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ABSTRACT 
 

The North-Western Sahara Basin (NWSAS) comprises two main aquifers: the deep “Continental Intercalaire” (CI), and the 
“Complexe Terminal” (CT). With a surface area of approximately 1 000 000 km2, the CI extends across three countries,  
Algeria,Tunisia and Libya (Fig. 1) and constitutes one of the largest groundwater systems in the world. This resource is 
generally considered as being “fossil”, i.e. inherited from previous climatic conditions, more humid than at present, with a 
very limited modern recharge. This basin supplied an estimated volume of 2.2 billion m3 fresh water for domestic water 
supply, agriculture and other industrial purposes. Groundwater withdrawals from the NWSAS increased from about 14 m3/s 
in 1950 to 82m3/s in 2000, resulting in decreases in the natural water flows. 
Over the last two decades, isotopic investigations have been carried out (18O, 14C, 36Cl) and rare gas (He, Ne, Ar, Kr, Xe) to 
assess the groundwater resource potential in the Sahara of Algeria, Tunisia and Libya. The compilation of isotopic data 
indicate that waters from CT and CI aquifers are characterised by depleted oxygen-18 and deuterium isotope contents as 
compared to that of the modern rainfall. This would suggest that the modern rainfall is not recharging these ground waters. 
Although some sources for active recharge cannot be neglected. Different studies have shown that the NWSAS is recharged 
by infiltration of surface runoff around the periphery of the domain, particularly around the Saharan Atlas, the Dahar, 
Tadmait and Tinrhert as well as in the Great Occidental basin during years of exceptional rainfall. 
The main objective of the present study, is to gather all these data and to examine how they may be interpreted in terms of 
groundwater residence time, recharge rate, evaporation losses can help the water managers of the three involved countries to 
develop or refine appropriate models. This should facilitate the implementation of a trans-boundary integrated management 
of the shared resources.  
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1. INTRODUCTION 
The North-Western Sahara Basin (figure 1) extends over much of Algeria (700.000 km2), Libya 
(250.000 km2) and Tunisia (80.000 km2) and is an arid region with rainfall ranging from 20 to 
100 mm·yr-1. The majority of the 4 million people living in this basin depend on groundwater 
resources for its water needs. As groundwater abstraction increases, the need increases for more 
precise hydrologic data to help refine management decision tools/models on water use. As a 
consequence, the three countries sharing the system are endeavouring to improve the state of hydro-
geologic knowledge for sustainable management of their shared groundwater resources.  The purpose 
of this study is to document the current knowledge of the NWSAS based on recent results of isotopic 
investigations. 
 
2. OBJECTIVES 
The main objective of the current study is therefore, to gather essential and updated information on 
groundwater isotopic characteristics that would be usable by water managers of the three involved 
countries to develop or refine appropriate models. This should facilitate the implementation of a trans-
boundary integrated management of the shared resources.  
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Fig.1. Map showing major basin features of the NWSAS and sampling points (Algeria part) 

3.ISOTOPE RESULTS AND DISCUSSIONS 
The isotopic data acquired so far from the aquifers show clear variations from one aquifer system to 
another reflecting differences in aquifer composition, recharge mechanisms, groundwater flow 
directions, groundwater age, groundwater mixing conditions, and hydraulic connections between 
aquifers.  
3.1Stable isotopes results:  
Comparison between the isotopic compositions of the aquifer systems with that of the present day 
rainfalls show major differences (Fig.2). Although some exceptions can be observed, the groundwaters 
in all the aquifer systems are generally isotopically depleted than the weighted mean isotopic 
composition of present day rainfall. In the Great Oriental Erg the groundwaters from the CI are the 
most depleted and the most isotopically homogenous, the values ranges between -5 and -9 ‰ (18O) 
(Guendouz, 1985, Andrews, et al, 1985, Guendouz, et al,2003, Edmunds et al., 1997, 2003). The most 
depleted part represents the deepest and confined part of the aquifer (-7.9 and -9.0 ‰). The most 
enriched part of the aquifer water is limited to the recharge areas: Saharan Atlas, the Dahar mountains 
in Tunisia (-6 to -8.5) ‰.. However, high variability and generally enriched waters are common in the 
aquifers of the CI in the Occidental Erg, with ranges from -4.0‰ to -8.0‰ for 18O and from -49.6‰ to 
-65.1 ‰ for 2H. Waters of the CT aquifers have variable compositions, the majority of them plot 
below the GMWL following an evaporation slope. In some places, highly depleted waters from the CT 
are observed.  
 
1.2 Carbon-14 activities 
The carbon-14 activity shows two major trends (Guendouz, 1985, Andrews, et al, 1985, Guendouz et 
al, 2003, Edmunds et al.,1997, 2003). Up to 100 km from the supposed recharge zone in the Atlas 
Mountain detectable values were obtained (50 to 60 pmc). At distances greater than 100 km, the C-14 
activity is nearly the detection limit until it reaches the Tunisian outlets where the C-14 activity 
reaches nearly zero. 
CT aquifers generally contain variable C-14 activity though it is generally higher than that in the CI. 
The radiocarbon data indicate that a gradient in groundwater age exists in the main CI and CT aquifer 
system as one goes along the groundwater flow directions. Some tritium containing and relatively high 
carbon activity waters are observed in shallow unconfined aquifers and in groundwater bodies around 
the mountainous areas indicating the presence of modern recharge. 
At the scale of the whole Sahara basin (North Africa) (Fig.3) shows that there is a depletion in heavy 
isotopes which is a function of age. The deep CI aquifer waters are old and depleted in 18O, whereas 
the CT waters are younger and have more varied, but higher, 18O values. This same trend has already 
been observed in aquifers of the Kufra and Sirte basins in Libya. This indicates that the recharge 
coincides with the humid period of the late Pleistocene (20-40 ka) that has been demonstrated to have 
existed across the whole of northern Africa (Edmunds, W.M., Wright, E.P. (1979) Gibert 1990, Fontes 
and Gasse, 1991). (Gasse, F. Tehet, R. Durant, A., Gibert. E., & Fontes, J.CH., 1990) 
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3.1Chlorine-36 and Noble gases  
Chlorine-36: Chlorine-36 contents in the CI aquifer, expressed as atomic ratio (36Cl/Cl) and in atomic 
concentration (at.l-1), vary respectively from 8_99x10-15 at.at-1 and from 0.90_3.53 x108 at. 
The meteoric, epigene and groundwaters production of  36Cl is respectively: 116x10-15 at.at-1,  
 116-133x10-15, and from 8-99x10-15 at.at-1. The calculated 36Cl residence time, for the points situated 
on the main flowpath (fig.1), varies between (500 and 1Mka). This increase of residence time is 
observed up to about 500 km from the recharge zone. (Guendouz, A. and Michelot, J.L., 2006). 
Noble gases: The recharge temperatures derived from noble gases (He, Ne, Ar, Kr, Xe) for the CI 
samples were generally lower than the samples collection temperatures and the present day air in the 
areas of recharge. Along the main flow direction west to east from the Atlas mountains, the recharge 
temperatures range, with no noticeable spatial evolution from 14-24 °C with an average of 16.9°C. 
This is some to 4-5°C cooler than the present mean annual temperature in the recharge area (20°C) 
(Guendouz et al, 1997).  
 
 
 
 
 
 

 

 

 

 
 

Fig.2. δ18O-δD plot of all water samples from the basin with respect to the GMWL and the weighted mean isotopic 
composition of rainfall (big circle). 
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Fig.3.  Plot of δ18O against 14C (pmc) of all groundwaters at  the scale of the Saharan basin (North Africa) 
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4. CONCLUSION  
The relationship between 18O and 14C ages confirms the palaeoclimatic feature of the recharge which 
occurred during the humid periods of the late Pleistocene (20-40 ka) and the Holocene (0-4 ka) 
corresponding with what is known from past climatic records. 
The estimated range of initial ratio36Cl/Cl was found very close to that observed for groundwater 
occurring elsewhere in the world. Moreover, radioactive decay accounts for the observed decrease of 
36Cl concentration along the main flowpath (W_E) from the Atlas mountains in Algeria to the Gulf of 
Gabes in the Mediterranean coast of Tunisia. This leads to age estimates up to 500 ka to more than 
1 Ma. 
The recharge temperatures derived from the noble gas contents in the CI were found to be 4-5°C 
cooler than the present mean annual air temperature. The relationship between recharge temperature 
and 14C supports the hypothesis that these waters infiltrated during cooler, more humid climatic 
conditions.  
The recharge temperatures derived for the CT samples, are consistent with the current annual mean 
ambient temperature prevailing in the recharge area of the Grand Erg Oriental, consistent with 
Holocene recharge. This is supported by the isotopic data, in particular the corrected radiocarbon ages 
(0-4ka) which imply relatively modern recharge  

REFERENCES 

Andrews, J.N. Fontes, J.Ch. & Guendouz, A. (1985) Résultats inédits de la campagne 
d’échantillonnage effectuée en Algérie (Sahara nord-est Septentrional) en Avril 1985 sur les gaz 
nobles, isotopes stables (18O, 2H, 13C) et radioactifs (14C). Internal Report. 
Edmunds, W.M., Shand, P. Guendouz, A. Moulla, A.S., Mamou, A. & Zouari, K. (1997) Recharge  
characteristics and groundwater quality of the Grand Erg Oriental Basin, Final report. EC (Avicenne) 
Contract CT93AVI0015, BGS Technical report WD/97/46R, Hydrogeology Series. 
Edmunds, W.M., Wright, E.P. (1979) Groundwater recharge and palaeoclimates in the Sirte and Kufra 
basins. Libya. 
Edmunds, W.M. Guendouz, A. Mamou, A. Moulla, A.S. Shand, P. & Zouari, K. (2003) Groundwater 
evolution in the Continental Intercalaire aquifer of southern Algeria and Tunisia: trace element and 
isotopic indicators, Applied Geochemistry, Vol. 18, No. 6, pp. 805-822. 
Fontes,  J.Ch. Gasse, F.  & Andrews, J.N.  (1993) Climatic conditions of Holocene groundwater 
recharge in the Sahel zone of Africa. Isotopes Tech. in The Study of Past and Current. Environmental 
Changes in the Hydrosphere and the Atmosphere. Proc. Symp., Vienna, (1993) 231-248 
Gasse, F. Tehet, R. Durant, A., Gibert. E., & Fontes, J.CH. (1990) The arid-humid transition in the 
Sahara and the Sahel during the last deglaciation. Nature 346 (1990) 141-146. 
Gibert, E., Arnold, M., Conrad, G., de Deckker, P., Fontes, J.CH., Gasse, F. & Kassir, A. (1990) 
Retour des conditions humides du tardiglaciaire au Sahara septentrional (Sebkha Mellala, 
Algérie).Bull. Soc. Géol. de France, 8 (VI,3), (1990) 497-504. 
Guendouz, A. (1985) Contribution à l’étude hydrochimique et isotopique des nappes profondes du 
Sahara septentrional, Algérie. Thesis Doctorat, Univ. Paris XI, (Orsay), 243 p. 
Guendouz, A. &  Michelot, J.L. (2006) Chlorine-36 dating of deep groundwaters from northern 
Sahara, Journal of Hydrology, 328, 572-580 
Guendouz, A., Moulla, A.S., Edmunds, W.M., Zouari, K., Shand, P. & Mamou, A.(2003): 
Hydrochemical and isotopic evolution of water in the Complexe Terminal aquifer in the Algerian 
Sahara, Hydrogeology Journal, Vol. 11, No4, pp.483-495. 
Guendouz, A. Moulla, A.S. Edmunds, W.M. Shand, P. Poole, J. Zouari, K. & Mamou, A. (1997). 
Palaeoclimatic information contained in groundwaters of the Grand Erg Oriental, North Africa. 
International Symposium on Isotope Techniques in the study of past and current Environmental 
Changes in the Hydrosphere and the Atmosphere. Vienna, IAEA (14-18 April, 1997). IAEA-SM-
349/43.(1997). 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


