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GLORIA sidescan sonar data from along 30,000 km of continental margin, worldwide,
provides sufficient data for a new classification of deep sea “turbidite systems”. The scheme is
based on data for slopes with a fall of 3000 m or more. The plan view emphasis is a valuable
complement to sequence stratigraphic schemes that are derived mainly from study of seismic
profiles and rock outcrops. The simplest classification is into a spectrum of types,
distinguished by their channel and lobe characteristics, in which the main control is the long
term rate of sediment input. Long term rate of input will be affected by drainage basin size
and gradient, and by climate, to a greater degree than to sea level. Thus a spectrum of
sequence stratigraphic models is required for this range of types.

The model is tested for the Mediterranean using both published information and new
GLORIA data from the Rhone Fan, from west of Corsica and Sardinia and from the Alboran
Sea.

The model requires the mature, highest input types to have a point source, a large radial
distributary channel system with sinuous channels and low fan gradients. Sinuosity should
be greater than about 1.6 in the middle reaches of channels and maximum channel gradients
should be less than about 1 in 100. Width to depth ratios are usually less than 50. Sandy lobes
are expected to be attached to the ends of the channels. Flows are frequent, possibly in excess
of one a year.

Mature lowest input types have a tributary feeder system and a lesser development of, or
no, channel-levee systems. Channels are straight, maximum channel gradients are usually
greater than 1 in 70 and width to depth ratios can be greater than 150 near channel ends.
Channel mouth lobes and basin plains are common and relatively extensive and lobes can be
detached from their channel. Flows are infrequent, possibly less than one every 1000 years.

A frequency distribution shows that there is only one of the highest input types in the
Mediterranean, the Nile Cone, and that the great majority are low input systems. Thus one
can predict from the model that straight channels should be the norm in deep sea
depositional systems rather than the more spectacular looking sinuous channels that receive
much of the attention.

The Nile Cone is the largest of the Mediterranean systems with a drainage basin of over 2
million km2. There are probably two main sites of input, feeding the Rosetta and Damietta
Fans. However it differs considerably from the perceived ideal for a high input fan (e.g. the
Indus and Amazon systems), presumably due to tectonic influences. In addition to salt
tectonics on the eastern fan surface the deeper fan sediments are being incorporated into the
Hellenic Ridge accretionary complex, resulting in the unusually wide fan shape. Limited
GLORIA coverage shows that although it has a radial pattern of sinuous channels (KENYON
et al.,1975), there is no well developed distributary pattern and few avulsions. Sinuosity is less
than 1.8, channels are relatively small (less than 20 m deep) and width to depth ratios of >50
are measured. Gradients are higher than the norm (maximum channel gradient >1 in 50).

The Petit Rhone system is close to the norm for a medium to high input type. The drainage
basin is about 100,000 km?2 and there is a distributary pattern with at least one avulsion (e.g.
O'CONNELL et al., 1991). Maximum channel sinuosity is over 2 for the abandoned channel
but is only about 1.4 for the newly avulsed and entrenched channel. It is predicted that
channel sinuosity will increase as a new channel-levee system is built out from the point of
avulsion across the "neofan". The fan is fed by a single relatively steep gullied canyon. The
maximum channel gradient (about 1 in 20) is geater than usual for such systems. A medium
to low input type is exemplified by for instance the Var and other Provencal systems. The Var
system has a drainage area of about 4,000 km2. It is fed by very steep tributary canyons,
maximum gradient of about 1 in 5. The channel is relatively straight and wide (up to 7 km)
and has a 60 km long levee along its right bank whose location is affected by Coriolis forces.
Downslope from the leveed section the channel continues to an unusual bifurcated
termination where the channel depths are only 2 m or so.

Low input types are exemplified by the tributary canyoned systems to the west of Corsica
and northern Sardinia. These have subaerial drainage basins of less than 1,000 km2. Straight,
unleveed and wide channels, with a width to depth ratio of >100, terminate at or just beyond
the base of the steep slope. Maximum channel gradients are greater than 1 in 10. The floors of
these channels are rough and have high acoustic backscatter, that is believed to be due to the
passage of fast moving turbidity currents (first observed off north Africa near the site of the
Orleansville earthquake by BELDERSON et al., 1970). On the rise beyond the channel mouths,
and above the flat basin plain, there is a pattern of strongly backscattering braid like bars that
are up to 15 km long, with a relief of less than 2m. These are suspected to be sandy deposits
and may represent a detached lobe, however it is not known whether they result from more
than one turbidite event. A 7 m thick transparent layer, 4 m beneath the surface of the
Algero-Balearic basin plain, may be a mega turbidite that represents a major depositional
event.

The scheme does not hold up well on shallow margins, for instance the Po system has
filled its confined basin, or on uplifted margins where the systems cannot achieve a graded
equilibrium, for instance the Nile Cone. On the northern margin of the shallow Alboran Sea,
with a fall of <2000 m, there are single channels, the Andarax system and another off
Marbella, that are unusual in having a higher sinuosity than is normally found on slopes of
such high gradient. The very small, straight channelled Crati system (COLELLA and
NORMARK., 1984) does not reach the base of slope, perhaps because it is not large enough to
bypass the compressional ridges on the southern Calabrian margin.

Fluvial
Ca(chmenl
Y DG ?

Tributary
system

Distributary
system

BASIN PLAIN

systems on continental margins.

REFERENCES

BELDERSON R.H., KENYON N.H. and STRIDE A.H., 1970. - 10 km wide views of
Mediterranean deep sea floor. Deep Sea Research, 17, 267-270.

COLELLA A. and NORMARK W .R. - High-resolution side-scanning sonar survey of delta
slope and inner fan channels of Crati submarine fan (lonian Sea). Mem. Soc. Geol. It., 27,
381-390.

KENYON N.H., STRIDE A H. and BELDERSON R.H., 1975. - Plan views of active faults and
other features on the lower Nile Cone. Geol. Soc. America Bull., 86, 1733-1739.

O'CONNELL S., NORMARK W.R, RYAN W.BF. and KENYON N.H., 1991. - An entrenched
thalweg channel on the Rhone Fan : interpretation from a Seabeam and SeaMARC 1
survey. In From Shoreline to Abyss: SEPM Special Publication No 46, 259-270.

Rapp. Comm. int. Mer Médit, 33, (1992).



