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A B S T R A C T

Middle Pleistocene Gilbert-type delta in the Gulf of Corinth, Greece, has been investigated combining � eld
methods and photo acquisition by drone to generate a high-resolution 3D model. This study case can be used to
document four di � erent dynamics in Gilbert-type bottomset deposits, each one of which is characterized by a
speci� c range of facies, facies associations and geometries: (1) the sandy-gravelly bottomset, (2) the erosional-
bypass stage, (3) the� ne-grained bottomset and (4) the massive-sandy bottomset. By comparing the typologies
of the bottomset, we propose a conceptual model that predicts the occurrence of these four di� erent bottomset
stage dynamics depending on the stratigraphic context.

During highstand normal regression, the gravelly bottomset develops under subcritical � ow. The supercritical
� ow undergoes a stationary hydraulic jump in the toeset due to the slope break. As a result, a low-relief channel-
levees system is formed in the bottomset. The channels are� lled/reworked by backstepping conglomeratic
lenses interbedded with silty concave-up and concave-down levees. During normal regression, the foreset beds
are steeper than during previous stage and scoured in the upper part. In the bottomset, signi� cant erosion
recording sediment bypass downstream toward the pro-delta can be observed. During lowstand normal re-
gression, a starved� ne silt to shale bottomset onlaps onto the major erosional surface. The bulk of the coarse-
grained sediments is stored in the delta topset and foreset. During the transgressive to highstand stage, the
former topset and foreset are eroded by high-density turbidity currents and massive-sandy turbidites are de-
posited in the bottomset, which onlap onto the foreset beds and form a slope apron geometry in the delta toe.

The stratigraphic model improves the prediction for the sand distribution within the various parts of the
bottomset. This approach is particularly relevant for clastic depositional systems with high sediment discharge
and a high accommodation rate.

1. Introduction

The transfer of sediment from the catchment area to the deeper
marine environments is crucial to better constrain the nature and ar-
chitecture of sediments that control potential mineral resources
(Sømme et al., 2009). The processes responsible for transporting and
bypassing large volumes of sediment from the shoreline to the deep sea,
such as submarine gravity � ows, are a key factor to characterize and
model the transfer of sediment (Nemec, 1990; Stevenson et al., 2015).
Nevertheless, the bypass phenomenon has not been systematically de-
scribed and integrated into a sequence stratigraphic framework. It is
often di � cult, if not impossible, to characterize the entire depositional
pro� le, including the facies description and associated architectural
elements from the sedimentary source to the most distal setting, with a

detailed characterization of the sedimentary processes integrated
within a sequence stratigraphic framework in outcrops. To address this
issue, we focus on a Gilbert-type delta, which has a short-length de-
positional pro � le that allows to observe the entire depositional system
from the sediment source to the deep basin (Fig. 1a).

Gilbert-type deltas, � rst described from Lake Bonneville beds, occur
in front of river mouths in deep lacustrine ( Gilbert, 1885 ) or marine
basins (Postma and Roep, 1985) and are commonly linked with tecto-
nically active settings ( Gawthorpe and Colella, 1990; Dart et al., 1994;
Dorsey et al., 1995). They have an internal tripartite architecture:
topset, foreset and bottomset (Fig. 1a and b).

The geometries, sedimentary processes and stratigraphic archi-
tectures in topsets and foresets are well known (e.g.Prior, 1981; Lowe,
1982; Postma, 1984a, b; Bornhold and Prior, 1988; Massari and Colella,
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1988; Kostaschuk and McCann, 1989; Nemec, 1990; Horton and
Schmitt, 1996; Massari, 1996; Breda et al., 2007; Rohais et al., 2008).
Conversely, toesets and bottomsets are poorly charaterized and con-
strained. The toeset forms the tangential transition from a foreset to a
bottomset, and presents a large scale clinoform that has already been
studied (Breda et al., 2007; Rohais et al., 2008; Gobo et al., 2014).

Three bottomsets typologies are commonly de� ned. Firstly, Gilbert
(1885) described � ne-grained, shale to silt bottomset deposits, inter-
preted as primarily recording a decantation process (Fig. 1a). This
means that all the coarse-grained sediments are assumed to be stored in
the delta or upstream. Secondly, Postma (1984a, b) and Postma and
Roep (1985) illustrated the occurrence of pebbles in the bottomset,
called bottomset-modi� ed Gilbert-type delta ( Fig. 1b), produced by
major delta front failures. The conglomerates are limited in the bot-
tomset area and could not reach the distal part of the basin. Thirdly,
Poulimenos et al. (1993) introduced the trapezoidal fan delta ( Fig. 1c),
which is a Gilbert-type delta characterized by the lack of bottomset
deposits. It can either be explained by a sediment storage upstream
from the bottomset area or by a sediment bypass in the bottomset area
(Doutsos and Poulimenos, 1992). Under this last hypothesis it may
possible to export coarse-grained sediments trough the basin. Never-
theless, the presence of both a turbiditic system as well as conglom-
eratic beds and channels described byFerentinos et al. (1988) and
Rohais et al. (2008) in the Corinth rift cannot be properly explained by
any of these three models (Fig. 1).

The purpose of this paper is to present for the Ilias Gilbert-type
delta, exposed on the southern margin of the Gulf of Corinth: (1) a
sedimentological description of the foreset-toeset-bottomset, (2) their
geometries and related processes, in order to� nally establish (3) a se-
dimentological model integrated within a sequence stratigraphic fra-
mework.

We propose a comparison with studies based on the same outcrop
(Rohais et al., 2008; Gobo et al., 2014) and with previous Gilbert-type
delta models (Gilbert, 1885; Postma and Roep, 1985; Poulimenos et al.,

1993) to challenge them within a stratigraphic context. Finally, an in-
novative model is proposed to document Gilbert-type delta typology
stratigraphic evolution and sediment processes. Reservoir and seal oc-
currences in the distal basin axis could then be better predicted, espe-
cially in active tectonic settings such as rifts in their early phases.

2. Geological setting

The present investigations are based on the Ilias Gilbert-type delta,
located on the southern coast of the Gulf of Corinth, Greece (Fig. 2a).
The Gulf of Corinth is an active east-west graben with currently very
fast north-south opening rates at 0.5 cm/yr eastward and 1.5 cm/yr
westward (Tselentis and Makropoulos, 1986; Billiris et al., 1991; Clarke
et al., 1997; Briole et al., 2000 ). The extension is generally interpreted
as the result of a back-arc extension within the frame of the East
Mediterranean subduction (Fig. 2a, e, g. Rohais and Moretti, 2017). As
the gulf is also located at the tip of the North Anatolian Fault (NAF), the
observed changes in subsidence and uplift are generally interpreted in
relation with the propagation of the NAF. However the interactions
between the two major features, subduction and NAF propagation, are
complex and are still being discussed (e.g. Moretti et al., 2003 , and
references within). The thickness of the syn-rift sediments reaches up to
3 km and the current maximum water depth is 860 m ( Clément et al.,
2004). Extension started at the end of the Miocene in the Aegean Sea
(Jolivet et al., 1994) as well as in the Corinth Rift ( Papanikolaou et al.,
2009) and a� ected an area much larger than the current gulf. The
southern coast has been uplifted from ca. 0.8 Myr providing outcrops of
early syn-rift sediments along a proximal to distal pro � le (e.g. Rohais
et al., 2007; Rohais and Moretti, 2017 ). The uplift rate reached 1.5 mm/
yr since the late middle Pleistocene (Stewart and Vita-Finzi, 1996;
Stewart, 1996). The pre-rift sequence, referred to hereafter as the pre-
rift basement, consists of a stack of Mesozoic and early Paleogene north-
south oriented thrust sheets. The carbonate-dominated deposits have
been highly structured by the Hellenic compressive phases.

The models for the stratigraphic evolution of the Gulf of Corinth
available in the literature are mainly based on seismic interpretations;
nevertheless, there is no deep well to constrain the facies, the thick-
nesses or the timing of sedimentation of the o� shore deposits. In con-
sequence, the evolution of the Gulf of Corinth is still being debated and
was recently reviewed (Nixon et al., 2016; Rohais and Moretti, 2017).
From outcrops the evolution has been subdivided into three phases
(Fig. 2b, c, Rohais et al., 2007): 1) the Lower group, composed of
continental to shallow fresh or brackish lacustrine deposits with a
subsidence compensated by sedimentation; 2) the Middle group, which
recorded a major structural reorganization and an increase in bathy-
metry with massive turbiditic deposits; during the late Middle group,
Gilbert-type deltas developed on active normal faults and followed the
northward fault migration; and 3) the Upper group, characterized by
stepped terraces and slope breccias onshore in relation with the
southern margin uplift and the rapid subsidence of the basin axis.

The Mavro-Ilias-Evrostini Gilbert-type delta (GTD) system is located
between the cities of Derveni and Xylokastro (Fig. 2b). It developed
during the late Middle group rifting phase ( Fig. 2c) and was then fully
exhumed during the recent Quaternary uplift of the southern margin.
The stratigraphic architecture established by Rohais et al. (2007, 2008)
considered that the Mavro GTD progrades from Mount Mavro and
progressively passes downstream to the Ilias GTD. The Evrostini GTD
developed on top of the Ilias GTD. The Ilias GTD (ca. 4 km long and ca.
300 m thick) spectacularly crops out along the Derveni River where the
geometrical relationship from the foreset to bottomset and the asso-
ciated turbidite systems can be studied in detail (Fig. 2d).

3. Dataset and methodology

This study is based on outcrop observations with conventional � eld
methods and via abseiling: detailed logging scale 1/50e, facies

Fig. 1. a: Gilbert-type delta cross-sections from Gilbert (1885) ; b: Modi � ed Gilbert-type
delta from Postma and Roep (1985); c: Trapezoidal fan delta from Poulimenos et al.
(1993) .
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