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Abstract 

Three stratigι"aphical sectlons .from eastern VOlIrinos (Rl70diani area) Ιο eastan 
γeι-πιίoη massίfi' revealed tl7e same age oj the lateι-lle events ajJecling tl7e seιpentl­
l7ized ophiolite conlplex afteι- its emplacemenl οη 117e Pelagonian domain. ΑΙΙ oj 
them consist !ι"οη1 theiI' base up,vards oj serpentinized hαΓΖbΙΙΓgίte sllvers with lat­
eι-itic uηCOl7jΟΓmίtίes οη the top, jollowed b)' transgressive upper Loweι- Cretaceoιls 

neritlc limestones. 
Αι ΚΙεηί locality (Rhodiani area), α ΙαιετίΙε hΟΓίΖοn, Ιγίng οη top ο! seιpentinites, ls 
coveΓed by transgressive nerltlc lil7Iestones 'IOiith SαlΡίngΟΡΟΓeΙΙα urladanasi, assign­
ing α Barι"en7ian - Alblan age, jollowed b)' Orbitollnldae liInestones. Α! TSlI110dla 10­
cality (NNW (ο tl7e ΡΓeνίοus). the laferife horizon, Ιγίηg οη karstified υρρα JLtrassic 
reej liInestones (wlIich αΓe the toρ membeI" ο! α caι-bonate platjo,.,n bod)' tectonicall)! 
lying οη the oplIiolites), ls transgressively οveΓlaίn by ίΓοη-Γίch pisolith levels and 
ΑρΙίαη limestones ο! the 1vackestone-ll1udstone type, also containing SalpingopOl'ella 
urladanasi, joll01ved by CenoIΊ1GIlian ΟΓbίΙ01ίηα linIestones. 
Finαlly, the tllird e:x:anIined locality, fuI'Iher noI'th-eo.s'twGl"d (ο the previous, is situ­
ated α! the easteι-n slopes oj yeι-ΠIίoη IJ1G8sij, and IΊIoι'e precisely α! the NW ρατ! oj 
KotIlnaria village. Tl1eι-e, ίΙ can again be obseΓved that the laterltlzed serpentlnlte 
slivers αΓε oνeι-lαίη tΓαnsgΓess'ίνeΙγ by neritic limestone.l· 'VltJl Salpingoporella ΙΙΓ­
ladanasi, passing upwoι'ds ίηιο UppeI" CretaceolJs recry.~tαllized liIΊlestones w'ith 
Orbitolinidae and rudist.fragll1ents and, jinally, ιο flysch depositiOI1. 
These jeatuI'es allo,v to recognize that tJ7e emeι-sion an.d the consecutive Ιαteι-ιΊίΖα­
Ιίοη ojtlle thf'ust-eInplaced opJ1iolite,~ ίη VΟUΓίnοs and Vennion massίfi' ίl7 tl1e 170Γth­
eι-η Pelogonion dOll1oin, startingjrom tJle Latest JLIrassic, wGS'jollowed by α t11ΟΓίne 

IransgI-ession begLnning !ι'οη7 the Barrell1ian - Albian, jirstly trnder restricted and 
bTockish carbonote ρΙaφ)τπι conditions, IΊ1OI-ked by the presence oj the dasy­
cladalean alga Salpingopoι'el1a urladanasi, jollowed b.y nΟΓmaΙ salLnLt)' carbonate 
plotforιn conditions. The l7eI'ilic sediIΊIenlotLon wos stable lιnΙίΙ the Eaι-lγ CenOl'na­
ηίαη. Sub.l·equentΙγ, ο deepening, εαTlίeι- α! VΟUΓίηοs and later at VernIiOI1, resulted 
ίl1 deposLtLon ο!pelagic ol1d tUΓbίdίtίc carbol1ates and tl7en ojflysch. \ 
Key words: StΓαtίgΓaΡhγ, Pelagonian, SalpLngoporella tlΓΙadanαsί. 
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Περίληψη 

Τρεις στρωματογραφικές τομές, από τον ανατολικό Βούρινο (περιοχή Ροδιανής) και 

το ανατολικό Βέρμιο, απεκάλυψαν την ίδια ηλικία των φαινομένων που σχετίζονται 

με τις λατεριτιώσεις που προσέβαλαν το σερπεντινιωμένο οφιολιθικό σύμπλεγμα μετά 

την τοποθέτησή του πάνω στην πελαγονική επικράτεια. Στις τομές παρατηρούνται τε­

μάχη σερπεντινιωμένων χαρτσβουργιτών που φέρουν λατεριτικές ασυμφωνίες στην 

κορυφή, καλυπτόμενες από επικλυσιγενείς υστερο-ηωκρητιδικούς νηριτικούς ασβε­

στολίθους. 

Κοντά στο χωρίο Κτένι (περιοχή Ροδιανής), ένας ορίζοντας λατερίτη, που κάΘεται 

στην κορυφή σερπεντινιτών, καλύπτεται από επικλυσιγενείς νηριτικούς ασβεστολίθους 

με Salpil1gopoI'ella Ilrladanasi, η οποία προσδιορίζει ηλικία ΒαρρέμlO - Άλβιο, ακο­

λουθούμενους από ασβεστολίθους με OI-bitolil1idae. Στη θέση Τσψοδιά (ΒΒΔ της 

προηγουμένης), ο λατεριτικός ορίζοντας, που κάθεται πάνω σε καρστικοποιημένους 

ανωιουρασικούς υφαλογενείς ασβεστολίθους (σι οποίοι είναι το κορυφαίο μέλος ενός 

σώματος ανθρακικής πλατφόρμας που κάθεται τεκτονικώς πάνω στους οφιολίθους), 

καλύπτεται επικλυσιγεν(ος από ένα σιδηρούχο πισσολιθικό στρωματίδιο και ασβεστο­

λίθους του Απτίου, που έχουν υφι! wackestol1e-ll7lIdslone και επίσης περιέχουν 

Salpil1gopol-ella tII'laclanasi, ακολουθούμενους από ασβεστολίθους με OI'bitolina του 

Κενομανίου. 

Τέλοι.,-, η τρίτη εξετασθείσα τοποΘεσία, αρκετά ΒΑ των προηγουμένων, βρίσκεται στις 

ανατολικές παρυφές του Βερμίου και συγκεκριμένα στα ΒΔ του χωρίου Κουμαριά. Ε­

κεί, ομοίως παρατηρείται ότι τα λατεριτιωμένα τεμσ.χη σερπεντινιτ(ον καλύπτονται ε­

πικλυσιγενώς από νηριτικούς ασβεστολίθους με SalpingopoI'eLla urladanasi, που περ­

νούν προς τα πάνω σε ανακρυσταλλωμένους ανωκρητιδικούς ασβ<::στολίΘους με Orbi­
tolinidae και θραύσματα ρουδιστών και, εν τέλει, στο φλύσχη. 

Οι παραπάνω χαρακτήρες οδηγούν στο συμπέρασμα ότι η ανάδυση και η επακόλουθη 

λατεριτίωση των επωθημένων οφιολίθων του Βούρινου κω του Βερμίου, συ7 βόρεια 

πελαγονική επικράτεια, που έλαβε lOJpa αρχής γενομένης από το ύστατο Ιουρασικό, 

ακολουθήθηκε από μια θαλάσσια επίκλυση που άρχισε μέσα στο διάστημα ΒαΡρέμlO ­
Άλβιο, σε συνθήκες ανθρακικής πλατφόρμας, αρχικώς κλειστής και υφσλμυρης, που 

σημαδεύονται από την παρουσία του φύκους Salpingoporella ιιι-Ιadanasί, ακολου­

θούμενες από κανονικής αλμυρότητας συνθήκες ανθρακικής πλατφόρμας. Η νηριτική 

ιζηματογένεση έμεινε ακλόνητη μέχρι το κατώτερο ΚενομάνlO. Στη συνδχεια, μία βά­

θυνση, νωρίτερα στο Βούρινο και αργότερα στο Βέρμιο, οδήγησε στην απόθεση πελα­

γικών και τουρβιδιτικών ασβεστολίθων και στη συνέχεια του φλύσχη.
 

Λέξεις κλειδιά: Στρωματογραφία, Πελαγο"ική, Salpingoporella uI.zadanasi.
 

1. lntroduction 

Ιη the Vourinos and Verrnion Massifs (Fig.l) t\.νo main tectonic units are present: the metamorphic 
Pelagonian unlt (a), consisting mainly ofUpper Trlassic-Lower Jurassic lΏarbles and the oνerlying 
JllraSSlC schistose melange and the ophiolitic nappe (b),thrusted during the Late Jarassic, 
consisting mainly of serpentinized harzburgite aηd dunite slivers (Photiades εl αΙ 1998). 

Moreoνer, οη tlle ophiolites of the Vourinos massif (Rhodiani area), a tectonic weιtge-sIiver, 

consisting of limestoηes of a Middle-Late Jurassic carbonate platforrn, can also be locaJly 
obserνed. The over-thrusting of this unit οη the ophiolites ls younger than the Late Kimmeridgian­
Tithonian top of tfle carbonate platforrn limestones (BortoIotti εl α/. 2004, Carras εl αΙ 2004). 

Both Jurassic limestones and surrounding ophiolites ίn the Vourinos aι'ea and OPlliolites ίη tlle 
Verrnion area are Jocally covered by Fe-Ni laterite lenses, or a tllin lateritic, argilo-pelitic bed 
(Photiades el αΙ 1998). 
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Figure 1 - Geological sketch-map (Brunn, 1956, modified). Key s)'mbols: Pelagonian zone:
 
pre-Alpine basemel1t \vith gneiss (1); Triassic-Jurassic marble (2); Jurassic schistose melange
 

(3); serpentinite with laterite (4); Upper Jurassic and/or Upper Cretaceous lίmestone (5);
 
Upper Cretaceous f1ysch sequence (6); Alrnopias zone: serpentinite with basic and acidic
 

rock slivers (7); ophiolitic rnelange formation (8); Upper Cretaceous deep-,"'ater Iimestone
 
(9); Upper Cretaceous f1ysch sequence (10); molasse formation (11); Neogene and
 

Quaternary deposits (12)
 

This Iateritized sllbstIattllll ίη the Vourinos-Vennion area is lIncomfοπnabΙΥ covered by the neritic 
deposits οι a "Mid" Cretaceolls tΓaηsgΓessίοn, overlain by' deep I11arjne, mainIy tιιrbiditlc, 

carbonate sediments, dllring tlle Late CΓetaceollS (Photiades et σ!., 1998; ΒοήοΙοιιί et σ1. 2000 
2001,2002,2004, Caπas er αl. 2004), foIlowed by' Late ΜaastΓίchtίaη flysch deposition. 

'The ai111 oft1lis paper is to sl!O\v that, apart local partic1l1arities, tlle generaI modalitles and ti111ing 
of tlle post-ophiolite-empIace111ent history ίη both the VΟllΓiηοs and Venηlon aΓeas, i.e, the Latest 
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Jurasslc - Earliest Cretaceous emersion and lateritization event and tlle consec 
transgresslon, \vere slmilat-. 

2. Stratigraphical data 

2.1. The Kteni section 

1η the Ktenl area, at the hill 670 (Ν 40°9'42,12"; Ε 21°47'5,88", Vourlnos Illassif, Fig. 1), the 
seΓpentinltes, bearing lateritic lenses οη the top, are overlain by the follo\ving transgressive succes­
sion, [ΓΟΠΊ bottolll npwards (Fig. 2): 

1. Α calcareous congIoιnerate, 1,5 Π1 thick, \vith pebbles 8-50 Illlll ίη size, coming frol11 Upper Ju­
rasslc reef limestones \vlth ΤubίΡl1γtes Ino,-ronensis Crescenti, SuppiluliLIJ11aella sp. and coral 
fragιnents; the matrix is lateritic. 

2. Α thin-bedded, black, micritlc and brecciated Iimestone \Vltll Salpingoporella u,-ladanasi Con­
rad, Peybernes & Radoiclc and ostracods, lying οη the conglomerate, ΟΓ directly οη the substratum. 
The dasyclad alga S. uTladanasi ls known ίη usually restricted lnarine to brackish environments of 
Ban-en1lan - Albian age (Can-as εl αΙ ίη press). 

3. Α thick bedded lin1estone of the rudstone type, wlth Qι'bitollnidae and angular fragn1ents ot' 
packstones and grainstones of carbonate pIatform facies. The depositional enviLΌωηeηt is probabIy 
a slope and the age probably Cenomanlan. 

2.2. The Tsimodia section 

1η the Tslmodia aΓea (Ν 40°13'35,4"; Ε 21043'29,94", NNW to the previous, Fig. 1), the laterites 
lie οη top of a calcareous body, consisting of Upper Jurasslc reef lin1estones, while tlle serpen­
tinites crop out dowtnvards ίη tlle \videl" area. The overlying transgressive successlon consists, 
[ΓΟΠ1 bottoιn up\vards, of (Fig. 2): 

Ι) Α discontinuous leveΙ of brown pisolitic liInestone, some cm thick, adhered υροn the laterite. 
Tlle microfacies ls a bloclastlc \vackestone, intensely contamlnated by lateritlc 111aterials forming 
pisoids, containlng Debarina 11ahounerensis Fourcade, Raoult & Vila, Miliolidae, detritus of 
SalpingopoJ'ella sp. [S. cf. lJ1uel1lbergii (Lorenz)] and n1011usk fragIηents. 

2) Above the plsolitic level, οι' directly οη the laterltes, a level of bro\vn, thin-bedded, tnicritic 
limestones lies, SOΙlle Π1etΓes thick. 1η this level, two types of microfacies have been οbseΙΎed: 

•	 wackestone rich ίn lateritlc Illud and Salpingoporella tITladana.\-! Conrad, PeybenJes & Ra­
doiCic (Fig. 3). 

•	 . mudstone-wackestone rich ίn lateritic inud, containing DebCIΓina 11a110υJ1eΓensίs' Fourcade, 
Raoult & Vila, PaloTbitolIna lenticularίol' (Bluιnenbach), Miliolidae, and cavitles wlth 
geopetalic filling. 

3) The bro\vn liιnestones are overlaln by daΙ-ΙΖ-graΥ, thin-bedded, Illicrltic liinestones, ca. 10 III 

thick. The comn10n n1icrofacies is bioclastlc wackestone \vith PaloTbitolina lentJ:ι-ulaι-is (Bluιnen­

bach) (only ίn the lower part ofthe leνel), DebQl'ina Ilal10tlneι-ensIs Focιrcade, Raoult & Vila, VeΓ­
coι'sel1a lauTeJ1tii (Sartoni & Crescenti), Pj'endeι-ina cf. globosa Fouly, "ValIIHlineTIa "sp., Glo­
nJospira sp.) Salpingopol'ella dinarica Radoicic, SalpingopoTella sp., ''Bacinella'', Miliolidae. 

Τhe age oftlle levels 1,2 and the lower part ofthe leve13 is Early Aptian, because ofthe presence 
of PaloTbitolina lentIcιιlaris and geollletrical considerations. Tlle ιφρεΓ part ofthe level 3 is gener­
ally Aptian. 
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Figure 2 - Tbe stratigraphic columns in the cOIlsidered sections 

4) 30 ιυ upwards, thick-bedded Orbilolinα Iimestones are observed. The lυίcrofacίes consists of
 
rarnp bioclastic wackestone with Ol"bitolinα (ConicOl"bitolinα) conica (DΆrchίac), Ol"bitolinα sp.
 
and "Bαcinella" masses (Early Cenomanian).
 

5) More upwards along the succession, thin-bedded peJagic mudstones with GlolJotrnncanα fin­

neiαnα (DΌrbίgnΥ), Marginotntncanα pseLldolinneiαnα Pessagno, Μ COl"onatα (ΒοlΙί), Globiger­

inelloides sp. and Heterohelicidae (Santonian - Early Campanian) crop ουΙ
 

This succession reveals tlle following IIlodaJities of the transgression. Ιη the first stage, during the
 
Early Aptian, a carbonate sedimentation environment, contiguous to the stil1 emerged areas and
 
intenseJy contaminated by lateritic materials, was established; ίι was cοιυΡοsed of νarίοus sub­

environments, comιυοnlΥ brackish (Jevels 1 & 2). The connection with the emerged areas was
 
soon ίnteΠUΡted, already during the Early Aptian (1o\ver part of the leνeΙ 3) and a carbonate plat­

[οπη was stable up to the Early Cenomanian (levels 3 & 4). Aftelwards, a deeper environment was
 
established, with pelagic sedimentation (ΙενεΙ 5).
 

2.3. The Koumaria section 

Ιη the Koumaria area (Ν 40032 Ί 7,82"; Ε 2204'4,56", eastem ρΜι of the Vermion massif, Fig. Ι), 

the Jaterites lie directly οη the weathered seιpentinites (Fig. 2), which are thrust-emplaced οη a 
Pelagonian substratum, consisting (from the base upwards) of a pre-aJpine gneiss baselnent, of 
detached Triassic-.Turassic Inarbles, of a chert-bearing bedded marble fonυation, and of a .Turassic 
SCllistose melange enclosing various sized bJocks of amphibolite (Photiades 2004). The transgres­
sion οη the laterites starts with: 

•	 Α body of conglOIIlerates, coarser and wider ίn the l0wer part, becoming finer and less ex­
tensive upwards. The pebbles originate [ΓωΏ the underlying carbonate rocks of the Triassic­
]UΓassίc metamorphic pelagonian substratum. 

•	 Laterally, the laterites are directly overlain by thick-bedded neritic lirυestones, which ονεΓ­
Ιίε gradually also the conglomerates. The base is comrυonly represented by recrystallized 
bioaccumulations (fun1αc/1elles) of gastropods and/or bivalves. Some contaminations by 
metalJic oxides can be interpreted as reworked Iυaterial of the underlying laterites. Α sam­
ple froιυ tlle νεΙγ base contains a detritus of SAlpingoporellα tIl'ladαnαsi assigning a Bar­
remian - Albian age. 
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Figlιre 3 - Sα/pingoporellα urlαdαnαsi Conrad, Peybernes & RadoiCic, tangential-oblique (Α), 

obliqne (Β, C), horizontal (D) and tangentia! (Ε) sections, and charophytes (Β), χ45. 

Tsimodia section, leve12, Early Aptian. A-D: samp!e Νκ.ΟΟ.56. Ε: sample Νκ.ΟΟ.66 

•	 Οη the last conglomerate bed, tl1e overlying thick-bedded neritic limestones contain agajn 
ItIInachelIes with gastropods and/or biocIastic and fenestral mudstones deposited ίη a tidal­
flat environment. The presence of the dasyclad alga LikanelIa? harnrnHdai RadoiCίc indi­
cates a Turonian-Coniacian age (RadoiCic !975, Schlagintweit 1993, Ensslin and 
Schlagintweit 1999). 

•	 Upwards, thin-bedded lίmestones are exposed, unforιlιnately recrystallized and not bett.er 
determined, probab!y of deep sea environment; they are overlain by the flysch. 
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3. Discussion- Conclusion 

ΑCCΟΓdίηg to BeccaJuva et 01. (1984), tl1e Vourinos ophioIite massif .is interpreted as the pIOduct of 
a supIa-subduction zone. The outcIOps of ["adioIarites ϊη rhis area, related to pillo\v lavas and mark­
ing the end of ocean spreading, are of Middle Jurassic age (Middle Bathonian - Early CalIovian) 
οη the basis of radiolaria determinations (Chiari et 01. 2003). aη the other hand, IadiOlnetric data­
tions of the aιnphibo!ites ΗΙ the base of the salne ophiolite body gave 171±4 Ma (SΡΓaΥ el αl. 

1984). This age pertains to a Late Bajocian intraoceanic hot thrust, doub!ing the oceanic 
crust/ΙίthΟSΡheΓe (Chiari et αl. 2003). 

The age of the ophiolite nappe eιnplacement must be younger than Middle .ΤUΓassic (the age ο[ the 
radiolarites). According Ιο Vergely (1984), Photiades et α1. (1998) and Photiades (2004), ίι took 
place probably during the Late JUl'assic. Moreover, furtl1er information CΟΠ1es [Γοιη the Middle­
Late JlIrassic carbonate platfonn body, tectonically overlying the ophiolites ίη the Rhodiani (Vour­
inos ιnassif) al'ea. The over-thrustJng of this unit οη the ophiolites is younger than the Late Kim­
meridgian-Tithonian top of the carbonate p1atform limestones (Canas ef αl. 2004). ΙlI our ορίηίοη, 

both the over-thrusting of tl1e ophiolites UpOll t11e pelagonian marbles and the local over-tl1rusting 
of' the carbonate body upon the ophiolites took place during the same orogenetic event. The JocaJ 
carbonate body, beillg situated ίη the course ofthe ΟΡhίοlίte-ηaΡΡe-advaηce,was detached from Jts 
substratunl and then tΙ1ΓlIst upon the ophiolites. Τι is important Ιο say that the detachment surface 
was ηοΙ a stratigraphic surface. The first level \ve can observe υροη the ophioJites ίη the ν,ίder 

Rl10diani area can be οηε of the four .Turassic levels described by CaιTas et αl. (2004). Ιη COnCllI­
sion, the age of the thnIsting seerns best defined as Latest .rurassic. 

The subsequent ernersion of' the Vourinos-Vermion area, startillg frOIn the Latest Jurassic, gave 
rise ιο a land, where the op11iolites, I11ainly serpentinites, suffered intense in sitti Jateritization, and 
the carbonates, ίη soιne parts οfΊΙ1e Vourinos area, were karstified. The laterite materials contaιni­
nated the whole aI'ea, giving rise to primary ΟΓ secondaΓY ore deposirs UpO!1 t11e eJΌsiona! or karstic 
depressions. 

The general modalities of' the subsequent maIine transgression υροη the emerged area were sub­
stantially similar ίη the Vourinos and Vermion parts. The traι1sgression started \vitl1Jn t11e Bane­
mian-Albian interval (Inore precisely Early Aptian al Vourinos), \\'itl1 the deposition of' conglom­
erates and, laterally, with the development of a carbonate platforιn, fiIstly restricted, with deposi­
ιίοη of brackiSl1 facies with SalpingopOt'ella Ut'lodonasi, and tl1en wit11 normal salinJty facies. The 
neritJc sedimelltation was stable until tl1e Early Cenoιnanian. Tl1e following sedίmentaιγ history is 
similar, bL1t not coeval, ίη the two areas: deepening, with pelagic and turbiditic carbonates and then 
f1ysch deposition. This deepening appears earlier at Vourinos, \vithin the CenoI11anian, jllst as ίη 

the Zyghosti al'ea (see Carras ef αl. 2004) ΟΓ probably at tI1e Kteni locality, and later al Verιnion, 

after the deposirion of the Turonian-Coniacian neritic beds with Likanella? IJan-ιnπιdaί of the 
ΚΟυΙnΗιίΗ sectJon. 
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