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Unlocking the Deep Fossil Aquifers of the Sahara and Sahel
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Comité Scientifique Francais
de la Désertification

La création, en 1997, du Comité Scientifique Francais de la Désertification, CSFD,
répond a une double préoccupation des ministéres en charge de la Convention des
Nations Unies sur la |utte contre la désertification. D'une part, il s'agit de la volonté de
mobiliser la communauté sclentifique francaise compétentea an matiére de désertification,
de dégradation des terres et de développement des régions arides, semi-arides et
subhumides afin de produire des connaissances et servir de guide et de consall aux
décideurs politiques et aux acteurs de la lutte. D'autre part, Il s'agit de renforcer le
positionnement de cette communauté dans le contexte international. Pour répondre a
cas attentes, le CSFD se veut une force d'analyse et d'évaluation, de prospective et de
sulvi, d'information et de promotion. Le CSFD participe également, dans le cadre des
délégations francalses, aux différentes réunions statutaires des organes de la Convention
des Nations Unies sur la lutte contre la désertification : Conférences des Parties, Comité
de la Science et de la Technologie, Comité du suivi de la mise en ceuvre de la Convention.
Il est également acteur des réunions aux niveaux européen et International. |l contribue
aux activités de plaidoyer en faveur du développement des zones séches, en relation
avec |a société civile et les médias. Le CSFD participe 4 des réseaux internationaux (par
axemple le réseau international DNI, DeserNet International).

Le CSFD est composé d'une vingtaine de membres et d'un Président, nommés
intuitu personae par le ministére de I'Enseignement supérieur, de la Recherche et de
I'Innovation et issus des différents champs disciplinaires et des principaux organismes
et universités concernés. Le CSFD est géré et hébergé par Agropolis International,
association de meédiation sciences-sociétés qui s'appuie sur un écosystéme académique
remarquable en région Occitanie dans les domaines de l'agriculture, de I'alimentation,
de la biodiversité et de 'environnement. Le Comité agit comme un organe indégendant
at ses avis n'ont pas de pouvoir décisionnel. Il n'a pas de personnalité juridique.
Le financement de son fonctionnement est assuré par des contributions du ministére de
I'Europe et des Affaires étrangéres, du ministére de la Transition écologique et solidaire.
La participation de ses membres a ses activités est gracieuse et fait partie de I'apport du
ministére de I'Enseignement supérieur, de la Recherche et de |'Innovation.

Pour en savoir plus
www.csl-desertification.org

La rédaction, la fabrication et la diffusion de ces dossiers sont entiérement a la charge
du Comité, grice a I'appui qu'll regoit des ministéres francais. Les dossiers thématiques
du CSFD sont téléchargeables sur le site internet du Comité, www.csf-desertification.org

Pour référence

Travi Y., 2021. Les ressources en eau profonde du désert du Sahara et de ses confins
arides et semi-arides. Les dosslers thématiques du CSFD. N°14. janvier 2021.
CSFD/Agropolis International, Montpellier, France. 56 pages



The Greatest Continuous

Arid Region on Earth 9 5%

Hides a Paradox o™ 4
OT giobal water use

North Africa faces absolute surface water oy $icoie VN8 relies on actively
scarcity (SDG 6). Yet, beneath the sand lies 7 s renewable surface
one of the planet's largest continuous resources.

stocks of liquid freshwater, comparable in
surface area to the continent of Europe.

relies on deep

7 groundwater stocks—a

o critical lifeline for the
Sl 4 world's hyper-arid

i zones.
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Two Distinct Hydrological Realities

Renewable Aquifers

Replenishment:
Active and continuous (via rain, rivers).

Management Model:
Agricultural. You harvest the yield.

Financial Metaphor:
Using the “Interest.” As long as
extraction equals recharge, the resource is
sustainable indefinitely.

Non-Renewable (Fossil) Aquifers

Replenishment:
Negligible under modern climatic conditions.

Management Model:
Mining. You extract a finite stock.

Financial Metaphor:
Spending the “Capital." Extraction
permanently draws down the geological
savings account.
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Anatomy of a Deep Confined Aquifer

i, —-@ Artesian Flaw: Trapped under intense

I///l I////

\rsoggar Tibesti

@ The Recharge Zone:
Ancient mountains (Hoggar, ‘
Tibesti) where rain originally
infiltrated millennia ago.

@ The Confined Aquifer:
Porous sandstone rock sandwiched

between impermeable clay layers. \ /
Every cubic meter holds SO+ liters S —
of fresh water.

@ Artesian Flow:

Trapped under intense pressure from
higher elevations, puncturing the seal
forces water to the surface naturally.
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/ 117 pressure from higher elevations,
puncturing the seal forces water to
the surface naturally.
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Hydraulic Decompression:
Pumping does not “empty the tank”
by draining it dry; it drops the intenal
pressure, stopping natural flow.
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Relics of a “Green Sahara”

These deep aquifers are not a product of the
modern climate. They are massive
ecological time capsules.
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4,000 Years BP:

The climate shifts dramatically.
The rivers dry up. The aquifers
are cut off from major
atmospheric recharge,
effectively sealing them.

o weridWater Challenge

Present Day:

Desert oases remain as
the final, lingering
remnants of an ancient
hydrological cycle.

4 4 100,000 BCE - Early Holocene:

vt W'y Massive river systems and
paleolakes dominate the Sahara.

Heavy rainfall infiltrates deep

sedimentary basins.




The Science of Memory: How We Date Water

The Climate Thermometer (Stable Isotopes)
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The exact ratio of heavy to light isotopes in the water
molecule records the precise atmospheric temperature and
rainfall conditions at the moment the water seeped into the

earth thousands of years ago.

Oxygen-18 (®0)
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The Submerged Clocks (Radio-isotopes)
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é@ - Carbon-14: Accurately dates water up to 35,000 years old.

55, « Krypton-81: A noble gas used to date hyper-ancient
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> reserves up to hundreds of thousands of years old.
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The Underground Giants

Nubian Sandstone Aquifer

System (NSAS): 2.2 million

km?. Shared by Egypt, Libya,
Sudan, and Chad.

North-Western Sahara Aquifer Taoudeni
System (SASS): 1 million km?2. Basin

Shared by Algeria, Libya, and
Tunisia. -

Chad Basin: 1.5 million km?Z.
Shared by Niger, Nigeria, Chad,
Cameroon, and CAR.

Every major fossil aquifer is transboundary. [\EQEileRtal=lig "requires unprecedented géopolitical
cooperation because a deep bore well in one country directly drops the pressure in a neighboring state.




Oasis Pool

Oases are not arbitrary surface
ponds; they are the natural
pressure-release valves of deep
fossil aquifers.

* Driven entirely by deep
geological artesian pressure.

 Act as the exclusive life-support
system for unique micro-fauna
and millennia-old human
settlements.

« Highly vulnerable: Any drop in
the regional underground
pressure stops the upward flow,
severing the lifeline to the
surface.
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| 1. Artificial Extraction: Deep "\ 5. Terminal Salinization: Natural
boreholes pump water at rates dissolved salts are left behind. #
| vastly exceeding the near-zero | Freshwater havens transform g
natural recharge. | into toxic, lifeless salt crusts. =
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4. Stagnation & Evaporation: e 7
Surface lakes lose their fresh
water inflow. High desert heat
causes aggressive evaporation. =

2. Hydraulic Decompression:
The physical pressure within the
confined aquifer drops rapidly

across hundreds of square miles.

3. Cessation of Artesian Flow:
Surface springs and oases lose

the upward pressure required to
break through the desert floor.



Case Study: The Erasure of Kufrah

A magnificent, vibrant freshwater lake
surrounded by deep vegetation and
human activity.

Intense deep pumping in the region drops
artesian pressure. Inflow stops. The lake
concentrates, turning highly saline.

Total collapse. The lake has completely
vanished, leaving behind dry dust, salt
crusts, and a dead ecosystem.

An ecological balance sustained for tens of thousands of years was
permanently erased in just 80 years of mechanical extraction.
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The Policy Dilemma: Spending the Capital

Fossil aquifers force a mining dilemma entirely distinct from standard water management.

Path A: Rapidly exhaust a non-renewable
geological resource to fund immediate
agricultural and economic growth, banking
on future technological salvation.

Path B: Artificially cap hurnan growth
and agricultural development to
preserve ancient waters for
intergenerational equity.

Hydrogeologlsts can map the bounds of the hldden ocean and calculate the exact speed of its depletlon.
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