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The evolution of the Triassic-Jurassic Maliac oceanic lithosphere:
insights from the supra-ophiolitic series of Othris (continental Greece)
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MARTIAL CARIDROIT1, VIVIANE BOUT-ROUMAZEILLES1, FABIEN GRAVELEAU1,
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Abstract. – Major ophiolitic thrust sheets are widespread within the internal Hellenides, particularly in the Pelagonian
domain (Greece and Albania). The ophiolitic sheets are notably well exposed in western Othris mountains of conti-
nental Greece. In that area, the structural stacking of oceanic nappes obducted in the Jurassic is particularly well
constrained. New sedimentological and structural data from recently studied outcrops, together with new micro-
paleontological data, allow to reconsider the architecture of the ophiolitic nappes and their evolution in the Othris
mountains. Our new data set includes notably the description of a Mid-Late Jurassic sedimentary succession, from basal
litharenites and radiolarites to syn-obduction mélange, on top of the uppermost Mega Isoma ophiolitic Unit. These re-
sults are crucial in the perspective of constraining the Jurassic contractional evolution of the Maliac Ocean from the be-
ginning of the subduction and intra-oceanic obduction to the final obduction on the Pelagonian continental crust.
Another major result concerns the dating of primary conformable series of Middle and Late Triassic age on top of the
pillow-lavas of the Fourka unit. Since this lava unit, with MORB affinities, is one of the syn-obduction Jurassic nappes,
we propose that this very large Fourka nappe represents the major reference unit of the initial (Triassic) Maliac oceanic
crust.

Evolution de la lithosphère océanique maliaque triasico-jurassique :
Apports de l’étude des séries supra-ophiolitiques d’Othrys (Grèce continentale)

Mots-clés. – Téthys, Hellenides, Océan Maliaque, Ophiolites, Séries sédimentaires, Radiolaires.

Résumé. – Des nappes ophiolitiques importantes caractérisent les Hellénides internes, notamment le domaine Péla-
gonien en Grèce et en Albanie. C’est le cas dans les montagnes d’Othrys, en Grèce continentale, où l’empilement
des nappes ophiolitiques obduites au Jurassique est particulièrement bien contraint. Des données sédimentologiques et
structurales acquises à la faveur de nouveaux affleurements, sur les principales nappes ophiolitiques d’Othrys occiden-
tale, couplées à de nouvelles déterminations de microfossiles, permettent de préciser la nature et la mise en place de ces
nappes. Nous décrivons notamment, pour la première fois, une série du Jurassique moyen-supérieur constituant la cou-
verture sédimentaire océanique de l’importante unité ophiolitique de Méga Isoma. Cette série, constituée de litharénites
et de radiolarites à la base, se termine par une formation syn-obduction de type mélange à blocs. Ces résultats s’avèrent
être déterminants s’agissant de mieux contraindre les processus océaniques syn-convergence d’âge jurassique au sein de
l’océan Maliaque entre le début de la subduction et de l’obduction intra-océanique jusque l’obduction finale sur la
croûte continentale Pélagonienne. Un autre résultat majeur est l’obtention exclusive de datations du Trias moyen et su-
périeur sur les séries radiolaritiques reposant en contact stratigraphique indubitable sur les pillow-lavas de l’unité de
Fourka. Cette unité triasique étant riche en laves de type MORB et présente au coeur de l’empilement jurassique de nap-
pes syn-obduction, nous proposons de faire de cette unité de Fourka l’unité de référence de la croûte océanique initiale
(triasique) de l’océan Maliaque.

INTRODUCTION

The internal Hellenides are characterized by the occurrence
of numerous large ophiolitic sheets thrust during the Middle
to Late Jurassic times (fig 1). These ophiolites are known
along two main axes: an eastern one outcropping more or
less in the Vardar domain and a western axis in the

Pelagonian zone (Supra-Pelagonian Ophiolites: SPO). The
latter ophiolites are also thrust over the external units, nota-
bly over the Pindos zone. Some ophiolitic bodies, such as
the Vourinos range, exist also between these two axes. The
main ophiolitic sheets are those of the western axis. The
ophiolites from Greece and Albania have been assigned to
one or two different oceanic basins, the “Pindos-Mirdita”
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ocean on the western edge of the Pelagonian zone and/or
the Maliac-Meliata-Vardar ocean on the eastern side of this
zone (see recent discussions in Ferrière et al. [2012]; Rob-
ertson [2012]; Bortolotti et al. [2013]).

The SPO have been considered as obducted on the
Pelagonian realm from the west [Dercourt, 1970; Hynes
et al., 1972; Robertson et al., 1991; Saccani et al., 2003] or,
in our opinion, from the Triassic-Jurassic Maliac ocean lo-
cated on the east of the Pelagonian zone [Bernoulli and
Laubscher, 1972; Ferrière, 1982, 1985; Baumgartner, 1985;
Stampfli and Borel, 2002; Bortolotti et al., 2004, 2013;
Schmid et al., 2008; Ferrière et al., 2012]. Many authors
have proposed geochemical analyses of the SPO which are
peridotite-rich units. Mafic rocks are less abundant and pre-
or syn-obduction supra-ophiolitic sedimentary series, proven
to be in stratigraphic contact above the ophiolitic magmatic
rocks, are rare.

In the northern Hellenides, the lavas of the eastern SPO
(e.g.: Vourinos) have a clear SSZ (Supra subduction zone)
geochemical signature (e.g. low-Ti basalts), those from
western areas (e.g. N-Pindos) show a larger variety from
MORB to SSZ types [e.g. Capedri et al., 1981; Beccaluva et
al., 1984; Jones and Robertson, 1991; Saccani et al., 2004;
Saccani and Photiades, 2004]. Their ultramafic basements
are also different: the Vourinos basement consists of
harzburgites [Brunn, 1956; Zimmerman, 1972; Rassios and
Moores, 2006], while the N-Pindos unit shows harzburgites
and lherzolites [Capedri et al., 1980; Jones and Robertson,
1991; Ross and Zimmermann, 1996; Saccani and Photiades,
2004; Rassios and Moores, 2006]. Some Triassic and/or Ju-
rassic mafic lavas are not linked to an ultramafic basement.
They appear as scattered outcrops within small tectonic
slices or as blocks inside mélange formations [Ferrière et
al., 1988; Jones and Robertson, 1994; Danelian and Robert-
son, 2001; Saccani et al., 2003, 2011; Saccani and
Photiades, 2004]. Due to the presence of lavas that are not
coming from oceanic lithosphere, as the Triassic lavas
linked to the rifting in the series of the Maliac ocean mar-
gins [see Ferrière, 1982], it is necessary to decipher the
primary nature of such scattered exposures.

Pre- or syn-obduction supra-ophiolitic sedimentary se-
ries are uncommon, generally not well developed (a few
meters of radiolarites) and often separated from their mag-
matic basement [Celet et al., 1980; Baumgartner, 1985;
Jones and Robertson, 1991; Jones et al., 1992; Bortolotti et
al., 2004; Chiari et al., 2012a]. Moreover most of the age
determinations were performed on radiolarites covering pil-
low-lavas from large blocks or small slivers. The origin of
these lavas are therefore generally unclear (e.g. lavas linked
to rifting or blocks in mélanges). Two sets of ages have
been observed in the Hellenides, in such sedimentary series:
i) Middle Jurassic ages, particularly in the main ophiolitic
units as Vourinos mountains [Chiari et al., 2003], N-Pindos
area [Jones and Robertson, 1994], Argolis [Baumgartner,
1985] and Evia [Scherreiks et al., 2010] and, ii) Triassic
ages generally concerning small units made up of pil-
low-lavas showing MORB or within plate basalts (WPB) af-
finities, in N-Pindos [Jones and Robertson, 1992],
Peloponnessos [Danelian et al., 2000], Argolis [Bortolotti
et al., 2001], Othris [Bortolotti et al., 2008], Evia
[Scherreiks et al., 2010] and Koziakas mountains [Chiari et
al., 2012a].

Triassic and Jurassic supra-ophiolitic series are well-ex-
posed at new outcrops in Othris. Some of them show pri-
mary contact with the mafic ophiolitic rocks. In this article
we focus on these sedimentary series. Our new data set al-
lows to significantly constrain the age of two of the main
ophiolitic units and the evolution of the Maliac oceanic
lithosphere from its Triassic birth to its Jurassic obduction
over the Pelagonian basement.

GEOLOGICAL SETTING: THE OPHIOLITIC
UNITS OF OTHRIS

The West-Othris ophiolites of this study belong to the main
ophiolitic units of the Hellenic western axis (SPO) (fig. 1).
They belong to a set of syn-obduction nappes with weak
Tertiary tectonic overprints, they can therefore be used as
references for the Jurassic obduction processes [Ferrière,
1982]. The structural syn-obduction system, well-known
since the 1970-1980 years [Ferrière, 1972, 1974, 1976,
1982, 1985; Hynes et al., 1972; Smith et al., 1975], is com-
posed of sedimentary and magmatic nappes emplaced in
Middle Jurassic times (figs 2 and 3). The lower
syn-obduction tectonic units come from the Pelagonian
platform (two units) and from the Maliac oceanic margin
(five tectonic units overthrusting the Pelagonian ones) (for
details see figs 2 and 3). All the sedimentary units espe-
cially those coming from the distal Maliac margin
(Loggitsion units) show thick Triassic lavas linked to the
rifting events.

The upper syn-obduction nappes are the ophiolitic units
s.s. [Ferrière, 1982] (figs 3 and 4): i) the uppermost unit
known as the Mega Isoma unit (MI) is made of thick ultra-
mafic (harzburgites and lherzolites) and gabbroic forma-
tions, including few basic dykes and lavas. The distribution
of the different types of peridotites in this unit is complex
[Celet et al., 1980; Ferrière, 1982, 1985; Photiades et al.,
2003; Barth et al., 2003, 2008]; ii) the Metalleion unit just
below the MI sheet is a large harzburgitic unit tectonically
covered by a mafic unit (dykes and few lavas); iii) the low-
ermost magmatic unit, known as the Fourka unit, is mostly
composed of green-brown pillow-lavas, that outcrop on
large surfaces [Celet et al., 1980; Ferrière, 1982].

In this article we focus on significant new outcrops of
the well-developped, undisputable supra-ophiolitic sedi-
mentary covers of the Fourka (Triassic series) and Mega
Isoma (Middle Jurassic series) units.

THE SERIES ASSOCIATED TO THE PILLOW-LAVAS
OF THE FOURKA UNIT: THE MALIAC TRIASSIC
OCEANIC CRUST

The Fourka pillow-lavas unit, locally 300-400 m thick, de-
fined some decades ago [Celet et al., 1980; Ferrière, 1982]
is exposed on a very large surface in western and central
Othris (about 35x35 km) (figs 1 and 2). The pillow-lavas
are for most of them of MORB type, especially N-MORB
and/or WPB affinities [Hynes, 1974; Ferrière, 1982;
Bortolotti et al., 2008; Barth et al., 2009]. A Triassic age
concerning siliceous beds with a primary contact on the
Fourka lavas have been published by Bortolotti et al.
[2008].
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Examples of Middle and Late Triassic radiolarites
deposited on the Fourka pillow-lavas

Along the Lamia-Domokos road, radiolarites and shales ex-
ist within and above pillow-lavas of the Fourka unit (figs 2
and 3). The outcrop located on the road to Kalamakion,
1.5 km west of the Fourka pass, is the most interesting as
the basal contact of the sediments above the pillow-lavas is
an undisputable primary stratigraphic contact (fig. 4 CC’,
fig. 5A and pl. IA). The 1.5 m-thick red shales directly de-
posited on the lavas pass upward to red dm-thick bedded
radiolarites. The radiolarian assemblages (samples YO 98
and 100, fig. 5A and pl. II) reveal latest Anisian-?earliest
Ladinian ages with the following Radiolaria (ranges partly
from Stockar et al. [2012]): Eptingium manfredi DUMITRICA
(latest Anisian-?earliest Ladinian), Spongostephanidium
spongosium DUMITRICA, Triassocampe scalaris DUMITRICA,
KOZUR & MOSTLER, Pseudostylosphaera compacta
(NAKASEKO & NISHIMURA), Pseudostylosphaera? sp. East
of Moschokarya (fig. 4) red radiolarian beds interbedded
between lava flows of the Fourka unit show an early Norian
age (fig 5B, pl. IB and pl. II). Among Radiolaria, the fol-
lowing species have been found (sample FC 02):
Xiphosphaera? fistulata CARTER (early-mid Norian),

Capnodoce sarisa DE WEVER (latest Carnian-early Norian),
Capnodoce anapetes (latest Carnian-middle Norian),
Kahlerosphaera norica KOZUR & MOCK (latest Carnian-
early Norian), Pachus multinodosus TEKIN (late Carnian-
early Norian), Sarla hadrecaena DE WEVER (collaboration
with Y. Gingins and O. Schauner).

A Triassic to Jurassic series on the Fourka pillow-lavas

North of Moschokarya on the road to Xinias plain (figs 2 and
4) a well-exposed outcrop (about 300 m long) shows brown
Fourka pillow-lavas and red shaly radiolarites overlain by
purple sediments and lavas (fig 5C). Contacts between
radiolarites and lavas are clearly stratigraphic contacts
(pl. IC). At the base of the main outcrop, the red radiolarites
contain radiolarian fossils and conodonts of Triassic age
(F10-As 1 to 11, fig 5C and pl. II). A sample (As 2) near the
base of the outcrop is attributed to late Illyrian (latest
Anisian)-earliest Ladinian (ranges partly from Stockar et al.
[2012]) with Cryptostephanidium sp.; Baumgartneria
bifurcata DUMITRICA; Paroertlispongus multispinosus
KOZUR & MOSTLER (latest Anisian-?earliest Ladinian);
probable Sepsagon? robustus LAHM. Two meters only
above As 2, a sample (As 8) gives an Early Norian age with
Betraccium sp.; Palaeosaturnalis triassicus (KOZUR &
MOSTLER); Renzium tricarinatum TEKIN, Capnodoce anapetes
DEWEVER, Kahlerosphaera kemerensis kemerensis TEKIN.

At the top of the outcrop (F12-11 and 12, fig 5C), above
siliceous folded red shales, a metric-thick outcrop of
radiolarites gives a Jurassic age, especially early to late
Bajocian (UAZ 3-4 for F12-12) with Yaocapsa (?) kisoensis
YAO and late Bajocian-early Bathonian (UAZ 4-5 for F12-11b)
with Striatojaponocapsa synconexa O’DOGHERTY, GORICAN
and DUMITRICA.

Other small outcrops deposited on top of Fourka lavas
have been studied. Those that could be dated are always
Triassic in age (e.g. just north of Trilofon village the
radiolarites contain Triassic conodonts, figs 4 and 5D).

Clay analyses

The clay mineral assemblages were determined on five sam-
ples from the Fourka series: two samples from the basal
pelites of the Kalamakion section (F11-96 and F11-97,
fig 5A); two samples from the Fourka Pass lavas (F11-02
and F11-87) and one sample from the Trilofon section (fig 3
and F11-128, fig 5D). Smectite –namely saponite– is the
main component (45-88% of the clay mineral fraction) of
samples F11-02, F11-87 and F11-96, in association with
corrensite (21-50%), which is a regular interstratification of
chlorite and smectite. The saponite is commonly produced
through low-temperature (20-80oC) alteration of basalts
while corrensite points out slightly higher temperatures
(80-300oC). This specific clay mineral association suggests
a provenance from the underlying lavas. The higher amount
of illite in the oldest sample (F11-97) could be linked to the
vicinity of the oceanic crust with the continental Pelagonian
domain at this time.

Interpretation of the Triassic Fourka series and
pillow-lavas: the first Maliac oceanic crust

Because of its lithologic characteristics (mafic pillow-lavas)
and its structural location above the units coming from the
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FIG. 1. – Main Maliac oceanic units in the Hellenides. Black: ophiolitic
units with mafic and ultramafic rocks; dashed lines in Othris: Triassic
ophiolitic pillow lavas (Fourka unit); oblique lines: Maliac margin sedi-
mentary units. Abr: W-Othris: Western Othris; HP-BT: blueschists units.
Pelagonian and Vardar zones = Internal zones.



distal Maliac margin (Loggitsion units) and beneath the
ultramafic ophiolitic nappes (figs 2 and 3), the Fourka unit
can be considered as the distal part of a volcanic passive
margin or to an ophiolitic unit corresponding to a real oce-
anic crust. The volcanic passive margins are mainly identi-
fied by seismic studies in the ocean (eg. Seaward Dipping
Reflectors) but some data exist also about onland outcrops
[e.g. Geoffroy, 2005].

Taking into account all these data, we consider that the
Fourka unit corresponds to the Maliac oceanic crust be-
cause of the MORB affinities of the lavas, the oceanic char-
acteristics of its sedimentary cover (radiolarites and clays)
and mainly the long period of volcanic activity (at least
from late Anisian to Norian).

If this Fourka unit is a remnant of an oceanic litho-
sphere, the absence of gabbros and ultramafic basement has
to be explained. Two hypotheses have been envisaged some
years ago [Ferrière, 1985]: i) an origin by detachement
from the top of the main ophiolitic units known in Othris
area having a reduced or absent pillow-lavas cover (MI
and/or Metalleion units); ii) an origin along the border of
the Pelagonian crust and its décollement from its ultramafic
basement during the thin-skinned obduction over the
Pelagonian continental crust (cf fig 7). The New-Caledonia
ophiolites may provide Cenozoic analog of the detachment
hypothesis. There, it has been suggested that the pillow-
lavas were separated from their basement by gravity sliding
during the obduction [Lagabrielle et al., 2013]. However,
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FIG. 2. – Schematic geological map of Othris [modified from Ferrière, 1982].
AA’A’’: cross-section figure 3; BB’ and CC’: cross-sections figure 4. Abr. Mlc: Maliac margin series; distal (closed oblique lines) and proximal (spaced
oblique lines) sedimentary units.

FIG. 3. – Cross-section AA’A” across the Mid-Late Jurassic Maliac syn-obduction ophiolitic and sedimentary nappes above Pelagonian units (Othris moun-
tains). Location on figure 2.



our new data support the second hypothesis as the Fourka
lavas are Triassic in age while the Mega Isoma and
Metalleion units are much younger, Middle Jurassic in age.
These Jurassic ages are deduced for the Mega Isoma unit
from the age of the sediments deposited on the lavas (cf in-
fra, Ekara series) and for the Metalleion unit from a com-
parison with the similar harzburgitic Vourinos unit, the
lavas of which are attributed to the Middle Jurassic [Chiari
et al., 2003]. In addition, as the rifting in the Pelagonian
platform and Maliac margin is late Anisian-Ladinian in age
[Ferrière, 1974, 1982, 1985; Smith et al., 1975], the oceanic
lithosphere corresponding to the Middle Triassic Fourka
pillow-lavas has to be located at the toe of the Pelagonian-
Maliac margin, and so, it could have easily lost its basement
during the obduction on the thick Pelagonian crust.

The age of the earlier MORB generation at the begin-
ning of spreading of the Maliac oceanic lithosphere is rela-
tively close to the age of rifting that has been deduced from
paleontological ages of facies changes from platform to
deep-sea deposits on the margin [Ferrière, 1982]. Conse-
quently, we assume a relatively rapid episode of rifting on
this segment of the Pelagonian margin with a possible
diachronism between these two events (rifting then spread-
ing) during this episode (c. 5 to 3 m.y. duration).

No Liassic sediments have been dated on the Fourka
pillow-lavas, even between the Triassic and Middle Jurassic
radiolarites of the N-Moschokarya series (fig. 5C). So far,
the only Liassic ages from radiolarites related with
obducted ophiolitic material came from nodules redeposited
in Middle Jurassic sediments present in Argolis peninsula
[Chiari et al., 2012b]. A peculiar sedimentary environment

unfavourable to radiolarite deposition during this period
seems to be a real possibility as the same observation has
been made in nearby areas such as the Pindos basin [Fleury,
1980] and the Maliac oceanic margin [Ferrière, 1982].

Our results show that the Fourka lavas eruptions as oce-
anic sea-floor lasted at least 25-30 m.y., from the Late
Anisian (c. 245 Ma, in Gradstein et al. [2012]) to the Lower
Norian (c. 220-215 Ma). Thanks to its large dimensions and
to the long time of oceanic spreading, the Fourka unit has to
be considered as a major reference unit for the Triassic evo-
lution of the Maliac oceanic crust. Because of their Triassic
age and their MORB and/or WPB affinities, some mafic
units or bodies of Greece and Albania have been interpreted
as equivalent of the Fourka unit and therefore as old Maliac
oceanic lithosphere, even if they are not always proved to
be Triassic (radiolarites are often crushed and have tectonic
contact with the lavas) or of ophiolitic type (eg. some of
them outcrop as blocks of unknown origin in mélanges).
Such supposed Triassic ophiolitic lavas have been described
in different areas: Argolis (in mélanges, Bortolotti et al.
[2001]), northern Evia (a small tectonic sheet, Scherreiks
et al. [2010]), Koziakas mountains (small tectonic sheets,
Chiari et al. [2012a]), Peloponnessos (associated to an iso-
lated body of gabbros, Danelian et al. [2000]), N-Pindos
area (in mélanges, Jones and Robertson [1992]) and from
the Mirdita zone of Albania (in a mélange but also in the
thin Porava tectonic unit below the main ophiolitic masses,
e.g. Bortolotti et al. [2006]). Some other Triassic lavas, sup-
posed to be part of the Fourka unit, belong to the Maliac
margin (eg. some lavas described by Bortolotti et al. [2008]
and Oszvart et al. [2011]).
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FIG. 4. – Detailed cross-sections across West-Othris Maliac ophiolitic nappes showing the locations of the studied supra-ophiolitic series. Location of BB’
and CC’ (cf fig. 2).
BB’ cross-section: location of the Jurassic Ekara series belonging to the Mega Isoma ophiolitic unit. CC’ cross-section: locations of the Kalamakion,
Moschokarya and Trilofon areas where crop out the Triassic series on the pillow-lavas of the Fourka unit. Abr. F.K.: Fournos Kaitsa massif; Hz: Harzburgi-
tes; Lh : Lherzolites; Met: Metalleion; U: unit (nappe); J: Jurassic .
D: Schematic column summarizing the structural set of syn-obduction nappes in W-Othris with the location of the sedimentary series (Moschokarya and
Ekara series) deposited on ophiolitic units.



THE JURASSIC EKARA SERIES ON THE MEGA
ISOMA OPHIOLITIC UNIT

The published data about the upper ophiolitic unit in Othris
[Mega Isoma unit, Celet et al., 1980] concern the peridotites

(lherzolites and harzburgites) and their distribution [Men-
zies and Allen, 1974; Celet et al., 1980; Ferrière, 1982;
Dijkstra et al., 2001; Photiades et al., 2003; Barth et al.,
2003, 2008]. Sediments supposed to be deposited above the
ophiolites have been mentioned by Celet et al. [1980] and
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PLATE I (outcrops)
A: Late Anisian-?early Ladinian shales and radiolarites on Fourka pillow-lavas (diagram fig. 5A). Road Kalamakion-Fourka pass. Scale: cf hammer. GPS:
38°59,803 N; 22°21,607 E.
B: Early Norian radiolarites within Fourka lavas (diagram fig. 5B). East of Moschokarya, on the road to Stirfaka. Length of radiolarites outcrop: c. 2,5 m.
GPS: 38°59,751 N; 22°16,528 E.
C: Clear stratigraphic contact of red Triassic radiolarites on the grey Fourka pillow-lavas (see fig. 5C). North of Moschokarya, on the road to Xinias plain.
GPS: 39°0,515 N; 22°15,741 E.
D: Contact between Middle Jurassic shaly radiolarites and weathered ophiolitic lavas. This outcrop shows that the radiolarites (Rad) doesn’t belong to a
tectonic unit located below the Mega Isoma magmatic ophiolitic unit, but are deposited on the crust of this latter unit (cf fig. 6A). Southern outcrop of the
Ekara series near Ano Agoriani, on the road to Ekara. GPS: 39°7,751 N; 22°11,779 E.
E: The basal formations of the Ekara series near Ekara village (cf fig. 6B). On this outcrop we can see the two main infra-mélange formations: the Middle
Jurassic red radiolarites on the basal grey-green litharenites. Northern part of the road between Ano Agoriani and Ekara. GPS: 39°8,950 N; 22°11,321 E.
F: The upper part of the Middle Jurassic Ekara series. This melange (“Ekara Melange”) is linked to the erosion of intra-oceanic syn-obduction ophiolitic
units (cf figs 6B and 7). Along the road Ano Agoriani to Ekara, near Ekara village. GPS: 39°9,035 N; 22°11,387 E.



Ferrière [1982] in the Agoriani-Ekara area near Domokos,
but the observed contacts were faulted contacts. More re-
cently, Photiades et al. [2003] and Bortolotti et al. [2008]
have published some details on these series but these au-
thors considered that they belong to a separate unit
(“Agoriani mélange”) located below the ophiolitic MI unit.
They give also a Middle Jurassic age (Bathonian-Callovian,
UAZ 6 and UAZ 6-7, Baumgartner et al. [1995b]) to this
Agoriani Melange thanks to two radiolaritic samples re-
moved from the Ano Agoriani or Ekara (?) area [Bortolotti
et al., 2008].

Thank to well exposed outcrops along the new road be-
tween Ano Agoriani and Ekara (formerly named Kato
Agoriani) the Ekara series appears to be a supra-ophiolitic
series with a primary contact on their magmatic basement
(figs 4 and 6). The upper part of this series is a chaotic
mélange formation but its basal part shows thick non-cha-
otic strata. To avoid confusion with the term “ Agoriani
mélange “ used by Bortolotti et al. [2008] for this series, we
name it “Ekara series”. The “mélange” formation that con-
stitutes the upper part of this Ekara series is designed as
“Ekara mélange”.

The basal radiolarites deposited on the Mega Isoma
ophiolites (southern Ekara area)

The upper part of the peridotite-rich ophiolitic unit of this
area is composed of c. 10-20 m of gabbros and highly
weathered dolerites-lavas that are covered by siliceous sedi-
mentary rocks. The contact between the lavas and their sed-
imentary cover is well exposed, mildly deformed but of
stratigraphic nature (fig. 6A, pl. ID). The lowest sedimen-
tary levels are shaly thin-bedded radiolarites with few
arenitic cm-thick beds. Just above shaly beds (about
10 m-thick) red radiolaritic sediments constitute the upper
part of this outcrop (South Ekara log, fig. 6A).

Radiolaria obtained from these red cherts are attributed
to the Middle Jurassic (pl. II). Sample AG 01, collected at
the base of the sedimentary sequence, yielded a radiolarian
fauna including (pl. II): Ristola altissima major BAUMGARTNER
& DE WEVER, Cinguloturris carpatica DUMITRICA,
Transhsuum brevicostatum (OZVOLDOVA) and Hexasaturnalis
nakasekoi DUMITRICA & DUMITRICA-JUD. The co-occur-
rence of these age diagnostic species allows to assign the
sample to the unitary association zone 7 (UAZ 7) of
Baumgartner et al. [1995b], correlated with the late
Bathonian-early Callovian interval. From the upper part of
the sedimentary sequence, sample AG 03 yielded an assem-
blage of a similar age, which can be assigned to UAZ 7
based on the co-occurrence of species Archaeohagiastrum
munitum BAUMGARTNER, Dictyomitrella (?) kamoensis
MIZUTANI & KIDO, Eucyrtidiellum ptyctum (RIEDEL &
SANFILIPPO), Eucyrtidiellum unumaense pustulatum
BAUMGARTNER, Guexella nudata (KOCHER), Stichocapsa
robusta MATSUOKA, Williriedellum carpathicum DUMITRICA
and Praewilliriedellum robustum MATSUOKA.

The different Jurassic formations of the Ekara series
(Ekara village area)

Nearby Ekara village, some very good outcrops show a
complete supra-ophiolitic succession but the basal contact
on the ophiolites is unfortunately not well exposed (North
Ekara log, fig. 6B). From the bottom to the upper part of the

sedimentary pile, we observed the following layers (fig. 6B
and pl. IE and F): i) green litharenic levels containing
ophiolitic grains or pebbles and some quartz grains with
more shaly radiolaritic beds toward its top; ii) red
radiolaritic levels (c. 15 m total thickness) with a me-
ter-thick radiolaritic bed in the middle part; iii) a chaotic
formation with pluri-decimetric blocks (“Ekara mélange”)
resting conformably on top of the red radiolarites. The ma-
trix of the mélange is made up of siliceous shales.

Radiolaria from the lower and upper part of the series
reveal Middle to Late Jurassic ages (pl. II). The red shaly
radiolarites are late Bathonian to early Callovian, age based
on the co-occurrence in sample F11-109 (fig. 6B) of
Cinguloturris carpatica DUMITRICA, Dictyomitrella (?)
kamoensis MIZUTANI & KIDO, Eucyrtidiellum ptyctum
(RIEDEL & SANFILIPPO), Loopus primitivus MATSUOKA &
YAO and Guexella nudata (KOCHER) which can be assigned
to UAZ 7. Sample F11-111 (fig. 6B, pl. II) can be assigned
to UAZ 8 and thus correlated with the middle
Callovian-early Oxfordian interval based essentially on the
co-occurrence of Eucyrtidiellum unumaense (UAZ 3-8),
Podobursa polyacantha (FISCHLI) (UAZ 5-8) and Emiluvia
orea orea BAUMGARTNER (UAZ 8-11). Other taxa in this
sample are Cinguloturris carpatica DUMITRICA and
Parvicingula dhimenaensis ssp A sensu Baumgartner et al.
[1995a]. Radiolaria extracted from the red shaly matrix of
the mélange are not well preserved. They can be assigned to
the UAZ 5 to 8 and correlated with the early Bathonian to
early Oxfordian interval based essentially on the presence
of Guexella nudata identified in sample F11-112 (fig. 6B).

Above the radiolarites, a main change in sedimentation
is outlined by the development of the mélange that is con-
sidered to be linked to the initiation of the obduction event
(pl. IF). The blocks redeposited in the “Ekara mélange”
(radiolarites, pelagic limestones, ophiolitic rocks) testify
for an oceanic origin. According to Photiades et al. [2003]
lava blocks from this mélange show MORB, MORB-IAT
and SSZ affinities. There are no blocks of proven continen-
tal origin, considering that the few metamorphic blocks
could correspond to oceanic meta-sediments formed at the
sole of the ophiolitic nappes.

Clay mineral analyses

Clay mineral analyses were performed on six samples: three
samples recovered at the base of the Ekara series (fig. 6A:
AG 01, 03 and 04) and 3 samples from the matrix of the
“Agoriani mélange” (fig. 6B: F11-101, 103 and 106). Two
of the samples from the basal radiolarites are especially en-
riched in smectite (AG 03: 82% and AG 04: 91%), while the
third one (AG 01) is characterized by a smectite
(67%)-illite (30%) association. The dominance of smectite
likely reflects the vicinity of basic lavas and scarcity in
illite is consistent with a relative remoteness of the sedi-
mentary oceanic domain from the margins. The presence of
zeolites (clinoptilolite) suggests the occurrence of fluid-ba-
salt interactions.

Rather diversified clay mineral associations characterize
the mélange: two samples (F11-101 and F11-103) display
complex compositions including illite, smectite, chlorite and
regular mixed-layers (rectorite-interstratification of mica and
smectite- and corrensite) while the last sample (F11-106),
being enriched in smectite (85%) shows a clay content
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PLATE II (Radiolaria)
Middle Triassic to Middle-Late Jurassic radiolarians from the Othris, Scale bar = 100 µm for all figures, except for figures 5-7 and 10-13: scale bar =
50 µm.
1-3: Sample AG 01, UAZ 7, late Bathonian - early Callovian; 1: Ristola altissima major BAUMGARTNER & DE WEVER; 2: Cinguloturris carpatica DUMITRI-

CA: 3: Transhsuum brevicostatum (OZVOLDOVA).
4-7 and 11-13: Sample AG 03, UAZ 7, late Bathonian - early Callovian; 4: Archaeohagiastrum munitum BAUMGARTNER, 5: Eucyrtidiellum unumaense pus-
tulatum BAUMGARTNER, 6: Eucyrtidiellum ptyctum (RIEDEL & SANFILIPPO), 7: Guexella nudata (KOCHER), 11: Stichocapsa robusta MATSUOKA, 12: Willirie-
dellum carpathicum DUMITRICA, 13: Dictyomitrella (?) kamoensis MIZUTANI & KIDO.
8-9: Sample F11-111, UAZ 8, middle Callovian to early Oxfordian; 8: Emiluvia orea orea BAUMGARTNER, 9: Podobursa polyacantha (FISCHLI). 10: Sample
F11-109, UAZ 7, late Bathonian - early Callovian, Loopus primitivus MATSUOKA & YAO.
14-15: Sample FC-02: early Norian; 14: Xiphosphaera? fistulata CARTER; 15: Sarla hadrecaena DE WEVER.
16-18: Sample F10-AS 8 , early Norian; 16: Capnodoce anapetes DE WEVER; 17: Palaeosaturnalis triassicus (KOZUR & MOSTLER), 18: Kahlerosphaera
kemerensis kemerensis TEKIN.
19-20 and 22-23: Sample YO 98, latest Anisian-?earliest Ladinian; 19: Eptingium manfredi DUMITRICA, 20: Spongostephanidium spongosium DUMITRICA,
22: Pseudostylosphaera? sp., 23 : Pseudostylosphaera compacta (NAKASEKO & NISHIMURA);
21: Sample YO 100, latest Anisian-?earliest Ladinian, Triassocampe scalaris DUMITRICA, KOZUR & MOSTLER.



similar with 6A section basal samples. These observations
evidence the influence of reworked materials within the
mélange, either components originating from oceanic litho-
sphere (ophiolitic sheets) or metamorphic rocks (some
decimetric blocks exist) likely originated from the sole of
the ophiolitic thrust sheets.

The Mid-Jurassic Ekara series: characteristics and
interpretation

Our results relative to the Ekara series show that it is a Ju-
rassic, supra-ophiolitic, complete, diversified succession
that, consequently, bring important informations on the cor-
responding Jurassic Maliac oceanic lithosphere:

– this series covers the uppermost ophiolitic unit (MI
unit) of the Jurassic syn-obduction structural set (Pl. ID).
The contact between the lavas and overlying sediments is
locally a clear stratigraphical contact, which has not been
significantly modified by tectonic deformation. Thank to
this result it is possible to give a Middle Jurassic age to the
MI ophiolite unit, the age of which was unknown;

– the Ekara series, also refered to the “Agoriani Mélange”
[Bortolotti et al., 2008] is not only a mélange. It shows

thick well-organized sediments (litharenites and radiolarites
(pl. IE) deposited before the blocky formation correspond-
ing to the typical syn-obduction “mélange” (pl. IF);

– all the results based upon radiolarian analyses yield
Middle (Late?) Jurassic ages, especially late Bathonian-
early Callovian (UAZ 7), possibly also locally UAZ 6 ac-
cording to Bortolotti et al. [2008]. They reach a middle
Callovian-early Oxfordian age (UAZ 8) at the top. While
Triassic ophiolitic units (e.g. Fourka unit), are mainly made
up of lavas, all the main ultramafic ophiolitic massives in
Greece and Albania are Jurassic in age, notably the follow-
ings: the Mighdalitsa sheet (Argolis [Baumgartner, 1985]),
the N-Pindos ophiolite (even if the ages, come from
radiolarites sampled in the Avdella mélange [Jones and
Robertson, 1992] or the Vourinos massif [Chiari et al.,
2003] in Greece; the eastern and western belts of the
Mirdita ophiolite in Albania [e.g. Marcucci et al., 1994 in
Bortolotti et al., 2004];

– such Middle Jurassic ages show that these deposits
are more or less contemporaneous with the beginning of the
convergence context (subduction and obduction) based on
the ages of SSZ ophiolitic lavas (e.g. from late Bajocian in
the Vourinos massif [Chiari et al., 2003]), and of amphibo-
lites of the ophiolitic soles [e.g. Spray et al., 1984; Vergely
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FIG. 6. – Jurassic Ekara series belonging to the Mega Isoma ophiolitic unit
(Fournos Kaitsa massif). Abr. Rad: radiolarites; Lith: litharenites. 1: coarsed
litharenites with ophiolitic content; 2: sandstones with ophiolitic elements;
3: red siltstones (shales); 4: radiolaritic red beds; 5: chaotic formation (“mé-
lange”) with ophiolitic and pelagic sedimentary blocks. AG 01, and 03;
F11-109: samples with Mid-Jurassic Radiolaria (UAZ 7); F11-111: sample
with Mid to Late Jurassic Radiolaria (UAZ 8). AG 01, 03, 04 and F11-101,
103, 106: clay analyses.

FIG. 5. – (A to D): Sedimentary series associated to the Triassic Fourka pil-
low-lavas.
1: Pillow-lavas (MORB); 2: calcareous lens above pillow-lavas (fig. 5A);
3: red siliceous shales; 4: red radiolarites. Thicknesses of radiolarites:
fig. 5A: c. 5 m; fig. 5B: c.1 m; fig. 5C: c.10 m from F10 As1 to 11;
fig. 5D: c.3 m. For scales see also pl. I.
Abr. Rad: radiolarites; Conod: conodonts; Mid-Jur: Middle-Jurassic;
F: normal faults. YO 98 and 100, FC 02-03, F10-As 1 to 11, F11-128 and
F12-13: samples with Triassic fossils (Radiolaria and conodonts); F12-11
and 12: samples with Mid-Jurassic fossils (Radiolaria). F11-96, 97 only
clay analyses.



et al., 1998]. Because it is the uppermost unit of the
syn-obduction tectonic system, the MI unit and its cover,
the Ekara series, were certainly located in the su-
pra-subduction plate during the obduction events (fig. 7).

Barth et al. [2008] considered that the peridotites of the
Fournos Kaitsa massif, which is the part of the MI unit cov-
ered by the Ekara series, are similar to abyssal peridotites
while some other ultramafic massives of the W-Othris
ophiolites (the Metalleion unit and parts of the MI unit) are
of SSZ type. This result leads to consider several hypothe-
ses concerning the origin of the basement of the Ekara se-
ries (UAZ 7 in age); it could be generated: i) at a
mid-oceanic ridge and could have become part of the upper
plate at the beginning of subduction (A hypothesis: hyp A,
fig. 7), or ii) within the back-arc basin, just after the forma-
tion of the Metalleion oceanic basement (UAZ 5 in age
from its supposed equivalent, the Vourinos ophiolite). The
UAZ 7 age of the MI unit is better explained by this latter
hypothesis (hyp B, fig. 7), but to precise the location of the
MI unit it is necessary to better know the geochemical affin-
ities of the MI and Metalleion units and the ages of the
latter one.

The deposition of the “Ekara Mélange”, at the top of the
Ekara series, which covers the uppermost ophiolitic unit
(MI unit), questions on the source of such detrital material.
This source could be: i) an uplifted part of the MI unit sup-
plying blocks to the lower parts of the unit (fig. 7-4); ii) an-
other nappe thrust above the MI one, but now totally
eroded; iii) or even the Metalleion unit firstly thrust over
the MI nappe (and thus partly eroded), and then overthrust
toward the east by this MI unit (fig. 7-4).

CONCLUSIONS

The structural stack of syn-obduction thrust sheets of Othris
mountains is unique, probably the most complete of the
Hellenic and Dinaric ranges. Our new ages and structural
data from the oceanic series on top of the ophiolitic units al-
low us to significantly decipher their geometry and evolu-
tion. Some of the major ophiolitic units of Othris can
therefore be considered as a reference for the Mesozoic
seafloor obducted over large areas of Greece and Albania.

The initial Triassic Maliac oceanic crust

The Fourka unit is a major unrooted thrust sheet constituted
of 300 to 400 m-thick pillow-lavas, tectonically separated
from their original oceanic basement. Despite the absence
of gabbro and peridotite lithologies at its base, this thick
pile of lavas, of MORB-type [Hynes, 1974; Ferrière, 1982;
Bortolotti et al., 2008; Barth et al., 2009], covered by sedi-
ments showing oceanic characters (e.g. radiolarites and sili-
ceous clayey siltstones) and outcropping between the main
peridotitic nappes and the lower Maliac margin thrust
sheets, has to be considered as part of the former oceanic
Maliac lithosphere.

Previous sedimentological characterization [Ferrière,
1982] and few dating of lavas in Othris [Bortolotti et al.,
2008], suggested that Maliac oceanic crust existed as early
as the Triassic times. As several Triassic ages, and no Juras-
sic ages, have been obtained from all the radiolarites sam-
pled directly on top of the lavas, or in between the pillows,
we consider this oceanic Fourka unit as restricted to

Triassic age. Moreover, because of its large dimensions
(thickness and outcrop surface in Othris) linked to a long
period of oceanic spreading (c. 25-30 m.y. in duration, be-
tween late Anisian-early Ladinian to Norian p.p.), the
Fourka unit has to be regarded as the main ophiolitic thrust
sheet of the Hellenides exposing the early crust of the
Maliac ocean, Triassic in age.

Other Triassic mafic lavas have been described in
Greece and Albania. Despite occasionnal uncertainties on
their age and/or their ophiolitic nature, some of these Trias-
sic lavas belong probably to the earlier crust of the Maliac
ocean e.g. lavas from Argolis, Evia or Koziakas (see text for
more details). Regarding the Fourka unit as a whole, rather
similar unit can be observed farther north, up to Albania:
the Porava unit above the Rubik complex (mélange)
[Bortolotti et al., 2006].

According to our new age data, the formation of the ba-
saltic oceanic crust is close to the late Anisian-Ladinian
rifting episode known on the Maliac oceanic margin. We
therefore conclude that the Fourka unit was created during
the earlier stages of oceanic spreading in the vicinity of the
rifted Pelagonian continental margin. The location of this
oceanic crust at the foot of the Pelagonian margin can ac-
count for the subsequent thin-skinned thrusting of the upper
part of this proximal oceanic crust during the beginning of
obduction (fig. 7-4).

The Middle (to Late?) Jurassic oceanic lithosphere of
the Maliac ocean

Some of the ophiolitic units from Othris are dominated by
peridotites. They are among the most important ultramafic
units of the Hellenic ophiolitic thrust sheets. One of these
large units, the Mega Isoma unit (MI), forms the top of the
structural stack obducted during Middle to Late Jurassic
times. The geodynamic significance of that unit remained
uncertain, largely because its age was not constrained until
now. We described in this paper a relatively complete sedi-
mentary cover associated with some of the sparse lava bod-
ies preserved within this unit.

Our new structural data, mapping and dating led to the
following results:

– the sedimentary series of Ekara lies without no doubt
on the ophiolitic lavas of the Fournos Kaitsa massif, part of
the MI ophiolitic unit. The contact between the sediments
and the mafic rocks is mildly deformed but not enough to
consider it as a tectonic contact. Consequently, the MI
ophiolite can be dated as Middle Jurassic in age. While Tri-
assic ophiolitic units are mainly made up of pillow-lavas,
the Middle Jurassic ones are the main peridotite-rich
ophiolitic units in Greece and Albania (for more details see
text);

– observed lavas from the MI unit are too much weath-
ered to produce reliable geochemical results. However, the
Middle (and earliest Late Jurassic?) age of the Ekara series,
a little younger than the Bajocian-Bathonian lavas of the
SSZ Vourinos ophiolites [Chiari et al., 2003], indicates that
this oceanic crust (MI unit) was formed during the early
stages of convergence (subduction) of the Maliac ocean. As
it is the uppermost syn-obduction tectonic unit, the MI unit
was probably located in the supra-subduction oceanic plate
during the obduction events;
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– the base of the Ekara series is locally constituted of
litharenites rich in ophiolitic elements coming from its own
basement. However, in other localities, shaly radiolarian
beds cover directly the ophiolitic mafic rocks. These
radiolarites testify for a, more or less, quiet period of sedi-
mentation despite the convergence context;

– the upper part of the Ekara series is a sedimentary
mélange formation bearing blocks of ophiolitic material
(i.e. serpentinite, basalt, gabbro, radiolarite) in a siliceous
shaly matrix. According to its composition, this mélange
has to be considered as a syn-obduction formation. Conse-
quently, it appears that the MI unit formed part of the
Maliac oceanic lithosphere up to the beginning of the intra-

oceanic obduction (fig. 7-4). The presence of ophiolitic
blocks in a mélange formation on top of the uppermost MI
unit testifies for a source from an uplifted part of this unit
or of another oceanic unit on top of it (fig. 7-4). The conti-
nuity in the Ekara series between the radiolarites and the
mélange permits to conclude that the intra-oceanic obduction
was active since at least the late Callovian-earliest
Oxfordian times (UAZ 8).

The new data exposed in this paper permit to signifi-
cantly constrain the structural stacking and the evolution of
ophiolitic bodies in the Othris mountains. Similar ophiolitic
bodies are exposed all over the internal Hellenides of
Greece and Albania. The geometry and structural evolution
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FIG. 7. – Evolution of the Maliac oceanic lithosphere based upon western Othris supra-ophiolitic sedimentary series from Triassic spreading to Mid-Late
Jurassic obduction. Abr. Lh: lherzolites; Hz: harzburgites; MI: Mega Isoma unit; Pgo: Pelagonian zone; volc arc: volcanic arc. Black vertical arrows: subsi-
ding areas. Open ellipses: pillow-lavas; black thick dashed lines: studied radiolarites; black thin dashed lines: red siliceous shales; black spots: volcanic
rocks in the Pelagonian and proximal Maliac margin (rifting events); bricks: limestones.
1) Triassic oceanic spreading: The new Middle-Late Triassic oceanic crust (c.240 Ma to 200 Ma) corresponds to the Fourka unit.
2) Jurassic oceanic spreading (c.200 to 175 Ma): At the end of this period (c.175-170 Ma) the divergence and spreading of the Maliac oceanic lithosphere
stop and subduction zones appear.
3) Mid-Jurassic subduction (c.168-165 Ma) : the intra-oceanic subduction of the western part of the Maliac oceanic lithosphere initiated at the mid-oceanic
ridge (?) gives rise to an intra-oceanic volcanic arc and to a back-arc oceanic lithosphere. This new SSZ lithosphere corresponds to the Metalleion unit
(UAZ 5 in age) and probably to the Mega Isoma unit (UAZ 7 in age) (B hypothesis: hyp B). Another possibility (hyp A) is that the MI unit comes from a li-
thosphere located in the forearc area but the UAZ 7 age of the MI unit is better explained by the first hypothesis (hyp B). This latter one has been prefered
and is the only one represented on the figure (cf 4).
4) Mid-Late Jurassic oceanic to continental obduction: The intra-oceanic obduction gives rise to the three main ophiolitic nappes known in the West-Othris
area (Mega Isoma, Metalleion and Fourka units). The “mélange” of the Ekara series deposited on the thin mafic crust of the MI unit, comes from the ero-
sion of this unit and/or from another one (4a and 4b).
Just after the intra-oceanic obduction (4a), the oceanic lithosphere is thrust onto the continental crust (obduction s.s.) corresponding to the Maliac oceanic
margin and then, onto the Pelagonian zone (4b). The Fourka ophiolitic unit loses its peridotitic basement and a new “chaotic mélange” is deposited in front
of the ophiolitic nappes on the proximal Maliac units, then onto the Pelagonian zone (4b).



deduced from the ophiolitic thrust sheets of Othris can be
applied to this whole domain involved in the Jurassic
obduction of the former Middle Triassic to Middle Jurassic
Maliac ocean.
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