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ABSTRACT

In the northeastern part of Hydra island, a brecciated level (Breccia succession) of uppermost Triassic
10 Early Jurassic age (e.g. Baumgartner, 1985) is overlying lagoonal carbonates of Norian/Rhaetian age,
which cover a Carnian prograding reef-complex. Petrographic as well as biostratigraphic investigations
were carried out for the following reconstruction: 1. At Kap Kastello, the changing from reef (Backreef)
limestones to Loferites, corresponds to the Carnian/Norian boundary. 2. The Rhaetian upper part of the
Loferites is affected by fracture-tectonics, causing cement-filled fissures. 3. Monomictic mass flows in the
lower part of the Breccia succession change into polymictic breccias, including grey mudstone clasts. The
ppper part of this succession is dominated by red limestone clasts and red limestone martrix, followed by
Liassic, partially brecciated red nodular limestones (Ammonitico Rosso). 4. Middle/Late Jurassic
radiolarites with intercalations of sandy grain flows and calcareous debris flows, indicate the final
deepening of the hydriotic depositional environment. Volcanic clasts and chrome spinels occur in the grain
flows, while the debris flows contain shallow water clasts of Middle Jurassic age.

KEY WORDS: Triassic/Jurassic transition - Late Triassic microfossils - Pelagonian platiorm - breccias -
Hydra island

L. INTRODUCTION

A Middle to Late Triassic reef basin complex dominates the geology of Hydra island (Greece),
consisting of deep water carbonates on the southern thrust sheet, while the northern part of the island is
characterized by shallow water limestones (Fig.1). Schiifer & Senowbari-Darvan (1982) described a vertical
as well as horizontal lacies differentiation of this “Pantokrator limestone”, caused by the progradation of
the carbonate platform towards the south. We do not agree with the term “Pantokrator limestone”,
because of its facial development. The original Pantokrator limestone of Korfu island (lonian unit) is
typical for shallow water carbonates. In contrast, the hydriotic “Pantokrator limestone™ contains deep
water deposits, additionally. In 1994, Turnsek & Senowbari-Daryan investigated the reef limestones east
of Hydra Chora and described Carnian/Lowermost Norian coral associations. Schifer & Senowbari-
Daryan (1983} studied the biota of the Norian/Rhaetian Loferites. Dragastan et al. (1997) described new
Norian and Rhaetian taxa from the lagoonal facies of the Kap Kastello section. Massive tectonic activity,
associated with the formation of breccias at the Triassic/Jurassic boundary, caused the rapid subsidence of
the carbonate platform. Lithology and genesis of these breccias are discussed in Richter & Fiichtbauer
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(1981). Fuichtbauer & Richter {1983).and-Richter {1994). In general, the transition from Late Triassic

' carbonate platforms ‘to Jurassic radiolarites, represented by complex brecciated horizons, is not only

Lypicaldfor (he western margin of the Pelagonian Zone, but widespread in the Tethyan realm.
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Fig. 1: Sketch map of Hydra island including the positions of the studied sections. Southern thrust sheet: | = Ag. Marina
section; 2 = Malies section. Northern thrust sheet: 3 = section located hetween Palamidas and Hydra Chora; 4 = sections
located between Hydra Chora and Kap Kastello,

2. GEOLOGICAL SETTING

The sedimentary series of Hydra island are located at the southwestern margin of the Pelagonian
Platiorm in a transitional position to the Pindos zone (Jacobshagen, 1986). The Lower Permian to Late
Jurassic successions, with a thickness of more than 1500m (Romermann. 1969), are divided in two EW-
striking thrust sheets (northern and southern thrust sheet), dislocated at vertical faults (Fig.1). The
hydriotic sequence documents the build up, fracture and subsidence of 3 carbonate platforms (Richter &
Fiichtbauer, 1981). Richter (1994) considered the multiphase subsidence with formation of internal breccias
and mass [lows to be associated with strike-slip faults, activated during the rifting phase of the Hellenids.

Permian shallow-marine deposits are overlain by Scythian gravity flows and deep walter limestones of
Lowermost Anisian age. Reef limestones demonstrate the formation of a Middle o Late Anisian
carbonate platform (Eros Limestone).
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bearing red limestones (Hallstatt Limesione) demenstrate massive teetonic activity, that is comparable to
the "R::iﬂing event” ol the Northern Calcareous Alps (Schlager & Schillnberger, 1974). This event caused
:Ilsu-‘oﬂg facies differentiation with basinal depositson the 'southérn and shallow-water carbonates on the
northern thiust sheet of Hydra (Fig 2). Based on congdont stratigraphy, Rémermann (1968) and Diirkoop
e?‘qd, (1986 swegest an Illyrian age of the Red Hallstatt Limestone, while Wendt (1973) and Angiolini et al.
(19-!5!21 datedithese sedimentsito be of Illyrian'to Lowermost Ladinian age.

During the Law Triassic, deposition.of laminated cherty limesiones (Hornsteinplattenkalk) indicate
déep=water sedimentation in the south (sections 1,2,3; Fig.2), whilg réef limestones document the growth
of a carbonate platform on the northérn thrust sheet. The transitional area of this reef-basin complex is
represented by well bedded fore slope limestones containing gravity flows with shallow-water bioclasts.
The progradation of the platform towards the southwest resulted in a horizontal as well as vertical facies
zonation (Schifer & Senowbari-Daryan, 1982).

Intercalations of red limestones in the toreslope- and in reel limestones of Carnian age (Diikoop et al.,
1986} demonstrate that the progradation of the platform was interrupted by a temporary deepening of the
southwestern platform-margin (sections 2.3.4; Fig.2). This tectonic event (“Reingraben event™) caused the
deposition of up to 70m thick filament-bearing limestones, covering reef limestones between Palamidas
and Hydra Chora (section 3, Fig.2). Here, the deposition of reefal sediments reoccured not before Norian
time, when the platform expansion reached this area again. In the Kuap Kastello region, however,
sedimentation of lagoonal carbonates took already place during this period (section 4, Fig.2). Backreef
limestones are overlain by Norian/Rhaetian Loferites in the northeastern part of the island.At the
Triassic/Jurassic transition the “Adnet event” caused a rapid subsidence of the carbonate platform,
accompanied by internal breccias and mass flows (Breccia succession). Middle to Late Jurassic pelagic
cherts (radiolarite), covering liassic red limestones (Ammonitico Rosso). indicate the final deepening of
the hydriotic depositional environment.

The Jurassic drifting of the Pindos ocean effected the development of a convergent plate margin,
Subduction towards the northeast (Pelagonian platform) took place until Tertiary time, and the hydriotic
succession became part of an accretionary wedge,

3. FACIES DEVELOPMENT OF THE KAP KASTELLO SECTION

REEF LIMESTONE

A lateral facies differentiation of discrete reefs and debris-rich interreef deposits is developed at the top
of the coarsely bedded Carnian reef limestones (Fig.3). The dominance of algal rich sediments (especially
encrusting cyanophyceans) as well as the overlying deposition of lagoonal carbonates, indicate patch reefs
growing in a backreef area. High variety of species (Schidfer & Senowbari-Daryan, 19823 and primary
pores, cemented by radiaxial calcite (containing homoaxial microdolomites) indicate a normal marine
environment.

The biota of the uppermost reef limestones is composed of a coral assemblage with Voizeia and
Stuoresia (Turnsek & Senowbari-Daryan, 1994) replaced by a sponge assemblage with Pantokratoria
fasciculata (Fliigel et al., 1988). The reet microfossil assemblage consists of benthonic biota and is
controlled by coral or by sponge environments. It is composed of foraminifera ( Tignumparina zeissi
Senowbari-Daryan), dasycladaceans (Oligoporella minuiuloidea Herak), cyanophyceans {(Kivulara
lemaitre Dragastan), and microproblematicae ( Microtubus, Paleomicrocodium), The assemblages of coral

or coralgal facies and spongalgal facies are of Late Carnian age. The thickness of the reef limestones is up
t0 1000m Wnoiakr BiBMoBAkn "OeéppacToc” - TuApa MewAoyiag. A.M.0O.
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Fig. 2: Simplyfied sections (1-4) of Middle to Late Triassic rocks [rom Hydra island showing the lithofacial development
of the reef-basin complex ([rom southwest to northeast). Tectonic events (A="Reifling event”, B="Reingraben event”,
= "Adnet event”) are characterized by tuffites, breccias, and red hmestones. The arrow points at the Kap Kastello
section.

BACKREEF LIMESTONE

Late Triassic lagoonal sedimentation starts with deposition of 80m thick calcareous mudstone-facies
(Fig.3). Ostracod-mudstones of a low energy environment represent the background sedimentation.
Grainstone intercalations of high species-variety (algae, hivalves, echinoderms, sponges, corals etc.) as
well as the occurrence of ooids. indicate the temporary existance of a higher energetic realm. Transported
cortoid-like bioclasts, covered by micrilic envelopes, demonstrate cyanobacterian participation in the
lagoon. The upper part of the backreef facies is characterized by Zebra limestones, briefly mentioned by
Schafer & Senowbari-Daryan (1982), consisting of an alternation of thin bedded micritic limestones and
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cements of radiaxialephabitateyshow thesdominance of marine water during early diagenesis. Such
phenbmenons are suggested by Fischel (1964) as sheet cracks while Weller (1989) argues that they are a
special sipomatactis fabric. Wessuggest . that these, Zebra limestones result from a disaggregation of the
jpartially ‘compacied lagoonal sediment jin the arga of a Late Triassic/Early Jurassic strike-slip zone
(Richter, 19943, due to the initial fracture-tectonics, that can be observed in the overlying Loferites. The
génesis of the-kate €arnian Backreef limestome at_Kap Kastello can be compared to that of the
Dachsteinkalk in the Northern Calcaréous Alps (Piller,1976) and has its modern equivalent in the lagoonal
pellet-mud faties bf the Bahama Bank (Purdy, 1963).

The EateCarnian Backreel limestones are characterized by 'a microtossil assemblage consisting of
cyanophyceans (Ortonelfa myrae Racz), dasveladaceans (Ofigoporella hydrae Dragastan et al.),
foraminifera (Tignumparina zeissi Senowbari-Daryan, Diplotremina), and several microproblematicae
(Aeofisaccus, Tubiphytes. Muranella sphaerica Borza, Palaeomicrocodium, Microtubus).

LOFERITES

Norian/Rhaetian Lolerites overly the Carnian Backreef limestone in the area of Kap Kastello. The
450m thick sub- to supratidal limestones are characterized by white 1o greyish partially dolomitized
loferitic layers. The lower 170m are dominated by peloidal Loferites subsequently replaced by algal mat
Loferites (Fig.3), formed by stromatolites. The succession consists of an alternation of loferitic layers and
subtidal micritic limestones. It is comparable to the cyclic deposition in lagoonal carbonates of the Loferer
Steinberge (Austria). described by Fischer (1964). Lofer-cyclothems are widespread in the western Tethys
(Haas,1991) indicating a global control of cyclicity during the Late Triassic. Lagoonal carbonates of the
Peloponnese have been investigated by Kalpakis & Lekkas (1982) and Vatris-Matarangas & Matarangas
(1991).

The 20-60cm thick loferitic layers are the characteristic facies, composed of dolomicritic mats with
embedded calcified fenestrae as well as irregular dolomitic peloids with dolomitic meniscus cements. Prism
cracks, sheet cracks and syndepositional faults are typical features. Arenitic intercalations of algae.
foraminitera, ostracods and ooids occur sporadically. Intraclast bearing layers at the top of the Loferite
layers contain reworked dolomite clasts. Prism cracks indicate an intertidal realm of a carbonate tidal flat,
that can he compared with section B of the Lofer-cyclothems sensu Fischer (1964).

Subtidal micritic limestones are characterized by the occurrence of megalodontids. This deposition of
a very low energy environment is mainly composed of ostracod limestones. Pack- to grainstones,
containing biodetritus of foraminifera, algae. bivalves, corals, and sponges, show a transport of bioclasts
deriving from adjacent patch reefs. The lagoonal character of this sediments is represented by a partially
strong micritisation of the bioclasts. Pseudomenisci can be observed ifrequently. Such phenomenon is
considered by Richter et al. (1992) from the Parnassus-Kiona unit to be caused by algal influence. Similar
micritisations of components in modern grapestones ol the Great Bahama Bank are interpreted by Purdy
(1963) and Winland & Matthews (1974) as being affected by organic matter and/or blue-green algae. The
megalodont- and detritus-bearing micritic limestones correspond to the section C (subtidal environment)
of the Lofer-cyclothems (Fischer, 1964). Megalodont shells are replaced by radiaxial, microdolomite
inclusions bearing calcite, representing marine cementation of Mg-calcite alter aragonite solution,

Cyclic sedimentation of the hydriotic Loferite succession is mainly composed of BC-cycles sensu
Fischer (1964). Complete Lofer-cyclothems are developed on the Argolis peninsula (Kuhfeld, 1989).

The distribution of Norian biota at Kap Kastello is limited to the peloidal Loferites and 1o the lower
part of the algal mat Loferites. The Norian lagoonal microfossil community is represented by {oraminifera
(Aulotortidae, Glomospirellids, Ataxophragmiidae), green algae (Bryopsidales-Pseudoudoteaceae,
Dasycladales), cyanophyceans (Rivularia, Polytrichella), rted algae (Parachaetes, Solenopora),
microproblematicae ( Tubiphytes, Aeolisaccus) and microsponges ( Ladinella porata Ott). Green algae such
as Pseudoudorea, Hydraea. Salpingoporella and Pseudogyroporeila occur very often in the Noran lagoon
(Dragastan et al., 1997). WneoioknA BiBAIoBrkn "©edppacTog” - TuRua Mewloyiag. A.M.0.



The Rhagtian-ridal flat.epvironment contains beside the coral Retiophyilia. a large range of microbiota
«“such as loraminiferd, algae and microproblematicae. Involutinids (Auforortus). mihiolids (Agathammina)
and.glomespitellids (Glemospireila) represent the foraminiferal assemblage. Dasyclads (Griphoporelia
curvelta Giimbel, Heteroporella zankli Olt, Macroporefla retica Zanin-Buri), halimedaceans  Halimeda
sp.. Boweina sp.). Udoteaceans (Pseudopenicilits aegacicus Dragastan et al.), cyanophyceans (Rivularia
lemairre Dieagastan) and red algae (Parachaetaetes, Sofenopora, Permocalcufus pelagonicus Dragastan et
al.) form the algal association; The uppermostpant of the Rhaetign lagoonal succession is characterized by
only’ a {éw species of Aulotortus. Glomospirella, “Aéolisaccus, Salpingoporella, while the
Thaumatoporellid-type' A ‘organism is very abundant. Thi§ restricted community indicates a very low
energy environment at the end of the Triassic sequence.

Fig. 3. a: Geological map of the Kap Kastello area showing the location of the investigated section (Fig. 3.b.).
Explanation see Fig. 2. b: Schematic columnar section of the Late Trassic/lurassic facies evolution, Late Trassic
shallow water limestones ( Backreef limestone, Lolerites) are overlain by Rhaetian/Liassic breccias ( Breccia succession),
Basinal deposits are represented by Middle/Late Jurassic Radiolarites.
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ECCIA SUCCESSION
| . .Anabout 80m thick succession-of internal breccias and mass flows is overlying the loferitic limestones
|_||j11,1.he Kap Kastello area. The uppermost part of the algal mat Loferjtes is affected by fracture-tectonics,

forming .internal breccias. Gradiational changes into mass flows are not uncommon. The geological
jsituation-of Kap-Kastelloris'complicated by polyphasebreeeiation. that took place at the Triassic/Jurassic
boundary.

The transition of the Loferites towards the Breecia.succession is ¢haracterized by the first occurrence
=of red limestone matrix, embedded in fissures. A monomictic breceia represents the lowermost 30 meters
f’of the -Breccia stccession’ (Eig.3). consisting of Loferite-clast§’ (Timension: cm?-m?) and micritic grey
limestone matrix: The loliowing 20 meters-are characterized byadecrease of Loferite-clasts and clast size,
whereas the matrix content as well as the content of grey mudstone clasts increases. Fifty meters upsection
the first red limestone clasts can be observed (Fig.3). The lithological variety of clasts ol this mass flow
becomes more polymictic, while clast roundness increases. The upper part (from 50 up to 70 meters) of the
succession 15 dominated by red limestone clasts and red limestone matrix, while the content ol grey
limestone clasts decreases. In the uppermost 12 meters of the section, the breccias are replaced by red
nodular limestone (Ammonitico Rosso) containing ammonoids, filaments, radiolanans, ostracods and few
foraminifera (Fig.3). Lithology and faunal composition point at a sill-facies of deep waler environment
(below photic zone), comparable to other Mediterrannean Jurassic nodular limestones, as described by
Jenkyns (1974). The Ammonitico Rosso is syndepositional brecciated, whereas polymictic parts can be
observed.

Late Triassic biota (Rivularia lemaitre Dragastan, Triasina hantkeni Majzon, Aulotortus sindosus
Weynschenk and Agarthammina austroalpina Kristan-Tollmann) occurs only in the lower to middle part of
the Breccia succession. Jurassic microfossils (Involutina liassica Jones, I, silicea Terquem, [ facunosa
Ruggieri & Giunta, Siherina virgata Fuchs) are found not before the occurrence of red limestone clasts (at
50 meters) in the section. The Early to Middle Jurassic foraminifer I lacunosa is restricted to the
Ammonitico Rosso, according to Romermann (1968), who determined a Middle to Late Liassic
cephalopod fauna for this red limestone.

RADIOLARITE

Up to 100m thick radiolarites cover the Breccia succession at Kap Kastello (Fig.3). The background
deposition of the radiolarites is formed by radiolarian ooze and variable amounts of clay and silt. In the
thin bedded radiolarites, gravity [low intercalations occur frequently. The lower part of the succession is
dominated by matrix poor sandy grain flows containing basaltic clasts, pyroxene and chrome spinel.
Therefore, a source area of oceanic crust material is indicated during depositional time. Debris flows
composed of radiolarite- and carbonate clasts occur in the upper part of the radiolarite sequence. The
Jurassic radiolarite biota is represented by radiolarians (most Spummellaria) and few sponge spiculae
(Middle to early Late Bajocian after Baumgartner et al.,, 1993, p.19). Baumgartner (1985) investigated
similar radiolarites from the Argolis peninsula and assigned a Late Jurassic age (Oxfordian-Kimmeridgian).
Clasts of shallow water limestones as constituents in the debris flows, contain the Bajocian-Bathonian
foraminifer Archacosepta.

4. PALEOGEOGRAPHIC INTERPRETATION

The development of the Breccia succession indicates the transition of a carbonate tidal flat (Loferites)
to a deeper water environment (Ammonitico Rosso). The Triassic/Jurassic rifting phase caused a
polybrecciation of the Kap Kastello area (“Adnet event” sensu Schlager & Schéllnberger, 1974). Reels are
not developed between the deposition of the Loferites and the Ammonitico Rosso. This lack in reef
development may indicate a rapid initial subsidence around the Triassic/Jurassic boundary as indicated by a
grey muclstlone I'a<_:ies nwﬁfma%[g%}\_lgéﬁ%ep&%% Sg&%éﬁgaleu(r)]h éfFé’wTé‘y‘}E‘}g‘?‘lEﬁ.'é‘_“ in the_cemral _pan.ol'
the Breccia horizon.During Jurassic time, we consider an oceanic” crust source for radiolarite



sedimentationgbecause-of the ogeurrence of chrome spinel and basaltic clasts in contemporary grain flows.

+ The presence of ophiolitic materiall/documents MOR activity and formation of oceanic crust in the Pindos
ocean during Jurassic time (Robertson et al., 1991). In context with a partial subduction of the Pindos basin
towards the fortheast (Pelagonian platform), obduction of oceanic crust in the accretionary wedge along
the-Céniral Hellenic sutur is our‘mest fuvoured scenario. The main phase of subsidence in the hydriotic
area ook place during Middle to Late Jurassic time, as indicated by clasts of Late Bajocian/Bathonian
shallow, water 'limestones embedded. in’ the Ttadiolarite. This tectonic pulse is comparable to the
“Ruhipolding event™ of the Northern Calcareous Alps (Schlager & Schollnberger, 1974).
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