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Abstract

Radar-revealed palaeodrainage systems are analyzed using Radarsat-1 data covering the Kufra Oasis and parts of southeastern Libya
and northern Chad. The analysis shows that two mega fluvial systems exist to the south of the Kufra Oasis. Along the western one, a
mappable polygonal fluvial unit covers 13,628 km2 in area, with the entire watershed extending north beyond the borders of the present
347,160 km2 study area. The eastern system covers 4321 km2 in area and is morphologically similar to the Amazon’s Rio Negro,
although the African channel is four times wider. The enormity of these features provides some explanation as to why continuous extrac-
tion of groundwater in the oasis and nearby circular irrigation farms is possible. Clearly, these mega fluvial systems formed at some time
in the past when rain was plentiful over a protracted time period.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The study area is in southeastern Libya close to its bor-
der with Egypt to the east, Sudan to the southeast, and
Chad to the south (Fig. 1). The primary habitation in the
area is in the Kufra Oasis, a main stop along the camel car-
avan route from the eastern Sahel region to the Mediterra-
nean Sea. It was the birthplace of King Idris Sinusi, who
ruled Libya before the military revolution of 1969. During
the early 1960s, the Oxidental Oil Company acquired explo-
ration rights to drill for oil in the region; part of its contract
included the drilling of wells for groundwater. The result
was the development of numerous pivot irrigation farms
of alfalfa and grains that dot the surface of the desert in a
pattern that is reminiscent of a shape of a goat!
1464-343X/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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Local Bedouin used a depressed area of the ground lead-
ing from Kufra to the south–southwest, which they called
Wadi Al Kufrah. Thus, they knew that the Kufra Oasis
was fed by a surface water channel in the past. Radar
images (first depicted by the Spaceborne Imaging Radar
SIR-C mission in 1994) clearly show that wadi and also
reveal a broader wadi heading from the southeast toward
the Kufra Oasis (Fig. 2). El-Baz (1998, 2000) suggested that
both the Kufra Oasis and the highly productive wells of the
farms to the northeast derive the water from the confluence
of these two wadis.

Radarsat-1 data scenes are used in this study to delin-
eate the drainage of these two wadi systems. Seven scenes
are processed and analyzed. Drainage features are digitized
on the individual scenes to preserve the full dynamic range
of the images and to minimize the digitizing file size. On
completion they are mosaicked. GTOPO30 and Shuttle
Radar Topographic Mission (SRTM) data are consulted
and the HYDRO1k dataset is compared with the radar
drainage.

mailto:cordula@sahara.bu.edu


Fig. 1. Sketch map of Libya, including the Kufra Oasis, showing its
location in the eastern Sahara with its northern border along the
Mediterranean coast.
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2. Background

The eastern Sahara of North Africa is currently the larg-
est of the driest regions of the Earth, where the received
solar radiation is capable of evaporating over 200-times
the amount of rainfall (Henning and Flohn, 1977). It is
characterized by an undulating expanse of sandstone in
the south and a limestone plateau in the north; both are
vegetation-free and superposed by sand sheets and dune
fields. The flat desert surface is broken by two mountain
complexes of the Tibesti at the border between Libya and
Chad, and the Oweinat Mountain, Gilf Kebir and other
highlands at the border between Egypt, Libya and Sudan
(Fig. 1).

Libya, the fourth largest state in Africa, is located in the
eastern Sahara with its northern border along the Mediter-
ranean coast. It is bordered by Egypt to the east, Sudan to
the southeast, Chad and Niger to the south with Algeria
and Tunisia to the west and northwest respectively (Fig. 1).

Libya consists mostly of hyperarid desert terrain, which
receives only a few millimeters of rainfall a year, and only
the narrow coastal strip receives sufficient rainfall to make
it suitable for agriculture. Consequently, this is where 90%
of the population resides and where the capital, Tripoli and
other towns are situated. Rapid development of coastal
areas and increased population, however, has placed a
severe strain on the coastal water supply. Seemingly ironi-
cally, vast fossil water exists in the desert to the south and
southeast in the Nubian aquifer system. This is a multi-lay-
ered aquifer that stratigraphically extends from the late
Cretaceous to the Miocene and covers an approximately
350,000 km2 area shared by Libya, Egypt, Chad and Sudan
(e.g., Swezey, 1999; Roberts and Mitchell, 1987; Castany,
1982). Water from this system is now being utilized in
Libya to supplement the coastal supplies, and also to irri-
gate farms around the desert communities, including the
Kufra Oasis.

The Kufra region is now one of the five sources of the
Great Man-Made River project of Libya. The project
was initiated in 1976 and was launched in 1984. Compris-
ing of two pipelines, the project is capable of carrying 2
million cubic meters of water daily from the desert to the
coastal regions to the cities of Surt and Banghazi etc. (with
plans to increase the capacity to 5–6 million cubic meters;
Salem, 1991). This water is used to supplement supplies
for domestic and industrial needs in these cities. Ulti-
mately, Libyan officials plan for 80% of the overall pro-
ject’s flow to eventually be used for irrigating old farms,
and reclaiming some desert lands as a means toward
greater food and fiber self-sufficiency.

3. Subsurface imaging

Radarsat-1 data are used for this research. Radar
images the surface actively by transmitting a microwave
signal which interacts with the Earth’s surface and reflects
it back to the sensor (unlike other optical sensors which
passively receive the natural spectral radiation of a surface
at a given wavelength). Reflection of the radar waves
occurs by backscattering and this process is related mainly
to the surface and near-surface physical properties—that is
slope, roughness, volumetric inhomogeneities, and to a les-
ser extent, the surface dielectric properties (Ford et al.,
1989). The amplitude of the radar echo is highly sensitive
to these properties causing the brightness of the surfaces
in images to vary much more than in the case of visible
or infrared images.

A significant property of radar is its ability to produce
images of the subsurface terrain. This principle was first
alluded to in theory as early as 1975 (Roth and Elachi)
but only gained widespread scientific recognition when
images by SIR-A were returned in November 1981. These
showed extensive dry river beds beneath the Eastern Saha-
ran sand in Sudan and Egypt (McCauley et al., 1982).
Many other examples of subsurface imaging of fluvial
channels followed (e.g., Berlin et al., 1986; McCauley
et al., 1986a,b; Stern and Abdelsalam, 1996; Robinson
et al., 1999), as well as examples of dikes buried as much
as 2 m beneath alluvium in the Mojave desert, California
(Blom et al., 1984).

If the cover material is fine grained (relative to the radar
wavelength), and physically homogeneous, then the radar
signal can penetrate dry sand without significant attenua-
tion (Roth and Elachi, 1975). The sand needs to be extre-
mely dry, requiring a moisture content of less than 1%



Fig. 2. C band HH-polarized Radarsat-1 image of the Kufra Oasis in southeast Libya, showing two mega wadi systems converging near the Kufra Oasis.
The cluster of circular fields at the top of the image constitutes farms irrigated by water derived from the Nubian Aquifer System beneath the confluence of
these wadis. In this, and all other images where the coordinate system is UTM, corner coordinates are also provided in geographical units.
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for maximum subsurface imaging (Hoekstra and Delaney,
1974). These criteria are both satisfied in the desert of
southeast Libya. When the radar wave penetrates the sand
and encounters a surface that is rough enough to generate
backscatter of the wave subsurface imaging occurs (Elachi
et al., 1984). It happens preferentially at high look angles
(P30�) as this allows more refraction of the radar wave
at the air–sand interface (Elachi and Granger, 1982). Dune
surfaces are more likely to be imaged at small incidence
angles.

The depth of subsurface imaging will vary according to
the exact moisture content of the sand at the time of imag-
ing. Experiments show that dry desert sand has a skin
depth of 5 m or more (Elachi and Granger, 1982). Calcula-
tions by Schaber et al. (1997) are more conservative and
favor generally shallower penetration depths of 0.3 m for
X band, 0.5 m for C band (also supported by geomorpho-
logical observations made by Robinson et al., 1999), and
2 m for L band. Their calculations assume that the radar
imaging depth is attenuated to ‘‘1/e = 37% of its original
value’’. In reality, L band may be imaging anywhere
between 2 and 5 m in the subsurface and perhaps even
more since the thickness of the sand in the Selima Sand
Sheet (the area that the Schaber calculations are based
on) is >2 m, yet palaeochannels are visible in both L and
C band images.

Using radar data to image subsurface features is best
achieved in gently undulating terrain with a sand sheet
cover and megaripples or chevron dunes (Fig. 3). A discon-
tinuous sandy surface is present in the study area of
southeast Libya. Note that chevron dunes are large-scale
(130–1200 m in wavelength), low amplitude (10–30 cm
high) waveforms (Maxwell and Haynes, 1989), thus present
insignificant slope and roughness effects to the radar beam.



Fig. 3. An example of megaripples at 22�20 0N, 29�54 0E, in southwest Egypt. The megaripples are 10–20 cm high. The vegetated dunes in the background
indicate the presence of near-surface water. Photograph by Cordula Robinson.
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To illustrate this, a radar image is compared with a Land-
sat Thematic Mapper (TM) image of part of NW Sudan
(Fig. 4). It shows that radar easily images drainage chan-
nels covered by a sand sheet, megaripples and chevron
dunes (Fig. 4A). TM data, on the other hand, can only
image channel segments where the sand cover thins
(Fig. 4B). In these cases, it is partially discernible either
as a topographical effect, if the channel is near surface, or
because of textural and mineralogical differences in the
channel floor if it is at the surface.

In areas where longitudinal or whaleback dunes are per-
vasive, backscattering from the dunes faces complicates
radar wave interactions and prevents subsurface imaging.
This is because radar echoes from sand dunes are highly
directional and sensitive to both their roughness and the
angular relations between the impinging radar wave and
the orientation and the angle of repose of the dune faces.
This causes them to have variable radar brightness. For
example, seif dune brightness (Fig. 5) may be attributed
to quasi-specular reflections from smooth dune faces that
are near to normal to the radar beam (i.e., causing near
total reflection of the radar beam; Blom and Elachi,
1981, 1987; Weitz, 1993) and double bounce. Linear sand
ridges have dark-intermediate shades, however, implying
much of the radar echo is scattered away from the receiving
antenna or is simply attenuated by the sand (Fig. 5).

4. Data used

Data used for this research are obtained by Radarsat-1,
an Earth observation satellite developed by the Canadian
Space Agency (Parashar et al., 1993). It was launched in
1995 and is still active at the time of writing. Data are col-
lected with a Synthetic Aperture Radar (SAR) sensor,
which increases the effective resolution of the imaged area
by using the motion of the spacecraft to imitate a much lar-
ger antenna of higher resolution than the real size of the
antenna on the spacecraft (Elachi and Granger, 1982).

Radarsat-1 is a polar orbiting satellite that is able to
map a large area (with a field of view of up to 510 km wide,
compared with the coverage of aircraft or the Space Shuttle
which is in the order of 150 km; Jordan et al., 1995). Its
advantage to this study over shuttle-borne radar is the con-
tinuity of data collection scenes (compared with angled
strips) and images that have negligible interference patterns
(Fig. 5). Thus, a continuous analysis of drainage patterns is
possible.

The Radarsat-1 imaging system uses a single frequency,
5.8 cm horizontally (HH) polarized C band. It can steer its
radar beam to image swath widths between 45 km and
510 km, with resolutions from 10 m to 100 m, respectively
(Parashar et al., 1993). Incidence angles range from less
than 20� to more than 50�. Thus, the user can specify the
incidence angle according to the terrain being imaged and
whether a fine resolution, standard resolution, or wide
beam mode is preferred by the investigator’s requirements.

The seven images used in this research are collected in
wide beam mode 2. This means that large areas are covered
(with a nominal image size of 150 km by 150 km, and a
ground range resolution of 24.6 by 27 m, for range and azi-
muth directions, respectively) and incidence angles varying
from 31� to 39� from the near to far range (thus, are suit-
able for subsurface imaging). Data are in the form of 16 bit
image files, with a file size of 12,000 · 12,000 pixels, equal



Fig. 4. A (top): Radarsat image covering an area in NW Sudan showing distinct drainage lines. The area is centered at 20.63�N, 26.25�E and is
approximately 30 km wide. A (bottom): Photogeological map of radar-observed features; note the dominance of drainage channels, and the absence of
sand deposits. B (top): Landsat TM color composite (7, 4, and 1) where drainage paths are not clearly defined. B (bottom): Sand-cover map showing three
main sand categories: sand sheet, chevron dunes and megaripples. By comparing the sand cover map to the radar map (Fig. 4A) it is clear that the radar
drainage channels are primarily covered by megaripples (see Fig. 3) and chevron dunes. See also Jas et al. (1988).
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to 283 megabytes each. The scenes used have the following
scene centers and dates of collection:

• n20.05 e21.17: 2001/01/07
• n21.22 e21.34: 2001/01/07
• n21.22 e22.37: 2001/01/14
• n22.38 e21.50: 2001/01/07
• n22.38 e22.54: 2001/01/14
• n22.38 e23.58: 2001/01/21
• n23.55 e23.10: 2001/01/14

The GTOPO30 Digital Elevation Model (DEM) devel-
oped by the USGS EROS Data Center (EDC) and the
Shuttle Radar Topography Mission (SRTM) data are also
used to supplement data analysis. The GTOPO30 DEM is
derived from the Digital Terrain Elevation Data (DTED),
produced by the National Imagery and Mapping Agency
(NIMA) and the Digital Chart of the World (DCW).
Recently, it has been updated with data from the Shuttle
Radar Topography Mission (SRTM). These new data have
been averaged to 30 arc-second resolution (�1 km) and
replace the older GTOPO30 pixels between the latitudes
of 60� North and 56� South.

SRTM data are freely distributed by the USGS EROS
Data Center (EDC), as part of an international project
spearheaded by the National Geospatial-Intelligence
Agency (NGA) and the National Aeronautics and Space
Administration (NASA). These data are sampled at 3
arc-second, or approximately 90 m, so have an improved
resolution compared with the GTOPO30 pixels. The
SRTM dataset is processed and compared with the
GTOPO30 data to investigate whether the SRTM dataset



Fig. 5. Horizontally-polarized L band SIR-C image of seif dunes
(observed as bright white lines), which sit on top of radar-dark linear
sand ridges. The image measures approximately 50 km in width, and north
points to the upper left. The image is situated around 26.5�N, 27.3�E,
south west of Farafra. Arrow points to banding caused by interference
patterns acquired during data collection.

6 C.A. Robinson et al. / Journal of African Earth Sciences xxx (2005) xxx–xxx

ARTICLE IN PRESS
images the palaeotopography and not the surface of the
sand. This can be expected since the phase signal processed
to retrieve height information penetrates the desert sand
layer in exactly the same way as the magnitude signal.

Streams from the USGS HYDRO1k database, available
over the web from the USGS (processed to replicate natu-
ral flow patterns), were overlain on the GTOPO30 of the
study area. These streams were derived by thresholding
the flow accumulation data set at 1000 km2, and leading
the drainage patterns toward the topographic depressions
in the area. It is used in this paper to compare drainage
derived by this approach to that manually interpreted
and digitized from the Radarsat-1 images.

5. Method

Data processing begins by georeferencing all images
using PCI’s Geomatica GCPworks software. This allows
Ground Control Point (GCP) and orbital layer informa-
tion contained in the Radarsat-1 16 bit image header files
to be transferred and used for the transformation. Cubic
resampling is selected for the transformation to avoid auto-
correlation and retain optimal image quality. Georeferenc-
ing is an essential step in order to store them in a
Geographical Information System (GIS) database, where
new drainage layers will be digitized, and later to automat-
ically mosaic the images for the final presentation. A
Universal Transverse Mercator (UTM) projection and
the WGS84 datum are used for this study area. All images
lie in Zone 34, Row Q.

After georeferencing, the 16 bit files are linearly scaled to
8 bit images using the information contained in the image
histogram. This is the first step to enhancing the image
and is followed by a Gaussian stretch. This straightforward
procedure produces well contrasting images found to be
optimal for digitizing drainage features to the authors of
this paper (e.g., Robinson, 1998; Robinson et al., 2000).
Spatial filtering was not required since the degree of speck-
ling in the images is minimal and does not affect image
interpretability.

A GIS spatial database is created using ESRI’s ArcView
and ArcInfo GIS software. Digital maps of fluvial features
are generated in vector format, and mapping begins by dig-
itizing all wadi paths on individually processed scenes with
the topology set. Digitizing is performed using individual
scenes, and not the mosaic, in order to work with the full
dynamic range of the images. On completion, both the ras-
ter Radarsat-1 images and the vector drainage layers are
mosaicked and matched independently to produce the final
data product.

Matching of the vector layers is performed using Arc-
Info. Since all images lie in the same UTM zone and the
ephemeris data are well calibrated, few problems are
encountered while matching the vector layers. The radar
images are mosaicked using PCI’s Geomatica OrthoEngine
software. The mosaicked area is equivalent to an area of
approximately 526 km by 660 km (Fig. 6). The main objec-
tive while mosaicking is to minimize any loss in the
dynamic range by applying as few adjustments as possible.
For these reasons the cutline selection method is set to min-
imum relative distance (i.e., areas where there is the least
amount of difference in gradient values between the
images) and color balancing is performed for the area of
overlap only.

With respect to topographic data, the GTOPO30 DEM
is retrieved from the USGS EROS Data Center (EDC) and
the streams from the USGS HYDRO1k database (pro-
cessed to replicate natural flow patterns) are overlain on
the DEM of the study area. SRTM data are also retrieved
from the USGS EDC and mosaicked for the study area.

6. Analysis

The results of the image processing and digitizing work
are presented in Fig. 7. It is clear that the Kufra Oasis
drains a mega catchment area, extending beyond the
347,160 km2 area studied in the north. The western system
extends south into Chad, and a drainage channel exits to



Fig. 6. Radarsat-1 mosaic of the study area. It covers an area of approximately 526 km by 660 km. All images had been linearly scaled from 16 bit to 8 bit
images, with a Gaussian stretch applied. Maximum image detail is maintained by minimizing the adjustments made during mosaicking.
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the north toward Tazerbo. Included in the area analyzed
are two large lake systems, one 79.2 km by 79.6 km, the
other 37.3 km by 141 km and covering 4489 km2 in area.
This lake extends east beyond the scene border in this
direction. Both show elongation along an ENE trend.
Owing to the dimensions of these mega fluvial features, it
is possible to digitize most of them as three independent
polygons that cover a total area of 22,348 km2. Smaller
tributaries are represented as single lines.

The dimensions of the two wadis leading to the Kufra
Oasis are massive in themselves compared with features
known on Earth today. Channel widths average 7–8 km,
and the length of the island-studded eastern channel, mea-
sures over 100 km. The western channel extends for 317 km
(bird’s eye view) before connecting with the lake system to
the south. These main channels follow in a dominant NE
and NW (Red Sea) trend and their linearity suggests struc-
tural control. The same structural trend is also observed in
the desert of SW Egypt and NW Sudan (Robinson et al.,
2000). Finally, the topography in this area (Figs. 8 and 9)
decreases northward consistent with the direction of Wadi
Kufra. Topographical variations along the main channel
path are slight ranging from 650 m down to 300 m (Figs.
8 and 9).

As stated, the fluvial mega geomorphology witnessed
here is something not observed anywhere on Earth today
except perhaps in the Amazon in South America. The
Amazon River alone carries about 15% of all the water



Fig. 7. (A) Drainage features digitized from the independent images used to produce Fig. 6. It shows that the Kufra Oasis drains a mega catchment area,
extending beyond the 347,160 km2 area studied. The dimensions of the two wadis leading to the Kufra Oasis are massive. The eastern channel is over
100 km long, and the western channel over 317 km long (bird’s eye view) before connecting with the depression to the south. Note the linearity of the main
channel path and tributaries that enter at right angles, which reflects structural control. (B) An interpretation of the main drainage paths leading to the
Kufra Oasis, without the floodplains or the water collection depressions (lake systems).
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annually discharged by the world’s rivers (Baker, 1986, p.
255) and measures over 2 km wide and 60 m deep; thus,
it is four times smaller in width then the channels of the
two wadis leading to the Kufra Oasis. Of particular interest
to this paper, is the striking morphological similarities
shared by the eastern wadi (Figs. 2 and 7) and the Rio
Negro (the Amazon’s mightiest river) in the Amazon Plain
(Fig. 10), especially with respect to the linearity of the main
channel path and the tributaries entering at right angles
that indicate structural control. In Fig. 10, the Rio Negro
is emerging from the uplands into the Amazon Plain, a sed-
iment-filled structural basin or trough lying between the
Guiana Shield to the north and the Central Brazil Shield
to the south. Islands are also observed along its course.

Interestingly, the HYDRO1k dataset does not reflect the
radar drainage revealed for this region (Fig. 8). The reason
for this is twofold. First, automated drainage extraction
from a DEM does not provide information about the mor-
phology and magnitude of the fluvial features. Second,
drainage is automatically extracted using surface



Fig. 8. The GTOPO30 Digital Elevation Model (DEM) developed by the USGS EROS Data Center (EDC) shows that the topography decreases
northward toward the Kufra Oasis from 650 m down to 300 m. The resolution is averaged to 30 arc-second (�1 km). Streams from the USGS HYDRO1k
database and the radar-interpreted palaeodrainage are overlain. The two do not coincide. Since the radar drainage only loosely follows the topography it
implies the subsurface topography is different from the surface sand cover.
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topographic expressions from the GTOPO30 dataset,
which are influenced by an undulating sand surface modi-
fied by aeolian activity (Fig. 3). The SRTM dataset, on
the other hand (Fig. 9), images the palaeotopography
and not the surface of the sand. This is because the phase
signal processed to retrieve height information penetrates
the desert sand layer in exactly the same way as the magni-
tude signal used to produce SAR images; therefore, the pal-
aeotopography is mapped except in places where dune
forms are prominent. Thus, SRTM data are recommended
for these types of studies.
7. Conclusions

The interpretation of seven Radarsat-1 scenes allows the
definition of passageways and intermediate holding areas
of the courses of former rivers. The analysis shows that
two mega watersheds, covering 13,628 km2 and 4232 km2

in area, include water ponding depressions and structur-
ally-controlled mega fluvial features. They drain into the
Kufra Oasis in southeastern Libya from the south and
southeast (Fig. 7). These results offer some explanation
for the amount of water that has been retrieved from the



Fig. 9. The SRTM DEM at 3 arc-second resolution (�90 m) with the center path of the radar-interpreted palaeodrainage overlain. In this case the
palaeodrainage follows the topography closely showing that the SRTM dataset maps the palaeosurface beneath the desert sand and not the surface of the
sand as for GTOPO30 data.
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Kufra wells for over four decades (Salem, 1991), and why
there are plans for the region to further supply part of
the Great Man Made River water for its transport to the
northern coastal regions.

The extensive system of fluvial features mapped is now
expected to be dry except for moisture that comes from
occasional rainfall, or from fractures tapping water in dee-
per aquifers, as is the case in SW Egypt (El-Baz et al.,
2001). In the past, however, the water they carried will have
collected at the discharge regions, or seeped through the
underlying sedimentary rocks to be stored in porous layers
and fractures zones. Much of the drainage is structurally
controlled (as indicated by its linearity and tributaries at
right angles to the main path; Fig. 7) and surface water
can be expected to have recharged the Nubian aquifer
along these structures (e.g., Robinson, 2002). Further, the
structures may connect several horizontal aquifers in the
subsurface to form a mega watershed as is the case in
SW Egypt (El-Baz, 1995). This effectively increases the vol-
ume of accumulated groundwater.
The age of the palaeodrainage system is a matter of con-
jecture. For SW Egypt, Issawi and McCauley (1992) pro-
posed that the palaeodrainage there formed as far back
as Tertiary times. This paper makes no inferences about
the ages of these channels, only that they must have
received water from a continuous supply of rainfall at the
time they were created.

The question might be asked: how can there be ground-
water in an arid and sandy desert? It is a question that has
a simple answer. El-Baz et al. (2000) recognize that two
main dynamics are superposed to form the features of the
eastern Sahara. The first is the fluvial systems that worked
from the south to the north during humid phases of cli-
mate. These are responsible for laying down the original
material of the desert landscape at the mouths of the chan-
nels in inland depressions. The second dynamic is an aeo-
lian system that continues to work from the north to the
south (Mainguet, 1992) and became operative once the cli-
mate changed and dry conditions prevailed. With the wind
as the principal modification regime, the fluvially deposited



Fig. 10. Multi-angle Imaging Radiometer (MISR) image of the confluence
of the Rio Negro (from the northeast, with dark black water) and the Rio
Solimoes (from the southeast, with light colored water) at Manaus, Brazil.
The image covers an area 380 km wide by 373 km high. Morphological
similarities to the eastern wadi in Libya (Figs. 2 and 7) include the
structural control, as indicated by channel linearity, and the islands along
their courses. Image Credit: NASA/GSFC/JPL, MISR Team.
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sand began to be shaped into the dunes and the sand sheets
that cover today’s desert surface (El-Baz, 1982). This pro-
posal for how the eastern Sahara evolved in space and time
appears to fit southeastern Libya well.
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