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ABSTRACT: The objective of the woron sand dune dynamicconducted by SHO, is to predict the evu-
tion of the morphology of the seafloor and to mebi determine the optimum recurrence fosueveying.
Attention focuses on the North Sea since the coatigin of frequent passages by super tankers anprése
ence of mobile dunes represents a serious threatfagation safety. In 1998, a depth profile elssaled dur-
ing a survey by the Atlantic Hydrographic Missiamits way out and back to its base showed thatentoki-
zontal dune displacements in this area were uni@dtiecin a onaveek time interval and rather low ove
period of 11 years (a few decimeters), by contvagtical variatons were quite sizeable. Depth variation
varied by one meter, that is a 15% deviation imaedheight in only one week. Therefore, a 10-yaareying
strategy to measure the dynamics of such dunestisptimum and to measure the most shallow simgnd
the charateristics of the dune and the hydrodynamic cond#iavhich prevailed before surveying must
taken into account.

(MSD2000) and Twente in the Netherlands

(MARID2004). Lectures described case studies, pa-
1 INTRODUCTION rameterizing of structures, sea and river dune tode

ing using analytical, digital or physical technigue

In sedimentary dynamics, weather and climate Issues concerning the structures and phenomena

have a decisive role. Studying sand dunes should nto be modeled are still at an early stage. Whétes
be limited to instantaneous processes such as swethpact of grain size?, of depth? How do dunes and
and tides but should also integrate event-relatedurrents interact? Without answering all these ques
processes (storms). Thanks to the high resolution @ions, the two workshops were useful to further re-
multi-beam echo sounders, it has been possible fine the knowledge and compare problems and pro-
increase navigation safety. However the question igress in the various fields from acquisition to mled
for how long (how many week, months or years) carng. Why are we only at such an elementary stage in
the morphology of a dune be estimated as in corthe domain of sub-aqueous sand dune modeling?
formity with the hydrographic survey? Is it possibl First, because the localization of sedimentarycstru
to predict the evolution of bottom morphology or attures on the sea floor until the eighties was met p
least define the desirable frequency for surveurrec cise enough to enable scientists to measure dis-
rence so that nautical charts remain reliable? Caplacements of the order of one meter or one to sev-
new dunes emerge between two successive hydreral decimeters. A second reason is that the data a
graphic soundings? If so, for how long can we havstudies on dunes were, and remain, still too scarce
the guarantee that no new dune will appear? for realistic modeling to be feasible. As Stolk @Q2)

said "On the migration of sandwaves only a few

datasets are available".
2 AN ASSESSMENT OF THE PRESENT As far as observations were concerned, Le Bot
KNOWLEDGE and al. (2000) observe that gravel in the North Sea

dunes are mobilized for several hours at each phase
Over a hundred researchers from some twenty couwf tidal currents and that the currents generated b
tries participated in the «Workshops Marine Sandmedium strength winds and storms modify the
wave Dynamics» which took place in Lille asymmetry of tidal currents to the extent they can
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reverse currents and the direction of dune progress Dunes are sedimentary ripples, often periodical,
As remarked by Schittenhelm (2000): "Sand wavefeaturing a crest, a gentle slope and a steep .slope
in the southern North Sea are an enigmatic result 'he orientation of their crests is generally perpen
a dynamic equilibrium between sand, tidal currentslicular to the main direction of currents, but dagu
and wave energy." and Mosher and al (2000) add:ariations reaching up to 20° are frequently observ
"The stability of the dune field remains unanswered(Le Bot, 2001). When the current cannot set in mo-
Repetitive multibeam bathymetric surveys and longion all sedimentary particles or when there isuads
term current flow monitoring are required to answedeficit, dunes are barchanoid-shaped, whereas they
this question.” For many authors, the sedimentarflave a linear shape when the current is saturated
dynamics of dunes and their modeling are complewith sediments. By their shape, dunes therefore re-
because they are poorly defined. Powell and dlect hydrodynamic conditions.

(2000) consider that "The formation and disappear- Ripples, which are structures of some centimeters
ance of sediment bedforms occurring under the adiaving the same shape as dunes, are ubiquitous.
tion of waves and currents is the result of a cexpl Lenbtre (1977) observes that ripples photographed i
interaction between the fluid and the underlyingthe ocean, at a depth of 7,535 m, are identicepto
sediment; this is poorly understood, yet extremelples observed on the foreshore. The ubiquity of
important, in both physical and numerical models oflunes is established, they exist from rivers tobie
coastal processes. Bedforms affect bottom roughnesss of the continental slope and in deserts andasim
and shear stresses, wave attenuation, and sedimshiapes seem detectable in deep ocean environmen
transport”. Many questions remain unresolvedand on Mars

"What are the physical mechanisms causing sand

waves in shallow shelf seas to migrate and at what

rate?". Thus these workshops emphasize the deficitDUNE SHAPE, NATURE AND MOVEMENTS

of data and the limits of studies which are toaloc

and instantaneous. According to several authors, dunes with lineasftcre
have the slowest migration velocity. On the other
ing bottom morphology and variations in near-hand' barchanoid dunes are characterized by high

bottom current measurements in the Straits of Dove?’eloc't'es’ and can reac,h an annual mean displace-
This survey showed that the dune short term dynanfent of 7|0m/year| (B(érne arr‘]d al (1989). Dlee shape
ics can be directly related to the dynamics of smals Strongly corfre ated 1o their nature. Femmlrrllg
superimposed structures. The displacement veloc{-zooo) gives, for medium grain sediments D, the

ties recorded, fast for superimposed structures arﬁ[;aracterlstlc values of dune Maximum Height

o . - d wavelength)j. For instance, for very
slow for the dune, indicate that high resolutiocure . may) an - >
rent surveys are not the best answer to improve h)fz_ne sedlments, D = 0.063 mmpkt~ 0.028 m ana_
0.14 m; whereas for coarse sediments with D = 0.5

drographic knowledge. In order to warn navigators_
aga?nsiJ dangerous ghoal waters, it would begnecegln%’hg“ggnﬁﬁignnagfd;;e gggcrrrilbtive parameters of
sary to measure the surface area occupied by a du $00 dunes from various environments in every

and its peak envelope, and above all to keep a hiseas of the world, enabled Flemming to establish a
torical record of the dune and hydrodynamic condi=~ "> L ming .
continuous statistical model ranging from ripples t

ions it was submitted to just before the hydro- iant dunes, with the following characteristics:
graphic survey so as to determine its historicghhi 9 =D lile h’ei ht comprised %etween 0.001 .and 20
point, modeling being used to calculate its theoret u 9 P '

. meters,
cal height. = Wavelength ranging from 0.01-1000 m

» The equation of the height of dunes with respect

H H — 0.8098
3 DUNE FORMATION AND CLASSIFICATION to their spacing Fean= 0.0677A _
» The equation of the maximum height of dunes

. —_ 0.84
In order to characterize the dynamics of duned-hig IS Hyax = 0.161

quality long-term data must be available on the ve-zo%z\;vet\g’ maesrelre]glig?é?]ge tg; siar(tel;]i?rlwd%sggd dL?rlués
locity and direction of migration, crest shape ano( ’ P P

evolution, and grain size of the sediments. Becaus%omrad'CtS the dune size — depth relation alse pro

of the lack of data on dune formation and developposed by Flemming.

ment, dune formation time is obtained by modeling. L
Such dune formation models (Blondeaux and al . 1€ classification proposed by Ashley (1990),

MSD2000), still do not provide relevant results in"//dely accepted today (see Table), concerns the: san
complex sectors such as the North Sea (Idier, 2002)StrUctures generated by unidirectional currentsi- b
' rectional currents and the combination of both.

Dunes are defined by their wavelength. Thedilof
134

In 2001, SHOM conducted a survey for monitor-



Marine and River Dune Dynamics - 1-3 April 2008 - Leeds, United Kingdom

the Flemming diagram allows obtaining the height 06 DUNE DISPLACEMENT
the corresponding dunes.

Such models constitute a very important basis fom a desert environment, barchan dunes migrate by
digital modeling. But Flemming has observed thabnly a few meters per year, but their shape may
four repetitive surveys performed along the coabts change within days after a storm, and ripples may
South Africa, yielded different H/L models accord- appear within hours (Michaut, 2003). Similar obser-
ing to hydrodynamic conditions. vations are made in a maritime environment, but,
because of the variability of hydrodynamic factors,
: there are no general data or statistical laws en th
Classes Wavelength)( He'ghttrfa'cu'ated displacement velocity of sedimentary structures.

WIth Khean However, the knowledge of near-bottom velocities is

Small dunes 06m« <5m 0.075 m<H<0.4 m ial i i o ;
o Gures 83 <lom a4my oram  Ceeerlel ol o valdete dgie models wtp
Large dunes 10 mk<100m 0.75m<H<5m 9 pth, Pe,

Very large dunes %> 100 m H>5 m ments and the hydrodynamic factors (tidal currents
and waves). Bibliographic syntheses such as the

Up to about 1995, dune studies, due to technosymheSIS carried out by Wever (2004), come up

logical limitations, dealt only with large and gian against difficulties: having all the parametershet

dunes. With the resolution of the MES it is now{os origin of displacement at one’s disposal is noyeas

sible to map medium size dunes with accurac angnd the number of publications on displacements is
p , . y mall. In addition, it appears that dune displagese
to trace their evolution. This generated manymece

studies on these small structures and their detecti “oY " the course of time. Thus Le Bot (2001) ob-

: = ; serves, for a series of dunes in the North Sdatika
(Kleinhans and al; Idier and Astruc in MARID2004). average annual displacement is 7 m, 17 m and 472 m

when the time intervals between surveys is respec-
tively 10 years, 1 year and 7 days. Therefore, the
shorter the time interval between mapping surveys,

Our analyses of North Sea dune sediments Sh(l)-t%}e more intense the dynamics appear to be. At the
§

5 THE NATURE OF SAND DUNES

A . resent time no robust formulation of dune dynamics
grain sizes which are rarely homogenous on a du

scale. In this regard, the following examples arg, available. The annual rate of displacement of a
taken from the presentations of the Lille and Twent une based on hydrographic surveys spaced out in

workshops: R:rclli can then mask movements having bigger ampli-

str;nogr ::rlljerresnatlgciln ?huen\(?iscin?':c gllethtle\kc)rr;gt S;?, e Le Bot et al. (2001) explain this phenomenon by
9 y gang - an analysis of environmental variations:

yield coarser and better sorted sediments, but this" " " "C 0" of several months to several years
bﬁecsognuesérrinr:rgszodmoprﬁﬁén dtjhnee ‘zlr:?:;r:gﬁl szrggg?”%igration varies as a function of storms and to a
P P X 9, lesser degree as a function of average winds. Both

= Ernsten et al. (2004) note that ba_rchanmd_dun_egctors strengthen, slow or reverse migrations of
exhibit coarse sediments and a maximum height iy, origin:

their centers whereas on their sides the grairssize ™" |2 jecade scale, the migration controlled by a

and the height of the dune decrease. . . . .
. S . _residual tidal current is constant. This is dudhe
Kleinhans et al (2004) indicate that the relation- eriodicity of 8 to 11 years of the number of thias

ship between the grain size and the dimension vely stable number of storms during the last two
sand structures can be observed even for smallsdun&ecacles

such as hummacks. In available literature, migration rates vary from

_ " Passchier et Kleinhans (2004) show that th%ne to several tens of meters/year for large dands
bioturbation of the Lanice conchilega polychete mayy, oy \nes and rates of several tens to several hu
be the cause of the decreaslng grain size in the_s red of meters/year for small and medium-size
face sediment and non-uniform grading, IOWerIngdunes. The actual dynamics of dunes is thus much

down the size of sand structures with respect %hore intense than that perceived by comparative

neighboring sectors without such worm tubes. : , , .
= Bartholdy et al (2004), for medium to large ?etvvd;eesag mapping surveys over a time interva of
es '

dunes, superimposed on large and very large dun
near Denmark, establish a relationship between the

height and wavelength of superimposed dunes as

function of the mean grain size (H: depth (m), MG:7aMODEI‘”\IG OF SAND DUNE DYNAMICS
mean grain diameter (Phi unif), wavelength (m)):

H= 0.17 MGL68 and.= 7.90 MGO.68. As shown by Le Bot et al. (2000a), predicting mor-

phological dune changes requires a good knowledge
13t
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of hydrodynamic agents and of their capacity to rerecent surveys carried out by SHOM led to the dis-
set sediments in motion, and using the finest posscovery of frequent exceptions (Garlan, 2004, 2007):
ble integration factor for space and time scales. » Hexagonal structures having a diameter of a few

The measurements of near-bottom currents cadecimeters which had been described until now in
ried out in the south of the North Sea showed thadncient geological formations and analyzed as symp-
wind was the prevailing factor over swell and prestomatic of the impact of storms on sediments have
sure, capable of modifying currents over the entirdbeen filmed at 50-m depths close to Punta Spano
sea layer from surface to bottom, even capable dfCorsica).
preventing tidal current reverse and that the vgloc = During hydrographic surveys carried out be-
of currents was still affected by a dune at a 150-niween 1998 and 2006 in the north of Brittany at
distance away from it. Hennings et al. (2000) emdepths ranging from 70 to 80 meters, SHOM evi-
phasize that the velocity of currents is higherva@o denced meridian crested dunes having heightsof 1 t
dunes, and that the wave direction variation amd th13 meters and lengths which could exceed 10 km.
tidal current changes of directions must be takém i Among these hundreds of dunes, some are overlap-
account for modeling hydrodynamic factors. Thesging sometimes bayonet-shaped and even intersect-
factors and a quality DEM (digital elevation model)ing crosswise, which seems to reflect a double hy-
are therefore necessary to be able to model dune dyrodynamic mode. Figure 7d displays the most origi-
namics. nal stage with a structure transversally cut ierges
of hectometer sigmoid dunes at an angle of some 30
degrees to the structure centre line; the latteitdco
form where currents separate in two directions.

The very poor H{ correlation, and the distance
between dunes characterize a deficit in sediment be
ing carried down. The shape and dimensions of these
dunes seem to show that they can be active. While
only one hydrographic survey is sufficient to map
their distribution, near-bottom current measurement
alone associated with modeling would enable re-
searchers to know their dynamics.

* Dune alignment in Trégor (North Brittany): The
surveying of an unexplained morphological structure
in the SHOM Bathymetric data base (see Figure 2)
and confirmed by former bathymetric data, showed a
series of dunes in skein-like alignment close to
northern Brittany coastline.

Figure 2. Seif marine
dunes of Trégor (north
Brittany)

Figure 1 Original sand dunes in the north of Bnifta

One of the problems met when modeling dunes is
the role played by avalanches and suspensions; thus
the dynamics of certain dunes would be governed by
the bed load while others would be governed by sus-
pension transports, generating different morpholo-
gies (Van den Berg et Van Gelder (1998)).

8 SAND STRUCTURES TOO COMPLEX TO BE
MODELED

All dunes do not exhibit a simple morphology; it is
true that “conventional” dunes are the majority but
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This 5-m high structure at depths ranging from 60 ,
to 70 meters, close to 11 kilometers in length is
comparable to the "Seif dunes", described in deseri
environments McKee (1979) and on the planet Mars.

All sand structures in deserts have much bigger di-
mensions (up to 10 times) than marine counterparts.
This holds true for Saharan Seifs averaging heights”
of 100 meters and whose lengths can reach 10
kilometers. Saharan Seifs are active linear dunes
formed under the action of winds of variable direc-
tions as opposed to barchans and dunes submitted t
the action of winds blowing in only one direction. *
Seifs dunes are on the limit between transverse "
dunes and star-shaped dunes. Until then, the star
shaped dunes and Seif dunes were the only strecture
which had not been observed in the marine domain.
It now seems that star-like dunes are the only-cate «
gory in McKee’s classification which does not cerre
spond to any description in the marine domain.

» Dunes in the English Channel central trench: At
depths of some 100 m on the edge of the English
Channel deep, an alignment of symmetrical dunes.
was found; their length is of the order of 1 kildere
and their height from 5 to 6 meters. The absence ol
dunes on the northern slope of this trench could be
related to the circulation of currents, but becanfse
the absence of measurements on currents in the,
trench and adjacent shelf, researchers cannot-estat
lish the intensity of dynamics and the origin oé th
morphological dissymmetry. Here again, the mor-
phological characteristics and the location of dune
seem to indicate that these dunes are currently sub
ject to active dynamics.

= The Schole bank, located between the Chan-
nel Islands is a 7-km long x 1-km wide x 35-m high Figure 3. The Schole bank, located between the i@han
structure lying at depths of some 40 meters, ekhibi Islands
ing a gentle slope, made of very large dunes migra
ing southward and a western abrupt and smoo
flank at the foot of which a complex system of che
rons and V-shaped ripples can be observed, pointif
to a northward displacement (see figure 3). Thi
bank structured by a vortex of some 10 kilomete
centered on the northern tip of the bank; const
guently it does not feature the typical angle betwe
banks and currents. As in the case of Calais gulli¢
(Garlan, 2004), we observe here the rotation ofl sa
dunes over the flanks of a bank which remains st
ble.

= Another examples on the French continenta
shelf is presented on the figure 4, which show supe
imposed sand dunes on the banner bank of Léza
rieux; always in the north of Brittany (SHOM,
2007).
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9 CONCLUSION hydrographic data acquisition and the development
of appropriate models.
Dunes are effectively controlled by the velocitydan  The original aspect of studying marine sand dune
the direction of tidal currents, but are also aH#dc dynamics is that it relies only on a very high taso
by many other factors such as the availability andion bathymetry and on the measurement of near-
grain size of sediments, currents associated withottom currents. Thus this sedimentary domain de-
swells and storms, locally raised relief both naltur pends on acquisition systems and technological pro-
and anthropic as well as the slope and roughness gfess in hydrology instead of the conventional sys-
sediments and small morphological structures. By &ems used earlier in sedimentology. To these techno
retroaction phenomenon, currents are also affectddgical aspects, should be added the impact ofpexce
by the nature of sediments and the morphology dfional events (storms, hurricanes, extreme tidal co
sedimentary structures. Thus dunes can generatiions) which had been disregarded so far in s&udi
upwelling currents which can be strong enough t@and had not been taken into account in digital mod-
modify surface currents, even when the dune creglls. The sedimentary dynamics cannot be defined by
lies at depths exceeding 10 meters (Hennings and aimply comparing survey values; results need tp rel
2000). on long range time series integrating variable acqu
The analysis and modeling of sand dunes in thseition time intervals representative of the various
southern sector of the North Sea allowed the acquismeteorological conditions or on precise and exhaus-
tion of a large amount of results requiring validat tive batches of data perfectly describing the phe-
on other dunes and in other environments; some r@omenon and used as basis for digital models. This
sults are pertinent for hydrographic purposes er dds why the French hydrographic service is making up
tection of burying objects, helping to establish aa data base on dunes of the French continentdl shel
minimum recurrence for surveys:
- the saturation height of a dune is of the order
of 35% of depth, ACKNOWLEDGMENTS
- the time for dunes to form seem to be of the
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