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Abstract— It has been well documented that the Sahara 

Desert experienced a number of humid periods during the late 

Quaternary, which resulted in the development of substantial 

lakes and fluvial networks.  Today, the region is known for its 

hyper-arid conditions, with few isolated oases and no sizable 

surface drainage system.  The remnants of these paleochannels 

are now buried beneath the dunefields of the contemporary 

desert. 

However, their presence as potential groundwater migration 

pathways are of importance in understanding the 

paleohydrological history of the Sahara, as well potential 

sources to tap for desert irrigation projects.  Conventional 

means of locating these buried channels have used accurate 

terrain models to map contemporary seasonal drainage 

networks (wadis), or satellite-borne radar to penetrate a few 

meters beneath the sand sheet.   

An alternative approach is through the use of ground-based 

geophysics employing a deep-profiling ground penetrating 

radar technology.  A survey over a 15 km X 18 km gravel plain 

in the Wādi al-Hayāt in the Libyan Sahara reveals that ground 

radar technology can map buried channels rapidly and cost-

effectively, given suitable ground conditions. 

Index Terms—GPR, paleochannels, Wadi al Hayat. 

I. INTRODUCTION 

Although the Sahara of today epitomises a hyper-arid 

desert, the region has undergone a series of wetter periods 

which included the formation of large lakes and extensive 

river systems, originating in the Tibesti mountains to the 

south, and flowing north to the Mediterranean [1].  Evidence 

of these drainage pathways is based on orbital radar data, 

which is able to penetrate the Quaternary aeolian sediments 

which now overlie the region [2], as well as by ground 

observations.   

An understanding of the context of these paleo-drainage 

systems is important for a number of fields of study.  

Anthropologically, it is known that human groups were 

widely present in the riparian environments along the banks 

of these ancient rivers [3].  Although the contemporary desert 

presents a barrier to flora and fauna migration, historical 

periods of humidity may have provided interconnected 

pathways for such movement, including human.  

Paleohydrologists seek to map historical fluvial networks to 

understand inflow and outflow from massive paleo-lakes 

which existed in today’s Sahara [4], [5] (Fig. 1).  

Agronomists who develop large irrigation projects in the 

present desert ideally will tap shallow water migration 

courses which follow old channels.   

The mapping of these paleochannels can be accomplished 

through remote sensing to a degree.  Recent and 

contemporary channels may be mapped using satellite-borne 

radar topography sensors, or in higher-resolution using 

airborne LIDAR [6], [7].  Satellite radar can also be used to 

penetrate hyper-arid environments to depths ranging from 

centimetres to metres to map linear features [8], [9].  Ground 

geophysical methods such as seismic profiling as well as 

electrical and electromagnetic imaging can also be used, 

although these approaches can be slow, costly, and often 

produce low-resolution cross-sections. 

II. LARGE-SCALE PALEOCHANNEL MAPPING USING GPR 

GPR has a long history in the imaging of paleochannels, 

particularly in the alluvial mining industry where coarse-

grained sediments are often clearly definable on radar 

sections [10], [11].  However, such surveys are often limited 

to small channels tens or hundreds of meters in width and a 

few metres in depth.  Furthermore, they rely on commercial 

low-frequency GPR instruments which are not designed to be 

used at high speed over rough terrain. 

 
Fig. 1. SRTM DEM showing the main geomorphological features of the 

Fezzan (Image by Nick Drake) 

 



To test the hypothesis that GPR technology can be 

deployed to map deep paleochannels in hyper-arid deserts on 

a large scale, a custom GPR system was designed specifically 

for this task.  A number of design limitations had to be 

considered, including heat dissipation both from the radar 

electronics and their contact with the hot desert sands, the 

ability to endure extreme vibration over rough gravel plains 

when dragged at high speeds, and the elimination of all 

fragile wires and fibre optics to ensure the most rugged 

design. 

An impulse radar was designed which employed 

resistively-loaded dipole antennas configured in a collinear 

arrangement, with the transmitter and receiver electronics 

housed within titanium cylinders for abrasion resistance and 

heat conduction.  The transmitter employed a step recovery 

diode to drive a monopulse waveform at a repetition 

frequency of 100 kHz and a peak-to-peak voltage of 1000 V.  

The receiver employed a 12-bit 500 MHz ADC to capture 

full-waveform data at time intervals of 3 ns over a total time 

window of 2000 ns.  The data were stacked internally within 

an FPGA aboard the receiver 5,000 times.  To eliminate any 

wires, the raw data were recorded onto microSD cards 

mounted within the receiver.  The receiver also contained a 

GPS with a helical antenna for positioning at 10 Hz.  Since a 

helical antenna at ground level is less than ideal for GPS 

accuracy, the on-board GPS was used only for GPS time-

stamping.  An OmniStar® DGPS was mounted on the vehicle 

and recorded positions at 10 Hz, allowing the radar data to be 

post-processed with accurate GPS positions and elevations.    

Thus, the entire radar, centred at 40 MHz, was contained in a 

single, 5 kg, “snake” which could be dragged by a vehicle at 

up to 50 km/hr with a trace spacing of 1 m (Fig. 2). 

III. GPR SURVEYS OVER THE WĀDI AL-HAYĀT 

The existence of paleochannels beneath the Wādi al-

Hayāt in the Murzuq Basin of Libya is discussed in [2] and 

[12].  The wadi is an extensive river system which drains the 

south-eastern slopes of the Accacus Mountains, the Uan Kasa 

Valley and the western slopes of the Messak Sataffat [12].  

[2] mapped fluvial sands and gravels along the course of the 

wadi, dating to c. 8000 BP.  As this site is accessible and 

easily drivable, it was selected as a test site for the deep GPR 

imaging. 

 
Fig. 2. Collinear dipole antennas towed behind vehicle 

 

Approximately 250 km of GPR data were acquired in a 

rough grid pattern across an 18 km-wide gravel pain between 

the Ubari Sand Sea and the toe of the Messak Settafet (Fig. 

3).  The gravel plain is believed to represent the last phase of 

evaporation of large Holocene lakes some 3000 years ago 

[13].  Each radar profile ranged from 8 to 20 km in length and 

were generally oriented perpendicular to the contemporary 

drainage direction.  The data were processed using only gains 

and topographic corrections based on DGPS elevations. 

Fig. 4 shows a typical segment of data acquired atop the 

Wādi al-Hayāt.  The profile shows parallel undulating 

reflections which do not appear to be multiples as they do not 

mimic either the topography or any other sub-surface layer.   

It was noted that the ability of radar to image bedding within 

this unit varied considerably depending on location, ranging 

from only 20 m to beyond 70 m penetration.  Drilling in this 

region has indicated the presence of alternating sandstone 

and limestone beds, which likely accounts for the layers 

witnessed on the radar profiles.   

Although these undulating layers were visible to varying 

penetration depths throughout the surveyed area, significant 

variations in the near-surface radar signatures was evident in 

specific regions.  Fig. 5 shows one such anomalous region, 

with strong reflections from surface to approximately 10 m 

in this example.  Whilst the base of these strong reflections is 

characterised by the omnipresent undulating layers, the 

internal structure appears laminar and bowl-shaped, 

suggestive of an in-filled paleochannel.  This interpretation is 

supported by evidence that the strong layered near-surface 

reflectors appear to truncate the underlying fainter undulating 

reflections. 

 
Fig. 3. GPR line locations across Wādi al-Hayāt (UTM 33N) 

 
Fig. 4. Typical radar reflection signature over gravel plains 

 

 

 



 
Fig. 5. Sub-parallel reflections to 40 m depth 

 

In order to differentiate subtle variations in radar 

responses, both AGC and SEC-type gains were employed to 

highlight textural variations (AGC) and amplitude variations 

(SEC-type).  A deconvolution filter was then used to reduce 

noise and enhance coherent events.  Fig. 6 shows the results 

of the two processing schemes as well as a rough 

interpretation of a paleochannel.  The SEC-type gain 

highlighted a near-surface channel feature to a depth of 20 m, 

whilst the AGC gain revealed a second underlying channel to 

depths beyond 35 m.  The individual reflections may 

represent layers of moist argillaceous sands within more 

siliceous sand horizons.   

This interpreted paleochannel was mapped elsewhere 

across the gravel plain at depths ranging from 24 m to 35 m.  

The width of the channel may have been exaggerated by 

crossing its trajectory at oblique angles.  Fig. 7 shows an 

isopach map of the depth of near-surface gravels, which show 

a trend from the SW to the NE, interpolated using a Kriging 

algorithm. 

  
Fig. 6. Combination of processing schemes to image paleochannel 

 
Fig. 7. Isopach showing depth of near-surface gravels 

[14] provides a map of the paleohydrology of the Wādi al-

Hayāt within which the study area is situated (Fig. 8).  As the 

frequency of the radar did not permit the imaging of the upper 

2 m of sediment, contemporary wadis visible on satellite 

images could not be correlated to the GPR data.  However, 

the published studies and the present GPR data present 

compelling evidence of the existence of a significant 

paleochannel beneath the Wādi al-Hayāt, extending at least 

200 m across and up to 35 m in depth.  Indeed, when 

compared to the map presented by [14], the GPR-derived 

map of paleochannels appears to match well (Fig. 9).  

However, the GPR data also shows a second, more 

prominent, paleochannel to the north-west flowing parallel to 

that mapped by [14] which may represent the original path of 

the Wādi al-Hayāt.   

Another approach to correlating contemporary wadis to 

those mapped by GPR is through the examination of 

available satellite imagery.  SPOT coverage in the survey 

area indicates the presence of present water-flow, evidenced 

by recent evaporates which are shown as white on the 

satellite imagery.  In addition, clusters of vegetation follow a 

similar path.  Image processing was used to highlight these 

white zones and clusters of vegetation to map the 

contemporary wadis (Fig. 10).   

 
Fig. 8. Map showing the paleohydrology of the Wādi al-Hayāt plain [12] 

 
Fig. 9. Radar interpretations paleochannels atop published paleohydrology 

showing deeper channel 8 km to the north 

 



 

 
Fig. 10. Contemporary water pathways (light blue) and paleochannels 

mapped by radar (hatched dark blue) 

 

Overlaying the map of contemporary wadis atop the GPR-

derived map of paleochannels suggest there is little 

correlation save for the general direction of flow.  Similar to 

the wadis mapped by [14], the radar paleochannels are offset 

to the NW by 4.5 km and are considerably wider than the 

recent channels, suggesting that the Wādi al-Hayāt was a 

significant river historically. 

The SPOT imagery also shows an agricultural project to 

the immediate north-east of the detected paleochannels, 21 

km from the survey area.  The location of the project, which 

derives irrigation water from subsurface sources, appears to 

lay directly in line with the largest and deepest paleochannel 

detected by radar, further supporting the hypothesis that the 

features detected by GPR are contemporary groundwater 

flow paths (Fig. 11). 

IV. CONCLUSION 

The extensive network of paleochannels which drained 

the once-tropical Sahara have been previously studied by 

examining contemporary topographic models and satellite-

born radar data, the former to map present drainage systems 

and the latter to map those visible within the first few metres 

of the ground.  However, the ability to map deeper, and thus 

older, paleochannels had not been realised.   

 
Fig. 11. Map showing agricultural project along path of radar-detected 

paleochannels 

 

 

A purpose-built GPR instrument was tested on the Wādi 

al-Hayāt in Libya, a site of known paleochannels.  The 

instrument was towed over a large survey area at high speed, 

enabling over 250 km of data to be collected in two field 

days.  The resultant profiles, once processed to highlight 

lenticular reflection shapes which were discordant with the 

ubiquitous laminar reflections, were interpreted to develop an 

isopach map showing the depths of these interpreted 

channels.  What appears to be a braided system is shown on 

the GPR-derived map, with one channel coinciding with 

previously-published hypothesised wadis and contemporary 

satellite imagery.  However, a second, larger, channel is also 

evident on the GPR data which may represent the original 

course of the Wādi al-Hayāt. 

The ability of such a radar instrument to map vast areas 

rapidly and at low cost would enable a more expansive 

imaging of the Sahara’s ancient fluvial pathways.  Whilst 

contributing to the understanding of the region’s 

paleohydrology, these channels, once mapped, may be 

tapped for desert agricultural projects and for potable water 

supplies. 
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