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Facies, depositional model and stratigraphic architecture of Pleistocene giant Gilbert-type fan deltas are presented, based on outcrop data from the Derveni-Akrata region along the southern coast of the Gulf of Corinth, Greece. The common tripartite consisting of topset, foreset and bottomset (Gilbert, 1885) has been identified, as well as the most distal environment consisting of turbidites, and is organised in a repetitive pattern of four main systems tracts showing a clear facies and volumetric partitioning.

The first systems tract (ST1) is characterised by the lack of topset beds and the development of a by-pass surface instead, thick foresets and bottomset beds, and thick well-developed turbiditic systems. This systems tract (ST1) is organised in an overall progradational pattern. The second systems tract (ST2) is characterised by a thin topset and almost no foreset equivalent. This systems tract is not always wellpreserved and is organised in an overall retrograding trend with a landward shift in the position of the offlap break. The offshore is characterised by massive sandy turbidites. The third systems tract (ST3) is characterised by small scale deltas prograding above the staked topsets of the giant Gilbert-type fan delta.

Those small Gilbert-type fan deltas are generally organised in a pure progradation evolving to an aggradational-progradational pattern. In the distal setting of those small Gilbert-type fan deltas, almost no deposits are preserved on the remaining topography of the previous Gilbert-type fan delta. The fourth systems tract (ST4) is characterised by continuous vertically aggrading topsets that laterally pass into aggrading and prograding foresets. Bottomsets and distal turbiditic systems are starved. This fourth systems tract (ST4) is organised in an overall aggrading trend.

Introduction

Gilbert-type fan deltas are commonly described from tectonically active settings (e.g. [START_REF] Gawthorpe | Tectonic controls on coarse-grained delta depositional systems in rift basins[END_REF][START_REF] Dart | Sequence stratigraphy of (?) Pliocene-Quaternary synrift, Gilbert-type fan deltas, northern Peloponnesos, Greece[END_REF]Dorser et al., 1995) and the topset to foreset transition is often used for qualifying the interaction of variation in accommodation (A) and sediment supply (S) (e.g. Gawthorpe et al., 1994;[START_REF] Garcia-Garcia | Architecture and sedimentary facies evolution in a delta stack controlled by fault growth (Betic, southern Spain, late Tortonian)[END_REF]. Stratigraphic architectures of Gilbert-type fan deltas have thus been widely studied following the work of [START_REF] Gilbert | The topographic features of lake shores: Washington, D.C[END_REF], especially the topset to foreset transition (e.g. [START_REF] Gawthorpe | Tectonic controls on coarse-grained delta depositional systems in rift basins[END_REF][START_REF] Doutsos | Geometry and kinematics of activ faults and their seismotectonic significance in the western Corinth-Patras rift (Greece)[END_REF][START_REF] Dart | Sequence stratigraphy of (?) Pliocene-Quaternary synrift, Gilbert-type fan deltas, northern Peloponnesos, Greece[END_REF]. However, we still lack a complete depositional model, from the most proximal alluvial setting to the distal offshore, establishing the relationship between facies distribution and stratigraphic architecture. Moreover, the overall evolution from occurrence, growth to decay of a Gilbert-type fan deltas system has never been proposed from a rift basin. These two main questions: What is the facies to stratigraphic architecture relationship in a Gilberttype fan delta? and How a Gilbert-type fan deltas system evolve through time in a rift basin? are addressed in this paper based on the analysis of facies, facies associations, stratigraphical correlations using physical tracing, field mapping, sequence stratigraphy and biostratigraphy.

The present study is based on the Gulf of Corinth because the whole southern margin of the Gulf of Corinth was fully exhumed during recent Quaternary uplift, providing continuous outcrops showing the margin organisation from the rift shoulder to the main graben axis. The stratigraphic architecture of the Gilbert-type fan deltas was then restored at both the margin scale (ca. 25 km) and fine-scale (ca. 0.01 to 1
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km) in the central part of the southern coast of the Gulf of Corinth, to provide a complete depositional model for the Gilbert-type fan delta and to characterise their evolution through time and space in a rift.

Regional setting

Tectonics

The Gulf of Corinth is one of the most recent extensional features in the Aegean area. It is a 105 km long and 30 km wide ESE-WNW-trending graben that separates the Peloponnesus from continental Greece (Fig. 1). Extension in the Gulf of Corinth is assumed to have started during the Pliocene and still continues today (e.g. [START_REF] Briole | Active deformation, of the gulf of Korinthos, Greece: results from repeated GPS surveys between 1990 and 1995[END_REF]. The present-day Gulf is bounded on each side by recent active normal faults (e.g. [START_REF] Jackson | Seismicity, normal faulting and the geomorphological development of the Gulf of Corinth (Greece): the Corinth earthquakes of February and March 1981[END_REF][START_REF] Roberts | Surface faulting within active normal fault-zones: examples from the Gulf of Corinth fault system, central Greece[END_REF][START_REF] Moretti | The Gulf of Corinth: a half graben?[END_REF]. WNW-trending normal faults with a vertical displacement of up to 3,000 m subdivide the southern coast in a series of tilted blocks (5 to 8 km-wide and 5 to 10 km-long) (e.g. [START_REF] Doutsos | Geometry and kinematics of activ faults and their seismotectonic significance in the western Corinth-Patras rift (Greece)[END_REF][START_REF] Roberts | Surface faulting within active normal fault-zones: examples from the Gulf of Corinth fault system, central Greece[END_REF][START_REF] Koukouvelas | Fractal characteristics of active normal faults: an example of the eastern Gulf of Corinth, Greece[END_REF]. The southernmost block of the studied area is bounded by the Killini Fault, a major north dipping fault segment (Fig. 1c). The Killini block is tilted to the south by up to 25-30°, similarly to most of the fault blocks. The second main block to the north is the Mavro block (Fig. 1). The third block corresponds to the Valimi-Xylokastro block. This third block is bounded to the north by a series of north dipping faults as the Akrata Fault (Fig. 1). This fault bounds the last and fourth block cropping out in the study area, the Akrata block.

Stratigraphy

The gross tectonostratigraphic architecture (Fig. 1) of the southern margin of the Gulf of Corinth was described by Rohais et al. (2007a), and the age and paleoenvironmental evolution by Rohais et al. (2007b). These regional studies provide a structural and stratigraphic framework for the detailed sedimentological study presented here.

The syn-rift fill of the southern coast of the Gulf of Corinth is subdivided into three main lithostratigraphic units (Fig. 2; Rohais et al., 2007a): (1) a Lower Group consisting of fluvio-lacustrine deposits, (2) a Middle Group consisting of thick Gilbert-type fan delta conglomerates and (3) an Upper Group including slope deposits, Gilbert-type fan deltas and stepped uplifted terraces along the coastline (Fig. 1).
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Age determination of the Lower Group is difficult because of the lack of diagnostic stratigraphic markers.

Ages ranging from Miocene to Lower Pleistocene have been previously proposed (e.g. [START_REF] Sauvage | L'apport de la Palynologie dans la connaissance du Plio-Pléistocène de la région de Corinthe (Grèce): le problème des limites et des corrélations stratigraphiques[END_REF][START_REF] Danatsas | Die känozoischen Ostrakoden des NW-und N-Peloponnes und ihre stratigraphische, paläoökologische und paläogeographische Bedeutung[END_REF][START_REF] Danatsas | Zur Entwicklung der miozänen-altpleitozänen Ostrakoden-Fauna des Korinth-Beckens, Griechenland. Münster[END_REF][START_REF] Muntzos | Palyno-und Paläoklima-Stratigraphie der pliozänen und altpleistozänen Sedimente der nördlichen und nordwestlichen Peloponnes (Hellas)[END_REF]. More recent palynological data from the study area suggests a Lower Pleistocene age (Rohais et al., 2007b;Ford et al., in press), while the lowermost syn-rift deposits of the Lower Group are attributed to the Upper Pliocene (e.g. Rohais et al., 2007b).

The age of the Middle Group sediments is also controversial, estimates ranging from Calabrian (~ 1.8 to 0.8 Ma) to Middle Pleistocene [START_REF] Dercourt | Contribution à l'étude géologique du secteur du Péloponnèse septentrional[END_REF][START_REF] Symeonidis | Paleontological and stratigraphic observations in the area of Achaia and Etoloakarnania W-Greece[END_REF][START_REF] Malartre | Preliminary biostratigraphy and 3D lithostratigraphy of the Vouraikos Gylbert-type fan delta. Implications for the evolution of the Gulf of Corinth, Greece[END_REF]. Recent palynological analysis have provided ages ranging from 1.5 and 1.1 Ma to slightly younger than 0.7 Ma (Rohais et al., 2007b;Ford et al., in press).

Ages for the Upper Group based on radiogenic isotopic methods and nannofossils, range from 0.386 Ma to 305 years BC (e.g. [START_REF] Keraudren | The terraces of Corinth (Greece): a detailed record of eustatic sea level variations during the last 500 000 years[END_REF][START_REF] Stiros | Late Quaternary coastal changes in the Gulf of Corinth, Greece: tectonics earthquake, archaeology. Guidebook for the Gulf of Corinth Field Trip[END_REF][START_REF] Mcneill | Footwall uplift rates of the Eastern Eliki fault, Gulf of Corinth, Greece, inferred from Holocene and Pleistocene terraces[END_REF].

The age model used in this paper is based on the most recent work (Rohais et al., 2007b;Ford et al., in press) and on the well-constrained ages from the Upper Group. Accordingly, the lowermost part of the Lower Group is Upper Pliocene (~ 2.6 to 3.6 Ma), the transition from the Lower Group to the Middle Group occurred around 1.5 Ma, and the transition from the Middle Group to the Upper Group around 0.7 Ma (Fig. 2).

Sedimentology and facies analysis

Detailed sedimentological studies of the southern margin of the Corinth Rift have been previously published, especially for the giant Gilbert-type fan deltas which are well exposed along the margin (e.g. [START_REF] Ori | The three dimensional facies architecture if terrigenous clastic sediments and its implications for hydrocarbon discovery and recovery[END_REF][START_REF] Poulimenos | Geometry of trapezoidal fan deltas and their relationship to extensional faulting along the south-western active margins of the Corinth rift[END_REF][START_REF] Dart | Sequence stratigraphy of (?) Pliocene-Quaternary synrift, Gilbert-type fan deltas, northern Peloponnesos, Greece[END_REF][START_REF] Zelilidis | The geometry of fan-deltas and related turbidites in narrow linear basin[END_REF]. Nevertheless, these studies have never been integrated into an overall stratigraphic architecture from the rift margin to the distal graben axis (Middle Group), nor have they established a complete depositional model for the Gilbert-type fan deltas at very fine-scale. Here, we present a description of the main facies (Table 1, Fig. 3) for the Gilbert-type fan deltas cropping out along the southern coast of the Gulf of Corinth in the Derveni-Akrata region (Fig. 1). Each facies has been described, interpreted and classified from the coarsest (G) to the finest (F) (Table 1). Facies have then been grouped in facies associations to document the main depositional setting. Four main facies associations have been identified with the common tripartite of the
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Gilbert-type fan delta (Topset: GDT, Foreset: GDF and Bottomset: GDB) and the distal facies (Basin and Turbidite: BT).

Facies association GDT: giant Gilbert-type Delta Topset

Description: The giant Gilbert-type Delta Topset (GDT) facies association consists of poorly sorted granule to cobble conglomerate (G1, G2, G3, G4 in Table 1) organised in tabular packages (Fig. 3b) with great lateral extent (0.1 to 5 m-thick, 100 to 1000 m-long). The most proximal facies (G1) corresponds to angular poorly sorted conglomerate with scattered boulder (Fig. 3a). Massive beds are poorly structured (Fig. 3c). Thinner beds show erosional bases, pebble imbrication and trough cross-bedding. Crossstratified sandstones (S1) laterally grade into well-bedded mudstone (F3) and reddish claystone (F7) with rootlets and carbonate concretions. This facies association is characterised by conglomeratic facies organised in fining-upward sequences of 5 to 40-m thick (Fig. 4a). Fine-grained facies and limestones (Fig. 5) locally occur (F6, L1, L2 in Table 1). Facies L1 (Fig. 3h) contains red algal, blue algal and green algal with marine affinity. Facies L2 contains freshwater ostracods and gastropods (Rohais et al., 2007b).

Conglomerate is found in very well sorted clast-supported granule to pebble conglomerate close to the lateral transition into the giant Gilbert-type Delta Foreset (GDF) facies association.

Interpretation: Erosional basal surfaces, trough cross-bedding, grain-size sorting and fining-upward trends (G3, G4, S1) indicate stream and broad channelised flow transport (e.g. [START_REF] Miall | A review of braided river depositional environments[END_REF][START_REF] Nemec | Alluvial and coastal conglomerates: their significant features and some comments on gravelly mass-flow deposits[END_REF]. Massive sheets of conglomerate (G2) suggest less confined flows and sheet flood events.

Finer grained facies (S1, F3) are interpreted to have been deposited in overbank/subordinate channel environments. Red soil also occurred (F7) indicating prolonged periods of non-deposition laterally to the fluvial channels. Texture and geometry of this facies association are consistent with braidplain deposits made up of floodplain fines and coarse-grained deposits of high-discharge bedload (active channel width: 20 m to 2 km). Interbedded facies interpreted as products of lagoons and restricted basins with marine (F6, L1) or lacustrine faunas (L2) indicate that the fan delta prograded into either marine or lacustrine water bodies.

Facies association GDF: giant Gilbert-type Delta Foreset
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Description: The giant Gilbert-type Delta Foreset (GDF) (Fig. 4b) facies association consists of sandstones to pebble conglomerates organised in tabular to lenticular, 25 to 35° dipping beds (0.2 to 5 mthick, 50 to 900 m-long). Clasts are generally sub-rounded to rounded, and pebbles are in many places imbricated. Inverse-and normal-grading, as well as clast-supported openwork texture are common. The strata display slightly erosional bases. The foreset angles diminish downdip to merge with the horizontal finer-grained bottomsets (Gilbert-type Delta Bottomset, GDB, Fig. 6). Units of this facies association are organised in 5 to 50 m-thick packages (Fig. 4b) generally beginning with crudely stratified amalgamated and massive beds (G5 in Table 1) above erosional bases cutting across finer deposits (Fig. 3d) and passing upward into well-structured sheets of conglomerates and sandstones (G6, S3 in Table 1). Foreset strata are commonly organised in a radial to conical pattern in plan view, representing a fan delta shape (Fig. 1).

Interpretation: Matrix-rich foreset deposits are interpreted as the result of cohesive and non-cohesive mass flows (e.g. [START_REF] Lowe | Sediment gravity flows: II. Depositional models with special reference to the deposits of high-density turbidity currents[END_REF][START_REF] Collela | Sedimentology of a marine intermontane Pleistocene Gilberttype Fan-delta complex in the Crati Basin, Calabria, southern Italy[END_REF][START_REF] Prior | Submarine morphology and processes of fyord fan deltas and related high-gradient systems: modern examples from British Columbian[END_REF]. Matrix-poor foreset conglomerates are interpreted as the results of avalanche grainflow on a steep slope (e.g. [START_REF] Collela | Sedimentology of a marine intermontane Pleistocene Gilberttype Fan-delta complex in the Crati Basin, Calabria, southern Italy[END_REF]. Finer-grained facies may correspond to episodes of low sediment discharge and/or alluvial sediment storage. Conglomeratic facies correspond to high-discharge flood events from either alluvial fan debris flow, topset braided rivers, or both. Massive conglomerate beds are interpreted as arising from catastrophic events occurring after a period of relatively low sediment discharge. Some scours on the upper parts of the foreset slope suggest gravity instabilities and slope failure in relation to high-discharge events or sediment accumulation along the delta shoreline exceeding the angle of repose (e.g. [START_REF] Dart | Sequence stratigraphy of (?) Pliocene-Quaternary synrift, Gilbert-type fan deltas, northern Peloponnesos, Greece[END_REF].

Facies association GDB: giant Gilbert-type Delta Bottomset

Description: The giant Gilbert-type Delta Bottomset (GDB) facies association (Fig. 4c) consists of granule to pebble conglomerate (G7, G8 in Table 1) organised in tabular to lenticular, gently dipping to horizontal beds (0.2 to 5 m-thick, dip < 10°) (Fig. 3e), interbedded with laminated pebbly sandstone, sandstone or siltstone beds (F1, F2, F4, S6 in Table 1). Conglomerate beds show basal and upper erosional surfaces. Pebbles are commonly imbricated or organised in tabular cross-stratification. Floating pebbles within and at the top of beds are abundant. Inverse-and normal-grading developed above slightly
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erosional bases are also common. Clasts are generally sub-rounded to rounded. Cross-to parallellaminated claystones to siltstones with current-ripples form large-scale undulating beds (Fig. 3e; 5-30 mbroad). Chaotic deposits, muddy matrix-rich conglomerates and folded deposits (G9, G10 in Table 1) also occur in this facies association (Fig. 3f). This facies association is generally organised in a coarseningupward trend followed by a fining-upward, developed above a slightly erosional surface. Soft-sediment deformation (dewatering structures, contorted bedding, inverse-faults) are common in fine-grained facies below the basal erosional surface.

Interpretation: Beds and grain-size suggest a steep slope feeding these deposits. Floating pebbles, clast imbrication, tabular cross-bedding, erosional surfaces and fine lamination indicate transport processes from cohesive matrix-supported mass flow to low-density turbidite current and fallout deposits (e.g. [START_REF] Lowe | Sediment gravity flows: II. Depositional models with special reference to the deposits of high-density turbidity currents[END_REF][START_REF] Nemec | Alluvial and coastal conglomerates: their significant features and some comments on gravelly mass-flow deposits[END_REF][START_REF] Pickering | Deep-water facies, processes and models: a review and classification scheme for modern and ancient sediments[END_REF][START_REF] Collela | Sedimentology of a marine intermontane Pleistocene Gilberttype Fan-delta complex in the Crati Basin, Calabria, southern Italy[END_REF][START_REF] Prior | Submarine morphology and processes of fyord fan deltas and related high-gradient systems: modern examples from British Columbian[END_REF]. Facies G8, F1 and F2 suggest by-pass and high-energy currents whereas facies G7 and S6 suggest rapid deposition and freezing from matrix-rich, high-density turbidity currents. Soft-sediment deformation is interpreted as the result of a rapid coarse-grained gravity flow deposition upon finegrained deposits.

Facies association BT: Basin offshore and associated Turbidite deposits

Description: The Basin offshore and Turbidite deposits (BT) facies association (Fig. 4c) consists of finegrained deposits (marl, siltstone, fine sandstone) to pebble conglomerates organised in tabular to lenticular horizontal beds (0.02 to 2 m-thick) (Fig. 3g). This facies association covers a wide range of facies from massive bioturbated white marls (F4) and thinly laminated fine-grained deposits with currentripples (F1), to coarse-grained sandstones with normal grading (S3, S4 in Table 1) and channelised conglomerates with a sharp and deep erosional base. This facies association shows a fining-upward trend.

Lateral transitions to facies association of giant Gilbert-type Delta Bottomset (GDB) are characterised by occurrences of facies S6, F1, F2. Fine-grained facies F4 and F5 (Table 1) contain fresh to brackish ostracods and few marine foraminifera (Rohais et al., 2007b).

Interpretation: Inferred sedimentary processes cover a wide range including mass flow, high-density to low-density turbidity currents and deposition fallout (e.g. [START_REF] Bouma | Sedimentology of Some Flysch Deposits[END_REF][START_REF] Lowe | Sediment gravity flows: II. Depositional models with special reference to the deposits of high-density turbidity currents[END_REF][START_REF] Nemec | Alluvial and coastal conglomerates: their significant features and some comments on gravelly mass-flow deposits[END_REF][START_REF] Pickering | Deep-water facies, processes and models: a review and classification scheme for modern and ancient sediments[END_REF]. Channelised conglomerate facies are interpreted as the infill of turbidite
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ACCEPTED MANUSCRIPT channels and gullies. Coarse-grained facies (S3, S4) are interpreted as deposits of high-density turbidity currents that by-passed the foreset to bottomset area or resulting from gravity flows that deposited their gravel to pebble fraction up-dip. Finer-grained facies are interpreted as deposits of low-density turbidity currents and suspension fallout. Water depths estimated on the basis of foreset geometry range from 50 to 500 m.

Depositional model

The subaerial lobe of the Gilbert-type fan delta ranges from 2 to 6 km in diameter (Fig. 1). [START_REF] Ori | The three dimensional facies architecture if terrigenous clastic sediments and its implications for hydrocarbon discovery and recovery[END_REF] and [START_REF] Dart | Sequence stratigraphy of (?) Pliocene-Quaternary synrift, Gilbert-type fan deltas, northern Peloponnesos, Greece[END_REF] previously described the stratigraphic architecture of some of the giant Gilbert-type fan deltas, especially the topset to foreset transition. We have extended these descriptions from the topset to the distal turbidite based on measured sections and panorama interpretations of the Evrostini and the Ilias fan deltas (Fig. 5, 6 and 7). The Evrostini cliff (Fig. 5) shows the lateral transition from proximal facies (GDT) through intermediate facies (GDF, GDB) to distal facies (BT) in less than 5 km, with foreset geometry indicating a bathymetry of 500 m deep. Four main systems tracts have been identified based on their facies, internal geometry and the relation with their bounding surfaces (Fig. 8).

Pure prograding systems tracts (ST1)

This first systems tract (ST1) is well exposed in the Evrostini cliff at large scale (Fig. 7) as well as finer scale (Fig. 5), and in the Ilias cliff (Fig. 6). As no outcrop exposes both panorama and good accessibility to study this systems tract from topset to turbidite, we combined observation from the Evrostini and Ilias cliffs. The overall progradational pattern and the most massive and coarsest deposits of the giant Gilberttype Delta Foreset (GDF) and Bottomset (GDB) facies associations (e.g. between line 5 and 6, log a. in Fig. 6) have been used as criterion to gather observation from topset to foreset setting with foreset to bottomset and turbidite setting.

The first systems tract (ST1) is characterised by the lack of topset beds and the presence of a by-pass surface instead (e.g. line 5, 9 in Fig. 5). Thick foreset and bottomset beds, and thick heterolithic turbidites occur (e.g. between line 5 and 6 in Fig. 6). The basal surface of the systems tract is erosional in the topset area (unconformity) and laterally passes to a downlap/truncation surface in the bottomset area (line 5 and 10 in Fig. 6). The upper surface in the foreset area shows toplap geometry (e.g. line 5 in Fig. 5). This first
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systems tract (ST1 in Fig. 8e) corresponds to a regime of bypass and erosion of the topset, and to rapid progradation of the Gilbert-type fan delta (A/S < 0).

Retrograding systems tracts (ST2)

The second systems tract (ST2) is characterised by a thin topset and almost no foreset equivalent (between line 2 and 3 in Fig. 5). Reworked conglomerates and coastal limestones (L1) are generally preserved in the distal topset setting (Fig. 5). As no outcrop exposes both panorama and good accessibility to study this systems tract from topset to turbidite, we combined observation from the Evrostini and Ilias cliffs (Fig. 5 and6). We used the lack of foreset as a criterion to gather information from the most proximal topset setting to the distal turbidite setting. The offshore deposits are characterised by massive sandy turbidites (Fig. 6). These massive sandy turbidites are organised in a fining-upward trend (log d. in Fig. 6) and recorded an overall landward shift. The basal surface of systems tract (ST2) is a purely erosional surface in the topset to foreset transition of the previous systems tract, and passes laterally into an onlap surface onto previous foreset beds (e.g. line 3 and 6 in Fig. 6). This systems tract (ST1 in Fig. 8d) is not always well-preserved in the topset setting (Fig. 5) and is organised in an overall retrograding trend with a landward shift in the position of the offlap break (A/S > 1).

Prograding-aggrading systems tracts (ST3)

The third systems tract (ST3) is characterised by small-scale deltas prograding over the stacked topsets of the giant Gilbert-type fan delta (Fig. 5). The lateral transition from topset to bottomset within these smallscale Gilbert-type fan deltas is clearly shown, especially between line 3 and 6 on Figure 5. These small Gilbert-type fan deltas are generally purely prograding to aggrading-prograding. Almost no deposits are preserved on the remaining topography of the previous Gilbert-type fan delta (topset to foreset transition)

where by-pass of turbidity currents occurred (Fig. 5 and6). The offshore deposits are characterised by thinly bedded and fine-grained sandy turbidites, but it still unclear whether the massive sandy turbidite are also distal equivalent of this systems tract or not (between line 3 and 4 in Fig. 6). The basal surface is a composite downlap/truncation in the giant Gilbert-type fan delta topset that passes laterally into a purely erosional surface in the topset to foreset transition of the previous systems tract (e.g. line 3 in Fig. 6). This
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third systems tract (ST3 in Fig. 8c) corresponds to a regime of rapid progradation (A/S ~ 0) followed by a regime of aggradation to progradation (1 > A/S > 0).

Aggrading-prograding systems tracts (ST4)

The fourth systems tract (ST4) is characterised by continuous vertically aggrading topsets that laterally pass into aggrading and prograding foresets (e.g. between line 7 and 8 in Fig. 5 and Fig. 7). Bottomsets and distal turbidite systems were poorly developed during this stage (Fig. 6). This systems tract contains the most massive and coarsest deposits of the giant Gilbert-type Delta Topset (GDT) and Foreset (GDF)

facies associations (e.g. between line 7 and 8 in Fig. 5). The basal surface is generally planar and smooth, or erosional in the topset, and laterally passes in the foresets and bottomsets into a downlap surface, locally erosional (e.g. line 2 in Fig. 6). This fourth systems tract (ST4 in Fig. 8b) corresponds to a regime in which sediment supply balanced the accommodation (A/S = 1): the deltas were vertically aggrading.

Stratigraphic architecture of the Middle Group

The overall architecture of the Middle Group can be subdivided into four main sequences (Fig. 9) sensu [START_REF] Mitchum | Seismic stratigraphy and global changes of sea level, Part 1: Glossary of terms used in seismic stratigraphy[END_REF]. These four sequences are bounded by relative maximum flooding surfaces (Fig. 9). In the Killini Fan Delta located in the southernmost part of the studied area (Fig. 1), an initial episode of progradation induced a basinward shift of 2 to 4 km in length of the shoreline into a lacustrine basin 50 to 200 m deep (Sequence 1). The foreset height progressively increased during the main progradation (mainly ST1 and ST4), and the following transgressive trend is recorded by very thin small scale Gilberttype fan deltas (ST2 and ST3). After a first 3 km landward advance of the shoreline, a second fan delta system then rapidly prograded 10 to 14 km northwards into the basin (Sequence 2, Fig. 9). Sequence 2

shows the same overall architecture as Sequence 1 with a major progradation characterised by systems tracts ST1 and ST4 followed by a transgressive trend recorded by systems tracts ST2 and ST3. The Killini Fan Delta (Sequence 1 and 2) progressively onlapped the Alpine basement in the footwall of the border fault (Fig. 9). The onlap indicates sealing of the border fault and a landward shift of fluvial facies toward the rift shoulder while the fan was aggrading (Fig. 9). A planar horizontal surface, perched today at 1500 m altitude, marked the end of the Killini Fan Delta progradation and its abandonment (Fig. 9). This erosional to by-pass surface is similar to the surface occurring upward of a systems tract ST1.

A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT

Then, a basinward shift to the north of around 5 km of the depocenter and an increase in water depth up to 300 m was recorded in the basin during deposition of the Mavro and the Ilias fan deltas (Sequence 3). The transgressive trend of Sequence 3 is poorly preserved in the distal setting (Fig. 9). Major faults such as the Mavro Fault were active during deposition of Sequence 3 (Fig. 9). After a 3 km landward advance of the shoreline, the Mavro and Ilias fan deltas were then abandoned and re-incised, feeding Sequence 4 of the Middle Group. This final Sequence 4 corresponded to the Evrostini Fan Delta which recorded the maximum water depth of ca. 500 m. The Evrostini Fan Delta was then abandoned and lies currently at a mean altitude of ca. 1100 m (Fig. 9).

Based on the conceptual depositional model presented in this paper (Fig. 8), a quantification of the shoreline migration has also been carried out at finer scale. In the Evrostini cliff (Fig. 7), the overall organisation indicates that the shoreline migrated basinward for more than 500 m in length between the basal ST1 and the thin ST2, and then rapidly migrated landward for about 400 m during deposition of Sequence 3 (ST3). Then, the shoreline was almost stable during more than 240 m of sediment deposition (ST4), and finally migrated basinward for more then 500 m in length (ST1) during Sequence 4. Toward the top of the Evrostini cliff, very fine-scale geometries are well-exposed on the left side of the panorama (Fig. 5). A perched paleo-valley crosscuts these fine-scale geometries in the back-side of the main cliff, detailed in Figure 5. Small-scale (1 to 20 m high, 5 to 40 m long) Gilbert-type fan deltas formed part of the giant Gilbert-type fan delta topsets (Fig. 5) and are organised in an overall prograding trend indicating that the shoreline laterally migrated basinward for more than 120 m. Four main landward shifts (amplitude ca. 100 m in length) are also recorded by thin ST2 within this main progradational trend organised in sequences of 10 to 30 m-thick.

In the Ilias cliff, pure prograding systems tract (ST1) is followed upward by aggrading-prograding systems tract (ST4) and by thick sandy turbidites (ST2) that onlap the previous Gilbert-type fan delta morphology. The systems tracts are stacked in a repetitive pattern showing six 20-100 m-thick sequences within an overall aggrading-prograding trend (Fig. 6), with amplitude of the shoreline trajectory from 50-200 m in length based on the transition between foreset and bottomset.

Discussion

Control on the Gilbert-type fan delta architecture

A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT

Based on the conceptual depositional model presented in this paper, a quantification of the shoreline migration has been carried out. Two scales of vertical cyclicity at 10's to 100's of meters are recorded within the overall progradation of the Gilbert-type fan delta of the Middle Group (Fig. 5, 6 and 7). The number of cycles (10's to 100's of meters) is higher than the twelve transgressive / regressive cycles documented on the Pleistocene sea level curve of Shackelton et al. (1990) changes during the deposition of the Middle Group (ca. 1.5 to 0.7 Ma; Fig. 2), indicating other controls such as sediment supply or tectonic changes.

Massive sandy turbidites clearly onlap pure prograding systems tract (ST1) and are overlain by late stage prograding-aggrading systems tract (ST3) and aggrading-prograding systems tract (ST4) as proved by downlap surfaces (Fig. 6). Nevertheless, we did not find any evidences as to whether they are contemporaneous to the first stage of the retrograding systems tract (ST2), to the entire deposition of the ST2, or even to a part of the prograding-aggrading systems tract (ST3). As they record a drastic change in the dynamic of the distal setting of the Gilbert-type fan delta, we propose that they are contemporaneous with the retrograding systems tract (ST2) during which topsets are flooded and coarser deposits are stored in the very proximal setting, which is in accordance with onlap geometry and fining-upward trend of these massive turbidites.

Control on the Middle Group stratigraphic architecture

The southern margin of the Gulf shares the same overall stratigraphy (Rohais et al., 2007a) as many nonmarine rift basins, and which is commonly related to the structural evolution of the rift (e.g. [START_REF] Lambiase | A model for tectonic control of lacustrine stratigraphic sequences in continental rift basins[END_REF]. The Lower Group (Fig. 2) recorded the initial stage of rift opening and the progressive flooding of continental to lacustrine environments. Secondly, the Lower Group to Middle Group transition records the deepening-upward lacustrine succession (Fig. 2), that corresponds to the first occurrence of the giant Gilbert-type fan deltas in the Gulf of Corinth. This transition has been already interpreted as a major tectonic event corresponding to a redefinition of the entire structural pattern of the rift [START_REF] Ori | Geological history of the extensional basin of the Gulf of Corinth (?Miocene-Pleistocene), Greece[END_REF] and could have corresponded to the Rift Initiation to Rift Climax transition identified in many rift systems (e.g. [START_REF] Prosser | Rift-related linked depositional systems and their seismic expression[END_REF][START_REF] Lambiase | Structural controls on sedimentation in continental rifts[END_REF]. The giant Gilbert-type fan deltas of the Middle Group then corresponded to the third member (e.g. [START_REF] Lambiase | A model for tectonic control of lacustrine stratigraphic sequences in continental rift basins[END_REF] of the rift stratigraphy characterised by a coarsening upward trend and a major progradation.

A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT

While this syn-rift fill is comparable to many other rift basin fills, it is nevertheless remarkable that the Corinth Rift is still active, with a rapidly subsiding 800 m-deep basin. This study shows that the maximum bathymetry increased through time and space, from ca. 200m in the Killini block, to ca. 300 m in the Mavro block and finally ca. 500 m in the Evrostini block. While the Rift Climax corresponds to a maximum of water depth in the rift basin, it suggests that the Rift Climax was diachronous in the Gulf of Corinth which is not common in classical rift model. This distinction is probably related to the northward migration of the fault activity during the deposition of the Middle Group. Such diachonism from tiltedblock to tilted-block is not documented in other rift basins, probably due to the rapidity (< 1Ma) of the phenomena combined with the erosion of its record during a later uplift of the margin.

Within each block, the progradation of the Middle Group is interrupted by a maximum flooding surface recorded by a major landward shift of the shoreline (e.g. between sequence 1 and 2 in the Killini block). It suggests that the A/S ratio is not linear through this time scale and records major changes.

Accommodation (A) corresponds to available space resulting from tectonic subsidence and eustasy.

While the Middle Group records the evolution from the Rift Climax to the abandonment of the faults along the southern margin of the Corinth Rift, the fault activity would thus be characterised by a progressive decrease of the throw rate until a complete decay occurred. Tectonics would thus not be inferred in such increase in accommodation. This relative increase in accommodation could thus be inferred to eustasy.

Another origin of these landward shifts could alternatively be an increase and decrease of sediment supply (S). Faults initiate, grow and finally end by a decay that induce an increase in sediment supply in response to the uplift of the footwall (e.g. [START_REF] Cowie | Investigating the surface process response to fault interaction and linkage using a numerical modelling approach[END_REF]. Major increase or decrease of the sediment supply that would have a control on the main landward shift, are thus not related to tectonics, but can be inferred to catchment dynamics or climate changes. The four main sequences of the Middle Group are thus overprinted by eustatic or climatic controls. Table 1 Main characteristics of the sedimentary facies and their interpretation in terms of depositional process. G:

Conclusions

Gravel, S: Sand, F: Fine and L: Limestone. 

  Fig. 1. (A) Location of the study area. (B) Geological map of the central part of the Gulf of Corinth showing the fault pattern and the main lithostratigraphic units. (C) N-S cross-section of the southern coast of the Gulf of Corinth (simplified after Rohais et al., 2007a).

Fig. 2 .

 2 Fig. 2. Synthetic sedimentary column of the syn-rift fill in the central part of the southern coast of the Gulf of Corinth, simplified after Rohais et al. (2007a). Ages from Rohais et al. (2007b).

Fig. 3 .

 3 Fig. 3. Outcrops showing various sedimentological facies of the Middle Group. (A) Block embedded in matrixsupported conglomerates deposited by debris flow (facies G1). (B) Poorly organized clast-supported conglomerates of facies G2 in an alluvial fan setting. (C) facies G3 and G4 of the giant Gilbert-type Delta Topset facies association (GDT). (D) facies G5 and G6 of giant Gilbert-type Delta Foreset facies association (GDF). (E) Alternation of giant Gilbert-type Delta conglomeratic Bottomset (GDB) with Basin and Turbidite (BT) facies associations with incised channel geometry. (F) Chaotic deposits of facies G9. (G) Detailed view of turbidite deposits in Basin and Turbidite (BT) facies association. (H) Thin section of algal limestone L1. Facies details in Table1.

Fig. 4 .

 4 Fig. 4. Measured sections for each facies association of the Middle Group. (A) Section of giant Gilbert-type Delta Topset facies association (GDT). (B) Section of giant Gilbert-type Delta Foreset facies association (GDF). (C) Section of giant Gilbert-type Delta Bottomset (GDB) to Basin and Turbitide (BT) facies associations. Location of sections in Figure 1.

Fig. 6 .

 6 Fig. 6. Panorama (A) and interpretation (B: systems tracks, C: facies associations) of a detail of the Ilias Gilberttype Fan Delta (below the Evrostini Fan Delta) at the foreset-bottomset transition (Sequence 3 of the Middle Group). The lateral transition of foreset to bottomset and finally to fine-grained turbidite is clearly shown between surface 5 and 6. Downlap surfaces (e.g. 4), composite downlap-toplap surfaces (e.g. 11, 12) and onlap surfaces (e.g. 3, 7) are shown on the photo. Onlap surfaces are associated with thick fine-to coarse-grained sandy turbidites. Downlap to downlap-toplap surfaces are associated with aggradational and progradational foresets. During the progradation, bottomsets consisting of conglomeratic debris flow were formed while thin sandy turbidites were also deposited basinward. Location in Figure 1.

Fig. 7 .

 7 Fig. 7. Panorama (A) and interpretation (B) of the Evrostini giant Gilbert-type fan delta. The facies transitions of the Middle Group are shown: the GDT facies association to the left passing laterally to GDF, GDB and BT facies association to the right. The two last sequences (3 and 4) of the northward progradation of the Middle Group are shown. Sequence 3 is characterised by the lack of topset beds and the development of by-pass surface instead (Toplap surface), and thick foresets and bottomsets (ST1). Very thin retrograding systems tract (ST2) and prograding-aggrading systems tract (ST3) occur on top of the systems tract ST1 of Sequence 3. Stratal pattern of Sequence 4 first shows an aggradational trend (ST4) followed by a progradational to pure progradational trend (ST1). The terraces made of red scree of the Upper Group unconformably overlies the foresets and bottomsets of the Evrostini fan delta, illustrating the major

Fig. 8 .

 8 Fig. 8.Schematic illustration of the Gilbert-type stratigraphic architecture and facies relations with regard to the accommodation (A) to sediment supply (S) ratio, based on the Ilias and Evrostini fan deltas. Four main systems tracts can be identified at the giant Gilbert-type fan delta scale: pure prograding systems tract (ST1), retrograding systems tract (ST2), prograding aggrading systems tract (ST3) and aggradingprograding systems tract (ST4). Note that the fine-to coarse-grained sandy turbidites mostly accumulated during the deposition of the retrograding systems tract (ST2).

Fig. 9 .

 9 Fig. 9. Restored north-south section of the central part of the Corinth margin showing the stratigraphic architecture of the Middle Group and its unconformable relationship with the Upper Group. Three stratigraphic sections are presented for each of the main tilted blocks: (A) Killini, (B) Mavro and (C) Evrostini fan deltas. Numbers refer to the sequence nomenclature used in the text. Age of sample M101ranges from 1.78 to 0.9 Ma. Sample M04 ranges from 0.82 to 0.7 Ma. Sample I03 ranges from 0.65 to 0.3 Ma. Ages fromRohais et al. (2007b). Location in Figure1.
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