrust di quartz-bearing arenites and shales have been found. These se
rectly over the lonian zone. quences have been interpreted as derived from the succession

The Pindos ophiolitic nappe can be subdivided in threebelonging to Paleozoic Pelagonian basement (Jones and
major tectonic units that include at the bottom the Dio-Den Robertson, 1991). In addition, also slices derived from ephio
dra Group, consisting of Upper Jurassic — Upper Cretaceoufite sequence are widespread. The most representative slices
ophiolite-bearing turbidites, and the Avdella mélange. Theconsist of peridotites, but also slices from sheeted dyke com
Advella mélange is thrust by the Pindos ophiolite that canplex and from pillow-lava basalts have also been found.
be subdivided in two subunits, characterised, respectively, Below the Avdella mélange, an assemblage of slices
by the Dramala and the Aspropotamos sequences. The relanainly consisting of sedimentary rocks have been reported
tionships between the different units of the Pindos ophiolitic by Terry and Mercier (1971), Kemp and McCaig (1984) and
nappe are sealed by the deposits of the Eocene-Miocengdones and Robertson (1991). In these slices, that overlain
Meso-Hellenic molasse. the Pindos unit, four succession can be roughly discriminat
ed, as suggested by Jones and Robertson (1991). Two of
these formations, reported as Karamoula and Ayos Nicolaos
Fm., consist of successions made up by turbidites with

Below the Pindos ophiolites, the Avdella mélange (Jonesmixed composition alternating with carbonate turbidites.
and Robertson, 1991), reported also as Perivoli complexThis turbidite succession, reported as “flysch”, is assigned
(Kemp and McCaig, 1984), crops out extensively. This to Early Cretaceous, probably Berrasian, by Terry and
mélange, up to 1 km thick, consists of slices of different Mercier (1971). The main characteristic is represented by
lithologies, derived both from oceanic and continental do the ophiolitic fragments found in the fine-grained arenites
mains. The slices are set in a strongly deformed shaly mafrom Karamoula Fm. and in arenites and siltites from Ayos
trix that shows tectonic relationships with the surrounding Nicolaos Fm. These fragments mainly consist of serpen
lithologies. The matrix of the mélange is also represented bytinites, basalts, gabbros and cherts. However in both the for
debris flow deposits consisting of pebbles in fine-grained, mations, carbonate turbidites represented by well-bedded
generally shaly matrix. The pebbles include basalt, chertmarly limestones and marls characterised by the occurrence
limestone, gabbro, siliciclastic turbidites, peridotite i.e. the of Calpionellidshave been found.
same lithologies detected in the large slices.

The most representative slices consist of Late Triassic
massive and pillow-lava basalts, locally interbedded with
Halobia-bearing pelagic limestones and cherts. Others well In the Pindos area (Fig. 6), two different ophiolite se
represented slices consist of thick-bedded, pelagic limestonequences, known as Dramala and Aspropotamos Complexes,
and associated Late Triassic and Early Jurassic carbonaterop out (Jones and Robertson, 1991 and quoted references).
breccias. In a huge slice, a sequence consisting of Triassithe relationships between these sequences occur by a thrust
carbonates overlain by pink nodular limestonésr{fnonitico where the Dramala ophiolites overlain the Aspropotamos
rossofacies”) and cherts of probably Bathonian-Callovian Complex.

Sub-ophiolite mélange

The ophiolite sequences

PINDOS (Greece)
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(Maximum Thickness 2-3 Km) (Maximum Thickness 3 Km)
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Fig. 6 - Generalised stratigra
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Dramala ophiolites Supra-ophiolite deposits
The Dramala complex is mainly represented by mantle ul
tramafics (Fig. 6). They consist of serpentinized hazburgitesEo
showing well-developed tectonite fabric. Dunite and pyrox
enite layers also occur within the mantle harzburgites an
gabbroic complex. In the northern area, the mantle harzbur
gites show a transition to a thick sequence of ultramafic cu
mulates representing the crustal section. The transition man
tle to crust in the Dramala ophiolites is represented by THE VOURINOS OPHIOLITIC NAPPE
harzburgites intruded by sills of plagioclase-bearing dunite
and troctolite followed by troctolite- gabbro cumulates: Lo
cally, cumulates are cut by boninitic dykes. Ti-Y and Zr-Y  The Vourinos ophiolites are located 50 km east of the

plots of the Dramala mantle point out their original location Pindos are#l.G.M.E., 1983) The ophiolite sequences crop

In the Pindos area the ophiolites are directly topped by
cene to Miocene deposits of the Meso-Hellenic trough
OI(Fig. 5). No evidences of syn- or post-emplacement Meso
zoic deposits have been recognised in this area.

Geological framework

in a supra-subduction zone (Rassios and Smith, 2000). ping out in the Pindos and Vourinos areas are separated by
the deposits of the Eocene-Miocene Meso-Hellenic trough;
Aspropotamos ophiolites however a continuous linkage between these two ophiolite

Magmatic sequence - The Aspropotamos complex is rep sequences in the subsurface is suggested by geophysical in
resented by an ophiolite sequence dismembered in differenvestigations (Makris, 1977). The Vourinos ophiolite se
slices with variable size, up to 2.5 km thick and several kilo quence overlain the western side of the Pelagonian massif
metres long (Jones and Robertson, 1991). The reconstructe@Fig. 5); their pristine relationships, probably achieved dur
sequence (Fig. 6) includes serpentinites, an intrusive seing the Upper Jurassic tectonic events, are strongly modified
quence, a sheeted dyke and a volcanic complex. The intruduring the Tertiary extensional tectonics (e.g. Doutsous et
sive sequence includes troctolites alternating with dunites.al., 1993)
Iherzolites, olivine websterites and olivine gabbros. The up
per part of the cumulate sequence is represented by
anorthositic gabbros, gabbros and rare gabbronorites. In the
complete sections, these cumulate rocks show a transition to In the Vourinos area, a discontinuous slices of mélange,
diorites, Fe-Ti oxide gabbro-diorites with minor plagiogran known as Ayios Nicolaos Fm., outcropping below the ophi
ites (Capedri et al., 1982). The sheeted dyke complex conolitic sequence has been described by Zimmermann (1972)
sists of several phases of dikes, showing a transition to voland Naylor and Harle (1976). The thickness of this mélange,
canic sequence. According to Saccani and Photiades (2004penerally not more than 200 m., is strongly reduced by ter
the volcanic sequence is represented by pillow basalts antiary extensional tectonics. This mélange is characterised by
pillow basaltic andesites, but in the Aspropotamos Riverslices of serpentinites, cherts, basalts as well as pelagic and
some massive lava flows represented by basaltic andesitaeritic limestones enclosed in a deformed shaly matrix.
are intercalated in the pillow lavas. According to SaccaniNaylor and Harle (1976) have also described pebbly-mud
and Photiades (2004), the cumulate sequence shows a MORones with limestone and siltstone clasts. On the whole,
affinity. By contrast, the volcanic sequence shows the oc their features can be regarded as similar to those of the
currence of rocks with different geochemical signature Avdella mélange.

(Capedri et al, 1980, 1981; Jones and Robertson, 1991; Sac
cani and Photiades, 2004). The pillow basalts located in the
lower part of the volcanic sequence show N-MORB affinity,
whereas the same rocks collected in the upper part show the In the Vourinos area, a complete ophiolite sequence,
same affinity but with many geochemical differences. In though affected by strong brittle deformation, can be fully
turn, the massive lava and dykes can be classified aseconstructed. It consists of two main bodies (Western and
boninites (Jones and Robertson, 1991; Saccani and- PhotEastern Vourinos and three minor satellite bodies (Krapa
ades, 2004). Hills, Zyghosti Creek and Mikrikastro.

Sedimentary cover - The cherts at the top of the ophiolite Magmatic sequence - The Vourinos ophiolite sequence
sequence are assigned to Early Bathonian to Early Calloviaiinclude a complete section of oceanic lithosphere that con
(Jones et al., 1992). sists of mantle ultramafics, a gabbroic complex, a sheeted
dike complex and a volcanic sequence (Fig. 7). The whole
sequence is about 7 to 10 km thick. The mantle ultramafics
consists of harzburgites with tectonitic fabric with minor

At the base of the Pindos ophiolites slices of a metamor coarse-grained dunites and chromite bodies (Moores, 1969,
phic sole occur. The metamorphic sole is mainly representRoss et al., 1980; Rassios and Smith, 2000). The mantle
ed by amphibolites, but greenschists facies metabasites aharzburgites, up to 7 km thick, is overlain by a 3 km thick
sociated to metasedimentary rocks, as garnet-bearing-micagjabbroic complex. The lower part of the gabbroic complex
chists, quarzites, marbles and gneisses also occur (Jones aitludes dunites, wherlites, websterites, gabbronorites and
Robertson, 1991). The inferred protoliths for amphibolites pyroxenites that show a well developed magmatic layering
are represented by mid-ocean ridge basalts (MORB) andassociated to lineations. According to Rassios et al., (1983),
within plate basalts (WPB) (Jones and Robertson, 1991)the lower part of the gabbroic complex is characterised by
whereas paragneisses, quarzites and marble probably repréhe occurrence of multiple types of cyclic units with a
sent oceanic sedimentary deposits. In the Pindos area thmarked lateral variations. The upper part of the gabbroic
amphibolites have been dated by Ar/Ar method attB73 complex includes poorly layered gabbros, olivine-gabbros
Ma and 1723 Ma by Roddick et al. (1979) and Spray and and gabbronorites showing a transition to isotropic diorites
Roddick (1980). and hornblende-diorites. In the upper part basaltic dykes

Sub-ophiolite mélange

The ophiolite sequence

The metamorphic sole
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basaltic dykes display close similarities with the boninitic

: (Max’,’:fn‘:‘;z;’g‘ie(fs“;‘f‘;g)}(m) lavas found in the forearc regions of oceanic island arcs
(Beccaluva et al., 1984), as suggested by their low Ti/Zr,
ZrlY, AlLQ,TIO, ratios, very low contents of incompatible
elements (e.g., Ti, P, Zr and Y), and a general depletion in

=y Radiolarian _cherts . REE, sometimes associated with U-shaped REE patterns
AAAA (latest Bajocian -earliest Callovian) (Montigny 1975)
A ANA - ! . .
OBvOLGANIC voovy|  Massiveand pilow iava basalis Sedimentary cover - At the top of the volcanic sequence,
SEREERES o i) o in the minor satellite bodies, a thin sedimentary cover con
Gy  ReESE sisting of a thin level of cherts is present. The radiolarian as
¢ ShosledRiaromdian semblages gave the following ages: Early Bathonian in the
Ty Krapa Hills, latest Bajocian at Microkastro and latest Bajo
AAAIA Basaltic dykes and veinlets of cian-Early Callovian at Zygosti Creek (Chiari et al., 2003).
INTRUSIVE RO plagiogranites
SEQUENCE NN Isotrope diorites and
RN hornblende-diorites .
::::::::::::: Poorly layered gabbros, The metamorphlc sole
NN olivine-gabbros and gabbronorites . . )
Z In the Vourinos area, the metamorphic sole consists of
i Durites, wherites, websteries, garnet-bearing amphibolites, but greenschists facies-meta
Ly abpronorites an roxenites . . . .
g > morphic rocks as micaschists and marbles also occur (Pi
chon and Brunn, 1985). The lower level of the metamorphic
Tectonitic harzburgites sole is represented by very low-grade metalavas with rem
TEMANTLE O s oImiiRR pols B (e nants of pillow texture. The amphibolites have been dated at
1794 Ma by Ar39/Ar40 (Spray and Roddick, 1980).
The supra-ophiolite deposits

i'?iigaZ&e?%”eegggﬁigSgﬁgrfggz)c’f the Vourinos ophiolite sequence (Mod 1 +he /ourinos area, ophiolites are topped by Upper

) ' Jurassic carbonate deposits. In the Krapa Hills, the basalts
from the ophiolite sequence are covered by a succession that

and veinlets of plagiogranites also occur. The gabbroicincludes Upper Jurassi€alpionellidsbearing cherty lime

complex is topped by a 1 km thick sheeted dyke complexstones topped by lower CretaceoRsidistidbearing mas

intruded in the upper part by doleritic sills. The volcanic se sive limestones (Pichon and Lys, 1976).

quence is in turn made up of multiple volcanic flows with

both massive and pillow structures as well as boninitic

dykes (Beccaluva et al., 1984). According to Beccaluva et THE KOZIAKAS OPHIOLITIC NAPPE

al. (19_84),_the volcanic sequence of thg V_ourinos. M.assif Geological framework

ophiolites includes two geochemically distinct series: (1)

the low-Ti series of the Krapa Hills consisting of basalts, The Koziakas ophiolitic nappe (Fig. 8) crop out at the

basaltic andesites, andesites, and dacites; (2) the very lowwestern boundary of the Thessaly plain and extends, with a

Ti series of the Asprokambo, which includes basalts, NNW-SSE trend, between the Pindos ophiolites to the north

basaltic andesites, andesites, dacites, and rhyolites. Thand the Othrys ophiolites to the south (I.G.M.E., 1983). This

Krapa low-Ti basalts have Ti/Zr and Zr/Y ratios, as well as ophiolitic nappe is thrust over the Cretaceous Thymiama

general REE distributions typical of island arc tholeiites succession belonging to Beotian zone and the Pindos Flysch

(Beccaluva et al. 1979). By contrast, the Asprokambobelonging to the Pindos zone. This nappe can be subdivided
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Fig. 8 - Sketch of the tectonic setting of Kozi IONIAN UNIT
akas and Othris areas (Greece). NOT TO SCALE
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(Saccani et al., 2003) in two main tectonic units that in bonates and ophiolites. In the turbidites, intercalations of
clude, from bottom to top: the sub-ophiolite mélange andpebbly mudstones with clasts of gabbros, basalts; peri
the ophiolitic unit. All the tectonic units from the Koziakas dotites and cherts are widespread. The presenCalpi-
ophiolitic nappe are unconformably overlain by the onellids point out to a Berriasian age of the lower part of
Oligocene-Miocene molasse deposits of the Meso-Hellenicthese deposits, which locally also displays Late Cretaceous
trough, which in turn are covered by the Quaternary de forams associations.

posits of the Thessaly plain. 000

(a) Transitional to alkaline
™. .
Yy ey massive lavas

Sub-ophiolite mélange

The sub-ophiolite mélange (Koziakas Mélange), corre
sponding to the volcanic (lower) ophiolitic unit of Capedri
et al. (1985), consists of stacked thrust-bounded slices. Thi
lowermost slice consists of Triassic to Jurassic cherty-lime
stones with oolite-bearing carbonates and cherts at the tog
The others slices are represented by red cherts with cal
carenite intercalations characterised in their upper part by ¢
Middle-Late Jurassic manganesiferous red cherts (Skarpeli
et al. 1992; Chiari et al., in press). However, the main body 1T T T T TT T T T
of the sub-ophiolite mélange is represented by welt pre LaCe Pr NdAPmSmEuGdTb Dy Ho ErTmYbLu

-
o
o
i

Rock / Chondrite
o
1

—_

served volcanic sequences associated to chert levels.-Radit 1000 -

larian assemblages indicate two distinct age ranges: Middle ] (b) Transitional to alkaline
Late Triassic and Middle-Late Jurassic (Chiari et al., in 1 pillow lavas

press). Although radiolarian cherts are not stratigraphically 10.

related to any of the volcanic sequences, it is tempting-to as
sume that the distinct magmatic sequences might be-differ
ent in age. Volcanic sequences include pillowed and mas
sive lava varieties, which are frequently crosscut by dykes
of various natures, including boninitic dykes. The volcanic
sequences composing the Koziakas sub-ophiolite mélang:
can be geochemically subdivided into three main groups: 1
transitional to alkaline series; 2) mid-ocean ridge basalts T
(MORBSs); and 3) boninitic basaltic andesites and andesites. La Ce Pr NdPmSmEUGd Tb Dy Ho Er TmYbLu
The transitional to alkaline series includes both pillowed
and massive lavas, and is mainly represented by basalts ar 3
basaltic andesites, and subordinate trachyandesites and tr ] (o) N-MORBs and T-MORBs
chytes. The transitional to alkaline rocks display OIB-like
trace element and REE characteristics, suggesting that the
represent seamounts formed by magma generation associat
with mantle plumes. This conclusion is supported by the Zr/Y
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ratios (4-11), which, according to Pearce (1983), are the typi E »°
cal values for within-plate ocean island basalts. MORBs are §10 J¢*
represented by both pillow lava and dykes. They display ~ E
LREE enrichment (Fig. 9) similar to E-MORB (Sun and-Mc § 1
Donough, 1989). Saccani et al. (2003) suggested that thi 1
chemistry of N-MORBs is compatible with a genesis from rr 1 11T T rT T
primary magmas originating from depleted N-MORB type La Ce Pr NdPmSmEuUGdTb Dy Ho ErTmYbLu
sub-oceanic mantle sources, with no influence of enrichec 1000 3
OIB-type material. By contrast, E-MORBSs possibly represent 1 ) Boninitic rocks

melts derived from more enriched sources (i.e., depleted man
tle sources variably metasomatized by OIB-type components
or, alternatively, from lower degrees of partial melting.-Sac
cani et al. (2003) suggested that E-MORBs from the Kozi
akas Mélange are compatible with about 10% partial melting
of a theoretical mixed plume / MORB mantle source.
Boninitic basaltic andesites and andesites are exclusively
represented by dykes. The very low Ticbntents (0.20-
0.58 wt%), very low Ti/V (4-10) and Nb/Y (< 0.1) ratios are
comparable with those of typical boninitic rocks from vari T T T T T T T T T T T T 11
ous ophiolitic complexes (e.g. Beccaluva and Serri, 1988). La Ce Pr NdAPmSmEuUGdTb DyHo ErTmYb Lu
At the base of the sub-ophiolite mélange a slice consist

o
o

Rock / Chondrite
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ing of Ea”y Cretaceous Sedimentary deposits occurs. Thes Fig. 9 - Chondr|te-qormal|z§d REE pgtterns for' \{olcanlc and subvolcanic
rocks from the Koziakas Mélange unit. Normalizing values are from Sun

dngSItS, known as Thymlama Succ§55||@!c]ude tur and McDonough (1989). a: transitional to alkaline massive lavas; b:-transi
bidites made up of arenites alte_ma“ng with shales andijonaj to alkaline pillow lavas; ¢: mid-ocean ridge basalts (MORBs); e:
marls. The arenites are characterised by fragments of carponinitic basaltic andesites and andesites.
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KOZIAKAS (Greece) OTHRIS (Greece)
. JNIRISIVE Middle unit Upper unit
Dunites, wherlites, websterit LI
gabbronorites and pyroxenites S '_:
B O z
a— sl—{ Petrological Moho l Rodingitic dikes

Boninitic dykes v - Rodingitic dikes
yd -
Vi Dunite layers and bodies /
Serpentinized spinel-harzburgites y MANTLE /

and plagioclase-harzburgites TECTONITES
with minor dunites, pyroxenites,
and lherzolites bodies

Serpentinised mantle Serpentinised plagioclase
harzburgites Iherzolites
Fig. 10 - Generalised stratigraphy of the Koziakas and Othris ophiolite sequences.
The ophiolite sequence the east (Fig. 8). The ophiolitic nappe includes three tectonic

units, from the bottom upwards: a sub-ophiolite mélange (the
Agoriani Mélange), the Middle unit made up of prevailing

harzburgitic serpentinites and the Upper unit mainly consist
ing of serpentinised plagioclase Iherzolites (Célet et al., 1980).

The ophiolite sequence (Fig. 10) is composed of mantle
tectonites represented by serpentinized spinel- and plagio
clase-harzburgites with minor dunites, pyroxenites, and
Iherzolites. Olivine-gabbros are very rarely found as dykes
intruded in mantle peridotites. By contrast, boninitic dykes
are frequent. Generally, mantle tectonites exhibit porphyro Sub-ophiolite mélange
clastic textures with porphyroclasts set in granoblastic, fine-
glrie:Rgdoﬂﬁct)?));}ozgﬁep(/%?i(é?Ifr;gr?]t g'{geégtlyoog'gr?é F?j}ﬁggy'smélange, which, besides the continent-derived material,

. . y .7 .contains fragments of basalts, gabbros, harzburgites, serpen
roxene is very scarce. Spinel occurs as anhedral grains it} . . i ' s
. : : . : nites, and slivers of basalts linked to radiolarian cherts.
both porphyroclastic and matrix portions. Plagioclase is usu he basalts are of different affinities: high-Ti MOR-type

a:g/ ?otz:slgg\ﬁga?ib%?r(i)tréishzr\?eucgrmgitrrr:)i(lasrpg;eelrsﬁi(?aﬁ”gslr;l a(r: asalt and basaltic andesites, intermediate between low-Ti
p.ag 9 y POisiand arc tholeiites and high-Ti MORBs, and very low Ti

sition (Capedri et al., 1985). . ; . ,
; . : basaltic andesites and andesites (Photiades et al., 2003). The
theGnawlgtr)g;?nssdci?%%e?&i?ﬁ ngé;rg;évigglgsagelrr]r?a[f)i?rgugls? adiolarian cherts, linked to the basalts show Late Triassic
o : ..~and Middle Jurassic ages, in different outcrops (Chiari et al.,
variations. Magmatic phases are frequently deformed with X . .
. . 004, in press). No geochemical data are available for
deformation decreasing towards the dyke core. The overal asalts stratigraphically linked to the cherts, but a Late Tri

petrological characteristics and the occurrence of boninitic__". A
dykes suggest many similarities between Koziakas ephio assic age of_som_e h!gh T basa!ts can be regarded as valu
able suggestion, like in the Argolis area.

lites and mantle harzburgites of the Vourinos Complex.

The Agoriani Mélange consists of a tectono-sedimentary

The metamorphic sole The ophiolite sequence

Two different tectonic units can be recognised (Fig. 10).

m ailtllzets egI o?:iTt]g : |bTorI]|(;e§£ a;]/i% gﬁgg faorléng szt)z?aetggﬁitﬁf rt:iel'he Middle unit consists of serpentinised mantle harzburgites,
: P characterised by a tectonitic fabric with well-developed-min

nor schists and paragneisses. The protoliths of the amphibo

P . . .~ ““eral stretching and spinel lineations (Rassios and Smith,
lites include basic rocks with both MORB and IAT affinity . .
(Pomonis et al. 2004). K-Ar datings yielded ages of+B71 2003). Some dunite layer and body are present near the their

and 161 Ma top. They are cut by rodingitic dikes. In addition, dunite layers

' and/or bodies are common in the upper part of the harzbur
gites. The harzburgites are characterised by a highly serpen
The supra-ophiolite deposits tinized level at their base (Photiades et al., 2003). The upper
unit consists of serpentinised plagioclase-lherzolites very de
formed and sheared (especially near the base), cut by rodin
gitic dikes (Photiades et al., 2003; Rassios and Smith, 2003).
" On the whole, the ophiolites from Othrys area are regard
ed as MOR-type (e.g. Rassios and Smith, 2003), even if fur
ther investigations are required to assess their geodynamic
setting of origin.

In the Koziakas area the ophiolites are directly topped by
Oligocene to Miocene deposits of the Meso-Hellenic trough
or by Quaternary continental deposits of the Thessaly plain
No evidences of syn- or Mesozoic post-emplacement de
posits have been recognised in this area.

THE OTHRIS OPHIOLITIC NAPPE
Geological framework The metamorphic sole

The Othrys ophiolitic nappe is thrust onto the Pindos unit Amphibolites are present at the base of both the ophiolite
to the west and onto the Pelagonian/Sub-Pelagonian units tanit: they constitute slivers common at the base of the Mid
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dle unit and local inclusions in the highly sheared serpen
tinites at the base of the upper unit.

No data about the features of this metamorphic sole are

available. Radiometric data about the amphibolites at th
base of the Middle unit point out an age of 4 by Spray
and Roddick (1980).

The supra-ophiolite deposits

In the Othrys area, no evidences of syn- or post-emplace
ment Mesozoic deposits showing stratigraphic relationship
with the ophiolites have been recognised.

THE ARGOLIS OPHIOLITIC NAPPE
Geological framework
In the Argolis Peninsula, the south-easternmost ephio

€

The ophiolite sequence

Magmatic sequence - In the Argolis area, the best pre
erved ophiolites are found in the Migdalitza Ophiolitic
Complex, that represents the lower part of the Dhimaina
Ophiolitic unit. This complex consists of an assemblage of
ophiolitic slices, up to 400 m thick. Owing their structural
setting, this complex has been generally regarded as a-tecton
ic mélange, but Bortolotti et al. (2003) have interpreted it as
a true ophiolitic nappe, even if highly tectonized. The ophio
lites consist of scattered serpentinite slivers at the base of the

S

sMigdalitza Ophiolitic Complex. They are, in turn, topped by

thrust sheets of pillow lavas and minor massive lavas and
pillow breccias affected by a low-grade greenschist oceanic
metamorphism. On the whole, no reconstruction of the pris
tine ophiolite sequence can be attempted. From the geo
chemical data (Saccani et al., 2004) they can be subdivided
in two main groups represented by T-MORB and N-MORB
volcanics, but Ocean Island basalts are also reported.

lites of the continental Greece crop out (Fig. 11). This nappe Sedimentary cover - The basalts are characterised by
can be subdivided in three thrust-bounded tectonic unitsScattered intercalations of radiolarian cherts, that are found
thrust, in turn, onto the Trapezona unit, of Pelagonian-perti also at the top of the volcanic sequences. They consist of 5-
nence (.G.M.E, 1983). These tectonic units include, from 15 cm thick red radiolaritic chert beds, separated by thin red
the bottom upwards: the Dhimaina Ophiolitic unit, the Il Siliceous shales. The intercalations constitute thin levels (up
iokastron Mélange, and the Adheres Mélange (Bortolotti ett0 8,50 m near Voitiki). Well-preserved radiolarian assem
al., 2003). The thrusting of Iliokastron and Adheres Plages indicate two different ages: Middle and Late Triassic,
Mélanges onto the Dhimaina Ophiolitic unit is regarded asEarly and Middle Jurassic (Bortolotti et al., 2003). Even if
achieved in the Tertiary time. rare, scattered Triassic MORBs are reported in the Dinaric-
Hellenic orogenic belt, but the basalts of the Argolis, with
their serpentinite slivers, constitute, till now, the oldest well
dated (Middle Triassic) oceanic crust of this belt. The-pres
ence in the Migdalitza Ophiolitic Complex, of Lower and

; . Lo - Middle Jurassic basalts, suggest that the ocean, opened in
Potami Fm. (Baumgartner, 1985) which consists in & sedi o \jiqqle Triassic, and continued its spreading until-Mid
mentary mélange which contain fragments of arenites, 1o jurassic.

cherts, pelagic and shallow water limestones, serpentinites,

basalts and boninitic and boninitic-type rocks (the latter .

group derived from an Island Arc; Dostal et al., 1991; The metamorphic sole

Capedri et al., 1996). According to Baumgartner (1985), the At the base of the ophiolite sequence no metamorphic
continent-derived fragments derive from the topmost ferma sples have been found up to now.

tions of the underlying Trapezona unit. The age of the
mélange is unknown, but it is comprised between the Late
Oxfordian-Early Kimmeridgian age of the top formations of
the Trapezona unit and the Cenomanian of a “mesoau
tochthonous” cover.

Sub-ophiolite mélange
At the top of the Trapezona unit, unconformably lies the

The supra-ophiolite deposits

In the Argolis, on top of the Migdalitza Ophiolite unit,
and somewhere also of the underlying Trapezona unit, seal
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ing their tectonic superposition, a “Mesoautochthonous” ting of MORBSs generated from the extinguishing mid-ocean
cover crop out. It consists of Cretaceous limestones: fromridge, and of intermediate basalts generated in the SSZ man
bottom to top Cenomanian shallow water limestones,-Camtle wedge from a moderately depleted mantle source. The
panian-Maastrichtian breccias rich in basalt and chert clastsgevelopment of the subduction in a young, hot lithosphere
Paleocene - Middle Eocene pelagic and reef limestones. Theaused the generation of island arc tholeiitic basalts and
succession ends with an Eocene turbidites. boninites from strongly depleted mantle peridotites in the
early stages of subduction, soon after the generation of
MOR and MOR-IAT Intermediate basaltic rocks.
COMPARISON AMONG THE ALBANIAN Differently from the others ophiolite sequence, the Argo
AND GREEK OPHIOLITES: DISCUSSION lis is characterised by the occurrence of T-MORBs (Photi
ades et al., 2003). These basalts can probably be interpreted

By comparison among the ophiolitic nappes of Mirdita, as the remnants of the oceanic crust originated in the first
Pindos, Vourinos Koziakas, Othrys and Argolis, common stage of the spreading process. This interpretation is-coher
features and differences can be clearly outlined, all able teent with the occurrence of the oldest chert successions
provide valuable constraints for the reconstruction of the ge found at the top of ophiolitic basalts.
odynamic evolution of the Mesozoic Tethyan oceanic area The available ages of the cherts derive by samples collect
between the Adria and the Eurasia plates. ed immediately above the basalts with MOR-IAT intermedi

The main feature detected in the ophiolite belt is repre ate and IAT affinities. The age of these cherts is everywhere
sented by the occurrence of two sequences with MOR e SSKliddle Jurassic, not older than Bajocian-Bathonian time
affinities in the Mirdita and Pindos area. Conversely, in the span. These ages are confirmed by radiometric datings per
Vourinos and Koziakas ophiolitic nappe only ophiolite se formed on both ophiolitic rocks and metamorphic sole of the
guences with SSZ affinity have been detected. However, thdeastern belt of Albania (Dimo-Labhitte et al., 2001). In addi
occurrence of MORBs in the sub-ophiolite mélange-sug tion, these radiometric ages indicate that the formation of the
gests that the association of MOR and SSZ sequences was35Z crust and its obduction must have been closely related
characteristic of the ophiolites also in the Koziakas area. Byin time. It follows that if the SSZ ophiolites can be interpret
contrast, the Argolis ophiolitic nappe is characterised by aed as a subduction-related magmatism, the generation of
MOR ophiolite sequence whereas in the sub-ophiolite MOR-type oceanic must be older than Middle Jurassie sub
mélange SSZ ophiolites have been recognised (Bortolotti etluction. Assuming that a time span of 10-15 Ma from the in
al., 2003 and quoted references). Therefore, the coupling o€eption of subduction is required to develop the SSZ-mag
MOR and SSZ ophiolite sequences can be regarded as matism, the convergence should have started in the Jower
continuous feature over the entire examined ophiolitic belt. most Middle Jurassic or, most likely, in the Early Jurassic.

All the well-studied Jurassic MOR ophiolite sequences According to evidences provided by Bortolotti et al.
are cut byAT and boninitic dykes and/or covered by MOR- (2002) and Saccani and Photiades (2004), the MORBs today
IAT intermediate and IAT volcanic sequences. This occur preserved in the Albania and Pindos ophiolitic nappe are
rence is well documented in the Western belt of Mirdita slightly older than or coeval with the SSZ analogues, i.e. of
(Bortolotti et al., 1996; 2002) and in Aspropotamos se Middle Jurassic age. The age of the oldest MOR oceanic
guence of Pindos (Capedri et al., 1981; Jones and Robertithosphere can be assessed in the sub-ophiolite mélange of
son, 1991; Saccani and Photiades, 2004) sequences. For tidbania, where Triassic MORBs are found (Bortolotti et al.,
Othrys ophiolites, regarded as MOR-type, the lacking of the2004). This finding is confirmed by the occurrence of Mid
upper part of the crustal section prevents any investigationsdle to Late Triassic, Early Jurassic and Middle Jurassic
The occurrence of MOR, MOR-IAT intermediate and IAT MORBSs reported by Bortolotti et al. (2003) in the Dhimaina
volcanic sequences seems to favor the hypothesis that thephiolite sequence from Argolis Peninsula. This occurrence
oceanic basin, from which these ophiolites were derived,points out to an oceanic basin already opened in the Middle
has experienced a two-stage of crustal growth. In the firstTriassic. This Triassic MOR oceanic lithosphere was subse
stage, MOR-type oceanic lithosphere was generated at guently destroyed in the subduction zone and only small
mid-ocean ridge spreading centre. Subsequently, during thalices are preserved in the ophiolitic nappes.
second stage, a portion of this lithosphere was trapped in the All the examined ophiolite sequences, except in Argolis,
supra-subduction setting (most probably in a proto-forearcare characterised by a well-developed metamorphic sole.
region) with consequent generation of intermediate-type The metamorphic sole is generally consisting of an assem
basalts and very low-Ti dykes. In this picture, the SSZ blage (up to 800 m thick) of ocean-derived rocks metamor
oceanic lithosphere was only successively generated in th@hosed under granulite, amphibolite and greenschist facies.
same oceanic basin during a mature stage of the subductiohhe peridotite overlying the metamorphic sole shows low-
processes. The ophiolites representative of this SSZ Hithostemperature (<4®) mylonitic deformation (e.g. Xoxha
phere are today represented by Eastern belt of Mirdita, Draand Boullier, 1995; Rassios and Smith, 2000). The meta
mala sequence of Pindos, Vourinos and Koziakas. morphic sole is regarded as developed during the intrao

In order to explain the coexistence in the Jurassic time ofceanic convergence in correspondence of a detachment
MOR, MOR-IAT intermediate and IAT volcanic sequences zone within the oceanic mantle as a high-temperature shear
as reported by Bortolotti et al. (1996, 2002) and Hoeck et al.zone between two sections of young and still hot oceanic
(2002), a model based on the complexity of the magmaticlithosphere. Thermal flux from involved mantle tectonites
processes that may take place during the initiation of a subcan support the temperatures required for the metamorphic
duction in the proximity of an active mid-ocean ridge has processes, that are coherent with a geothermal gradient
been proposed by Insergueix-Filippi et al. (2000) and byhigher than 40C/km. This geothermal gradient is consis
Bortolotti et al. (2002). This model implies that the initia tent with an obduction process of ophiolite emplacement,
tion of subduction processes close to an active mid-ocearand it cannot be regarded as acquired in a subductien set
ridge leads to contemporaneous eruptions in a fore-arc seting where the structural features and the metamorphic
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petrology are completely different. clasts in breccias occur at the base of the sub-ophiolite
The Ar-Ar radiometric datings of the amphibolites from mélange. This slice can be recognised only in the western
the Albanian metamorphic sole ranges from a mean of 16Gide of the ophiolitic nappe, sandwiched between the sub-
Ma in the northern area to 174 Ma in the southern area. Irophiolite mélange and the units derived from the Adria
the Pindos area, the amphibolites show a mean age of 176ontinental margin, as observed, for instance, in the-Kozi
Ma, whereas in the Vourinos area the mean age is 179 Maakas area (Aubouin and Bonneau, 1977; Jaeger and Chotin,
In the Othrys area, the mean age is 177 Ma, whereas in th&#978). This turbidite succession can be correlated with the
Koziakas area the available ages (K-Ar methods) are 174Beotian Flysch described by Célet et al. (1976) and Ferriére
and 161 Ma. On the whole, these data confirm the picture(1982) or with the Bosnian Flysch by Blanchet et al. (1969;
proposed by Dimo-Lahitte et al. (2001) for the Albanian 1970). Therefore, a continuous basin characterised by ophi
ophiolites, where a continuous youngening of the age of theolite-derived detritus can be hypothisized in the Late Juras
metamorphic sole from north to south is proposed. This pic sic-Early Cretaceous time span. These deposits can-be re
ture implies that the inception of the obduction processesgarded as sedimented in a foredeep basin located onto the
were diachronous and started before in the northern area ohdria continental margin at the front the ophiolite nappe,
the oceanic basin. during its emplacement. These deposits were subsequently
In addition, the age detected in the metamorphic sole atleformed and partially enclosed at the base of the sub-ophi
the base of Albanian and Greek ophiolites are roughly anal olite mélange during the progressive emplacement of the
ogous to the ages provided by the radiolarian assemblagesphiolitic nappe.
found in the cherts intercalated and/or at the top of the same The Albanian ophiolites differ from those from Greece by
ophiolite sequence. Despite the problems about the correlathe occurrence of the Simoni Mélange and Firza Flysch. The
tions between paleontological and radiometric ages, thesdatter deposit show the same age of the ophiolite-bearing de
data point out to the inception of convergence in the oceanigosits found as slice below the sub-ophiolite mélange. There
basin contemporaneous or slightly older of the magmaticfore, a picture where the syn-tectonic deposits were deposited
events, as detected in others examples of obducted-ophidn front and at the top of the ophiolitic nappe during its em
lites (e.g. the Oman ophiolites, e.g. Michard et al., 1991). placement can be proposed, but only for the Albanian area.
All the ophiolite sequences are thrust over a sub-ophioliteRobertson and Shallo (2000) proposed for these deposits an
mélange, whose characteristics are analogous from Greece tarigin connected with mud-diapir(s) along large-scale fault in
Albania. The mélange mainly consists of slices detachedthe ophiolitic nappe, where fragments of the sub-ophiolite
from a continental margin during the emplacement of themélange were dragged up to the top of the ophiolitic nappe.
ophiolite nappe. The result of this process is a tectonicHowever, the occurrence of turbidite, as those of the Firza
wedge, sandwiched between the obducted ophiolites and thElysch, is contrasting with the sedimentary facies expected in
units derived from the continental margin. The origin of this mud-diapir setting. An alternative explanation is represented
mélange is probably a multi-stage process, with interferenceéoy an out-of-sequence thrust cutting the whole ophiolitic
of sedimentary and tectonic events. The occurrence of-ophionappe and able to expose the sub-ophiolite mélange and the
lite slices involved in the mélange is a puzzling feature. Thisunderlying continental margin. The latter represented the
feature can be explained as a result of tectonic erosion thatource-areas of the Simoni Mélange and Firza Flysch. This
affected the overlying ophiolites nappe or, alternatively, asout-of-sequence thrust must be located eastwards to the pre
remnants of an older, preexisting accretionary wedge -develsent-day Eastern belt of the Albanian ophiolites.
oped during the Middle/Lower Jurassic subduction leading Further constraints can derived from the post-emplace
to development of supra-subduction oceanic lithosphere. Irment, supra-ophiolitic deposits. In Albania, the first, post-
the latter hypothesis, the accretionary wedge was enclosed iemplacement deposits consist of Barremian conglomerates,
the sub-ophiolite mélange during the displacement of thewhereas in the Vourinos area the same deposits are repre
ophiolitic nappe towards the continental margin. sented by the latest Jurassic carbonates found in the Krapa
In the sub-ophiolite mélange, the evolution of the eonti Hills. However in the Koziakas area, the same deposits are
nental margin from the oceanic opening to the ophiolite ob Cenomanian in age.
duction can be fully reconstructed through the analyses of
the successions preserved in the slices. This inception of the
rifting processes are testified by the Middle Triassic “'vol CONCLUSIONS
cano-sedimentary sequence” characterised by pillow-lava
volcanics, mainly picritic basalt and trachybasalt, alternating Some conclusions can be drawn by the data discussed in
with shales and radiolarites. These sequences can be intethis paper. The occurrence of Triassic MORBs in the sub-
preted as a product of syn-rift magmatism associated withophiolite mélange from the Mirdita ophiolitic nappe sug
thinning of the continental margin (Kodra et al., 1993). The gests that an oceanic basin already existed between Adria
sinking of the continental margin is well documented in and Eurasia plates in the Late Triassic. This conclusion is
some sequences by the Early Liassic pelagic deposits, suctonfirmed by data provided by Bortolotti et al. (2003) for
asAmmonitico rossowhereas in others the pelagic deposits Dhimaina ophiolitic unit of the Argolis peninsula. There
already occurred in the Middle Triassic. Nevertheless, allfore, an opening of the Mesozoic Tethyan basin charac
the carbonate sequences recognised in sub-ophioliteéerised by a shifting in age from Middle Triassic in the
mélange are characterised by Middle Liassic pelagic de southern areas to Late Triassic in the northern areas, can be
posits; this evidence suggests that the easternmost domairenvisaged, even if further investigations are required to
of the Adria continental margin underwent to complete-sink confirm this picture. Subsequently, probably in the Early
ing during the Early Jurassic. Jurassic time, the oceanic basin was affected by cenver
In all the studied ophiolitic nappes, slices consisting of gence, when a subduction zone was developed as result of
Upper Jurassic-Lower Cretaceous, turbidites characterisedhe sharp change in the motion between the Adria and
by ophiolite-derived fragments in arenites or ophiolite Eurasia plates. The existence of this subduction zone is
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