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Abstract

As seen from the numerous works that were done in the past few years about dunes (this term follows
the guidelines defined by Ashley (1990) and includes what is still commonly called sandwaves), these
sedimentary bodies are quite common both on river beds and continental shelves, either clastic or
carbonaceous. The measured migration rates of these bedforms seem to be inversely proportional to
their size (see e.g. Fenster et al., 1990) and depend on their shape (2 or 3D, e.g. Berné et al., 1998) but
there is no doubt that they move! Nevertheless, very high values of migration rates have to be taken
with care, especially when they concern observations made with low accuracy positionning systems,
compared to the modern sub-metric systems. The dune migration leads to the complete bedform
rebuilding within a couple of years. In these conditions, can one imagine that dune preservation has
any meaning ? To start answering this question, two points are discussed in this talk : 1) How is it
possible to preserve a dune in the geological record ? and 2) What kind of bedding will be preserved ?

1. Dune preservation

Ripple and dune bedding is among the most common sedimentary figures encountered along outcrops
or sub-surface records, especidly when the sediments consist of diliciclastic shelf deposits.
Nevertheless, the preservation of the dune itsalf including its shape is far from common. A nice
example has been described by Brew (1996) off the North Sea Northumberland coast. High-resolution
seismic profiles revea the presence of a series of 2.0 to 5.5 m-high dunes buried beneath muddy
Holocene sediments. It is the only place where such dunes have been observed in the North Sea Basin
despite the widespread present-day occurrence of these features. The author interprets the preservation
of these dunes as due to a change of basin morphology, from restricted embayment to open shelf,
within rapid sea-level rise conditions. Other examples have been observed aong the French Charente
Coast by Berné (2000) or Weber et a. (2003). In this case, a series of about 5 m-high dunes are lying
on the bedrock and are caped by highstand muds. Dunes are interpreted as transgressive sand dunes
developped on an incised-valley floor that transformed in an estuary as the sealevel rose. The
sediment transition between dune sands and highstand muds seems to be less abrupt than in the North
Sea former example and consists in a layered adternation of sand and mud indicating a dow change
from high-velocity to a quite, estuarine environment. A third example has been observed in the Black
Sea where sand dunes revealed by multibeam echosounding are present at water depths of about 80-90
m (Lericolais, 2003). At this depth, the present-day current conditions cannot build and move sand
dunes and mud is dowly burying these features. The preservation of the dunes in this case has been
interpreted as due to a very rapid sea-leve rise in the Black sea with sea water cascading from the
Mediterranean Sea when the sea-level reached the level of the strait with the Mediterranean sea. Some
authors such as Shimkus et d. (1997) connect this sudden rise with Noah's flood !

2. Preserved bedding

2.1 Preservation potential

The low probability of dune preservation may be due to the present-day high sea-level conditions and
to the fact that most studies have been done in low sediment supply and sow subsidence rate aress. It
seems easier to preserve shelf sand bodies in sealeve rise conditions. One the the nicest examples,
even if bigger than dunes, consist in the so called ‘tidal’ sand banks (Liu et a., 2000) that were
deposited as late transgressive deposits above estuarine sediments deposited under forced regression
conditions (sensu Plint and Nummedal, 2000) in East China Sea (Berné et a., 2002). This occurred
many times during the Pleistocene made possible by the high sediment supply from the Chinese
continent and by the relatively high subsidence rate.
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In these conditions, it is not sure that our present-day view of dunes represents what can be preserved.
Moreover, the examples previoudy cited (Brew, 1996, Berné, 2000 or Weber et al., 2003) do not
preserve the complete dune shape. Brew (1996) indicates that the shape of the dune in vertical view
can be altered by crest flattening prior to burial, this flattening being due to wave action.

2.2 Types of bedding

When the dune is preserved one may adress the question of what kind of bedding can be preserved.
Part of the answer seems to be technologically controlled, firstly due to the bad knowledge of the full
dune geometry, secondly due to the lack of ground truth over well documented modern sand dunes. As
it is classical for ripples, dunes do not produce the same bedding when their crest is linear or sinuous
in other terms when they are of 2D or 3D shape (Ashley, 1990). Brew (1996) has not enough seismic
profiles to determine wether the dunes are 2D- or 3D-dunes. He believes that their crests are linear but
the evidences are fragile.

The same problem arises on numerous studies, even recent, on modern dunes using single-beam
echosounding leading to some difficulties in reconstructing precisely the dune envelope. With the
increasing use of multi-beam echosounding that gives high-quality images, the development of 3D
seismics for shallow waters is a challenge that only a few institutions can take up.

The difficulty to compare ancient and modern examples is also due to the difficulty to get cores that
could give the ground truth in these sedimentary bodies. Except for some works made by Visser
(1980) in the Schelde estuary on subtidal dunes or those from intertidal dunes (e.g. Dalrymple 1990),
the lithologic informations are quite rare and do not alow a complete interpretation of the internal
dune bedding. One of the major consequences is the difficulty to interpret the seismic reflectors as a
given lithology (Le Bot and Trentesaux, 2004). Comparison with interna structure models like those
proposed by Allen (1980) is therefore difficult.

Conclusion

Our knowledge about the internal structure of marine dunes has to be highly improved as our view of
the dune formation, growth and movement greatly changed thanks to the development of
hydrodynamic models (e.g. Hulscher, 1996; Knagpen and Hulscher, 2000 or Idier, 2002), the
increased possibilities of in Stu measurements and the important improvement of multi-beam
echosounding. In order to follow these improvements, the sedimentologist has to help in developing
3D seismic instruments and in designing high-quality coring devices adapted to shallow waters.
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