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Abatzact 

A 42 m drillins was pertormed in the depresalon of Bilma. Xawar. JE-lfi&n. The aediment and pollau 
records ahow that a!ter an lnitial depoaitloa. of dune aanda t.here were repeated lake phuea whicb 
terminatad by daalccatlon and conaolidatlon of aprina mounda. fh• pollen record lndicatea a continuoua 
prea•nce of aavanna veaetatlon. The record probably covera the period between the Upper Plelatocena and 
the Late Bolocane. Tb• cllmate waa characterlaed by a monaoonal aummer raln real•• &ivin& e!fect.lva rain 
fall of about 450-500 maa per year. Groundwater recharaa waa poaalble but eatlmatea of t.ha amount. of 
water reaourcea are difficult. becauae of t.be karatic ayatem of tbe eacarpment and the nearly unknown 
hydroaeoloalcal aituatlon. 

Jlla-.6 

Dans la dlpreaaion de Bilma. Xawar. JE-Hiaar. un !oraae de 42 m a 6t.6 r6alla6. La a6quenca couvre la 
p6riode entre h Pl6iatoctne aup6rieur et l'Bolodne tudif. Aprta une phaae lnitiale eh d6p4ta du 
aablea dunalraa, troia phaaea lacuat.rea aont viaiblea, chaque !oia terminlas par une plriode da deaaic
catlon et formatlon de dlpOta de aourcea en butt.es. Las inveatiaationa polliniquea montrent que, pandant 
touta la p6riode, une vl&ltation de aavana 6tait dominante. L• palloclimat 6tait caract6ria6 par un 
rl&lme da mouaaon et dea prlcipltat.iona e!fectivea d'environ 4S0-500 mm par an ainai que dea invaaiona de 
d6pre11ion1 atlantiquea. Une rechars• de la nappa pbr6at.ique itait poaalbla, mala la connalaaanca lnauf
flaante da l'hydro&iolosi• et du ayat••• karatlque rend 'une eatlmation dea reaaourcea en.eau tr•• diffi
clle. 

IftllODUCTIO• 

'lhe ateadily &rowina damand of water in daaerta 
forcaa man to axplolt !oaail non ranawable re
aourcea. Often t.he amount of aroundwater remaina 
unknown, eapeclally when the bydroaeoloalcal 
altuation of tha realon ia almoat unravealed. In 
theae caaea the palaaoanvironmental hl1tory pro
vides neceaaary information about tbe perioda of 
a poaaible rechar&• of sroundwatar~ 

The depreaaion in front of tbe Bilma eacarpmant. 
in 'the aouthern Xawar. BE-Ji&er, wbicb today 
belonaa to tba dryeat parta o! the Sahara. haa a 
lonalaatin& hiator7 of palaaolakaa [1. 2. 9]. 
These racorda ahow ·the dependence of thoae 
&roundwaterfed lakel OD the aquifar in tha ea
carpment and tha dl!!arent raaction of tha ainsu
lar latea. 

(*) GeoaraP,ical Institute. Univ. of Würzbura, Germany. 
(**) Department of Geolo&Y. Univ. of 111-.y, lfl&er. 
(***) Ltmnoloaical In1t1tut.a. Monds••· Austria. 

In Dacember 1988, a 42 • drllllna waa aatabllabed 
on the top of t.he hlll of BU.11a for t.he local 
water auppl7. 
Benamour (Hin. 

Tha drillins waa 
Bydrol. llamey) 

auperviaacl by 
wbo collected 

aamplea durins the drillins and tranamlttad tbam 
to tha Gaol. Dapt. of Riamay Univeralty for 
further lnveatlaationa. thla paper preaenta tbe 
!trat raaulta includina the atratiaraphy. tba 
pollen racord and a concluaion concernin& tbe 
palaaoenvironmental and palaeocli•atoloaical 
biatory. Other lnv .. tl&atlona will concern th'e 

aedlmentoloay aa wall •• tbe content of alaae and 
pi&menta. 

SDAt'IGJI.APIIY 

Baale layera of blaachad dune aanda and reworked 
soll material are overlain b:r a two t.lmea re
peated aequance of lake aedimanta. Zach lake 
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deposU. ls covarad by a la,.ar of cansolidated 
ailt, aand and lron oxldea repraaentln& tha 
cemantatlon of a aprln& mound. Tha upper laka 
aedlmenta ara overlain by sandy peata and a 7 m 
depoait of dune sand. Tha record lndicatea 
aimllar hydroloalcal condl tlona durina aost of 
tbe t.iaaa. Lakes wer• aroundwat.erfed by lara• 
art.aalan aprin&• whl.ch wera covered by cemant.ed 
sllta sand and lron oxldes after the dealccat.lon 

fo tha lake. t'h••• sprln& mounda are still the 
basls for tbe bortlculture of tbe oasls. 

t'BE !OLLD JIECORD 

Tb• samples war• prepared wit.b tbe claaslc combl
natlon of BF-, BCl-, ancl acetolysis treataaents. 
Pollen arains war• countecl to tbe polnt of con
slstency in the spectra. Tb• pollen sum lncludea 
all pollen except fern spores and varlea betwaan 
250 and 1,200, (fi&. 1). 

Tba aaediterranean elements include ~ and 
~; tbe medit.-preaaharan Artemisia, ~. 
Ephedra, Holtklopsis: t.be saharan Acacia, Bala
nites, Haerua, Capparis, Cassia, Fasonla, Aerva, 
Cornulaca, Salvadoraceae, Monsonia, Iribulus; the 
aahelian ~. Piliost!sma, Combretum, ~. 
Zizlphus, Indiaofera, Boscia, Commelina, Rosl•ra, 

Mi trac arpus: t.be sudanlau Borassu1, Himoaaceaa, 
Dlospyroa, Khaya, ~. Alehornea, Rymeno
cardla, Ant.idesma, Securineaa, &!.nsm!.. Hewlttia 
and Drosera, and the auinean elements Danlellia, 
Nauclea, cf. Lophlra, Rublacaae and Saplndaceaa. 
th• plurire&lonal-ubiqult.ous element• lnclude tba 
Capparldaceae, ~. Compositaa,. Convolvu
laceae, Cruclferae, Cucurb1taceae, Euphorblaceae, 
Irldacaae, Lablatae, Llllaceaa, Malvaciaa, 
~. Papilionaceae, Plantaso, Polycarpaea, 
Polysala, Resedaceae, and Solanaceaa. 

Tb• sequence ls domlnated by tbe elemants of an 
open vaaetation, eapecially th• Gramineae. 
Cyperac••• and ChenopodiaciaeiAmarant.baceae are 
of ainor lmpo.rt.anca.. A comparlaon wlth the 
present pollen precipitation (7, 8) ezcludes th• 
re&lonal preaence of the savanna-deaert boundary. 
Over the whole period, a aavanna ve&etation in 
different t.ypea waa predominant fo.r tbe re&ion. 

POLLD zo.a 

1. Durin& the accumulation o! tha baalc dune 

sanda a aparse Acacia-~ savanna covered tbe 
re&lon. Some audanian trees and bush•• llke 
piospyros o! ~ aay have been present around 
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wet placea near t.be eacarpment. 

2. First period of Lake development wltb an 
intercalatlon of dune aand. A.round the Lake 
t.here was a sudanlau alluvial veaetation preaent 
lncludlna piospyros an~ Alchornea. Droser~ is an 
indicator for poor soll typea elther on sand or 
on swamp ln tha sudanian zone. Tbe rocky areas 
wera covered by an open aahelo-saha.ran savanna of 

t.be WS!.!.-H!.U!!.!.-Capparh type. 7ha water 
aurtace of t.he lake trapped a portion of pollen 
whlch was transported over lon& distances. At 
the end of · thia perlod the lake daalccated and 
the sprin& was covered by a laya.r o! cemented 
allt, sand, and iron oxide. 

3. Sacond period of lalte development. the 
sudanian alluvial vesetation a&a1n was preaent 
around the lake aaarked by Diospyros and ~ 
!!.!..!. and a sahelian type savanna covered the 
plain of the 'l'enere. The part of tha pluri-
r•&ional or ubiqui toua pollen also conflrms the 
open cbaracter of the vesetation. After tbe 
desiccat.ion of the Lake tha aprins was asain 
coverad by cemented 1and and silt. Tb• dasic
cation and th• formation of a ~-swamp 1• 

1nd1ceted by the lars• amount of ~ pollen. 

4. t'he t.bll'd lake phue ls aaaln cbaracteriaed 
by the format.lon of a sudanlau t.yped alluvial 
vesetation and ot a aahelian aavanna on tha 
plaina. To the end ot this pe.riod tha 1abaran and 
sahelian alemants becam• more and more 1mportant. 
Allo tha portion ot. tha pollen transport.ed over 
lona dilt.ancu !rom· tba North and th• Soutb 
1ncreaaed. After tbe deslccation of the lake t.he 
sita was covered by a sandy peat. Tbe aample of 
the paat layar ahows a aaharo-aahelian vaaetatlon 
witb only a few sudanian elements. 

DA!A!IO. 

A serlea of rediocarbon datat.ions and a atrat1-
araphical compariaon wlth simila.r profllu from 
the reslon ( 1, 5, 7) are tb• basa of a Urst 
chronolosy. Th• datations are made on oraanic 
material (6, 21, 34) and carbonatea (7. 10) by 
Prof. Font.. (Labo. Bydrol. G6ochim. hotop. 
Orsay. Franca). They represent a loslc aequenca 
and confirm ~b• Ea.rly and Hiddle Bolocene aae of 
pollen zone 4 (3740 ±150 B.P. I 6860 ±115 B.P. I 
8590 ±120 B. P. ) • tbe lower part of zone 3 and 
zone 2 belonaa to tha Upper Ph1at.ocena (2.3680 

±38!50 B.P. I 21490 ±2940 B.P.). Tbe ••r&e of 
error restricts a further discussion of the aae 
of the lower part of tbe aequence. 
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PAY•YOCJ.IItA'rOLOGICAJ. Illl'l.ICA'IICDS 

the vese~a~1on ~ypea reconatructed for the Upper 
Pleia~ocene and Bolocene indica~e tha~ t.he cll
ma~• was domina~ad by a monaoonal summer raln 
reslme. On• haa ~o count. on an equivalent of a 
preclpitation of about 450-500 mm par year. But 

thare ••r• also important invaslona of atlantic/ 
medlterranean depresaions. which are indicatad by 
the elementa of the lons dlatanca transport in 
tba pollan apectra. 

DISCUSSIO. 

Dne baa certainly to count on aome dlaturbations 
and desradat.iona ot tha plant. cover durins the 
dealccation pbaaea o! the lakea. but. the repeated 
reeatablishment o! the aavanna envlronment ia 
evident. 

A comparison with aimllar profilas la di!ficult. 
the neareat pro!ile comea from Eaat of Lake Chad 

(4) and covera the Bolocene. Comparable altes in 
the· northarn Sudan (6] are also of Bolocene aaa. 

theaa pollen records wera intarpretad in tarms of 

ahifta in the zonal veaetation durins the Bolo
cane. 

the Bllma record in contrary indicatas that one 

Jlatenacaa 

(1) 8aumhauer, R •• 1986.- Würzburser Geosr Arb •• 6S. 

bas not to count on a simple sbift of vasatatlon 
belts but on a princlpally different mosalc of 

veaetatlon typea durins the Upper Pleiatocene and 
Hiddle Bolocene. 

COICLUSIO• 

the Bllma record shows that durins t.he Upper 

Plelatocene up to tbe Hiddla Bolocane there wer• 
different Lake !ormations and a repeat.ed eatab

lishment o! a savanna veaetation whlch included 

various sudanian alemants. Durins that period 

aroundwater recharae was possible. Du• to the 
compartlmentatlon of tha aqulfara in tbe eacarp
ment and the depreuion. end the fact t.hat tbe 
escarpment la hlahly karatlfied. it is very 
difficult to astimata tha amount of sroundwater 
available. the exploitation of this fossil 
reaource has to be very careful. 
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