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Abstract

Three stratigraphical sections from eastern Vourinos (Rhodiani area) to eastern
Vermion massifs revealed the same age of the laterite events affecting the serpenti-
nized ophiolite complex after its emplacement on the Pelagonian domain. All of
them consist from their base upwards of serpentinized harzburgite slivers with lat-
eritic unconformities on the top, followed by transgressive upper Lower Cretaceous
neritic limestones.

At Kteni locality (Rhodiani area), a laterite horizon, lying on top of serpentinites, is
covered by transgressive neritic limestones with Salpingoporella urladanasi, assign-
ing a Barremian - Albian age, followed by Orbitolinidae limestones. At Tsimodia lo-
cality (NNW to the previous), the laterite horizon, lying on karstified Upper Jurassic
reef limestones (which are the top member of a carbonate platform body tectonically
lying on the ophiolites), is transgressively overlain by iron-rich pisolith levels and
Aptian limestones of the wackestone-mudstone type, also containing Salpingoporella
urladanasi, followed by Cenomanian Orbitolina limestones.

Finally, the third examined locality, further north-eastward to the previous, is situ-
ated at the eastern slopes of Vermion massif, and more precisely at the NW part of
Koumaria village. There, it can again be observed that the lateritized serpentinite
slivers are overlain transgressively by neritic limestones with Salpingoporella ur-
ladanasi, passing upwards into Upper Cretaceous recrystallized limestones with
Orbitolinidae and rudist fragments and, finally, to flysch deposition.

These features allow to recognize that the emersion and the consecutive lateritiza-
tion of the thrust-emplaced ophiolites in Vourinos and Vermion massifs in the north-
ern Pelagonian domain, starting from the Latest Jurassic, was followed by a marine
transgression beginning from the Barremian - Albian, firstly under restricted and
brackish carbonate platform conditions, marked by the presence of the dasy-
cladalean alga Salpingoporella urladanasi, followed by normal salinity carbonate
platform conditions. The neritic sedimentation was stable until the Early Cenoma-
nian. Subsequently, a deepening, earlier at Vourinos and later at Vermion, resulted
in deposition of pelagic and turbiditic carbonates and then of flysch.
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NepiAnyn

Tpeig oIpWUATOYPAPIKES TOUES, OTO TOV avatoliké Bovpivo (mepioyn Podiovng) koi
70 avaroliké Bépuio, amexdloyov v idia nhikia twv paivouévawv mov cyetiCovial
LE TIC Aatepitiddoeis mov TPOTELAARY TO TEPTEVTIVIOUEVO 0PI0A1BIKO TOUTAEYUA HETG
™0V T0MOOETNON TOV TAVW OTHYV TEAAYOVIKH EMIKPATEIN. ETIC TOUES TTOPATHPODVIQL TE-
HOXH CEPTEVTIVIOUEVWY XOPTOROVPYITAOV TOV PEPOVY ATEPITIKEG QCVUPWVIES TTHY
KOPLQY, KOADTTOUEVEG OMO EMIKAVOIYEVEIS DOTEPO-NWKPNTIOIKOVS VHPITIKOVS aofe-
otolifoug.

Kovta oo ywpio Ktévi (mepioyn Podiavng), évag opiloviac Aatepity, mov kabetou
OTHY KOPOPY OEPTEVIIVITOY, KOADTTETAL OR0 EMIKAVTIYEVEIS VRPITIKODS aofeotoliBovg
ue Salpingoporella urladanasi, n onoia mpoodiopiler nlikia Boppéuio - AABro, oxo-
AovBoduevouvs amd agPeotolibovg pe Orbitolinidae. Xty Oéon Towodid (BBA tng
TPONYOVUEVNS), O AOTEPITIKOS 0pifoviag, mov KAbetar Tavw 0& KOpPOTIKOTOINUEVOVS
aAVWI00POTIKODS DPAAOYEVEIS adfeatorifovg (o1 omoiol eivau T0 KOPLPALO PEAOG EVOG
OWDUATOS OVOPAKIKAG TAATPOPUOS TOV KAFETOL TEKTOVIKOG TAVEW 0ToVS 0@1odiboug),
KOADTTETOL EMIKAVGIYEVAG OO EVaL GIONPOVYO TIGO0ABIKG OTPWUATIOI0 Kol aofeaTo-
AiBovg tov Amtiov, mov Eyovv ver wackestone-mudstone kai Emions wEPLEYOLV
Salpingoporella urladanasi, axolovBoduevovg ané acfeorolibovg pe Orbitolina tov
Kevouavion.

Téhog, n ity eletaobeion tonobeoia, apketd BA twv nponyovuévev, fpicketal otig
avatorIKES Topveés Tov Bepuiov kar ovykexpiuéva ato. BA tov yawpiov Kovuapia. E-
Kel, Opolws mopotnpeital 0Tl To. AATEPITIOUEVO TEUGYN TEPTEVTIVITOV KAADTTOVIAL &-
micAvoryevag arno vipitikolg agfeotodiBoug pe Salpingoporella urladanasi, mov mep-
VOOV TPOG TA TAV® 08 AVAKPLOTOAAWUEVOVS avwkpnTIdKobs aofeotorifouvg ue Orbi-
tolinidae ka1 Gpovapora povdioTdv ko, ev A€l ato pAdoyn.

O1 Topamavew YopoaKTHPeS 00NyodV 010 CUUTEPAOUA OTI i AVAOVOH KAl 1 EXOKOA0vOR
Aateprricwon twv erwlnuévay opiolibawv tov Bovprvov kar tov Bepuiov, oty fopeto
TEAQYOVIKY ETIKPATELD, TOV EAOfE Yhpo apync yevouévys amo to votaro lovpooiko,
okoAovBnBnke ano o Boddooia emikAvon wov dpyioe péoa oto didornua Bappéuio -
Alpio, oe ovvOnKkes avBpokiknG TAATPOPUAS, OPYIKOS KAEIOTHS KAl DYPGAUVPHS, TOV
onuadevbovIar omo Ty mapovaio Tov Pokovs Salpingoporella urladanasi, oxolov-
Oodueves ano kavovikng atuvpotytag ovvlnxes avBparxikis nlarpopuos. H vhpruxn
nuotoyéveon Eueive akAovnty uéxpl 1o katwtepo Kevoudvio. Xty ovvéyeia, pio fa-
Goven, vapitepa oto Bodpvo kar apyotepa oto Bépuio, odynoe atnv andleon melo-
VIKOV Kot TovpfIoitikdv aofeotorifwv kai oty ovvéxeia tov pAboyy.

Aééers KAeroa: Ltpawporoypagpia, ledayovixy, Salpingoporella urladanasi.

1. Introduction

In the Vourinos and Vermion Massifs (Fig.1) two main tectonic units are present: the metamorphic
Pelagonian unit (a), consisting mainly of Upper Triassic-Lower Jurassic marbles and the overlying
Jurassic schistose melange and the ophiolitic nappe (b), thrusted during the Late Jurassic,
consisting mainly of serpentinized harzburgite and dunite slivers (Photiades et al. 1998).

Moreover, on the ophiolites of the Vourinos massif (Rhodiani area), a tectonic wedge-sliver,
consisting of limestones of a Middle-Late Jurassic carbonate platform, can also be locally
observed. The over-thrusting of this unit on the ophiolites is younger than the Late Kimmeridgian-
Tithonian top of the carbonate platform limestones (Bortolotti ef al. 2004, Carras et al. 2004).

Both Jurassic limestones and surrounding ophiolites in the Vourinos area and ophiolites in the
Vermion area are locally covered by Fe-Ni laterite lenses, or a thin lateritic, argilo-pelitic bed
(Photiades ef al. 1998).
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Figure 1 — Geological sketch-map (Brunn, 1956, modified). Key symbols: Pelagonian zone:
pre-Alpine basement with gneiss (1); Triassic-Jurassic marble (2); Jurassic schistose melange
(3); serpentinite with laterite (4); Upper Jurassic and/or Upper Cretaceous limestone (5);
Upper Cretaceous flysch sequence (6); Almopias zone: serpentinite with basic and acidic
rock slivers (7); ophiolitic melange formation (8); Upper Cretaceous deep-water limestone
(9); Upper Cretaceous flysch sequence (10); molasse formation (11); Neogene and
Quaternary deposits (12)

This lateritized substratum in the Vourinos-Vermion area is uncomformably covered by the neritic
deposits of a “Mid” Cretaceous transgression, overlain by deep marine, mainly turbiditic,
carbonate sediments, during the Late Cretaceous (Photiades et al., 1998; Bortolotti et al. 2000
2001, 2002, 2004, Carras et al. 2004), followed by Late Maastrichtian flysch deposition.

The aim of this paper is to show that, apart local particularities, the general modalities and timing
of the post-ophiolite-emplacement history in both the Vourinos and Vermion areas, i.e. the Latest
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Jurassic - Earliest Cretaceous emersion and lateritization event and the consecutive marine
transgression, were similar.

2. Stratigraphical data
2.1. The Kteni section

In the Kteni area, at the hill 670 (N 40°9°42,12""; E 21°47°5,88"", Vourinos massif, Fig. 1), the
serpentinites, bearing lateritic lenses on the top, are overlain by the following transgressive succes-
sion, from bottom upwards (Fig. 2):

1. A calcareous conglomerate, 1,5 m thick, with pebbles 8-50 mm in size, coming from Upper Ju-
rassic reef limestones with Tubiphytes morronensis Crescenti, Suppiluliumaella sp. and coral
fragments; the matrix is lateritic.

2. A thin-bedded, black, micritic and brecciated limestone with Salpingoporella urladanasi Con-
rad, Peybernés & Radoi¢i¢ and ostracods, lying on the conglomerate, or directly on the substratum.
The dasyclad alga S. urladanasi is known in usually restricted marine to brackish environments of
Barremian - Albian age (Carras ef al. in press).

3. A thick bedded limestone of the rudstone type, with Orbitolinidae and angular fragments of
packstones and grainstones of carbonate platform facies. The depositional environment is probably
a slope and the age probably Cenomanian.

2.2. The Tsimodia section

In the Tsimodia area (N 40°13°35,4""; E 21°43°29,94"", NNW to the previous, Fig. 1), the laterites
lie on top of a calcareous body, consisting of Upper Jurassic reef limestones, while the serpen-
tinites crop out downwards in the wider area. The overlying transgressive succession consists,
from bottom upwards, of (Fig. 2):

1) A discontinuous level of brown pisolitic limestone, some c¢m thick, adhered upon the laterite.
The microfacies is a bioclastic wackestone, intensely contaminated by lateritic materials forming
pisoids, containing Debarina hahounerensis Fourcade, Raoult & Vila, Miliolidae, detritus of
Salpingoporella sp. [S. cf. muehlbergii (Lorenz)] and mollusk fragments.

2) Above the pisolitic level, or directly on the laterites, a level of brown, thin-bedded, micritic
limestones lies, some metres thick. In this level, two types of microfacies have been observed:

e wackestone rich in lateritic mud and Salpingoporella urladanasi Conrad, Peybernes & Ra-
doici¢ (Fig. 3).
e mudstone-wackestone rich in lateritic mud, containing Debarina hahounerensis Fourcade,

Raoult & Vila, Palorbitolina lenticularis (Blumenbach), Miliolidae, and cavities with
geopetalic filling.

3) The brown limestones are overlain by dark-gray, thin-bedded, micritic limestones, ca. 10 m
thick. The common microfacies is bioclastic wackestone with Palorbitolina lenticularis (Blumen-
bach) (only in the lower part of the level), Debarina hahounerensis Fourcade, Raoult & Vila, Ver-
corsella laurentii (Sartoni & Crescenti), Pfenderina cf. globosa Foury, “Valvulineria “sp., Glo-
mospira sp., Salpingoporella dinarica Radoi¢ié, Salpingoporella sp., “Bacinella”, Miliolidae.

The age of the levels 1, 2 and the lower part of the level 3 is Early Aptian, because of the presence
of Palorbitolina lenticularis and geometrical considerations. The upper part of the level 3 is gener-
ally Aptian.
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Figure 2 — The stratigraphic columns in the considered sections

4) 30 m upwards, thick-bedded Orbitolina limestones are observed. The microfacies consists of
ramp bioclastic wackestone with Orbitolina (Conicorbitolina) conica (D’ Archiac), Orbitolina sp.
and “Bacinella” masses (Early Cenomanian).

5) More upwards along the succession, thin-bedded pelagic mudstones with Globotruncana lin-
neiana (D’Orbigny), Marginotruncana pseudolinneiana Pessagno, M. coronata (Bolli), Globiger-
inelloides sp. and Heterohelicidae (Santonian - Early Campanian) crop out.

This succession reveals the following modalities of the transgression. In the first stage, during the
Early Aptian, a carbonate sedimentation environment, contiguous to the still emerged areas and
intensely contaminated by lateritic materials, was established; it was composed of various sub-
environments, commonly brackish (levels 1 & 2). The connection with the emerged areas was
soon interrupted, already during the Early Aptian (lower part of the level 3) and a carbonate plat-
form was stable up to the Early Cenomanian (levels 3 & 4). Afterwards, a deeper environment was
established, with pelagic sedimentation (level 5).

2.3. The Koumaria section

In the Koumaria area (N 40°32°17,82""; E 22°4'4,56 ", eastern part of the Vermion massif, Fig. 1),
the laterites lie directly on the weathered serpentinites (Fig. 2), which are thrust-emplaced on a
Pelagonian substratum, consisting (from the base upwards) of a pre-alpine gneiss basement, of
detached Triassic-Jurassic marbles, of a chert-bearing bedded marble formation, and of a Jurassic
schistose mélange enclosing various sized blocks of amphibolite (Photiades 2004). The transgres-
sion on the laterites starts with:

e A body of conglomerates, coarser and wider in the lower part, becoming finer and less ex-
tensive upwards. The pebbles originate from the underlying carbonate rocks of the Triassic-
Jurassic metamorphic pelagonian substratum.

e Laterally, the laterites are directly overlain by thick-bedded neritic limestones, which over-
lie gradually also the conglomerates. The base is commonly represented by recrystallized
bioaccumulations (lumachelles) of gastropods and/or bivalves. Some contaminations by
metallic oxides can be interpreted as reworked material of the underlying laterites. A sam-
ple from the very base contains a detritus of SAlpingoporella urladanasi assigning a Bar-
remian - Albian age.
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Figure 3 — Salpingoporella urladanasi Conrad, Peybernés & Radoici¢, tangential-oblique (A),
oblique (B, C), horizontal (D) and tangential (E) sections, and charophytes (B), x45.
Tsimodia section, level 2, Early Aptian. A-D: sample NK.00.56. E: sample NK.00.66

e On the last conglomerate bed, the overlying thick-bedded neritic limestones contain again
lumachelles with gastropods and/or bioclastic and fenestral mudstones deposited in a tidal-
flat environment. The presence of the dasyclad alga Likanella? hammudai Radoici¢ indi-
cates a Turonian-Coniacian age (Radoi¢i¢ 1975, Schlagintweit 1993, Ensslin and
Schlagintweit 1999).

e Upwards, thin-bedded limestones are exposed, unfortunately recrystallized and not better
determined, probably of deep sea environment; they are overlain by the flysch.
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3. Discussion-Conclusion

According to Beccaluva et al. (1984), the Vourinos ophiolite massif is interpreted as the product of
a supra-subduction zone. The outcrops of radiolarites in this area, related to pillow lavas and mark-
ing the end of ocean spreading, are of Middle Jurassic age (Middle Bathonian - Early Callovian)
on the basis of radiolaria determinations (Chiari ef al. 2003). On the other hand, radiometric data-
tions of the amphibolites at the base of the same ophiolite body gave 171+4 Ma (Spray et al.
1984). This age pertains to a Late Bajocian intraoceanic hot thrust, doubling the oceanic
crust/lithosphere (Chiari ef al. 2003).

The age of the ophiolite nappe emplacement must be younger than Middle Jurassic (the age of the
radiolarites). According to Vergely (1984), Photiades ef al. (1998) and Photiades (2004), it took
place probably during the Late Jurassic. Moreover, further information comes from the Middle-
Late Jurassic carbonate platform body, tectonically overlying the ophiolites in the Rhodiani (Vour-
inos massif) area. The over-thrusting of this unit on the ophiolites is younger than the Late Kim-
meridgian-Tithonian top of the carbonate platform limestones (Carras et al. 2004). In our opinion,
both the over-thrusting of the ophiolites upon the pelagonian marbles and the local over-thrusting
of the carbonate body upon the ophiolites took place during the same orogenetic event. The local
carbonate body, being situated in the course of the ophiolite-nappe-advance, was detached from its
substratum and then thrust upon the ophiolites. It is important to say that the detachment surface
was not a stratigraphic surface. The first level we can observe upon the ophiolites in the wider
Rhodiani area can be one of the four Jurassic levels described by Carras et al. (2004). In conclu-
sion, the age of the thrusting seems best defined as Latest Jurassic.

The subsequent emersion of the Vourinos-Vermion area, starting from the Latest Jurassic, gave
rise to a land, where the ophiolites, mainly serpentinites, suffered intense in situ lateritization, and
the carbonates, in some parts of the Vourinos area, were karstified. The laterite materials contami-
nated the whole area, giving rise to primary or secondary ore deposits upon the erosional or karstic
depressions.

The general modalities of the subsequent marine transgression upon the emerged area were sub-
stantially similar in the Vourinos and Vermion parts. The transgression started within the Barre-
mian-Albian interval (more precisely Early Aptian at Vourinos), with the deposition of conglom-
erates and, laterally, with the development of a carbonate platform, firstly restricted, with deposi-
tion of brackish facies with Salpingoporella urladanasi, and then with normal salinity facies. The
neritic sedimentation was stable until the Early Cenomanian. The following sedimentary history is
similar, but not coeval, in the two areas: deepening, with pelagic and turbiditic carbonates and then
flysch deposition. This deepening appears earlier at Vourinos, within the Cenomanian, just as in
the Zyghosti area (see Carras ef al. 2004) or probably at the Kteni locality, and later at Vermion,
after the deposition of the Turonian-Coniacian neritic beds with Likanella? hammudai of the
Koumaria section.
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