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Aeolian relating to or arising
action of the wind.
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A dune is a mound of sand formed by the
wind, usually along the beach or in a
desert. Dunes form when wind blows sand
into a sheltered area behind an obstacle.
Dunes grow as grains of sand accumulate.
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https://education.nationalgeographic.org/resource/dune/

Understanding the aeolian system...
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Understanding the aeolian system...

Aridity zones

B Hyperarid (P/PET <0.05)
Arid (P/PET =0.05-0.20)
Semiarid (P/PET =0.20-0.50)
Dry subhumid (P/PET = 0.50-0.65)

M Excluded presumed  (P/PET 20.65)
drylands

Note: P = precipitation and PET = potential evapotranspiration.
Source: UNEP-WCMC {2007)

Arid and hyper-arid regions make up approximately 20% of
Earth’s surface and are arranged in two latitudinal zones
around 30°N and S of equator, as a result of dry air
associated with the descending arm of a Hadley Cell.
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https://link.springer.com/chapter/10.1007/978-1-4020-5719-9_17
https://link.springer.com/chapter/10.1007/978-1-4020-5719-9_17

Understanding the aeolian system...
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https://earthobservatory.nasa.gov/images/152384/saharan-dust-blows-toward-europe#:~:text=Large%20plumes%20of%20Saharan%20dust,and%20intensity%20of%20tropical%20cyclones.
https://earthobservatory.nasa.gov/images/152384/saharan-dust-blows-toward-europe#:~:text=Large%20plumes%20of%20Saharan%20dust,and%20intensity%20of%20tropical%20cyclones.
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https://earthobservatory.nasa.gov/images/146913/a-dust-plume-to-remember
https://earthobservatory.nasa.gov/images/146913/a-dust-plume-to-remember

the aeolian system...

Bed load
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https://link.springer.com/chapter/10.1007/978-1-4020-5719-9_17

the aeolian system...

Bed load
{rolling and saltation
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https://link.springer.com/chapter/10.1007/978-1-4020-5719-9_17

Dune Formation.‘

(a) The vayious kinds of sand dunes. Shapes depend on the sand supply (b) The shape of a sand dune depends on the wind
and the wind character. direction. Small ripples may form on the dune surface.

Wind

Slip face

Transverse

Longitudinal

abundant

star
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sand
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(c) Cross bedding inside a dune. Note that a cross bed

. . s ] is a buried slip face.
vadhiar- wind direction ————%-uniform DuneTypes.png (1548x1066) (earthsurface.readthedocs.io)
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https://earthsurface.readthedocs.io/en/latest/_images/DuneTypes.png

Dune For

(b) The shape of a sand dune depends on the wind
direction. Small ripples may form on the dune surface.

Wind

Blowout dunes

Slip face

Dome dunes Transverse ridges

abundant

transverse

sand
supply

(c) Cross bedding inside a dune. Note that a cross bed

. . . ) is a buried slip face.
vadhiar- wind direction ————%-uniform DuneTypes.png (1548x1066) (earthsurface.readthedocs.io)
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https://earthsurface.readthedocs.io/en/latest/_images/DuneTypes.png

Understanding the aeolian system...

Zone 1

production Sedlmeﬂt
i - ~ N routing systems

Zone 2
transfer

Zone 3
deposition
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Where is aeolian sediment from?
Where does it go to and how?




How Are Sand Dunes Formed?
Dust ‘

SUSPENSION

SALTATION Which landforms does this create,
and what controls their formation?

Wind strength
How does wind transport
sediment?

Saﬁd Supbly (Source) ————mmmmmd Vegetation

Vegetation


https://www.youtube.com/watch?v=ugD0mM1fbDg
https://www.youtube.com/watch?v=ugD0mM1fbDg
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Understanding the aeolian system...
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Understanding the aeolian system...

Sand sources for aeolian transport

Yardangs are portions of rock that have
been sandblasted into long, skinny ridges
by saltating (or bouncing) sand particles
blowing in the wind.

e Yardang formation-— Wadi Rum,
S =T Jordan
- AKA Arrakis in Dune



Understanding the aeolian system.‘

Yardangs are portions of rock that have
been sandblasted into long, skinny ridges
by saltating (or bouncing) sand patrticles
blowing in the wind.
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SCIENCE & EXPLORATION

'Yardangs' on the
surface of Mars

12/07/2004 1240 views 6 LIKES 239525 D

LIKE DOWNLOAD v

X6 +]

DETAILS RELATED

These images of ‘yardangs’, features sculpted by wind-blown
sand seen here near Olympus Mons on Mars, were obtained by
the High Resolution Stereo Camera (HRSC) on board the ESA

Mars Express spacecraft.




Threats of sand dunes

United Arab Emirates.
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Dunes on planet Tatooine: Observation of
barchan migration at the Star Wars film Set

Set of Star Wars (Mos Espa) in Tunisia in Tunisia (uwtsd.ac.uk)



https://moodle.uwtsd.ac.uk/pluginfile.php/903685/mod_resource/content/1/Lorenz%20et%20al%20%282013%29%20Barchan%20Dunes.pdf
https://moodle.uwtsd.ac.uk/pluginfile.php/903685/mod_resource/content/1/Lorenz%20et%20al%20%282013%29%20Barchan%20Dunes.pdf
https://moodle.uwtsd.ac.uk/pluginfile.php/903685/mod_resource/content/1/Lorenz%20et%20al%20%282013%29%20Barchan%20Dunes.pdf

Dunes on planet Tatooine: Observation of
barchan migration at the Star Wars fllm-se
Set of Star Wars (Mos Espa) in Tunisia in Tunisia (uwtsd.ac.uk) : -



https://moodle.uwtsd.ac.uk/pluginfile.php/903685/mod_resource/content/1/Lorenz%20et%20al%20%282013%29%20Barchan%20Dunes.pdf
https://moodle.uwtsd.ac.uk/pluginfile.php/903685/mod_resource/content/1/Lorenz%20et%20al%20%282013%29%20Barchan%20Dunes.pdf
https://moodle.uwtsd.ac.uk/pluginfile.php/903685/mod_resource/content/1/Lorenz%20et%20al%20%282013%29%20Barchan%20Dunes.pdf
https://www.google.com/maps/place/Star+Wars:+Mos+Espa/@33.9939758,7.8427424,377m/data=!3m1!1e3!4m6!3m5!1s0x1257f69daf12dbe9:0xa1a55593e3a898cf!8m2!3d33.9941716!4d7.8428328!16s%2Fg%2F1wsvqbd1?hl=en&entry=ttu
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Dunes in Central Australis

Northern Hemisphere

Quaternary Glaciation

glacial cycles

—e—— Silcrete pavements

8180 (%o PDB)

Fraser Island

e e Weathering-limited and dry

= Sandy desert (with dune trends)
[ | Stony desert

<3 Major playas
- Limit of arid zone -
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Coastal Duines and Vegetation'
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https://www.nature.com/scitable/knowledge/library/coastal-dunes-geomorphology-25822000/
https://www.nature.com/scitable/knowledge/library/coastal-dunes-geomorphology-25822000/
https://dunedoctors.com/how-coastal-dunes-evolve/
https://dunedoctors.com/how-coastal-dunes-evolve/

Coastal Dunes and Vegetation'
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The Geomorphological zones of a coastal dune system



https://www.nature.com/scitable/knowledge/library/coastal-dunes-geomorphology-25822000/
https://www.nature.com/scitable/knowledge/library/coastal-dunes-geomorphology-25822000/
https://dunedoctors.com/how-coastal-dunes-evolve/
https://dunedoctors.com/how-coastal-dunes-evolve/

Source-bordering Dunes

The term SBD generally describes a
dune closely bordering the leeside of
its sediment source (Page et al
2001)...

... but more specifically is has been
applied to sand dunes downwind of
sand bed rivers (Page 1971, Bullard
and McTainsh 2003); no formation

definition
1. lee-source dune (Melton 1940)
2. source-bordering lee dune (Stone 19€
3. source-bordering ramparts (Wop

gl

Source-bordering dune = SBD

1. Coastal foredunes
2. Lunette
3. Riverine

Twidale 1988)
riverine dune (lvester and
stream-side dune (Wa



Riverine SBD‘s
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SBD formation (M&roulls et al
2007).
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« Unidirectional Wind
Regime + Seasonal
Contrast in Discharge
and Wind Speed !
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Riverine SBD‘s and Deflation

et =

Strong Deflation Events - .
(Dust!!l and Sand...)

Source Google Earth ®

Rapid Transport of dust clouds over thousands of km

ﬁ;

Jet Stream

high level dust cloud

Strong upwand air motion

NORTH

DUST ANDEAN PIEDMONT
August 2004 SOURCES | EXTRA-ANDEAN PLAIN PAMPEAN LOESS SUB-TROPICAL LOESS
LITTORAL REGRESSION PLAIN




Riverine SBD‘s and Deflation
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Riverine SBD‘s and Deflation

 From Source to Border



Riverine SBD Evolution

David (1981), McKee (1979), Duran and Herrmann (2006)



Wind vs Vegetation

« Sandy ecosystems are not controlled by water
(rainfall) but by wind power

« Wind erosion the main limiting factor fc

A
Destruction of vegetation cover
(dune activitation)
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Wind and Topography

Yarlung Tsangbo, Tibet"



From source to...

Google Earth 2«
Image Landsat / Copernicy 5
Wage © 20180




Sand - from source to sink?




Summary—P
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Sediment Source

Lacustrine
Mig;?tiog %ff sediment store Fluvia
aeollan pedarorms, uvia
erosion of lakeside Llesee s et transport

dunes during

flooding ;
eAr?tcr’g?nnment Lunettes Lake
from lake outflow
o iling & sapping on d
Rilling & sapping on dune -
Aeolian slopes ) Fluvial
sediment sediment

store

sediment most
recently moved by
water (inchannel
deposits & channel

( Aeolian entrainment from Riverine margin deposits)
river beds & flood plains SBDs

Migration of bedforms &
store _+ erosion of dune termini
sediment most
recently moved by
wind (dunes, rippled

surfaces)

Interdune & dune flooding

YYvY

Aeolian entrainment
from beaches & tidal
flats

Fluvial

Coastal dunes transport

Migration of

aeolian bedforms, i i
foredune erosion Marine sediment
iah i
sediments on ocean floor,
beaches and coastal sabkha Barriers

Bullard & Livingstone 2002
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