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ABSTRACT-Regionally coherent, long-term changes in lake status during the Late Quaternary 
are in equilibrium with the climate. A new compilation of lake status data provides a record of 
climate change in the Northern Hemisphere of Africa. 
The majority of lakes were at high or intermediate levels between 10,000 and 6000 yr B.P. 
Wetter conditions were first registered in east Africa (between 0” and 14“N) and subsequently 
rose progressively in the Sahara and Sahel, where the response has been extended from 9500 to 
7000 yr B.P. Between 7000 and 6500 yr BP., there is an abrupt palustral episode. The majority 
of northern African lakes were at a high level at 6000 yr B.P, although some had already begun 
to lower. The lakes show increasingly drier conditions after 6000 yr B.P. with the minimum lake 
levels being registered just after 4000 yr B.P. 0 2000 Elsevier Science Limited. All rights reserved. 

RESUME-A l’echelle regionale, il a ete Btabli que les changements a long terme des niveaux des 
lacs au quaternaire sont en Bquilibre avec le climat. Une nouvelle compilation de ce type de 
donnees fournit un enregistrement des changements climatiques ayant affect& I’Afrique de 
I’hemisphere Nord. 
La majorite des lacs Btaient de haut niveaux ou de niveaux intermediaires entre 10 000 et 6000 
ans B.P. Ces conditions humides ont d’abord Bte enregistrees en Afrique de I’Est (entre 0” et 
14ON) et ont gag& progressivement le Sahel et le Sahara 00 ces conditions ont 6te bien marquees 
entre 9500 et 7000 ans B.P. Un episode palustre abrupt s’est deroule entre 7000 et 6500 ans 
BP. La majorite des lacs d’Afrique septentrionale Btaient a un haut niveau a 6000 ans B.P., mais 
certains commencaient deja a descendre. Les lacs indiquent des conditions progressivement plus 
seches apres 6000 ans B.P. Les niveaux minima des lacs sont enregistres juste apres 4000 ans 
B.P. @ 2000 Elsevier Science Limited. All rights reserved. 

(Received 212199: revised version received 8/l 2199: accepted 2/2/00) 

INTRODUCTION 

Lake fluctuations are one of the most important and Most of the lake data have been derived from a 
widely distributed sources of palzeohydrological and new compilation (Jolly et al., 1998) upon Northern 
palaeoclimatic information for continental areas over Hemisphere African basins, in a simple cartographic 
the Late Quaternary. Except in rare cases, lake fluc- form, which emphasises regional patterns of 
tuations are a direct expression of surface water surface water availability over the Holocene, 
balance. A compilation of lake level histories at a sub- particularly between 10,000 and 4500 yr B.P. 
continental to global scale can thus be used to These maps, with 1000 year resolution, can be used 
investigate the spatial patterns of climatic change to interpret the past climate in detail, especially the 
and to infer changes in continental-scale circulation past precipitation and its correlation with Holocene 
patterns (Street-Perrott and Roberts, 1983). monsoon dynamics. 
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DATA SOURCES AND METHODS 

Changes in lake status (a measure of relative Water 
depth or lake level) can be reconstructed from 
stratigraphical, geochemical and pal=oecological data. 
In closed basin lakes in semi-arid regions, higher lake 
levels are frequently recorded by wave-cut terraces, 
beach ridges or exposures of lacustrine sediments 
around the basin margin (Street-Perrott and Harrison, 
1985). Changes in the nature of the lake sediments, 
and variations in sedimentation rate, also provide an 
important source of information about past water 
depth. The presence of erosional surfaces or desic- 
cated horizons mark low or very low water levels. 
Palaaoecological data (diatoms, ostracods, molluscs) 
can also be used to reconstruct changes in relative 
water depth or salinity (Gasse and Fontes, 1992). 

Archaeological evidence may be useful, especially 
in semi-arid areas (like the Sahara), where lakes 
were an important food and water resource (Pachur 
and Hoelzmann, 1991; Petit-Maire, 1993). The 
reconstructed lake status histories discussed in this 
paper are based on the consensus interpretation of 
all the available lines of evidence (Harrison et al., 
1996). The chronology of lake status changes has 
been established by radiocarbon dating, U/Th dating, 
dated tephras, laminae counting (Damnati, 1993) 
and palaaomagnetism (Williamson, 1991). Since 
these methods are not all equally reliable and since 
the availability of radiometnc dates or other chrono- 
logical markers may vary through time, the precision 
of dating may change through a single lake status 
record and certainly varies among records. All of the 
databases contain sufficient information to assess 
the reliabrlity of the dating method and the quality of 
the dating control. The schemes used for assessing 
dating control were developed for the Cooperative 
Holocene Mapping (COHMAP) Project (Webb, 1985). 

In this paper, a new version and a new method of 
compilation are used, similar in structure and content 
to the European and former Soviet Union database 
(Tarasov et al., 1994; Yu and Harrison, 1995; Harrison 
et a/., 1996; Damnati, 1997). New and updated sites 
(about 30 sites in Africa north of the equator) were 
added to the Oxford lake level data bank (OLLDB) 
(Street and Grove, 1976, 1979; Street and Gasse, 
1981; Street-Perrott and Roberts, 1983; Street- 
Perrott et al., 1989; Jolly et al., 1998). The number 
of status classes that can be identified at an individual 
site depends on the type and quality of the 
sedimentologrcal and biostratigraphical records. At 
some sites, it is possible to derive a detailed record 
of depth changes (e.g. with up to seven different 
status classes) while at other sites the information 
is only sufficient to distinguish intervals when the 
lake is higher or lower than present. The fluctuations 

in lake status in each basin was divided into a three 
category scheme: for low (I ); for intermediate (2); 
and for high (3). 
The boundaries between these status categories have 
been arbitrarily defined so that, for each lake record, 
the class ‘high’ corresponds to the upper quartile and 
the class ‘low’ to the lower quartile of that lake’s 
variation in depth or level during the entire period of 
record. This definition was adopted to ensure 
compatibility with the coding in the global data set 
(Street-Perrott et al., 1989). The use of three status 
categories makes it possible to discriminate between 
large changes In regional moisture balance (e.g. 
corresponding to a change by two status categories, 
such as from low to high) and smaller changes (e.g. 
corresponding to a change in status by a single 
category, such as from low to intermediate or 
intermediate to high). 

RESULTS 

The lake status record during the Early and Middle 
Holocene period (between 10,000 and 4500 yr B.P.), 
can be divided into phases of relative stability sepa- 
rated by rapid transitions that were approximately 
synchronous in time over wide areas, although the 
direction of change varied with latitude and sometimes 
with elevation. 

Major pluvial phase (1 O,OOO-7000 yr B.P.) 
Major changes in lake status began around 10,000 
yr B.P. (14C) in the North Hemisphere of Africa. 
Between O’and 22’N, nearly all lakes were high 
(Fig. 1 a). The lakes responded first near the equator 
(between 0” and 10”N) and subsequently rose 
progressively in the Sahara and Sahel. The main 
period of positive water balance occurred between 
9000 yr B.P. and 8000 yr B.P. (Fig. la) and was 
recorded simultaneously in lacustrine systems In 
interdunal depressions and sebkhas in Mauritania, 
Mali and eastern Niger, in travertine in the Hoggar 
Massif, in terraces in the Tibesti Massif and in 
interdunal lakes in Sudan. 

In northeastern Africa, all lakes were high at this 
time and many of them were greatly enlarged (Ziway- 
Shala, Abhe, etc.) and some lakes were overflowing 
(Butzer et al., 1972; Gasse, 1975; Street-Perrott et 
a/., 1989). 

At Selima (Sudan), El-Atrun (Sudan) and Oyo 
(Sudan), the evidence indicates a deep and meromictic 
lake depositing primary sediment. The basal charcoal 
layer at Selima IS dated at 9700 & 200 yr B.P. Between 
9700 and 7900 yr B.P., the sediment is laminated 
and contains periphytic diatoms (Haynes et a/., 
1989). At about 8000 yr B.P., the lake becomes 
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Figure 1. Maps of lake status 
at 10.0 ka (al, 9.0 ka lbl 
and 8.0 ka (cl in the Nor- 
thern Hemisphere of Africa. 
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higher (Fig. Ic) with laminations rich in organic matter, 
ostracods and an abundance of planktonic diatoms 
(Haynes et a/., 1989). At El-Atrun (Sudan), the basal 
sediment is composed of sapropel material, fine 
organic laminae,and carbonate muds, suggesting 
relatively deep water. This unit is dated between 
9220 rfi 70 and 8060 rt 70 yr B.P. (Ritchie and Haynes, 
1987). At Wadi Howar (Sudan), freshwater molluscs 
and ostracods were radiocarbon dated at 9195 + 95 
yr B.P. (Pachur and Kropelin, 1987). 

At Bilma (Niger), Bougdouma (Niger) and Mellala 
(Algeria), diatomite and lacustrine carbonate were 
deposited between ca 9000 and 8000 yr B.P. (Faure, 
1969; Fontes and Gasse, 199 1; Gasse and Fontes, 
1992). A date of 8300+ 100 yr B.P. on Melania 
tuberculata from the Haijad section indicates high 
levels (Petit-Maire, 1988). At Adrar Bous (Niger), 
between 9700 and 8400 yr B.P., carbonate ac- 
cumulation occurred. At Tin Ouffadene (Niger), 
continuous diatomaceous carbonates were deposited 
between 9000 and 7800 yr B.P. At Sbeita (Mali), 
travertines and gypsum enriched in Melania tuber&a 
are dated at 8700 + 100 and 8600 + 100 yr B.P., 
respectively (Petit-Maire, 1988). 

At Chemchane (Mauritania) the sedimentation is 
characterised by marls, calcium carbonate and a few 
centimetre thick layers with shells (gastropods, 
Melania tuberculata, ostracods, etc.) (Lezine et al., 
1990). This lacustrine episode was accompanied by 
the development of stromatolites in the nearshore 
zone of a deep lake between 8000 and 6500 yr B.P. 
(Casanova, 1986; Lezine et a/., 1990). At Taoudenni 
(Mali), laminated clays, organic matter, carbonate 
mud with ostracods and freshwater molluscs indicate 
low salinity conditions between 8300 and 6700 yr 
B.P. (Fig. 2a) (Petit-Maire, 1988). High water status 
occurred between 8000 and 7000 yr B.P. with 
freshwater diatomite at Adrar Bous (Niger). 

In east Africa (between 0” and 14’N), only Ziway- 
Shala and Abiyata (Ethiopia) were low between 7800 
and 7200 yr B.P. and between 8000 and 7000 yr 
B.P., respectively (Fig. 2a) (Gasse and Street, 1978; 
Gasse and van Campo, 1994). 

Unstable phase (7000-6000 yr B.P.) 
The period from ca 7000 yr B.P. to 6000 yr B.P. (Fig. 
2) was marked by numerous minor or local lake 
oscillations. The Adrar Bous Lake (Niger) became 
drier ca 6700-6500 yr B.P. (Fontes and Gasse, 
1991). Gypsum and clayey sand deposition oc- 
curred during a regression at about 7300 yr B.P. at 
Tin Ouffadene (Niger) (Fontes and Gasse, 1991). 
At Khat (Mauritania), the lake was low at about 6000 
yr B.P. (Fig. 2b). In the Sbeita, Haijad, and Taoudenni 
(Mali) regions, salt and clay were deposited ca 6000 
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yr B.P. and the sedimentation rate decreased (Petit- 
Maire, 1988) as the lakes became progressively 
shallower. Enneri Bardague (north Chad), and Gureinat 
(Sudan) were also low at 6000 yr B.P. (Fig. 2b) 
(Pachur and Hoelzmann, 1991); the water table fell 
in the inter-dunal depressions. At Tigalmamine 
(Morocco), the dominance of periphytic, shallow 
water diatoms and the peak of Sr/Ca ratios suggest 
a slight evaporative concentration of lake water during 
a low level phase between 7050 and 6650 yr B.P. 
(Lamb et al., 1995). 

The last pluvial phase 
The water levels remained high in eastern Niger (at 
Termit West, Tamaya Mellet, Fachi), and in the Ine 
Sakane erg at ca 6000 yr B.P. (Servant and Servant- 
Vildary, 1980; Petit-Maire and Riser, 1983; Fontes 
and Gasse, 1991). At Sebkha Mellala (Algeria), the 
sediment is charactensed by an alternation of shelly 
beds and carbonate indicating a lacustrine episode 
(Gasse and Fontes, 1992). At El-Atrun (Sudan) in the 
eastern Sahara, the top of a section was dated, using 
sapropel material, at 6280 f 60 yr B.P. with laminated 
organic mud and carbonate suggesting a high water 
level (Fig. 2b) (Ritchie and Haynes, 1987). At Oyo 
(Sudan), ca 6100 +- 80 yr B.P., the carbonate mud is 
irregularly laminated (Ritchie et a/., 1985), probably 
reflecting fluctuating water levels. 

In northwestern Africa (between 0’ and 1 OON), the 
transgression phase shown at 9000 yr B.P. seems 
to continue until 6000 yr B.P. The sedimentation is 
marked by clayey lamina deposits at Barombi-Mbo 
(Cameroon) (Giresse et al., 1991) and by abundant 
well-preserved algal filaments at Bosumtwi (Ghana). 
The evidence for the overflowing period occurred in 
this last lake between about 7000 and 4000 yr B.P. 
(Figs 2 and 3), when the lake reached its maximum 
level (Talbot et al., 1984). 

The lakes began to decrease after 6000 yr B.P., 
particularly between IO” and 22’N (Fig. 3), for example 
at Khat (Mauritania), Enneri Bardague (north Chad) 
and Gureinat (Sudan) at ca 5000 yr B.P. (Pachur and 
Hoelzmann, 1991). A few basins show oscillations, 
but these minor oscillations cannot readily be 
correlated between regions. 

The difference in lake status between 9000 yr B.P. 
and present (9-O) ka and between 6000 yr B.P. and 
present (6-O) ka is shown in Fig. 4. Conditions wetter 
than today, as indicated by higher or deeper lakes, 
occurred in the Northern Hemisphere of Africa at 9000 
yr B.P. Similar wetter conditions are registered at 
6000 yr B.P. Only rare lakes indicate conditions 
similar to the present. The lakes in east Africa 
(between 0” and 14”N) indicate conditions similar or 
slightly wetter than today. 



Holocene lake records in the Northern Hemisphere of Africa 

a) 

b) 

7.0 ka 

l High 
0 lnlemedrale 
* LOW 

6.0 ka 

Figure 2. Maps of lake status at 7.0 ka (a) and 6.0 ka (b) in Northern Hemisphere 
of Africa. 

DISCUSSION AND CONCLUSION 

The lake status data for the Northern Hemisphere of 
Africa show that conditions were generally wetter 
than today during the Early and Middle Holocene 
(1 O,OOO-6000 yr B.P.), then became progressively 
drier after 5000 yr B.P. (Fig. 5). The present is the 
most arid period of the Holocene; most of the lakes 
are dry or extremely low (Fig. 5). 

The drastic rise in lake status in the Sahara, Sahel 
and East Africa (between O” and 14”N) by 10,000 yr 
B.P., coincided with the increase in the Northern 
Hemisphere summer solar radiation. This enhanced 
the thermal contrast between the north African 
landmass and the adjacent Atlantic and Indian Oceans, 
strengthened monsoonal circulation and brought 
increased rainfall to this region. It explains the high 
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Figure 3. Maps of lake status at 
5.0 ka (al, 4.0 ka /bJ and at 
present (cl in the Northern 
Hemisphere ofAfrica. 

.O ka 

4.0 ka 

0.0 ka 

40 
40 

I /L-JJ 1 !’ 
-40 .20 -5 i0 

25 
-40 

40 55 



Holocene lake records in the Northern Hemisphere of Africa 

a) 

b) 

- Very dry 
- Dry 
0 Nochange 

+ wet 

+ Verywet 

9.0 - 0.0 ka 

-40 ’ \ I - -40 
-20 -5 10 25 40 55 

- Very dry 

- Dry 
0 Nochange 
+ wet 

+ Vetywet 

6.0 - 0.0 ka 

._ 
.- -20 -5 10 25 40 55 

Figure 4. Maps of lake status difference for 9.0-0.0 ka (al and 6.0-0.0 ka lb) in the 
Northern Hemisphere of Africa.. 

increase of continental precipitation in this region more gentle than they are now (Rognon and 
(Kutzbach and Street-Perrott, 1985; COHMAP, Williams, 1977). Street and Grove (19791, Kutzbach 
1988). Geological evidence suggests that the (1980) and Hastenrath and Kutzbach (I 983) used 
monsoonal rains (Indian Monsoon and Atlantic an energy balance model to estimate the Holocene 
Monsoon) were more abundant, more prolonged and precipitation for several basins in the Northern 
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Figure 5. Lake status variations during the last 10,000 years B.P. m the Northern Hemisphere of Africa. The histogram 
indicates the relative number of lakes with high, tntermedlate and low status in this area at each 1000 year mterval. 

Hemisphere of Africa. Between 10,000 and 5000 
yr B.P., when palaaolake Chad was at its maximum, 
this model gives an estimation of palaaoprecipitation 
about 300 mm above the modern annual preci- 
pitation (Kutzbach, 1980). This value is a minimum 
estimate of precipitation, because the overflow and 
volume of discharge are unknown. At Ziway-Shala, 
the palaaoprecipitation estrmate IS about 450 mm, 
assuming the present temperature, and about 268 
mm if the temperature was 2°C lower than today 
(Street and Grove, 1979). At Lake Turkana, the 
estimation is about 80 mm. Other estimations were 
proposed by Butzer et al. (1972), Holdship (1976), 
Street and Grove (1976) and Street and Gasse 
(1981). In the eastern Sahara, estimates of past 
annual precipitation for the Holocene optimum vary 
between 100 mm (Kropeltn, 1987), 200 mm 
(Haynes and Haas, 1980) and 400 mm (Ritchie et 
a/., 1985). In the western Sahara, pal=opreci- 
pitation estimated from mapped proxy data 
(Griffiths, 1972; Leroux, 1983; Petit-Maire and 
Riser, 1988) reached 250-300 mm at 22-23ON, 
and 400-500 mm at 18- 19’N. Lezine (1989) gives 
a minimum estimation of about 300 mm higher than 
present during hte Holocene. 

In west Africa, Lake Bosumtwi (Talbot and 
Johannessen, 1992; Maley, 1991) and Lake 
Barombr-Mbo (Giresse et a/., 1991; Maley et a/., 
1991) were high in connection with the Atlantic 
Monsoon. The wetter conditions under the Indian 
Monsoon influence continued to about 7000 yr B.P. 
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This moisture suggests a northward migration of 
the mean intertropical convergence zone (ITCZ) 
during the Early and Middle Holocene, particularly 
in the summer (Damnati, 1997; Jolly et a/., 1998). 

The monsoon Intensity seems to have decreased 
at ca 7000 yr B.P. The number of lacustrine basins 
decreased rapidly (from 73 to about 69 basins; Fig. 
5) at this time. Much of the evidence cited above 
indicates that this major Holocene pluvlal period 
actually comprised several minor pluvial phases, 
separated by drier spells. These dry events between 
ca 7000 and 6000 yr B.P. are probably correlated 
with regional patterns related to lake hydrology (e.g. 
groundwater versus surface water) and/or regional 
variations the climate (Lamb et a/., 1995). 

At 6000 yr B.P., the lake data show conditions wet- 
ter than present in the Northern Hemisphere of Africa. 
These results are in agreement with all of the climatic 
models that show enhancement of the African 
Monsoon (Yu and Harrison, 1996; Qin et a/. , 1998). 

Moreover, the period between 9000 and 4500 yr 
BP. was one of the most favourable periods for human 
habitation of the Sahara during the entire Quaternary 
(Petit-Malre, 1991). The extensive freshwater bodies 
supported a very diverse aquatic flora and fauna with 
fresh water molluscs, ostracods, diatoms and 
numerous species of fish as well as species-rich 
Savannah mammals, (Pachur and Hoelzmann, 1991; 
Pet&Maire, 1993). 

Between 10,000 and 7000 yr B.P. in the North 
Hemisphere of Africa, the rainfall was enhanced 
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causing an increase in lake lands. This wet period is 
correlated with enhanced summer insolation in the 
Northern Hemisphere, northward displacement of 
the ITCZ and an increase in summer monsoons from 
the equator to 22-23”N. 6000 yr B.P. constitutes 
a transitional period, but was generally wetter than 
today. This moisture was produced by the same 
causes as in the lO,OOO-7000 yr B.P. period of 
low intensity. The lakes began to decrease between 
6000 and 4500 yr B.P. and the present climatic 
patterns developed. 
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