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Abstract

The Kerkyra—Kefalonia valley system is the northwestern extension of the Hellenic arc—trench system, representing the
collision zone of the Apulian Platform and the Hellenides. The system is distinguished by two different physiographic
regions. the northern part, U-shaped, and oriented NNW-SSE, with relatively gentle slopes and a wide floor; and the
southern part, oriented NE—-SW, V-shaped, and with much steeper side walls and a narrow floor. Both parts are formed
tectonically, with the former coinciding with a collision zone, and the latter being the morphometric expression of the
Kefalonia strike—dlip fault. Sediments recovered in the piston cores from the region consist of fine-grained material,
deposited by a variety of sedimentation processes such as: gravity-driven mass movements, associated with seismic activity
(i.e., dumping, dliding, debris flows, grain flows, turbidites—seismoturbidites); and, to a lesser extent, by hemipelagic
deposition. Measured near-bed currents and their associated shear stresses indicate resuspension of the material, mainly
within the northern part of the valley. Sub-bottom acoustic (seismic) profiling data reveal various sedimentary provinces,
related to different mechanisms of sediment accumulation: (i) the eastern margin of the Apulian Platform with hemipelagic
sedimentation, together with possible advection of suspensates from the Adriatic, in response localised to seabed erosion; (ii)
the western Hellenic margin, with down-slope episodic diding and slumping, induced primarily by earthquake activity,
together with an input from hemipelagic settling; (iii) the collision zone, coinciding with the northern part of the
Kerkyra—Kefalonia valley system, with deposition mostly from resuspension, the occurrence of local mass gravity flows and
the advection of some material from the north; and (iv) the Kefalonia strike—dlip fault region, where mass gravity flows are
the dominant mechanisms, related to erosion /deposition from resuspension. Overall sedimentation within the tectonically-
active Kerkyra—Kefalonia valley system is characterised by the coupling of the mass gravity-driven flows, which are the
predominant mechanisms, with the near-bed current regime related with resuspension phenomena and the advection of
suspensates. These latter mechanisms is likely more pronounced during the winter period, when dense water masses formed
in the Adriatic inflowing into the lonian Sea. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

The understanding of mechanisms of sediment
transport and deposition, in different tectonic settings
and under a variety of climatological /oceanographic
conditions and bedrock lithologies, has extended
considerably during the past two decades. However,
most of our knowledge on sedimentary sequences
and depositional processes and facies devel opment
originates from nearshore studies, associated usually
with inactive basins and large-scale modern subma-
rine fans and fan deltas, e.g., the Mississippi (Kos-
ters and Suter, 1993), Amazon (Nittrouer et al.,
1986), Nile (Sestini, 1989), Rhone (Got and Aloisi,
1990), and Ebro (Farran and Maldolado, 1990). In
contrast, examples from offshore modern basins,
formed in tectonically-active regions (collision zones,
rifting areas, trench—arc systems) are limited and
relate to: the Bengal Foreland basin (Biswas and
Agrawal, 1992); the eastern Taiwan region (Dorsey,
1988); to the west of the Kermadec trench and arc
(Bay of Plenty, New Zeland) (Lewis and Pantin,
1984); the Tanganyika Trough, East African rift
system (Bouroullec et al., 1991); the Californian
borderland, an active strike—dlip setting in the USA
(Thornton, 1984); and the South Barbados tectonic
accretional prism (Griboulard et al., 1996). Espe-
cidly in the Mediterranean basin depositional pro-
cesses have been investigated in: the northwestern
Mediterranean margin (Bellaiche, 1993); the Medriff
Corridor, Mediterranean Ridge (Fusi et al., 1996);
the Hellenic trench—arc system (Stanley et al., 1978;
Got et a., 1981; Got, 1984); and the active rift
setting of the Gulf of Corinth (Greece) (Papatheo-
dorou et a., 1993; Dart et d., 1994; Fus et 4.,
1996).

Furthermore, turbidite systems (‘a body of geneti-
caly related mass flow and turbidity current facies
and facies associations that were formed in virtual
stratigraphic continuity’ (after Mutti and Normark,
1987)) which have formed in such environments
have attracted both scientific and socio-economic
interest. Thus, turbidite reservoirs, identified in more
than 80 sedimentary basins in the world (Weimer
and Link, 1991), will be a major petroleum explo-
ration target into the 21st century. At the same time,
such deposits are related often to offshore hazards,
associated with structures and seabed cable failures.

The Hellenic arc—trench system (eastern Mediter-
ranean Sea) is part of the Alpine—Himalayan moun-
tain system; this is one of the major structural fea
tures of the earth. This Alpine-type belt was formed
initially by an oceanic—continental interaction, that
ultimately became an interaction between two conti-
nental masses, i.e., the African and Eurasian plate
(Moores and Twiss, 1995). Thus, the Hellenic arc—
trench system, one of the world's most tectonically
active zones, provides a unique environment to study
a variety of active sedimentological processes.

The present investigation examines past and pre-
sent sedimentation processes, together with and sedi-
mentary facies formation in modern marine basins,
controlled by active tectonics and during the last
post-glacial period. The study is undertaken on the
basis of the integration of syntheses of interdisci-
plinary and ‘ unique' geophysical, hydrographical and
sedimentological data sets (see below). The objec-
tives of the investigation are to: distinguish between
the various mechanisms of sediment transport and
deposition; identify the various sediment source ar-
eas and transport pathways; investigate depositional
features (e.g., turbidite systems), in the different
tectonic settings of the region, i.e., continental colli-
sion, dextral strike—dlip fault, and arc—trench sys-
tem; establish the coupling between tectonically-in-
duced mass gravity-driven flows and the hydrody-
namic regime (e.g., bottom currents); and, finaly,
identify different sedimentary provenances, on the
basis of the prevailing processes.

2. Study area

The study area, located within the northeastern
part of the lonian Sea, lies immediately to the south
of the Otranto Strait, which forms the boundary
between the Adriatic and lonian Seas (Fig. 1). The
area consists basically of the Kerkyra—Kefalonia
submarine valley system, extending parallel to the
Greek continental shelf and slope. The longitudinal
axis of the valley trends in a NNW-SSE direction,
up to the northwest of Kefalonia Island; here, it
becomes NE-SW in its orientation (Fig. 2). Water
depths range from around 1000 m in the north, to in
excess of 3000 m at the areas’ southerly limit.
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Fig. 1. Structurally-controlled bathymetry (in metres) of the study
area (based upon Underhill, 1989).

Tectonicaly, the Kerkyra—Kefalonia valey sys-
tem is the northwestern extension of the Hellenic
arc—trench system (Fig. 1). Moreover, the northern
part of the valley (trending NNW-SSE) represents
the convergence (collision) zone between the Apu-
lian Platform and the Outer Hellenides (the Paxos
and lonian Geotectonic Zones), while the southern
part (oriented ENE-WSW), follows the strike—dip
Kefalonia fault. This fault connects the previous
Apulian—Albano—Greek collision zone, with the lo-
nian subduction zone to the south (LePichon and
Angelier, 1979).

The overall structural and stratigraphic geological
configuration of the region is characterised by the
presence of reverse faults and thrust folds, active
since the Miocene (Mercier et al., 1976; Monopolis
and Bruneton, 1982; Brooks and Ferentinos, 1984).
Structurally-deformed unconsolidated sedimentary
sequences, of highly variable thickness, overlie in-
durated strata of Cretaceous,/Miocene age, including
evaporites from the Messinian (Blanpied and Stan-
ley, 1981). The regiona tectonics involves complex
dip petterns, inferred from high seismicity, with
intense shallow earthquake mations particularly pro-

nounced in western Greece; this is the most seismi-
cally-active area in Europe. For example, more than
110 earthquakes of 56 Richter, some 20 earthquake
of 6-7 Richter scae and three earthquakes > 7
Richter (IGME, 1989) have been reported between
1900 and 1986, for the lonian Sea (from Kerkyra to
Zakynthos) and the adjacent Greek mainland. Such
motions are expected to generate peak ground accel-
erations of 20-30% g in the southern part of the
Kerkyra—Kefalonia valley system (especialy along
the Kefalonia strike—dlip fault), decreasing to 10—
15% g towards the northern part of the region
(Makropoulos and Burton, 1985).

Recent sedimentation within the NE lonian Sea
has been studied in general terms, through the use of
3.5 kHz seismic reflection profiles and the analysis
of cores (Perissoratis and Rossi, 1990). Mass move-
ments were found to influence considerably the sedi-
mentation processes, while core analysis from the
southernmost part of the Kerkyra—Kefalonia valley
system has indicated gravitational depositional
mechanisms, i.e., slides, debris flows and turbidity
currents, generated over short distances of the seabed.
Lykousis (1991) and Ferentinos (1992), investigating
seafloor failures in the Hellenic arc, have identified
various triggering mechanisms, such as, earthquake-
induced ground accelerations, of over 0.1 g; steep
slopes, with gradients up to 40°; ‘weak’ sediment
layers (glide planes), e.g., gas-saturated sediments,
hemipelagic mud sheets of low shear strength, and
sapropelic layers. Finally, detailed sedimentological
investigations undertaken to the south of the study
area relate to the Hellenic trench (Got et a., 1977;
Got et a., 1981; Got, 1984) and the valley /canyon
system of the Zakynthos channel (Ferentinos et al.,
1985; Cramp et al., 1987; Anastasakis and Piper,
1991).

The regiona pattern of surface water circulation
is from the southeast, towards the northwest, along
the western Greek coastline (Nittis et al., 1993);
bottom waters move generally towards the south
(Fabricius and Schmidt-Thome, 1972). A similar
circulation pattern has been described for the Otranto
Strait by Ferentinos and Kastanos (1988) and Gacic
et a. (1996). A significant process within the region
isthe formation of dense water masses in the Adraitic
Sea, during the winter; these flow subsequently to-
wards the lonian Sea, through the Otrando Strait,
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Fig. 2. Location of seismic profiles, current metre stations, piston cores and grab samples (bathymetry is based upon an hydrographic chart
(1:1,175,000) published by the Hellenic Navy Hydrographic Service, Athens, 1992).

inducing strong near-bed currents (Bignami et al.,
1991; Gacic et al., 1996). Furthermore, the surface
waters, in contrast to these deeper waters (originating
from the Adriatic Sea), are lacking in suspended
sediments and nutrients (Civitazese et al., 1994;
Rabitti et al., 1994). Finaly, the tidal range over the
area is insignificant, varying from 5 cm on neaps up
to 35 cm during springs (Tsimplis, 1994).

3. Data collection and methodology

The data analysed were collected during RRS
Charles Darwin Cruise 14/86 (between 4th and
15th July, 1986) and include: some 125 line km of
geophysical (3.5 and 7 kHz high-resolution seismic
profiles); Day grab (7) surficial sediment samples,
from the Greek continental shelf /slope; piston cores
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(4, ranging from 0.54 to 5.9 m in length); and data
collected from (8) Aandera self-recording current
metre mooring arrays, deployed along the axis of the
Kerkyra—Kefaonia valey system (over a 10- to
11-day period). During the sampling programme, the
weather conditions were relatively stable, with winds
< 4 Beaufort. The positions of the high-resolution
sub-bottom seismic lines, together with the sampling
and mooring locations, are shown in Fig. 2.

The continuous 3.5 kHz high-resolution reflection
profiles have been analysed according to the meth-
ods proposed by Damuth (1975), Mitchum et al.
(1977) and Embley and Morley (1980). These ap-
proaches distinguish between different sediment se-
guences and depositional conditions based upon the
analysis of correlatable reflections, successive reflec-
tors, and associated unconformities.

Particle size analysis was undertaken on all the
grab samples and selected sub-samples abstracted
from the cores. The sand fraction (> 62.5 um) was
separated from the mud, using wet sieving; the re-
maining sediment was divided further into silt and
clay (<4 wm), with the use of a Sedigraph 5100.
Where sufficient sand fraction was available, dry
sieving was used to determine its size distribution.
The organic carbon contents, of the (bulk) grab
samples and from the sub-samples taken along the
piston cores, were determined using an elemental
analyser (Carlo Erba EA1108); this followed treat-
ment with concentrated hydrochloric acid, for the
removal of the carbonate. Because of the potential
for contamination of AMS 'C dating or oxygen
isotope stratigraphy, only biostratigraphic correlation
with a central Mediterranean reference core (Jorissen
et al., 1993) was used for the age assignments (see
text). Such a dating technique relies upon prominent
changes in the ‘total’ planktonic foraminiferal fauna.

Current speed and direction were sampled every 2
min, while the threshold of movement of the
(Savonious) rotors used on the metres was 1.7 cm
s 1. Anaysis of the current metre data has been
undertaken in terms of the statistical characteristics
of the Eulerian observations. Furthermore, the ero-
sional ability of the observed bottom currents has
been investigated, through the calculation of the
near-bed shear stresses induced by the maximum and
mean near-bed (<5 m) current activity. Shear
stresses associated with all the near-bed current me-

tres were derived using the equation proposed by
Sternberg (1972):7, = pCpu2where p is the density
of seawater; u, is the current velocity; C, is the
drag coefficient, equal to [0.4/In(z/z,)]); z is the
distance above the seabed; and z, is the bed rough-
ness which is equal to grain diameter (D) for flat
(plane) beds. Threshold values used in the analyses
have been derived from field and laboratory investi-
gations, published elsewhere, for sediments of differ-
ent grain sizes.

4, Results and inter pretation
4.1. Seabed morphology

The Kerkyra—Kefalonia submarine valley system
is a major linear depression, which runs parallel to
the margin of the northwestern Greek mainland (that
of the lonian Islands) (Fig. 2). The system consists
of two ditinctive physiographic units: the northern
part, with the axis trending 330°N; and the southern
part, oriented 240°N. The northern part is some 140
km in length and incorporates water depths of be-
tween 900 m (in the vicinity of the Otranto Strait)
and 3000 m (to the west of the island of Lefkada);
the southern part is about 60 km in length, with
water depths ranging from 3000 to 3600 m.

Bathymetric sections across the longitudinal axis
of the valley (Fig. 3) reveal a change from a wide
U-shape, to a narrow V-shape, between the northern
and southern part of the valley system. Similarly, the
floor of the northern part of the valley is somewhat
flat, with gradients about 1:100. The widths vary
from 3000 m to less than 500 m, towards the south-
ern part of the valley system. The axial slope of the
valey varies from 1:100 (to the north) to 1:80
(towards the south). The eastern side of the valley
consists of the western continental shelf and slope of
the Greek mainland and the lonian Islands. In gen-
eral, the shelf break lies at water depths of between
180 and 220 m. The continenta slope gradients
range from 1:10 to 1:35 and from 1:3 to 1:10, over
the northern and southern parts, respectively. The
western side of the valley, forming the southeastern
submarine extension of the Apulian Platform, is
characterised by more gentle slopes, ranging from
1:40 to 1:80; higher gradients are associated with the
southern part of the valley.
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Fig. 3. Transverse bathymetric profiles of the Kerkyra—Kefalonia valley system based upon bathymetric chart (1:250,000), published by the
Hellenic Navy Hydrographic Service, Athens, 1988 (for locations of cross-sections, see Fig. 2).

The continental shelf, extending up to an average
water depth of 200 m, has an average width of some
15 km and a slope-gradient of 1:35-1:70 (to sea
wards of the western Greek mainland). The shelf is
less than 1 km wide and is steeper than 1:25 off the
western coast of the lonian Islands.

4.2. Lithoacoustic stratigraphy

The lithoacoustic profiles obtained from the sub-
marine extension of the Apulian Platform display
sheet-drape ‘seismic’ facies, with sub-paralel and
generaly low amplitude continuous and stratified
reflectors (Fig. 4; Section I). The thickness of these
concordant acoustic facies varies from 10 to 25 m,
representing Upper Quaternary sediments; these were
deposited in a relatively deep hemipelagic environ-
ment. In fairly extensive regions over the Apulian
Platform, the paralel seismic faces are distorted
slightly by the synsedimentary geodynamic evolution
of the Apulian, forming a high amplitude symmetric
or asymmetric wavy configuration of the acoustic
reflectors of the seabed (Fig. 4; Section |). This
configuration is similar to that described elsewhere,
for an extensiona back-arc regime (i.e., Gulf of
Patras, Cornelisse et al., 1991), implying probably
rotational ‘extensional’ faulting. Towards the eastern
margin of the Apulian Platform, parallel reflectors

display a very small angle offlap termination towards
the seafloor; this suggests weak and probably lo-
calised erosional processes. Below, another seismic
sequence may be faintly distinguished, incorporating
deformed reflectors, and toplapping to the upper
sheet-drape seismic unit. This pattern is consistent
with an older (Middle/Lower-Pleistocene) intense
(extensional) geotectonic event (rotation—folding—
tilting). The feature represents, possibly, the charac-
teristics of an extensional back-arc area, smilar to
that suggested for the greater Hellenic back-arc area
(Mercier et al., 1976), reported earlier for the Central
Aegean Sea (Taymaz et al., 1991) and described
recently by Lykousis et al. (1995).

Seismic profiles obtained from the relatively
steeper southwestern marginal slopes of the Apulian
Platform (the western side-walls of the Kerkyra—
Kefalonia valley) show very strong bottom reflec-
tors, without sub-bottom reflections or weak discon-
tinuous near-bottom reflectors offlapping to the
seabed (Fig. 4; Section I1). This physiographic re-
gion is clearly erosionally-truncated and is subject to
synsedimentary resuspension and/or non-accumula-
tion processes; this is in response to possible bottom
current activity (as there are no indications of any
sediment mass gravity processes). The seabed of the
northeastern part of the Apulian Platform margin
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(characterised by lower gradient slopes) together with
the adjacent northern entrance of the Kerkyra—Kefa-
lonia valley consist of parallel sub-bottom reflectors
(Fig. 4; Section I11). These reflectors are interrupted,
within the Kerkyra—Kefalonia valley, by mass flow
episodic events (mudflows, debris flows); these are
indicated by the massive chaotic sub-surface reflec-
tions. Farther to the south, within the upper part of
the valley, the parallel sub-bottom reflectors display
small angle toplap termination to the sea-bottom.
This pattern is the result of weak erosional-resuspen-
sion processes, which probably prevail over the area,
coupled with mass gravity flows initiated from the
steep slopes of the Island of Kerkyra.

Seismic profiles, inclined aimost perpendicular to
the axis of the central part of the Kerkyra—Kefalonia
valley-system, consist of medium amplitude and ir-

regular overlapping hyperbalic reflectors; there is an
absence of distinct sub-bottom reflectors (Fig. 4,
Section V). This particular type of seismic reflection
denotes a highly irregular bottom, perhaps resulting
from turbidity current erosion of older (compacted)
sediments on the valey floor. Further, present-day
near-bed flows, as indicated by measurements ob-
tained from a current metre array (CM3) deployed
nearby, are in excess of 30 cm s™!; these have the
potential to initiate erosion of the seabed (see below).

The 3.5 kHz profiles obtained from the narrow
southern part of the valley floor (the Kefaonia
strike—dlip fault) consist of an indistinct semi-pro-
longed bottom echo, with zones of strong semi-pro-
longed discontinuous and parallel sub-bottom reflec-
tors (Fig. 4; Section V). These reflectors aternate
with zones of hummocky, chaotic or diffuse
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(“mushy’) sub-bottom reflections (cf. Damuth, 1975),
usually indicating debris flows. High amplitude over-
lapping hyperbolic reflectors often appear below this
lithostratigraphic sequence, indicating an irregular
substratum morphology. This pattern of seismic re-
flection configuration commonly denotes deposition
from sediment mass flows, particularly turbidities,
debris and grain flows; these, in turn, are related to
the irregular bottom topography.

0 —

0.1+

2 —

0.3 7

0.4 -

Fig. 6. X-ray radiograph along a split section (the upper 40 cm) of
PC1 (downcore distance in metres). Bi = bioturbation; fL = faintly
laminated.

The eastern and steeper sidewalls of the
Kerkyra—K efalonia valley-system (especialy at the
Kefalonia escarpment), in relation to the precipitous
and irregular topography, display characteristic
high-amplitude overlapping hyperbolic reflections. In
contrast, thick parallel and stratified sub-bottom re-
flectors characterise the slope to the west of
Amvrakikos Gulf (Fig. 2); these suggest high sedi-
mentation rates, related possibly with prodeltaic de-
position along the western Greek mainland, during
low-stands of sea level; this has been described in
relation to the neighbouring Gulfs of Patras and
Corinth (Piper and Panagos, 1981; Piper et al., 1990).
Such dratified reflectors are affected commonly by
gravity growth faults, at the shelf break and on the
upper slope (Fig. 4; Section V1); these are an indica-
tion of gravity-induced deformation (seismically-
activated) during an initial, probably * pre-slumping’,
stage. Such instabilities are common within the mod-
ern prodelta slopes of the seismically-active conti-
nental shelves of western Greece (Lykousis, 1991;
Ferentinos, 1992, 1993). The seafloor features here
resemble: contemporaneous faults and slumps, ob-
served on the shelf off the South Pass of the Missis-
sippi Delta (Coleman and Prior, 1981); a slump near
Eureka—California (Lee et al., 1981); and slumps
identified in the Gulf of Alaska (Carlson et al.,
1980).

4.3. Sediments
4.3.1. Lithology and biostratigraphy *

4.3.1.1. Piston core 1 (PC1). This particular core
(total length, 586 cm) was recovered from the north-
eastern part of the Kerkyra—Kefalonia submarine
valley, in a water depth of 1160 m. The distribution
of grain size and organic carbon content along the
upper 280 cm of the core, are shown on Fig. 5. The
sedimentary material presented in the core is domi-
nated by silt and clay, while only a single layer (at
170 cm downcore) is associated with a high percent-
age of sand (9.3%); this can be attributed to a
proportionally high percentage of broken shells
(mainly bivalves). Dinoflagellates are relatively

! Note: based upon analysis of the piston cores (for location,
see Fig. 2).
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abundant in the upper section of the core, but are
absent below 80 cm. The abundance of foraminifera
and nannofossils appears, in general, to decrease
with depth.

X-radiographic analysis of split sections of the
upper 40 cm of the core (Fig. 6) shows an amost
structurel ess hemipelagic mud; this is commonly bio-
turbated, with pyritized burrows in a matrix that
incorporates a series of faintly-laminated mud de-
posits. The lamination displays poorly defined basal
contacts, extending up to several centimetres in
thickness.

Biostratigraphic analysis reveals a strong domi-
nance, a 15 cm, of the left-coiling variety of
Globorotalia trunctulinoides; this suggests that, at
this level, sediments are younger than 11.7 ka BP
(cf. Jorissen et a., 1993). Such an inference is
supported by the absence of Globorotalia scitula and
Turborotalita quinqueloba in the upper three sam-
ples analysed (Fig. 5). At 30 cm, G. truncatulinoides
is predominantly right-coiled, suggesting that the
11.7 ka BP coailing-change is located at a depth of
between 15 and 30 cm in this core. The substantial
presence of both G. scitula and T. quinqueloba, at 60
cm, suggests that this horizon is older than about
12.7 ka BP. The continued high abundance of G.
scitula and T. quinqueloba, combined with the con-

tinued absence of Globorotalia inflata and low
abundance of Globorotalia ruber farther downcore,
suggests that the base of the core PC1 is dated well
within the last glacia phase. In the eastern Mediter-
ranean, G. inflata is known to have been previously
of substantial abundance, before about 30 to 35 ka
BP (Jorissen et al., 1993). Using this age-limit for
the base of the core, an overall sedimentation rate of
around 10 cm ka ™! has been derived. Approximate
dating of the upper part of the core would indicate
that sedimentation rates are closer to 25 cm ka !,
suggesting that the core base only reaches down to
about 20 ka BP. Biostratigraphy of PC1 does not
really provide a means to specify the date for the
base of the core, but the derived sedimentation rate
exceeds the general values for the abyssal plain of
the eastern Mediterranean (by a factor of between 4
and 10).

4.3.1.2. Piston core 2 (PC2). The core was recovered
from the middle of the northern part of the
Kerkyra—K efaloniavalley system, from awater depth
of 1815 m. This relatively coarse-grained short core
(80 cm in length) does not display any apparent
textura vertical trend, while particular sediment se-
guences cannot be recognised (Fig. 7). Sediment
horizons or layers of various thickness and lithologi-

Grain Size (%)

0 2.0 4.0 69 8P 100

an s an s
- .l

o)
.

Downcore Distance (cm)

N
"
:
'l
.
)
.
)
.
)
.
v
o
)
s
f

=

LenELtLRy

ntugtu e
e
:

Organic Carbon (%) Foraminifera Species
001'2 01.4 0.6 /lkl?(lll?FTFGH

* Totally
' mixed

S .
v o] silt

Sand

Clay

Fig. 7. The vertical distribution of various sedimentological parametersin PC2 (for location, see Fig. 2). sDL = sandy debris layer; fg = fine
grained material; so = sandy horizon (for foraminifera species, see capture of Fig. 5).



SE. Poulos et al. / Marine Geology 160 (1999) 25-44 35

cal composition (mostly bioclastic sand, with a high
silt content) appear throughout the core; these are
sharp contacts, often layered intrusions, of aggre-
gates (mostly mud clasts).

Organic carbon contents range from < 0.1% up
to 0.66%, over the majority of the core length, the
values range between 0.14% and 0.2%. Moreover,
the lower organic carbon content is related with the
coarser-grained material. Such correlation may be
due to relatively higher accumulation rates of the
terrigenous inputs, supported also by the lower
foraminifera (nannofossil and dinoflagellate) content
and the increase in quartz and feldspar.

Much of the data suggest that the sediments con-
tained within the core record resuspension events,
followed by deposition, and /or mass flows; the lat-

ter interpretation is supported by the presence of
bioclastic material, typical of shelf origin and/or the
product of in-situ winnowing processes. In addition,
the biostratigraphy of the core, characterised by the
absence of any species succession, indicates that
sediment is mixed; this is the result of re-deposition,
attributed either to turbidity currents and/or near-bed
current activity. The graded discrete sandy-bed tur-
bidites (on the basis of their sedimentary structures
and the presence of glauconite, which occurs nor-
mally in shallower water deposits) indicate the tur-
biditic character of the depositional processes.

4.3.1.3. Piston core 3 (PC3). PC3 (total length, 489
cm) was recovered from a water depth of 2830 m, to
the west of the idand of Lefkada (Fig. 2). Unfortu-
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nately, the core material from this recovery was not
available to the authors. Nevertheless, preliminary
examination revealed that the core was rather uni-
form, i.e, olive grey/green colour and high in
silt /sand content, throughout its length. The increase
in relatively coarse-grained material content (silt and
sand), combined with the presence of a fragment of
conglomerate at its surface, indicates that the core
was recovered from an environment characterised by
mass gravity movement.

4.3.1.4. Piston core 4 (PC4). The core was recovered
from a water depth of 3442 m (Fig. 2), from the
eastern flank of southern part of the Kerkyra—Kefa-
lonia valley system. There is a great variation in the
proportion of sand aong the length of the core,
ranging from 0.09% to 86.6% (Fig. 8). The sandy
horizons contain very coarse-grained material (> 500
wm). The largest particles (3-5 cm in diameter)
consist mostly of chalk clasts, transported from the
shelf down to this depth (i.e, 3500 m). Organic

Fig. 9. X-ray radiograph along split section of PC4 (downcore distance in metres). Df = debrisflow; Es = erosional surface; Lm = lamination;

Tu = turbidite.
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carbon levels range from between 0% and 2.02%,
most of the values are < 1%. In severa of the layers
(e.g., 83—87, 138-140, 192—-194, 204—206 and 336—
340 cm), the sediment is olive grey (5YR 4/2) in
colour and contains a high organic carbon content
(> 1%). These layers could represent either re-
worked sapropelic horizons, or parts of such hori-
zons, which became separated during periods of
disturbance.

The biostratigraphic investigation has revealed a
mixture of species, at various levels within the core.
Samples recovered from the top of the core are
indicative of the Early Holocene, however, there is
no indication of the exact time of sediment deposi-
tion. Discoasters, dinoflagellates, foraminifera and
nannofossils are all present here; these become scarce
towards the middle and bottom of this core, where
the foraminifera are abundant. But, there are two
sections within the core where they account for
amost al of the materia present; these are
foraminiferal sands, towards the top (between 75 and
107 cm), and at the base (between 194 and 277 cm)
of the core.

At 30 cm and (less prominently) down to 75 cm,
G. truncatulinoides is predominantly |eft-coiling; this
suggests that the sediments are younger than 11.7 ka
BP (cf. Jorissen et al., 1993), representing an average
sedimentation rate of the order of 6 cm ka™*. Around
the 75 cm level, there appears to be a change, from
sediments dominated by G. ruber to those domi-
nated by G. scitula and T. quinqueloba. This upward
transition records probably the change from glacial
to interglacial conditions, thus corroborating the late
deglacial age (11.7 ka BP) inferred above. However,
the biostratigraphy of PC4 is much less obvious than
that of PCl (see previously), because the fauna
typical of glacia and interglacia intervals occur in
varying proportions and are mixed throughout the
core. From 140 cm downward, the faunas appear to
be homogeneously mixed; no marked biostrati-
graphic horizons can be distinguished. In the upper
140 cm, the mixing seems less intensive, but is still
prominent. In summary, it is difficult to establish
sedimentation rates for this particular core (PC4),
although a tentative estimate of the order of 6 cm
ka ! is suggested, for the upper 75 cm of the core.

The core consists of a variable vertical succession
of distinct lithofacies; these are mostly turbiditic

sequences, without any vertical trend (as shown in
Fig. 8 and by the X-radiograph shown as Fig. 9). In
the upper part of the core, the sediment consists of
faintly or finely-laminated muds, interpreted as de-
bris flow deposits interbedded by massive sandy—
silty horizons. Turbidites vary both in grain size
(either coarse- or fine-grained materia) and in thick-
ness (to a few tens of centimetres); they display,
also, characteristically sharp bases, often with cross-
lamination and (locally) erosional contacts, indicat-
ing re-working of older turbiditic deposits by turbid-
ity currents.

Turbidites are triggered mostly on the steep Ke-
falonia slopes by earthquakes, within an area that is
the most seismically-active in the Mediterranean.
Seismoturbidites have been reported previously for
the Zakynthos and Strofades basins (Anastasakis and
Piper, 1991); these are located a few tens of kilome-
tres to the south of the study area (Fig. 1). The
faintly or finely-laminated muds are characterised by
thin (1-5 mm) parallel laminae and the absence of
any bioturbation of the sediments. Since suspended
sediment input from the ephemeral rivers of Kefalo-
nia is negligible, the laminated muds present were
likely to have been deposited from turbidity flows
originating from resuspension processes. Debris flow
deposits (Fig. 9) appear as an admixture of stiff mud
clasts, within a matrix of silty mud, without any

Table 1
Grain size and organic carbon content of the surficial sediments
(for sample locations, see Fig. 2)

Grain size (%) Mz g Organic
Sand St  Clay (em) carbon
(%)

P1 15 28.7 69.8 1.05 2.7 0.36
P2 84 24.2 67.4 2.09 22 0.38
P3 0.8 337 65.5 2.58 2.0
P4 15 28.2 70.3 0.42 4.7 0.23
G2 58 26.7 67.4 1.82 21 0.30
G3 53 26.2 68.5 1.59 21 0.47
G4 3.6 31.6 64.8 1.70 2.7 0.50
G5 7.9 289 63.2 1.95 22 0.59
G6 14.3 22.3 63.4 1.59 2.6 0.53
G7 18.8 239 57.3 1.82 24 0.52
G8 25 30.2 67.3 1.82 23 0.36

Note: (Mz) is graphic mean and (o) is inclusive graphic standard
deviation (after Folk, 1980). Both Mz and o, refer to the
fine-grained material ( < 62.5 pm).
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Table 2

Stetistical parameters relating to current measurements (for mooring locations, see Fig. 2)

Station D? zP Current speed Residual current speed
(m) (m) Zero Minimum Maximum Mean Standard Speed Direction Neumann¢
(%) (ecms™) (ems™b) (cms 1)  deviation ©) factor (%)
CM1 1170 100 00° 0.0 29.6 24.6 - -
30 14 0.0 46.1 25.7 10.0 14.0 221 67
10 16 0.0 60.2 29.4 11.9 17.1 208 71
4 17 0.0 58.6 28.9 11.6 17.0 202 72
3 15 0.0 53.9 27.9 10.6 16.6 195 72
CM2 1395 30 74 0.0 39.0 244 7.7 35 321 60
5 88 0.0 47.6 28.6 7.4 1.0 254 26
CM3 1860 100 00° 0.0 28.9 18.1 6.6 - - -
30 49 0.0 304 15.5 5.6 55 348 73
10 66 0.0 32.7 17.9 6.1 4.0 002 78
4 45 0.0 32.0 15.1 59 6.1 326 83
3 48 0.0 312 16.3 54 7.2 334 92
CM4 2400 30 05 0.0 38.6 21.2 7.1 121 185 65
5 00 11.3 53.3 313 85 22.7 177 7
CM5 2945 100 93 0.0 13.2 09.8 16 0.5 014 99
30 88 0.0 15.6 10.3 3.0 13 332 93
10 76 0.0 21.0 11.7 38 3.0 315 97
4 79 0.0 195 11.3 4.3 18 328 72
3 81 0.0 17.1 10.0 33 15 319 82
CM6 3645 30 07 0.0 51.3 16.5 6.9 12.6 262 99
5 07 0.0 46.3 14.9 6.2 13.7 240 99
CM7 3120 5 100 0.0 0.0 0.0 - 0.0 - -
CM8 3200 30 100 0.0 0.0 0.0 - 0.0 - -
10 100 0.0 0.0 0.0 - 0.0 - -
4 99.9 0.0 2.9 2.7 0.4 - - -
3 96.5 0.0 3.6 23 0.3 0.1 70 98

4 D) is water depth of the mooring (in metres).
®(Z) is the height above seabed (in metres).

“Due to a rotor malfunction, the data obtained from CM1 (100 m) and CM3 (100 m) had a useful data record of only 18 and 21 h,
respectively. Hence, residual analysis could not be undertaken for the former current meters and those recording zero speed.
% Neumann' or stability factor indicative of the steadiness of current direction (after Ramster et al., 1978).

stratification; they range, in thickness, from about
5-15 cm. Seismo-tectonically induced instabilities of
Pleistocene muddy sediments, on the precipitous Ke-
falonia dope (dumps, gravity flows, etc.), may be
expected to be the initiating mechanism for such
debris flow deposits.

4.3.2. Surficial sedimentary texture 2

Seabed sediments are represented by (7) grab
samples obtained from the eastern side (G2, G3 and
G8) of the Kerkyra—Kefaonia valey and the

? Note: based upon analysis of grab samples (for location, see
Fig. 2).

shelf /dope region of the western Greek mainland
and the lonian islands (G4—G7). Grain size distribu-
tions show little difference between the samples
(Table 1); the sediment texture is essentially clay,
according to the nomenclature of Folk (1980). More-
over, a all the stations, the distribution of fine-
grained sediment (< 62.5 wm) is unimodal in char-
acter, with a graphic mean (Mz) of about 9¢. The
sand percentages range from 2.5% to 7.9%; excep-
tions are samples G6 and G7, where the sand content
is 14.3% and 18.9%, respectively. Examination of
the sand fraction shows that it is comprised of
mainly fine-grained sand, with only a few particles
> 500 wm in size; these are large aggregates, rock
fragments, fish remains and shells. Such a composi-
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tion indicates the terrigenous origin of most of the
coarser-grained material. Organic carbon contents
range from 0.3% to 0.6%, with the higher values
(> 0.5%) associated with the shallower water re-
gions.

4.4, Near-bed currents (and sediment resuspension)

Near-bed current measurements obtained aong
the main axis of the valley system are represented by
observations taken at 3 (or 4), 5, 10, 30 and 100 m
above the seafloor. In Table 2 are listed: the maxi-
mum recorded values; the mean (not including zero
values, i.e., that below the threshold of movement of

NN

the rotor (1.7 cm s™1)); and the standard deviation of
the current speeds. The residua current velocities
and directions are presented in the table, together
with the Neumann Factor (which describes the per-
sistency of the flow). In addition, averaged hourly
current observations (speed and direction), at various
levels above the seabed, are presented as a series of
stick-plots (Fig. 10).

Current activity at the bottom of the valley is
non-persistent and highly variable, in terms of both
speed and direction. The currents are persistent at
station CM1, but in different directions; they are
continuous, in the same direction, at CM4 and CM6
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Fig. 10. Time-series of averaged hourly current speeds and directions at six current metre locations (with time in Julian days).
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Table 3
Estimated critical shear stress values (for method of determination, see text)
z2 Velocity (cms™1) Shear stress(N m~?2) Grain size?
(m) Maximum Mean Maximum Mean (mm)
CM1 3 53.9 279 0.21 0.06 0.00105 (P1)
CM2 5 47.6 28.6 0.17 0.06 0.00159 (G3)
CM3 3 312 16.3 0.08 0.02 0.00209 (P2)
CM4 5 53.3 313 0.22 0.08 0.00258 (P3)
CM5 3 17.1 10.0 0.02 0.01 0.00258 (P3)
CM6 5 46.3 14.9 0.13 0.01 0.00042 (P4)
CM7 5 0.0 0.0
CM8 3 3.6 2.3 0.001 0.0 0.00042 (P4)

8(2) is the height above seabed (in metres).

P parenthesis is denoted the nearest surficial seabed sediment sample, for the establishment of threshold conditions.

(for locations, see Fig. 2). The mean current speed
varies from 15 to 31 cm s™!. The maximum ob-
served values range from 30 to 60 cm s~ 2, with the
exception of CM5 (19 cm s 1!). In genera, the
maximum observed currents increase towards the
south, in the deeper waters of the valley system.

Further, there is no evidence of a steady flow (in
terms of speed and direction) occurring aong the
axis and near the bottom of the valley system; such
variability in the currents appears to be consistent
within the lower 30 m of the water column, at al of
the stations. Only CM1 and CM4, located at the head
and within the lower reaches of the northern part of
the Kerkyra—Kefalonia valley system, respectively,
record southerly flow; this is similar to the regional
flow patterns observed by other investigators
(Fabricius and Schmidt-Thome, 1972; Ferentinos and
Kastanos, 1988) Moreover, Gacic et al. (1996) have
observed a near-bed southerly flow at the northern
‘entrance’ to the valley, during winter /early spring
(in 1994). The same authors have stated that current
activity, in general, is more pronounced in winter,
rather in summer. Consequently, the currents mea-
sured as part of the present investigation may be
expected to be stronger and more consistent during
the winter /early spring period; at this time, their
activity covers, probably, the majority of the Apulian
Platform (Fig. 1).

The estimated shear stresses for data collected at
al the near-bed current metre stations are listed in
Table 3, together with the mean grain size (in pm)
of the adjacent seafloor sediments. The maximum
shear stresses vary between 0.92 (CM5) and 0.21 N

m~2 (CM1); mean values range from 0.01 to 0.06 N
m~2. Critical shear stresses exceeding 0.1 N m~2,
when applied to flat bed sediments of a grain size
(mean grain size Dgy <2 wm) similar to that in the
study area, are associated with erosion or resuspen-
sion phenomena (Cohmault, 1971; Harrison and
Owen, 1971; Sheng, 1984; Mehta, 1988; Cornelisse
et a., 1991).

Maximum near-bed shear stresses(> 0.13N m~?2)
indicate the presence of resuspension phenomena at
al of the mooring sites, except in the vicinity of
stations CM5 and CM8 stations (Table 3). The high-
est values (> 0.2 N m~2) are attributed to stations
CM1 and CM4. On the other hand, the mean current
velocities are unable to cause resuspension (perhaps
with the exception of CM4, where the shear stresses
are around 0.08 N m~2). These observations are in
accordance with the information provided by the
acoustic profiles collected from the northern part of
the Kefalonia—Kerkyra valley system (Fig. 4); here,
the depositional features are related also to erosional
and resuspension phenomena. In contrast, the mea-
sured current velocities and shear stresses associated
with the southern and narrow part (the Kefalonia
strike—dlip fault) of the system (CM7 and CM8) do
not indicate erosion, in response to any near-bed
current activity.

5. Discussion

The study area, located within the northernmost
part of the Hellenic trench, comprises three main
morphotectonic units: the eastern margin of the Apu-
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lian Platform; the western margin of the Outer Hel-
lenides; and, located between them, the Kerkyra—
Kefalonia valley system. The latter system is formed
by a continental collision zone, to the north, and a
strike—dlip fault to the south.

Overdl, the morphometric configuration of the
Kerkyra—Kefalonia valley system has resulted from
the regional geotectonic evolution. In general, it is
uneven and asymmetrical, with the eastern flank
being much steeper and associated with the high
mountains of the Albano—Greek mainland (Fig. 3).
Furthermore, the northern part is a U-shaped with
relatively gentle dlopes and a wide floor, represent-
ing the continental collision zone of the Apulian
Patform and the Outer Hellenides. In contrast, the
southern part is V-shaped with steeper side walls and
narrow floor (similar to a ‘canyon-type configura-
tion), interpreted as the morphometric expression of
the Kefalonia strike—dip fault (Fig. 1); this is the
northeastern limit of the Hellenic trench representing
the transition from subduction of oceanic crust in the
south, to continental collision in the north. The
aforementioned geomorphological structures, a con-
tinuous valley type depression, can be compared
with those of the Hellenic trench. Here two major
fault systems, lying amost perpendicular to one
another, have resulted to the formation of a succes-
sion of deep ‘isolated’ basins along the axis of the
subduction zone (the Zakynthos, Matapan and
Ptolemy basins).

Lithoacoustic profiles, obtained from the eastern
margin of the Apulian Platform, indicate a synsedi-
mentary geodynamic evolution; this is controlled by
its eastwards compression—collision with the Hel-
lenides. On the other hand, the observed high ampli-
tude symmetric or asymmetric wavy configuration of
the acoustic profiles indicate a rotational ‘exten-
sional’ phase characteristic of a back-arc area. This
observation is in accordance with that of Doutsos
and Frydas (1994, i.e., that the Apulian Platform is
affected by limited, mostly normal, deformation. The
associated shortening along the collision zone must
be absorbed in the convergence zone, immediately to
the west of the island of Kerkyra and related to the
rapid uplift (>3 mm year™!) of the outer block of
the Hellenides. In this region, hemipelagic deposi-
tional processes dominate, with some of the sedimen-
tary materia originating from the Adriatic Sea and

being transported by the genera southerly (mostly
near-bed) water flow. The latter is associated with
dense water formation in the Adriatic, during winter;
it subsequently flows towards the lonian Sea, through
the Otranto Strait. Thus, near-bed current activity is
expected to be much stronger during the winter
period, in comparison to those observed in summer
(as part of the present investigation) 1986, along the
norther part of the valley system. Hence, during the
winter period the stronger near-bed currents are ex-
pected to be capable of eroding and resuspending the
fine-grained sediments of the seabed.

It may be speculated that some combination of
depositional mechanisms is acting along the western
continental margin of the Outer Hellenides, espe-
cialy off the isand of Kerkyra where the slopes are
steeper. Such processes include mass gravity motion,
seafloor erosion (associated with resuspension) and
some hemipelagic sedimentation. In particular, the
seafloor offshore from the entrance to Amvrakikos
Gulf (see Fig. 2) is characterised by higher sedimen-
tation rates; these possibly represent Late Pleistocene
prodeltaic deposition (at lowered sea level). These
sedimentary sequences are affected by gravity growth
faults, within the shelf-break /upper slope area. The
eastern flank of the northern part of the Kerkyra—
Kefalonia valley system presents a seismically-
activated gravity-induced deformation; this is proba-
bly an initial ‘pre-dumping’ stage. Farther to the
south, the sedimentation mechanisms related to the
Kefalonia strike—dip fault, mostly its eastern and
steeper side, are dominated by intense mass gravity
processes, e.g., seismoturbidites, slumps and debris
flows, as indicated by sediments recovered (in PC4)
(Fig. 8). Hemipelagic sedimentation plays only a
minor role over this particular area.

Within the deeper parts of the valley system,
aong the collision zone, compressional forces pre-
dominate; the seafloor is covered mostly by tur-
biditic sequences (especially in the southern part).
Here, the near-bed current regime represents a gen-
eral southerly residual flow. The current velocities
(CM2 and CM3) relate to shear stresses on the
seafloor that are capable of resuspending surficia
sediments. Further, this current activity becomes
more intense in the vicinity of CM4 and CM5. Thus,
over the western flank of the lower reaches of the
Apulian margin, sedimentation is characterised by
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the presence of weak and perhaps local erosional
processes and/or resuspension events. There is no
indication of any sediment mass gravity processes
(Figs. 4 and 5). In contrast, along the other side of
the system (the lower reaches of the Hellenides
margin) there is evidence of mass flow episodic
events, such as mudflows and debris flows. To the
west of the island of Kerkyra, there is evidence of
relatively weak erosional resuspension processes,
these are combined with mass gravity flows, initiated
on the steeper Kerkyra slopes. In the souther part of
the valley system, current activity (CM6, CM7, and
CM8) is rather weak and is unable to induce resus-
pension. Some current activity may occur over the
relatively less steep western flank of the valley,
which consist of the lower reaches of the Apulian
Platform.

The rate of sediment accumulation in the study
area is difficult to estimate accurately, because of
seabed resuspension and intense mass gravity pro-
cesses. At the northern entrance of the Kerkyra—
Kefalonia valley system, the foraminifera along core
PCL1 indicate a low rate of deposition of 10-25 cm
ka~!; for comparison, this is 4—10 times higher than
the average deposition rate over the abyssal regions
of the eastern Mediterranean basin.

6. Conclusions

Tectonism controls the morphological character-
istics of the Kerkyra—Kefalonia valley system: a
continuous asymmetrical and uneven U-shaped val-
ley, representing the continental collision zone of the
Apulian Platform and the Outer Hellenides; together
with a narrow and steep-sided asymmetrical and
uneven V-shaped valley, representing the dextral
strike—dlip fault (the northeastern limit of the Hel-
lenic trench).

The upper (Plio-Pleistocene) sedimentary se-
quences of the system represent, in general, strati-
graphic characteristics of a compressiona phase. In
the case, however, of the eastern promontory of the
Apulian Platform the presence of normal faulting in
the sequences indicates the action of extensiona
forces, similar to those of the back-arc basins of the
Aegean Sea.

The stratigraphy of the surficial sedimentary cover
of the valley system is affected by various types of

gravity-driven mass movements, while its floor con-
sists mostly of turbiditic deposits. These processes
are most pronounced along the eastern flank of the
valley system, associated with its steep slopes and
the presence of canyons.

In this tectonically-active region and especially
over the northern part of the valley system, modern
sedimentation processes include the action of near-
bed currents; the latter are associated with the dense
water formation in Adriatic Sea, especialy during
the winter period. These currents can act as a mecha
nism for the resuspension and dispersal of sedimen-
tary material.
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