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limate change over the past 135,000 
ears in the Namib Desert (Namibia) 

· ved from proxy data 

Coastal deserts occur western shores continents. of 
these deserts are hyper-and while others are semt-and. In recent years, mter-

, disciplinary research effort has focused on the age and origin of these deserts 
and their Quaternary climatic changes. The Namib Desert in south-western 
Africa with a length of about 1400 km and a width varying between 40 and 
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120 km, is characterised by a climate that has. 
proximately 40 million :years (Kaiser, 1926; . yan-c·zindheri' / 
1984a; LEG 113 shipboard scientific 19S1( Waici } 
Partridge, 1993). Pa1aeoc1imatic evidence from r 
from the Namibian continental margin suggests that the 
parts of the interior have become progressively drier since Miocene 
result is based on an increase in the concentration of 
& Willis, 1993). Pollen assemblages from marine cores off the 
arid climatic conditions along the coast ever since · 
authors have discussed recently whether more humid 
Namib Desert and surrounding areas during the late. Quaternary (vari l;infleren ·. . . . . . . . . .... .... _ _ .. . . ... . .... . . 

1984b; Heine, 1992; Rust, 1989; Teller et ar:; 

Whether the central Namib Desert was affected by cyclonic . winter:. rmhs . · · · -
during the last glacial maximum (Fig. 1) is a central issue 
search. The hypothesis that the central and southern Namib Desert· ·. 
last glacial maximum experienced precipitation .· changes similar to many:::atid. 
regions, rests primarily on the reconstruction of past sea surface. 
based on fauna! abundances and isotopic compositions (Schneider, 
Morley & Hays, 1979; Wefer, 1990), on pollen studies from 
(Scott, 1989, 1995 ; Scott et al., 1995), on sedimentological and palaeohy;.. 
drological evidence from late Quaternary lake .deposits in the northernNamib 
Sand Sea (Teller et al., I 990), and on the palaeoclimatic interpretation of flu:.. 
vial ·land forms along--the 
Rust, 1989). Furthermore, from the interior of southern Africa, precipitation 
changes during the last glacial maximum are known (Thomas & Shaw, .1991; .. iU . 

fJiuv,al cond ilions 

Winds 

Monsoon 

Ocean curren ls 

// Cold fronts 

o o 
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H: 
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convergence 
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::a Upwelling wa te r 

Buch et al., 1992; Tyson, 1986; Deacon & Lancaster, 1988). These studies in-
dicate changes of available moisture between the last glacial 
the Holocene. Recent support for these results comes from the flash-floed · 
sediments and their ichnofacies at the late P1eistocene Homeb Silt sections 
(Smith et al., 1993) and from cave sinter in Namibia (Brook et al.; 1996), On 
the other hand, speleothem palaeoclimate records from the hyper-arid 
Namib Desert suggest that this part of the Namib Desert was- and· thtoughour 
the last glacial cycle. No speleothem formation could be 6bservea .. 

igure I. General model of circulation types on the African continent. Left: Glacial cli -
ic trend, right: [nterglacial climatic trend . After Shaw, 1985. 

last 25 ,000 14C yr BP (according to 14C ages) or during the last 60,00Cr Yf BP 
(according to 230Th/234U ages) (Heine, 1992, 1997). This observation suggests · calcretes, fossil soil horizons, speleothems etc. indicates that variations 
that since OIS 2 (oxygen isotope stage 2, last glacial maximum) precipitation :·(in rainfall did not occur in the hyper-arid coastal areas of the central Namib 
changes did not occur in the coastal zone of the central Namib Desert. ··· ... :-'· .· ) ;Desert during the late Quaternary . The available data suggests that during the 

Here I present a brief summary and evaluation of .continental .last glacial cycle (OIS 4-1 ) at least this part of the Namib Desert was not af-
cipitation records from the Namib Desert, which include new . .< ::fected by more rainfall as at present. 
proxy records and could reconcile the different views about the late ., Well-dated and reliable palaeoenvironmental records with respect to tern-
nary climatic fluctuations in the central Namib Desert. My palaeoecologic_al ;perature changes are not available from the Namib Desert. No palaeotem-
interpretation of sediments and landforms together with numerous , · perature records exist to this date. Whether a low-latitude glacial cooling of 
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5oc (=estimates of the SST changes between the LGM anci ·the i.. these dates (Geyh, 1995; Heine, 1992, 1995, 1997). Attempts to overcome the 
Colonna et al., 1996; Guilderson et al., 1994) or more than 5°C in the .soutlletn :,: .'; difficulties were not convincing (Geyh, 1995). Since 1980, complementary 
hemisphere as suggested by Miller et al. (1997) affected ttie .Nanub Desert : Uffh age determinations on carbonate samples have been carried out by the 
may be resolved by proxy temperature series based on Hannover Laboratory. Other problems ?bvious comparing 14C 
ses of the speleothems from the Rossing Cave. Noble .gas :: Uffh dates (Geyh, 1995). In connectiOn with an applied hydrologtcal sur-
function of corrected radiocarbon age derived from the Starrtpriet vey of the central Namib Desert and adjacent areas in Namibia by the BGR 
(24,4°S, 18,4°E, Namibian Highland) indicate that the mean annual (Bundesanstalt ftir Geowissenschaften und Rohstoffe, Hannover), 14C age de-
ture in Namibia was about 5.3°C lower during the last glacial maxhrium as ·. :: terminations of groundwater samples have been elaborated since 1990. These 
compared to today (Stute & Talma, 1997). Atlantic SST estimates :,, confirm and complement the large number of 14C dates of ground water 
mibian coast (20-28°S), are 3-5°C cooler than today for the bGM (Morley ·& i! determined by Vogel in Pretoria (Geyh, 1995). Yet, ground water ages of the 

. · · · ·, _ . ' -'1 coastal N_amib Desert necessarily do not represent the the area 
Little ts known about shifts of the southern and northern -margins Ofthe· samphng because of the groundwater movement from the mtenor to the 

Namib Desert during the last 135,000 years. East of the Namib Desert(area.of coast. · 
the _Great sediment soil document late Quaternary : ,j: Geyh ( 1995) points out these circumstances it is not 
mmsture fluctuatiOns that become mcreasmgly accentuated towards north.:.east that partly contrary palaeochmatic concepts were developed. Accordmg to 
and east. More humid phases compared to today's climatic conditions occur Geyh (1995) the palaeoclimatological and palaeohydrological information of 
>25,000 to 19,000 14C yr BP ago and about 10,000 to 8500 l4C yr BP accessible dates from Namibia is not yet definite due to methodical reasons 
carding to soil formation), while lake sediments (lake marls) from and the suitability of the dated material. In 1992 Heine ( 1992) presents a syn-
document wetter conditions after ea. 19,000 14C yr BP (Heine, 1993). The ero- opsis of all 14C dates from Namibia and Botswana which shows that there 
sion of the well-dated Homeb Silts after ea. 19,000 14C yr BP suggests that ii were only three pre-Holocene 14C dates from samples that are not from inor-
higher rainfall occurred in the east of the Namib Desert. Wetter conditions in ganic sediments: l. Wood from the Homeb Silts in the Kuiseb valley of the 
the Kalahari region have been postulated by Shaw & Thomas (1996): -By ·ap- { central Namib Desert (Vogel, 1982), 2. Material from a fossil Ah soil horizon 
plying the OSL (optically stimulated luminescence) method to 44 samples 1 from the southwestern Kalahari (Heine, 1982), and 3. Peat from the Makga-
collected from the fossilised dunefields of western-Lambia--anl:t·-rlre-eapnvi·--! dikgadi Pan -of the Kalahari-EThomas & Shaw, 1991 ), Until now, no new pre-
Strip (northern Namibia) four periods of dune building (= b.etw. ee. pc. ·t, Holocene 14C dates other than from inorganic material (calcrete. molluscs. 
35,000-45,000, 20,000-30,000, 8000-13,000 and 3000-5000 OSU yr BP calctfied reeds etc., groundwater mcluded) have been processed from Namtb 
recognised (O'Connor, 1997). Speleothems from the Namibian ! samples. Therefore, the possibility of contamination of the 14C samples cannot 
Highlands indicate drier conditions compared with today around 26,000.:. ir be excluded. 
24,000, 13,000-1 I ,000 and 9000-7500 yr BP (Brook et al., 1996} and wetter From the Namib Desert, thermoluminescence (TL) ages of cave sands and 
conditions prior to ea. 15,000 14C yr BP (Geyh, 1995), respectively. fluvial silts have been reported by Heine (1992) and Eitel ( 1994, 1995). In the 

?k first case the dates show that the cave sands were blown into the cave before 
. . % 64,000 and 87,000 TL yr BP (Heine, 1992); in the second case the TL ages 

GEOCHRONOLOGICAL PROBLEMS --·---·-·---···--_.::_ __ ... ,.,.:.:-____ -:i confirm the 14C dates of the Kuiseb Silt accumulation during OIS 2 (Eitel, 
·· ---...... --..... _ ........... ,-· 1994, 1995). L. Scheepers (personal communication 16.09.1996) gathered 

A summary of geochronological aspects of palaeohydrological and palaeoCli= .:j material from different terraces of the Uniab delta at the Skeleton Coast for TL 
matolog_ical results from Namibia is presented by Geyh (1995). He ·i age determination. give . ages of the Uniab delta 
that dunng the last three decades the Hannover 14C Laboratory has performed that document prectpttatlOn cond1t10ns m the upper reaches of the Umab 
14C age determinations of mainly carbonate samples collected in Namibia ·and . catchment and/or of eustatic sea level changes and therefore do not represent 
South Africa in cooperation with several German institutes in order to contrih- 1 ' climatic changes in the coastal N amib Desert. 

to the efforts for th_e establishment of a reliable chronology o! Uffh age determinations of speleothems from Namib Desert _(Heine, 
chmate. Many methodical problems hampered the geochronological mterpre- .'' 1988, 1991, 1992, 1997; Geyh, 1995) do not agree wtth 14C dates. Thts prob-
tation of the dates which may be related to the arid climate of this lem is discussed in the section 'Caves and Speleothems' (see below). 
Many geochronologists and palaeoclimatologists have questioned ; : 
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8 § § · · 8 · ·. FLUVIAL DEPOSITS 

: .. :.J . 
c § §§ '· In the Namib_ Desert (Fig. 2), _next to aeolian dust that is win_nowed from the 

. § § § ,, '· ?esert area, nvers are the mam. agents transport the from the 
toward_the coast. Some dram mto whi.le others end 

o " ,g- §·- 2 :;; -g -:::: " c; 8 ]! > ·• m pans .or vle1s, where these sediments are deposited m terrestnal sequences 
,Q.,.Q .0 :la. O.c 5 ·!!1 OO.o.o::l>-§ill >.0 E-< · 
§ a § -g -g a g 8_ £ . B · or transported further to the continental shelf and Atlantic deep-sea basins to 
;;zoo 11 co::lO>E 3 oo '3<1> >< d · · 

I 1 :r: :r: ::J"" :r: ::JO U'l a:l a :r: :r::r: :i::Ezz"'o ti 2 _£ :. ·· .. pro uce deep-water sediments. On the other hand, not all the sediment made 
I -"'.., ... "'·" ""' o- <( a:l a _ ... :i ::E z 0 U'l ,__ · ·.S ··.·- ... 

1
."':;·.· available by the weathering processes on land is ultimately carried to the At-

.5 .: f. lantic or pans (vleis). Part of it also is deposited in the valleys under the influ-
· · ence of fluvial processes (Rei neck & Singh, 1980). Rivers in_ the desert en_vi-

-o 

u a.. Vl 

§ :I .u (]) 
.0::: (J eo 

·:g ·lE: ronment are ephemeral streams; they are dry most of the time except after 
· :fr heavy rains have fallen in their catchments. major ephemeral rivers 

through and north-western or the Na-
· :ill,:. m1b Desert (Fig. 2). A number of smaller nvers ongmate m the and coastlands · · and desert (Jacobson et al., 1995). In South Africa, the Orange River as well as 

· · :i a number of smaller ephemeral rivers flows through the Namib Desert. 
. · · The general characteristics of ephemeral rivers and flu vial processes of the 

""§ 
0 
8 
0 ..c 

t Namib Desert have been discussed briefly (Heine, 1987); several fluvial se-
··w 

quences of late Quaternary age are described, explained, and interpreted pa-
laeoclimatically. Here I summarise earlier results and add some new observa-

. tions. tfr 
.-, I • ___ _ __ At Eksteenfontein in the arid western desert region of the Richtersveld 
· \ ,, 2), stratified layers of sand, silty sand, and silt about 3.5- m thick- docu.: 

<( 

' ' "' ,_ JO>·,l .if; . . . . . • . Cl ment more humid conditiOns before the formatiOn of the calcrete honzon and 
§ < ·j the slope deposits that are found on top of the sequence (Heine, 1993). Ac-

(1; __ \ J ___ , · _ \ IJ _; // ! \ ·· '. · cording to 14C ages of the section, the deposition of the pollen-bearing layers 
o\ \ \:<--·, ·.\\.j . ,· -· § I occurred between the late glacial and ea. 8000 14C yr BP (Scott et al., 1995), 

-··o , . ·-'{•' -., t, ._ \_.. - · ·8 .g -'m but the geomorphologic and pedologic evidence (calcrete and slope deposits 
"' · ·. ; · ' '· ....... ., ' • - the sequence) in combination with an age of 19,400 14C yr BP for the 

:§ calcrete horizon and our understanding of calcrete development in Namibia 
•.# _ • , -u· ./ I (Biiimel & Eitel, 1994) suggests a much older age for the sediments (Heine, 

At the confluence of the Orange River and the ephemeral river in the --:Y 
0 0 

[ --.. { Helskloof valley, widespread silts were accumulated under arid conditions by 
I .; j back-flooding of the Orange River into embayments and tributary mouths 

176 

the late Pleistocene or early Holocene (Heine, 1987). During the last 
· ' q: 5000 14C yr BP, slack-water sediments up to 14 m thick occurred as infills of 

:; · tributaries of the bedrock-controlled lower Orange valley 
· : (Zawada, 1995). Similar silty sediments were deposited by at least two differ-

. ent accumulation phases in the lower Fish River-valley south of Ai-Ais. Both 
· . i: sediment sequences are interpreted as fluvial sediments deposited during 

.. · :> · flash-flood events by rapid accumulation from eddying currents as the flood-
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inundated the side valleys and creeks of the .. itself shows _more rainfall in. the upper catchment of the Kuiseb during 
mmeral assemblages show variations in the illite/chlorite ratio 'and 'thus 'docu.;; '_ :; a penod of. several thousand years around 20.000 14C yr BP . 
ment the influence ?f different catchments. (Heine, .. In the part.s of the Huab .catchment, (1994, .1995) and Eitel & 
sequence was deposited by the A.D.l962/63 floods : Zoller (1995) mvesttgated fine sedtments depostted by fluvtal processes along 

Tsauchab and Tsondab Rivers drain a semiarid region.in the' east ofthe de- ·; small ephemeral rivers (Plate 4, Fig. 3). Structure, petrographic composition, 
sert, ending in large vleis (pans) in the Narnib Sand Sea _'1 . and ages of this sequence of eroded and redeposited calcretes and soils in the 
cumulation of alternating water- and wind-laid sediments: took place .. <in :the · basin of Farm Dieprivier and Farm Uitskot show phases of deposition and 
vleis during the late Quaternary, when fluvial silts were imiini{be--_; . weathering. Age determinations by TL, 14C, and U/Th differ widely from each 
fore 20,000 14C yr BP and after 10,000 14C yr BP (till 8500J 4C .yr ; other. Geyh (1995) mentioned that the TL dates represent the ages of transport 
caster, 1984; Heine, 1987, 1993, 1995). Carbonate from silty .deposit-s 'at:Tson-:- ·· ·, and deposition of the sediments; the 14C ages may reflect an influence by re-
dab Vlei is dated to between 8600 and 14,000 14C yr BP (Vogd>& , · crystallisation of carbonate, whereas the U/Th ages may document the period 
1981; 1984). · · · .. . · .. -: .. : ::.:i::·::;: ' of the calcrete formation and their in verse ages show that the younger cal-

The most thoroughly studied of the ephemeral Namib rivers, the · Kuiseb, ) .. \ cretes were eroded, transported and accumulated first and the older calcretes 
originates in the Highlands flows through the desert (.fo.dilrtb .. ·e·r .. :I thereafter. The section shows that dating of ephemeral river silts is problem-
references see Heme, 1985,. 1995; Smtth et al., 1993; Eitel, 1994). Palaeocli- .j .attcal, tf only a few data produced by a smgle method (e.g. 14C ages of cal-
matic information of late Pleistocene age comes from the Homeb ·Silt Forma- ·i careous material) are available. Palaeoclimatic information from these se-
tion (Vogel, 1982; Heine, 1995, 1997). Near Homeb, in the rock-walled i .. '; quences are very limited and require further investigations (Eitel, 1995). 
yon of the Kuiseb, relics of alluvial terraces are preserved (Plate 3). The ·i The fluvial silt sequences of the ephemeral rivers of the northern Namib 
sediments form isolated outcrops on the rock walls of tributary valleys. The Desert (Plates 5 and 6) are described by Rust ( 1987, 1989a, 1989b, 1994, 
age of the Homeb Silt Formation is dated by 14C to 23,000-19,000 t4c yr BP 1995), Rust & Vogel (1988), and Vogel & Rust (1987, 1990). The formation 
(Vogel, 1982) and by TL to between 18,300 ± 3400 BP (near the top) and 
17,400 ± 3800 yr BP (near the base) (Eitel, 1994). Smith et al. (1993) investi-
gated the sequence in detail. Soon after deposition, the sediment was colonised 

0
. . . 

. . 1\l· 1epnv1er 
- - ---- -- - j vurrowmg- orgamsms Emostly arthropods) that · . 

no es; after the flood waters had drained, the silts were colonised by grasses Slit 
1 

t' 
_14C _______ _ _ ___ Tlka U/Th ka 

d t · 1 h d ( d · . . . . . ., accumu a 1on an . rrestna art ropo s ants an termites), resulting m an overpnnt of Ter'-
mitiJ nus ichnofacies with associated pelletal chambers. Although there seems $ 

_...,.._2325 ± 150 153 ± 20 

to be little doubt about the observations by Smith et al., ( 1993) that the Homeb 4 
Silt Formation proves semi-arid rather than hyper-arid climatic conditions, 
some fundamental questions arise with respect to the origin of the Homeb · 
silts. The Homeb silts probably were deposited as flash-flood fluvial sedi- ' 
ments next to the main channel flow in overbank areas (mainly in tributary 
valleys). Similar accumulation processes occurred during the A;D. -1962/63- ·· 
floods in the lower Fish River canyon (Heine, 1987). Floods travelling through· ·t 
the ephemeral rivers of the Namib Desert transport not only water arid sandy 
silt but also massive amounts of soil, nutrients, organic matter, and seeds J 
(Jacobson et al. , 1995). Thus the structure of the ephemeral river ecosystems is 
influenced by t?e floods, producing a habitat or a for a 
array of orgamsms. The fact that the Homeb silts are not mtercalated w1th .•·: 

.. 1j. 

slope debris at the rock walls (Hovermann, 1978; Heine, 1985) h_y- ""' 
per-arid climate conditions without major erosion and denudation of the 
gramadulla relief during the period of the Homeb silt- accumulation. The 
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:91...---r-10,850 ± 255 

eroded and 
redeposited 

calcretes and 
relict soils 

m 

20.090 ± 680 

ages influenced 
by recrystalliza-
tion of carbonate 

• ages of 
transport 

and 
accumulation 

73 ± 6 

62 ± 3 

• ages of 
calcrete 

formation 

Figure 3. The Dieprlvier and Uitskot sections with 14C, TL, and Uffh ages (after Eitel & 
Zoller, 1995; Geyh, 1995). 
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of fluvial silt terraces occurred before 35,000and 30,000 ; 
turn, Khurnib, ·Hoanib, Hoarusib), ·before. 16,000 14C yr. 
during the Holocene between 10,000 and 8000 14C yt BP 
about 5000 14C yr B_P (Nadas, Hoarusib, Hoanib, Hunkab), ·: 
tle Ace (Hoarustb, ?oanib ), according to conventional '4c.,ages :of > 

calcretes, calcareous silts, calcareous concretions (kinde.l) / and ; 
tlon remnants. The results of Vogel & Rust (1987) :, confirm ·alsq.:- Jbai .·:;,; 
considerable floods of the Hoanib have passed through. the dunefield ::durlng ·· 
the last centuries to spill into the Atlantic. . . _ .. _ · ·- · . -

From all evidence of the fluvial silt sequences along . .the . ephemeral ." .. , 
of the Namib Desert I conclude that. fluvial accumulation and erosion· along : 
t.he Namib Desert river valleys represent the processes sitUation. 
of_ the (area of the Great Escarpment, · Htghlan.d, semi:: .. .. : 
and eastern parts of the desert) and not the hyper-and Namtb Desert .near the · 

1986; Teller et al., 1990; see also Heine, 1991). The radiocarbon dates are at 
variance to the geomorphological, sedimentological, and palaeontological evi-
dence as Well as with the results of the Uffh method (Heine, 1991). Teller et 
al. (1988, 1990) and Teller (1997, this volume) argue that the lacustrine de-
posits might show influences from the interior by groundwater seepage, by 
ponding at the end point of the Tsondab River, by flooding into the interdune 
corridors from the Kuiseb River valley or by increased rainfall in the headwa-
ters. The detailed study of the Tsondab Valley and Tsondab Vlei sediments 
and their palaeoclimatic interpretation suggest (Lancaster, 1984) that all ob-
served eight late Cenozoic periods with varying degree of t1uvial activity are 
associated with an arid or semi-arid climate. The Jacustdne deposits of the 
Namib Desert do not give a convincing evidence for major fluctuations in pre-

during the late Quaternary. 

MARINE CORES 
coast. The terraces the middl_e parts of the Namib riyers_ . J 

been mterpreted to reflect of the Namib Desert (Rust, 
1989a, 1989b, 1994 ), but this VIew IS questioned by the above interpretations . .. * 
Furthermore, dating of fluvial and vlei sediments is problematical, as is shown. t From ocean sediment suites and their pollen assemblages along the south-west 

the secti_on as well as by the Silt Formation. In addition, African coast (Holes 532 and Leg 75, DSDP), van Bakker 
mtghty silt accumulatiOn occurred not only dunng late Pleistocene times but (1984a, 1984c) concludes that the climate of the northern Namtb Desert must 
also during the recent centuries (Hoanib, Hoarusib). This shows that silt ac- Ji have been hyper-arid during the Plio-Pleistocene (see also Scott, 1995). Re-

--- ·1 cumulation is a characteristic process in the Namib river valleys and no .. :t viewing the published evidence, van Zinderen Bakker (1984a, l984b) con-
ipdicator for climate change in the hyper-arid Narnib Desert itself (Heine, eluded that no agreement had been reached on whether cyclonic winter rains 
1987). . . -·---·- ...... _ .. _ --=--=--·-=---·---... .. ......... $. occurred in the ·southern·Namihdesert but he discerned a trend toward postu-

lating dry conditions for l8,ooq) 14Cyr, BP. Diester-Haass et al. (L 988) investi-
gated the core PC 16 from the south-west African continental slope 

l (24°04' 17"S, l2°39'93"E). During OIS 2 and 3, an increase in the local supply LACUSTRINE DEPOSITS 
.l; of terrigenous matter was observed with an increase in grain size. The occur-

In the Namib Sand Sea (Plates 1 and 2), the extent and significance of inter-, rence of wood fibres in sediments older than 27,000 yr BP suggests a more 
dune lacustrine deposits in ancient aeolian sedimentary environments has been f humid climate with denser vegetation. The transport mechanisms of these 
recognised by many authors (Lancaster, 1984; Lancaster & Teller, 1988; .[· plant fragments could be either aeolian or t1uvial or both (Diester-Haass et al., 
Teller & Lancaster, 1986; Selby et al., 1979; Teller et al., 1988, 1990; Teller, J 1988). These observations point to greater humidity during OIS 3, but the or-
this volume; Heine, 1991 ). Outcrops of mudstones, sandstones, .. and· · {f ganic fragments ·can originate from the eastern parts of the desert or even from 
of .sandy limestones commonly occur in shallow depressions and appear to · the highland and these consequently _do not provide an uneguivocal evidence 
have been deposited in shallow ephemeral or seasonal water bodies (Lancaster · .. for a significant change in precigitation in the coastal central Namib Desert. 
& Teller, 1988). These sediments accumulated during different periods of the j ' 

POLLEN EVIDENCE 
Quaternary. Fossils of Elephas recki (Shackley 1980) associated with ii 
Acheulean stone artefacts point to a Middle Pleistocene age ( 400,000-700,000 · .. I 
yr BP), Uffh dates to an age of 210,000-260,000 yr BP (Selby et aL, 1979), 
and 14C dates to an age between 20,000 and 26,000 14C yr BP (Teller &.Lan::. ·.Ji 
caster, 1986) for the Namib IV and Narabeb sites in the northern sand sea._ In 
other interdune lacustrine carbonates and molluscs, dates also cluster between 
20,000 and 26,000 14C yr BP (Vogel & Visser, 1981; Teller & 

In the Narnib Desert, plant remains such as seeds or pollen grains are very 
scarce in sedimentary sequences. Therefore, the interpretation of Quaternary 
vegetational change cannot rely on direct evidence from polleniferous depos-
its. Only two pollen sections from the Namib Desert have been published (van 
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Zinderen Bakker, 1984b; van Zinderen Bakker & Muller, 1987). The authors 
discuss the late Quaternary sediments occurring in the Sossus Vlei, ·the end-
point of the Tsauchab River(Plate 1). The ephemeral river originates in the 
area of the Great Escarpment (Naukluft Mountains), flows through a deep nar-
row canyon carved into deposits of alluvial sediments, and ends amongst the 
dunes of the main Namib Sand Sea (Jacobson et al., 1995), where pans at dif-
ferent levels indicate a blocking of the Tsauchab by moving dunes. In the pans 
(Plate 2), sequences of alternating fluvial silt and aeolian sand layers are 
found (Heine, 1987, 1993). The pollen and 14C data (van Zinderen Bakker, 
1984b; van Zinderen Bakker & Muller, 1987) indicate that the northern part of 
the Namib Sand Sea did not receive significantly more rainfall over the last ea. 
18,000 14C years, which contradicts suggestions of more than usual winter 
rainfall in the central Namib Desert and the Sand Sea (van Zinderen Bakker, 
1976). However, the amount and annual distribution of precipitation in the 
area of the Great Escarpment, which is strongly influenced by the position of 
the South Atlantic anticyclone, remains unknown. 

From Holocene pollen sections in Namibia east of the desert, Scott et al. 
( 1991) suggest wetter climatic conditions in the Windhoek area between 7000 
and 6000 14C yr BP and some minor climatic fluctuations thereafter. 

1:;: ', -6 ', .,',, \ 0 fi SOILS . 
Q '!)'{ I 1 '' \_ 2 § Q .. • • . g 0 ._!. _ In..the...areaobetween Sossus VleLm the Namtb Sand Sea m the west and Bull-

In.. I 11.0£,0_2 I I 00::%. "0 c . '>: . , • • a : : : Reo r- s;; -5 a> sport the east of the Great Escarpment fossil sods of late Quaternary age :_.: · point cl climatic fluctuations (Heine, 1993, 1995). Selected sections (Fig. 4) 
Q) Nr--. 1 • 0 ..... 0 0 1.{) 0 I , Xo C: -1 ' . . . . . 

( ; \ .;. :_ :_ fl .B t presen betwe_en paleosols and lacustnne sedt-

SI! 1_ • \ Ln •. .. , ....... : " =-1 1<· 

:g . 
0 > ..... ... -"I.. 

: I \ 1-:.., ... i"' .,. ..-a::::.t r }. . t ments. Thtck slit depOSitS of the Sossus Vlei (Plate 2) correspond to the rego-
: 1 , :'E/.:,:·: · o:;:u -g "2 sols of the Hauchabfontein area and the vertisols of the Bullsport section. The 
I 1 - \['..I j(l7961 U9J9PUIZ UC/\) 1 "' '- "-f • • )4 
1';;-":';' -: tO- UO!PBS uauod § ] t lake depOSitS of the Bulls port sectiOn have c dated to 17,600 yr BP and thus ..:.. E 111 Ulw · .'. iJl E 1DL.n 

>- 0 111-..t..--
.c If) 0 0 

y (/')N.,-

1 1 
uo]pas uauod 

182 

Q) · · %i :& ;;! were deposited during the last glacial maximum (ea. 18,000-14,000 14C yr 
c ..... 4. -6 BP). At the same time at Hauchabfontein (eastern edge of the Namib Desert, 

0 --- ··--:s· Plate 1) silty layers were deposited by an ephemeral river with subsequent re-
0 0 .!S---0

- --:{ gosol development and at Sossus Vlei aeolian sands were blown into the pans. 
Dlfi§ " · In the Namib Sand Sea the last glacial maximum seems to have been domi-

Q) ! nated by aeolian processes and there is no evidence for increasing moisture. At 
i.' the beginning o! the Holocene once more thick deposits were in 

6h t . the Sossus Vlet pans. The 14C ages date the penod of older sOil fonnatwn 
_..:; between >25,000 to ea. 19,000 yr BP and the younger one between about .... .. ' 

.. · · .. ; 17,000 and 8500 14C yr BP. The evidence from fossil soils indicates that the 
_' i intensity of the fluctuations increases from west (Namib De-

&1·5 • sert) to east (Nanubtan Highland) . 
u::::x: 
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, The first comprehensive investigation of the wide-spread ofthe 
central Namib Desert (Plate 7) show that the gypcretes . are of :,., ! 
gin, that the formation of gypcretes is very slow, and that the ·gypcretes docu"" ·:: 
ment hyper-arid conditions without any major humid phase during the -last · 
100,000 yr BP, at least (Heine & Waiter, 1996a, 1996b). The· authoi.'s ·i t. 

document that gypsum ·appears to move from the surface down into the soiL 
The slow gypcrete development is supported by the findings of Eckardt ( 1996) 
that marine aerosols deposit the sulphur (and calcium, sodium, and other ele-
ments) at the desert surface, where rain water will gradually dissolve' this ma-
terial and move it deeper into the soil, producing gypsum as well as halite. 
These processes and deposits only can occur under a continuous arid climate 
and document the long aridity of the central Namib Desert. 

CA YES AND SPELEOTHEMS 

Despite continuous research for many decades, no long and detailed geomor- . 
phologic or palynologic records have been identified in the Namib desert. 
Long, datable sediment sequences may be present in the Rossing Cave, lo-
cated approximately 30 km east of the Atlantic coast (north-east of Swakop-
mund). Calcite deposits formed in limestone caves have been identified as an 
excellent source of palaeoclimatic data (temperature, precipitation) for terres-
trial environments (Gascoyne, 1992). The karst dynamic system is particularly 
sensitive to environmental change, . permitting...hig.h- reso-lution-- on--a- -sGale ·Of-· 
centuries, decades, and, under certain conditions, seasons (Brook, 
1995). Studies of stalagmites and other cave sinters from \ he Rossing Cave 
and the Tinkas Cave in the central Namib Desert have reveal d new aspects on 
climatic change of the late Quaternary (Heine & Geyh, 1984; Heine, 1988, 
1992, 1997). 

The Rossing Cave has developed in interbedded marble, schist, and calc-
silicate rock of the Damara Sequence (isotopic age 650-900 Ma). The marble 
tends to form a prominent continuous ridge. As this marble ridge is more re-
sistant to denudation, it surmounts the Namib erosion surface by -several ·me- · 
tres to tens of metres. The speleothem formation depends on local precipita-'-
tion since surface and/or groundwater influx from far away is excluded by the-
geomorphic setting of the marble ridges (Heine & Geyh, 1984). The cave itself 
must have developed under a comparatively humid climatic regime, probably 
before the late Miocene/early Pliocene calcrete formation on the Namib pene-
plain. From the cave, many stalagmite, stalagtite, flowstone, cave popcorn, 
and other samples were radiocarbon-dated. The resulting ages are all older 
than 25,000 14C yr BP. Compact speleothems are older than 35,000 14C yr BP. 
According to the 14C dates, no sinter growth occurred after 25,000 14C yr BP 
(Heine, 1997; Geyh, 1995). Additionally, several speleothem samples were 
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dated by 230ThP34U. The results differ considerably from the 14C dates. Fur.,. 
thermore, some TL age determinations from sands that were blown into the 
cave yield minimum ages of> 64,000 and >87 ,000 yr BP. 

Hitherto, the interpretation of the dates from the cave speleothems is diffi-
cult because of methodological problems (Heine, 1992; Geyh, 1995). In order 
to achieve better age control and more palaeoclimatic information from the 
speleothems (Fig. 5), a new project based on AMS (accelerator mass spec-

-·- 134 ± 5 
from back side 

· of speleothem) 
.. o:"' 

146 ± 6 

6 c rn 

core KOO 930 

© heine 3/97 

Figure 5. Section of stalagmite from Rossing Cave, central Namib Desert. Urrh age de-
terminations (in I 000 yr BP) have shown no major change in precipitation during the last 
135,000 years. 
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trometry) 14C and TIMS (thermal-ionisation mass spectrorrietry) U/Tli 
has been initiated. Palaeomagnetism and X-ray analyses r · 
as XRD analyses and thin sections will contribute to a better understariding·o:f · 
the conditions during sinter growth. Furthermore, variations in 13c and 
content of the calcite, in trace element concentrations, and in pollen assem-
blages should yield to synchronous palaeoclimatic information. In September. _wi 

1996, several cores (diameter 62 mm) were gathered from the stalagmite that , 
shows evidence for the youngest sinter growth in the cave. The stalagmite is ill:l : 
about 100 cm long and is situated at the end of the cave where the relative : · 
humidity is relatively high and the air flow low. The cores were taken from the· 
base, the central part, and the top of the stalagmite. · ; ;, 

In addition to the information published by Heine (1997) and in earlier pa-
pers (Heine & Geyh, 1984; Heine, 1992; Geyh, 1995), thin sections from the *! 
cores document that the sinter growth was very slow and cone-like. The outer 
few centimetres of the stalagmite (4-8 cm, about 100 laminae) show very thin i 
growth layers, often less than 0.3-0.1 mm in the outer 0.5 cm and slightly 
thicker laminae in the following 0.5 cm. The thickness of the layers increases Z: 
abruptly 4-8 cm beneath the surface. Several erosional surfaces show that the ;& 
sinter growth was interrupted and that dissolution occurred from time to time. ; 
The planned mass spectrometric dating will provide a record of the timing of 
growth commencement and cessation. According to the 23<>rh1234U dates proc- · 
essed so far from samples of the stalagmite, the outer 0.5 cm date to 121,000 ± i 
3000 yr BP and the following next 0.5 cm to 213,000 ± 9000 yr BP (Heine, 
J997; __ Ge.yh, 1995.)._BY-. extrapolating_ these dates, the pronounced-hiatus- +--
sion surface) that separates thliouter fine-layered part from the inner lighter i: 
and thicker calcite layers has age of circa 800,000 yr BP. AMS 14C ages of 
the outermost layer of the st agmite yield ages of 15,704 ± 167 yr BP 

cal yr BC, 1 sigma confidence; ERL-685) and 17,811 ± 132 yr 
BP (19,475-19,125 cal yr. BC, 1 sigma confidence; ERL-680). 

The analyses of the core KOO 930 corroborate the antiquity of the stalag-
mite, the slow growth processes, and the late Quaternary aridity in the coastal ;_ 
central Namib Desert. On the other hand, these results confirm three major · 
phases of sinter. development that differ considerably from each other. -The · + 
Tertiary phase with thick layers and sandy inclusions, the Middle Pleistocene· · ·l· 
phase (ea. 800,000-130,000 yr BP) with thin layers, and the youngest phase i:-

OIS 5 extremely thi? laminae_. Thus, the. 
andtty IS documented m the stalagrmte lammae showmg a drasttc change m &' 
precipitation around 800,000 yr BP. This change seems to be related to a J 
change in orbital forcing; prior to ea. 800,000 yr BP the glacial cycles were 
correlated to the obliquity (ea. 41,000 yr), thereafter to the eccentricity (ea. 
100,000 yr). Since about 800,000 yr ago the great glaciations occurred on the 
earth. The central Narnib Desert stalagmite reflects the transition from the 
41,000 yr cycle-era to the 100,000 yr cycle-era. This transition seems to have 
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Plate 1. Satellite image of the eastern margin of the Narnib with ephemeral rivers 
draining a semiarid region in the east of the desert, ending in large vleis (pans) in the 
Namib Sand Sea. (1) Sossus Vlei, (2) Tsauchab valley, (3) Hauchabfontein. See Figure 
4. (Photo NASA). 

Plate 2. Sossus Vlei with late Quaternary silty lacustrine sediments (circa 20,000 14c yr 
BP) to the left, lower part (1), and early Holocene vlei silts (circa 9500 14c yr BP) (2) on 
top of late Quaternary capped sand dunes (3) in the right part of the picture. The dead 
Acacia trees (4) on the early Holocene silts died around 550 14C yr BP. See section 
Sossus Vlei of Figure 4. (Photo K. Heine 04.1 0.1978). 
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Plate 3. Homeb Silts (1) in the Kuiseb Valley (2). The silts accumulated between 23,000 
and 19,000 14C yr BP, probably as flash-flood fluvial sediments next to the main channel 
flow in overbank areas. The Homeb silts document more rainfall in the upper catchment 
of the Kuiseb. (Photo K. Heine 31.07.1988). 

Plate 4. A sequence of eroded and redeposited calcretes and soils in the upper parts of 
the Huab catchment (near Farm Uitskot). See Figure 3 and text for further explanations. 
(Photo K. Heine 23.03.1993). · 

f. 
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Plate 5. Hoarusib valley with Clay Castle Silts (1). The silts beyond the Hoarusib flood 
plain (2) were deposited before 40,000 14C yr BP. They indicate large floods coming 
from the areas east of the Great Escarpment. (Photo K. Heine 26.08.1996). 

Plate 6. Hoanib valley with Amspoort Silts (1). These sediments accumulated during the 
Little Ice Age (1600-1900 AD). During the last two centuries, sedimentation was 
followed by erosion (2) of large parts of the silts. (Photo K. Heine 31.08.1996). 
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been influenced the general climatic situation of the central Namib Desert and 
also may be found in the geomorphologic setting of the Kuiseb River valley 
(Heine, 1990a). 

EVIDENCE FROM ADJACENT AREAS 

During recent years many palaeoclimatic data from the Upper Pleistocene and 
-'1- : have become available from adjacent areas to the Namib Desert in 
·' Nanub1a. 

In 1988, a project was started (Heine, 1991) to clarify peculiarities of cli-
matic change · in northern Namibia, on the western shore of the Etosha Pan 
where a set of lunette dunes provide new opportunities for a chro-J nostratigraphical differentiation of the late Quaternary and for a highly re-
solved reconstruction of environmental change (Heine, 1991; Buch, 1996) . 

f. The geomorphological, sedimentological, and pedological observations from 
the Etosha region reveal a remarkable persistence of the environmental condi-

·J tions during the Quaternary and especially during the last 140,000 yr BP 
i (Heine, 1991, 1992; Buch, 1996; Buch & Zoller, 1992; Buch et al., 1992). A 

Plate 7. Gypcrete of the Namib Desert 3.5 km north of Gobabeb. The fully developed i TL-calibrated pedostratigraphy of the lunette dunes (Fig. 6) indicate that since 
gypsum soil shows, from top to bottom, ( 1) a layer of eolian material, (2) a gypsum crust 140,000 yr BP only three periods of soil formation have occurred. The Okon-
consisting of a gypsum-plugged matrix with stones and smaller debris floating in the ;: deka Ill-lamella-soil is TL-dated between< 140,000 yr BP and> 70,000/75 ,000 
gypsum matrix, (3) a gypsum crust mixed with weathered carbonate cementations, yr BP, the Okondeka 11-soil-complex to the period between 18,000 and 14,000 

. c;al<;:rete_s, b_orizmuicbi o CaC.03_with_gypsumminerals •.. --.f- yr BP, -and-the-- 0kondeka--J..soil to 8000-5000 yr BP (Pla-te 8) (Buch et al., 
and (5) calcrete. (Photo R. W alter 22.0 1.1993). ._t 1992). This lunette dune provides the first absolutely dated 

Plate 8. Etosha Pan, Logan's Island. Soil section with (1) eolian cover sediments (circa 
35 cm thick) on top of (2) the Okondeka I paleosol (8000-5000 TL yr BP). (Photo K. 
Heine 14.10.1992). 

t evidence of the intensity of\ late Quaternary climatic changes. The extremely 
!! weak soil development dud g different late Quaternary phases show that no 

major changes in precipitation occurred. Although the TL dating of the basal 
aeolian sand (Fig. 6) may be unreliable (because of methodical problems, see 

t Heine, 1995), it is evident that the last ea. 130,000 yr BP were characterised 
f by a semi-arid climate and that the Etosha Pan was not occupied by pluvial 
i. lakes as was postulated by Hovermann ( 1988) and Heine ( 1990b ). Further-

more, it is shown ·that during OIS 5 precipitation was slightly higher, whereas 
· i OIS 4(?) and 3 were arid to semi-arid; the last glacial maximum between 

, 18,000 and 14,000 yr BP experienced slightly wetter conditions, as did the 
t Holocene between 8000 and 5000 yr BP. This ties in with other observations 
I from the Namibian Highland. 

For the entire Kalahari, Shaw & Thomas ( 1996) describe a wetter episode 
from 16,000 to 13,000 14C yr BP (according to radiocarbon-dated calcretes, 
sediments, molluscs, and wood samples). This is corroborated by detailed 
studies of fluvial sediments from the Auob, Nossop, and Molopo valleys in the 
southwestern Kalahari (Heine, 1981,1982, 1990b) and by findings for wetter 
periods around 17,000 to 15,000 14C yr BP in the Bullsport area (Heine, 1993; 
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G > J:. ·'c c,; · · .:,. ·: Fig. 4) as well as in the Mariental-Maltahohe area (Hovermann, 1988), where 
§ ; _a 8 .§ : ; lacustrine deposits a plu_vial For . southwestern 

... E - - - - .c 5 13 !3 Stokes et al. (1997) descnbe multiple episodes of andtty. Samples for optical 
"§ : g · · \t dating (OSL =optically stimulated luminescence) from basal sediments within 

s o l:tl 0 f linear dunes consistently yielded ages exceeding 20,000 OSL yr BP, whereas 
.g -:· i analyses on sands from the body of dunes describing the main linear forms of 
13 f' the area generally indicate depositional ages in the range 10,000-20,000 OSL 

:-§ u i; yr BP. In the Mega Kalahari, several significant arid events are apparent since 
.:§ §· __ t the last interglacial period, with dune-building (arid) phases at ea. 95,000-

Gl N' _ 115,000, 41,000-46,000, 20,000-26,000 and 9000-16,000 OSL yr BP (Stokes 
':"":: et al., 1997). The OSL ages from the southwestern Kalahari point to dune for-

o "" c -o o · -_, 
cu • • .§ 00. ·g mation between 20,000 and 10,000 OSL yr BP (Stokes et al., 1997), whereas 

0 .g ] :{: the 14C dates (Shaw & Thomas, 1996) give evidence of wetter conditions. This 
;:? ·5 ..( J discrepancy is solved by the evidence that aeolian and fluvial processes oc-

13 ] fil :.§ _i curred at the same time during the last glacial maximum in the southwestern 
Kalahari (Heine, 1979, 1981, 1982, 1990b). 

:I: 5 d' .1i I During the late Quaternary, especially for OIS 2 and 1, Brook et al. (1996) 
1-< ·- 0 .c 0 ' gf ..!::: i present a reconstruction of wet and dry periods in the southern African sum-

- c:: 0 0 "'0 Si: .g .c mer rainfall zone by analysing speleothems and tu fa. Dry periods occurred 
C':1 0 1-< (.) :::1 Cl) 

o.. :.0 '-' 
0 

between 35,000 and 28,000 yr BP and between 11,000 and 8000 yr BP, wetter 
-g ] S climatic conditions were identified during periods between 50,000 and 14,000 
0 .... (.) ..... -
(j ] "@ B yr BP and- less accentuated- during the mid and late Holocene. Geyh ( 1995) 
d B..( a ,-.., reports stalagmite growth in a cave of the Otavi mountains (south of the Eto-

§ o i '. tion between and 7000 14C yr BP. This is interpreted as a climatic 
'. -- -sha 

E - - - - B J5 5 8 S · change to more and1ty (Geyh, 1995). 
-o ·a . Seasonal distribution of rainfall in southern Africa is an important aspect of 

§ E tB ..,. palaeoclimatic reconstruction for the Namib Desert. It can be a major in flu-
v,· . (.) d i ence on the relative proportion of c3 and c4 grasses in a region, since their 

0.. :e -o ] _,: relative distribution is essentially constrained by temperatures during the 
c:: 0.. c:: 0 Cl) .......... 

.2 Si ;._ E c:: B :§. { growing season; cool growing season favour C3 grasses, whereas warm ones 
-5 ] ::::, §' ,-.., ;: favour C4 grasses. Dietary signals for animals with Cr and C4-based diets are 
'0 -o maintained for millions of years in enamel. 13C/12C ratios in tooth enamel car-

· bonate of grazers from the northern Cape Province were used by Lee-Thorp & 
§ ·& Beaumont ( 1995) to determine vegetation and rainfall seasonality shifts during 

Cl) _g ·5 E :t the late Quaternary. The data show that the north-western Cape did not fall 
& .s :.8 .::! t within the winter rainfall zone during the Upper Pleistocene. Instead, Lee-
cu 0\ u E u 
g ::::, cu -t' u Thorp & Beaumont (1995) conclude that during the Upper Pleistocene periods 
'i ] ::§ of winter occurred within a summer rainfall 
?' o ,-.., ·a >< .g regtme (wtth more ram throughout the year, 1.e. ramfall was less seasonal). 
1.0 g i' Geomorpholgical and palaeontological evidence indicates that tropical sum-

l:tl .§ ; "§>] ;, mer rains and cyclonic winter rains overlapped in the south-western Kalahari 
£] ] 8 between 19,000 and 13,000 14C yr BP (Heine, 1982: Fig. 6, 1990b: Fig. 9). 

189 
i· 

r ' 



This circulation pattern for ;southern Africa is also described by Leroux 
(1996), and a comparison of present-day locations of major divergences and 
convergences in the South Atlantic with their proposed LGM positions show a 
northward shift of only 1-3° of latitude at the LGM (Morley & Hays, 1979; 
see also Harrison, 1988). 

Although it is difficult to reconstruct the precipitation changes prior to ea. 
25 ,000 yr BP, because of the need for more reliable chronological data (TL, 
OSL, IRSL, Uffh, TIMS Urfh), some general inferences can be drawn: Dur-
ing the last ea. 130,000 yr BP, the intensity of precipitation fluctuations in 
Namibia increased from west (Namib Desert) to east and from south-west to 
north-east. The period of the last glacial maximum between ea. 18,000 and 
14,000 14C yr BP was wetter than the periods before and after. This last glacial 
maximum wet phase was restricted to the summer rainfall zone in southern 
Africa and did not affect the coastal N amib Desert. The transition from the late 
glacial to the early Holocene was relatively arid. Wetter conditions started 
with the Holocene climatic optimum. This is in agreement with the results 
from the South African summer rainfall zone (Scott, 1989). 

DISCUSSION 

During the last 125,000 yr BP, the hyper-arid coastal zone of the Namib Des-
ert experienced an arid climate without any precipitation changes greater than 
those comparable with the current desert climate. All morphological, sedi-
mentologlcal, pedological, and palaeontological evidence for iaie Quaternary 
fluctuations in precipitation can be explained by causes other than precipita-
tion changes in the desert itself. The sensitivity of ephemeral rivers to climatic 
change is conditioned, in part, by the wide range in flood magnitude and by 
the erosional and depositional legacy of large events; very large floods, for in-
stance, have recurrence intervals of the order of 103 years . Many observations 
from desert rivers suggest (Reid, 1994) that diagnosing climatic change from 
channel and sediment characteristics are prone to error. One problem is that 
each desert drainage basin is a unique permutation of all those factors that en-
courage or discourage runoff and sediment transfer (see Jacobson et al., 1995). 
Factors which act as regulators of change may be more important in one 
catchment than in another (Reid, 1994). The late Quaternary sequences of flu-
vial sediments from the Namib rivers clearly support this view. · 

The lacustrine deposits, most of which occur east of the hyper-arid coastal 
area of the desert, cannot contribute to the reconstruction of the late Quater-
nary- changes .in precipitation, either. They represent different sources of water 
in the desert (e.g. by penetration of rivers draining the highlands to the east, by 
seepage through the dunes, by flooding of interdune corridors from the river 
valleys, by groundwaters from the east). 
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The soils of the hyper-arid Namib Desert document arid conditions 
throughout late Quaternary times. So do the pollen sequences from the desert 
and from marine cores. 

Cave sinters of the central Namib Desert seem to be most useful for pa-
. laeoenvironmental reconstructions. Although investigations continue and only 

preliminary results can be presented, the stalagmites document hyper-arid 
conditions by their morphology, cross-section, and growth rates for at least 
125,000 yr BP. Conventional 14C and Urfh ages cannot give exact rates of the 
deposition of the stalagmite because of the very fine laminae of calcite, but the 
data show that the stalagmite growth ceased before 25 ,000 14C yr BP. 

The elucidation of the late Quaternary palaeoclimatic history of the Namib 
Desert has been a difficult and ambiguous task. Although many authors real-
ised that the Namib Desert landforms and sediments have a palaeoclimatic 
significance, it is only with the discovery of the desert speleothems that the 
potential of cave calcites has been used as an archive of palaeoclimatic scien-
tific data from the Namib Desert (i-feine & Geyh-, 1984). The speleothems shed 
new light on the precipitation changes during the last 125,000 yr BP. Evidence 
for aridity along the coastal Namib Desert comes from experiments with gen-
eral circulation models (GCMs), too. 

In most cases, general circulation modelling experiments are used to assess 
the impact of climate chancre (last glacial maximum conditions or enhanced 
greenhouse effect) on chan/es in annual or seasonal average surface tempera-
tures and total rainfall However, in deserts many of the most impor-
tant impacts wiq_ in _the frequency _ of ex-
treme events. In particular, changes in rainfall extremes have received very 
limited attention so far (Gordon et al., 1992). 

A simulation of the atmosphere under ice age conditions ( 18,000 years ago) 
is presented by Lautenschlager (1991). The T21 AGCM (Atmospheric General 
Circulation Model) was used to simulate the 2 m-temperature, the 10 m-wind, 
and precipitation. The presentation is restricted to January and July averages 
(temperatures, winds, and precipitation) in order to demonstrate the changes in 
summer and winter during the glacial epoch. The model's response to the ice 
age boundary conditions is consistent with palaeoecological data on land and 
with AGCM experiments of other studies (Lautenschlager, 1991). Although 
the differences between the mean climate states of the T21 model atmosphere 
under glacial and modem boundary conditions were statistically significant, 
the basic structure of the simulated atmosphere circulation was not altered 
substantially (Lautenschlager, 1991) (Fig. 7). The results of the AGCM ex-
periment are in close agreement with the observations from the Namib Desert. 
During the southern summer (January) a positive anomaly is shown with in-
creasing values to the east and north-east in the Namibian area. Even during 
the southern winter (July) higher precipitation is suggested for the Kalahari 
region. According to the AGCM expenments the coastal Namib Desert did not 
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Figure 7. Simulation of tt e atmosphere under ice age conditions ( 18,000 14c yr BP) with 
the T2l Atmospheric General Circulation Model (= AGCM) (after Lautenschlager 
1991). a) January and July mean temperature anomaly (ice age minus present) at 2 m. 
Contour interval 2.5°C. Positive anomalies are hatched. b) January and July mean pre-
cipitation anomaly (ice age minus present) . Contour interval I mm/day. Positive anoma-
lies are hatched. 

experience any increase in precipitation during the last glacial maximum 
summer, nor during the last glacial maximum winter. 

';.-

back as the early Cainozoic. The research on the stalagmite from the Rossing 
Cave may yield palaeoclimatic data spanning the last few 100,000 years. 

The interpretation of the terrestrial proxy data from the Narnib Desert sug-
, gests a prolonged period of aridity during the late Quaternary that was neither 

influenced by large climate changes nor the fast and abrupt climate variability 
.· recorded in Greenland ice cores, in long terrestrial sequences, or in marine 

1
: sediment cores (Broecker, 1995). The late Quaternary climatic development of 

the Narnib Desert reflects the surface oceanography in the South Atlantic 
· Ocean which is characterised by a cyclonic gyre circulation including the i northwest-directed Benguela Current, the eastward South Equatorial Counter 

Current, and the Angola Current which t1ows southward along the Angola 
· Margin. Therefore, with regard to late Quaternary climatic change, the Namib 

Desert cannot be compared with the Sahara, Arabian, and Asian deserts . 

ACKNOWLEDGEMENTS 

This work was supported throughout by DFG (Deutsche Forschungs-
gemeinschaft) grants. For radiocarbon, AMS radiocarbon, Uffh, and TL age 
deterrninations I am grateful to M.A. Geyh (Hannover) , M. Klein/W. 
Kretschmer (Erlangen), and L. Zoller (Heidelberg). I am also indebted to L. 
Scott (Bloemfontein) for palynological analyses of the cave sinters. I thank A. 
Heine and many other people for assistance in the field and with drilling the 

----·cores. I' would also like to thanK: the govemme.n't .of Namibia· 
c.onduct research in the country. I am indebted to A. Singhvi and two anod -

. mous reviewers for their critical comments to the manuscript. ' 

REFERENCES 

AG Bodenkunde 1982. Bodenkundliche Kartieran/eilung . Hannover: Schweizer-
barth' sche Verlagsbuchhandlung, Stuttgart, 331 pp. 

Bliimel, W.D. & B. Eitel 1994. Tertiare Deckschichten und Kalkkrusten in Nariiibia. 
Entstehung und geomorphologische Bedeutung. Zeitschrift fiir Geomorpho/ogie N.F. 
38: 385-403. 

Both field evidence and modelling show that in the Narnib Desert the late 
Quaternary changes in precipitation increased with increasing distance from 
the coast. In the Kalahari area the precipitation increase was significant. For 
the last glacial maximum, a shift of the Namib Desert margin to the west can 
be postulated. However, the coastal part of the Namib Desert was not influ-
enced by more humidity. It remains unclear whether earlier OISs experienced 
similar changes. Partridge (1997) believes that the current east-west climatic 
gradient across southern Africa was established (at least temporarily) as far ' 

Bremner, J .M. & J.P. Willis 1993. Mineralogy and geochemistry of the clay fraction of 
sediments from the Namibian continental margin and the adjacent hinterland. Marine 
Geology 115: 85-116. 

Broecker, W.S. 1995. The Glacial World According To Wally. Eldigio Press (Lamont-
Doherty Earth Observatory of Columbia University): Palisades NY. 318pp. + appen-
dices. 

Brook, G.A. 1995. Quaternary environments in the African and Indian Ocean tropical 
zone: Evidence from cave sediments in Somalia, Zaire, Botswana, Namibia and 
Madagascar. International Association of Geomorphologists, Southeast Asia Confer-

' l 
192 

f 
193 

T 
t. ' l' 



'·I 

:·. 

. , 

' 

·:·: 

/ 

, · 

·.,; 

ence, Singapore 18-23 June 1 1995, Programme with Abstracts, National Univer-
sity/Nanyand Tecnological University: 34. 

Brook, G.A., J.B. Cowart & E. Marais 1996. Wet and dry periods in the southern African 
summer rainfall zone during the last 300 kyr from speleothem, tufa and sand dune 
age data. Palaeoecology of Africa 24: 147-158. 

Buch, M.W. 1996. Geochrono-Geomorphostratigraphie der Etoscha Region, Nord-
Namibia. Die Erde 127: 1-22. 

Buch, M.W., D. Rose & L. Zoller 1992. A·TL-calibrated pedostratigraphy of the western 
lunette dunes of Etosha Pan/northern Namibia: Palaeoenvironmental implications for 
the last 140 ka. Palaeoecology of Africa 23: 129-147. 

Buch, M.W. & L. Zoller 1992. Pedostratigraphy and thermoluminescence chronology of 
the western margin-(lunette-)dunes of the Etosha Pan/northern Namibia. Wurzburger 
Geographische Arbeiten 84: 361-384. 

Colonna, M., J. Casanova, W.-C. Dullo & G. Camoin 1996. Sea-Level Changes and 
o180 Record for the Past 34,000 yr from Mayotte Reef, Indian Ocean. Quaternary 
Research 46: 335-339. 

Deacon, J. & N. Lancaster 1988. Late Quaternary Palaeoenvironments of Southern Af- -
rica . Oxford: Clarendon Press, 225 pp. 

Diester-Haass, L. , K. Heine, P. Rothe & H. Schrader 1988. Late Quaternary history of 
continental climate and the Bengue1a Current off South West Africa. Palaeogeogra-
phy, Palaeoclimarology, Palaeoecology 65: 81-91. 

Eckardt, F. 1996. The distribution and origin of gypsum in the Central Namib Desert, 
Namibia. D.Phil thesis, University of Oxford, UK. 320pp. 

Eitel, B. 1994. Kalkreiche und Kalkkrustengenerationen in Namibia Zur 
Frage der Herkunft und Mo iilisierung des Calciumkarbonats. Stuttgarter 
geographische Studien 123, Geographisches Institut der Universitat, 193 
PP- - --- ----····--·--. . ... - ·--- ·· -··· ·-· ···--- -----------------

Eitel, B. · 1995. Kalkkrusten in Namibia und ihre palaoklimatische Interpretation. 
Geomethodica (= YerOff. 20. BGC) 20: 101 -124. 

Eitel, B. & L. Zoller 1995. Die Beckensedimente van Dieprivier und Uitskot (NW-
Namibia): Ein Beitrag zu ihrer palaoklimatischen Interpretation auf der Basis van 
Thermolumineszenzdatierungen. Mitteilungen der Osterreichischen Geographischen 
Gesellschaft 137: 245-254. 

Gascoyne, M. 1992. Palaeoclimate determination from cave calcite deposits. Quaternary 
Science Reviews 11: 609-632. 

Geyh, M.A. 1995. Geochronologische Aspekte pa1aohydrologischer und palaoklima-
_tischer Befunde in Namibia. Geomethodica (= Veroff. 20. BGC) 20: 75-99. 

Guilderson, T.P., R.G. Fairbanks & J.L. Rubenstone 1994. Tropical temperature varia-
tions since 20,000 years ago: Modulating interhemispheric climate change. Science 
263: 663-665. 

Gordon, H.B., P.H. Whetton, A.B. Pittock, A.M. Fowler & M.R. Hayloclc 1992. Simu-
lated changes in daily rainfall intensity due to the enhanced greenhouse effect Impli-
cations for extreme rainfall events. Climate Dynamics 8: 83-102. _ .. . . , _ 

Hamson, M.S.J. 1988. The status of general circulation model simulations of southern 
African Quaternary climates. Palaeoecology of Africa 19: 293-303. · 

Heine, K. 1979. Reply to Cooke's discussion of K. Heine: Radiocarbon Chronology of 
Late Quaternary Lakes in the Kalahari, Southern Africa. Catena 6: 259-266 . 

194 

. :j 
.... , 

' ·.._ 

Heine, K. 1981. Aride und pluviale Bedingungen wahrend der letzten Kaltzeit in der 
Sudwest-Kalahari (si.idliches Afrika). Ein Beitrag zur klimagenetischen Geomor-
phologie der Di.inen, Pfannen und Tiller. Zeitschriftfur Geomorphologie N.F., Suppl.-
Bd. 38: 1-37. 

Heine, K. 1982. The main stages of the late Quaternary evolution of the Kalahari region, 
southern Africa. Palaeoecology of Africa 15: 53-76. 

Heine, K. 1985. Late Quaternary development of the Kuiseb River valley and adjacent 
areas, central Namib Desert, South West Africa/Namibia, and palaeoclimatic impli-
cations. Zeitschrift for Gletscherkwuie und Glazialgeologie 21 : 151-157. 

Heine, K. 1987. Jungquartare fluviale Geomorphodynamik in der Namib, Sud-
westafrika!Namibia. Zeitschrift fur Geomorphologie N.F., Suppi.-Bd. 66: 113-134. 

Heine, K. 1988. Southern African palaeoclimates 35-25 ka ago: A preliminary summary . 
Palaeoecology of Africa 19: 305-315. 

Heine, K. 1990a. Klimaschwankungen und klimagenetische Geomorphologie am 
Beispiel der Namib. Berliner Geographische Studien 30: 221-234. 

Heine, K. 1990b. Some observations concerning the age of the dunes in the western Ka-
lahari and paleoclimatic implications. Palaeoecology of Africa 21: 161-178. 

Heine, K. 1991. Palaoklima und Reliefentwicklung der Namibwi.iste im uberregionalen 
Yergleich. Geomethodica (= Veroff. 16. BGC) 16: 53-92. 

Heine, K. 1992. On the ages of humid Late Quaternary phases in southern African arid 
areas (Namibia, Botswana). Palaeoecology of Africa 23: 149-164. 

Heine, K. 1993. Zum Alter jungquartarer Feuchtphasen im ariden und semiariden si.id-
westlichen Afrika. Wurzburger Geographische Arbeiten 87: 149-162. 

Heine, K. 1995. Palaoklimatische lnformationen aus sudwestafrikanischen Boden und 
Oberflachenformen: Methodische Oberlegungen. Geomethodica (= YerOff. 20. BGC) 
20: 27-74. 

Heine, K. 1997. Late Quaternary climatic-changes -in . the Central Namib .Desert, Na-
mibia. In Alsharhan, A.S ., K.W. G1ennie, G.L. Whittle & C.G.St.C. Kendall (eds), 
Quaternary Deserts and Climatic Change: 293-304. Rotterdam: Balkema. 

Heine, K. & M.A. Geyh 1984. Radiocarbon dating of speleothems from the Rossing 
Cave, Namib Desert, and palaeoclimatic implications. In J.C. Yoge1 (ed.), Late Cai-
nozoic Palaeoclimates of the Southern Hemisphere: 465-470. Rotterdam: Balkema. 

Heine, K. & R. Waiter 1996a. Die Gipskrustenboden der zentralen Namib (Namibia) und 
ihr palaoklimatischer Aussagewert. Petermanns Geographische Mitteilungen 140: 
237-253. 

Heine, K. & R. Waiter 1996b. The gypcretes of the central Narnib Desert and palaeocli-
matic implications. Palaeoecology of Africa 24: 173-201 . 

Hovermann, J. 1978. Formen und Formung der Pranamib (Flachen-Namib). Zcitschrift 
fur Geomorphologie N.F., Suppl.-Bd. 30: 55-73. 

Hovermann, J. 1988. The Sahara, Kalahari and Namib Deserts: A Geomorphological 
Comparison. In G.F. Dardis & B.P. Moon (eds), Geomorphological Studies in South-
ern Africa, 71-83. Roterdam: Balkema. 

Jacobson, P.J., K.M. Jacobson & M.K. Seely 1995. Ephemeral Rivers and their Catch-
ments. Sustaining people and development in western Namibia. Desert Research 
Foundation of Namibia, Windhoek. 160 pp. 

195 

'le 
. • 

'I 

.. .,:1 : ;··: . -·· 
: ·:'7 ·: ·: ·; _:;. .. :· ; 



Po N :-•,,;.:•. 

, ! 

t 
l 

·. 

> 

1 .. i 
] 

l 
'j 
4 

j 

l 
1 

i 
1 

l 

... ,•_;. 

.. .•.. : ... •. ..:.... .: ... _.;,_ - -·-- ..,.. ... , ... .. . ............... l ·::i!Z -!p.P::t · -op: 
,, ; '1."! " .. \ ! -'.: 

,or• 1">-\o 

Kaiser, E. 1926. Ho_henschichten-Karte _Deflationslandschaft der . Narnib ·. Siid-.·ISchneider, 199_5. Wechselwirkungen der Oberflachenzirkulation im 
westafrikas und threr Umgebung. Mtttetlungen der geographtschen Gesellschaft chen Sudatlanttk und dem westafnkamschen Monsunsystem wahrend des 
Miinchen XIX,2: 38-75. · . . a Spatquartars. Geomethodica (= Veroff. 20. BGC) 20: 125-161. 

Lancaster, N. 1984. in the Tsondab Valley, central Namib Desert. JSco_tt, L. 1989. Climatic in southern Africa since last glacial maximum, 
Palaeoecology of Afn<;a 16: 411-419. · . . 1 mferred from pollen analysis. Palaeogeography, Palaeocltmatology, Palaeoecology 

Lancaster, N. & J.T. Teller 1988. Interdune deposits of the Namib Sand Sea. Sedimen- J 70: 345-353. · 
tary Geology 55: 91-107. L. Pollen Evidence for Vegetationa1 and Climatic Change in Southern Afri-

Lautenschlager, M. 1991. Simulation of the ice age atmosphere - January and July 1 ea dunng the Neogene and <?uatemary. In E.S. Vrba, G.H. Denton, T.C. Partridge & 
means-. Geologische Rundschau 80: 513-534. ; L.H. Burckle (eds), Paleocltmate and Evolution with Emphasis on Human Origins. 

LEG 113 shipboard scientific members 1987. Glacial history of Antarctica. Nature 328: [ Yale University Press, Yale: 65-76. 
115-116. L., B. Cooremans, J.S . de Wet & J.C. Vogel 1991. Holocene environmental 

Leroux, M. 1996. La dynamique du temps et du climat. Paris: Masson, 31 Opp. \ changes in Namibia inferred from pollen analysis qf swamp and lake deposits. The 
Miller, G.H. , J.W. Magee & A.J.T. Jull 1997. Low-latitude glacial cooling in the South- ) Holocene 1: 8-13. 

em Hemisphere from amino-acid racemization in emu eggshells. Nature 385: 241- L., M. Steenkamp & P.B. Beaumont 1995. Palaeoenvironmental conditions in 
244. South Africa at the Pleistocene-Holocene transition. Quaternary Science Reviews 14: 

Morley, J.J . & J.D. Hays 1979. Comparison of Glacial and Interglacial Oceanographic t 937-947. 
Conditions in the South Atlantic from Variations in Calcium Carbonate and Radio- Selby, M.J., C.H. Hendy & M.K. Seely 1979. A late Quaternary lake in the central Na-
larian Distribution. Quaternary Research 12: 296-408. ; mib desert, southern Africa, and some implications. Palaeogeography, Palaeocli-

O'Connor, P. 1997. Expansions of the arid realm: late Quaternary environmental matology, Palaeoecology 26: 37-41. 
central Mega-Kalahari, southern Africa. Quaternary Newsletter (Quaternary Re- Shackley, M. 1980. An Acheulean industry with Elephas recki fauna from Namib IV, 
search Association London) 82: 42-43. · South West Africa (Namibia) . Nature 284: 340-341. 

Partridge, T.C. 1993. The evidence for Cainozoic aridification in southern Africa. Qua- .Shaw, P.A. & D.S.G. Thomas 1996. The Quaternary Pa1aeoenvironmental history of the 
ternary lnternational17 : 105-110. :· Kalahari, Southern Africa. Journal of Arid Environment 32: 9-22. 

Partridge, T.C. 1997. Cainozoic environmental change in southern Africa, with T. 1985. Past climates and vegetation changes. rn Historical Atlas of Africa. Loo-
emphasis on the last 200,000 years. Progress in Physical Geography 21 : 3-22. I don: Longman. 

Reid, L 1994. River Landforms .. and -Sediments; Evidence of Climatic Change. R.M:H:;T.R: Mason·&·J.D. Ward 1993 . Flash-flood sediments and ichnofacies of 
Abrahams & A.J. Parsons (eds), Geomorphology of Desert Environments, .571-592. I the Late Pleistocene Hor1 eb Silts, Kuiseb River, Nambia. Sedimentary Geology 85: 
London: Chapman & Hall. 579-599. I 

Reineck , H.-E. & LB . Singh 1980. Depositional Sedimentary Environments. Ber- .itokes, S., D.S.G. Thomas ·. R. Washington 1997. Multiple episodes of aridity in south-
lin/Heidelberg/New York: Springer. 549 pp. em Africa since the last interglacial period. Nature 388: 154-158. 

Rust, U. 1987. Geomorphologische Forschungen im si.idwestafrikanischen Kaokoveld ) tute, M. & S. Talma 1997. Glacial temperatures and moisture transport regimes recon-
zum angeblichen vollariden quartaren Kemraum der Namibwi.iste. Erdkunde 41: 118- ; structed from noble gases and Stampriet aquifer, Namibia. rn Isotope tech-
133. · niques in studying past and current environmental changes in the hydrosphere and 

Rust, U. 1989a. (Paliio- )Klima und Relief Das Reliefgefiige der siidwestafrikanischen the atmosphere, /AEA, Vienna, in press. 
Namibwiiste (Kunene bis 27°s.B.) . Mi.inchnl!r geographische Abhandlungen, Reihe B, feller, 1 .T. 1998. Freshwater lakes in arid regions. Palaeoecology of Africa 25: 241-253. 
vol. B7: l-158. Mi.inchen: Geobuch-Verlag. --·- .. -feller, J.T. & N. Lancaster 1986. Lacustrine sediments at Narabeb in the central Namib 

Rust, U. 1989b. Grundsatzliches i.iber FluBterrassen als palaoklimatische Zeugen in der - desert, Namibia. Palaeogeography, Palaeoclimatology, Palaeoecology 56: 177-195. 
si.idwestafrikanischen Namibwi.iste. Palaeoecology of Africa 20: 119-132. feller, J.T., M. Rybak, I. Rybak, N. Lancaster, N.W . Rutter & J .D. Ward 1988. Diatoms 

Rust, U. 1994. Skizzierung einiger Beitrage zur Relief- und Palaoklimaforschung in · and other fossil remains in calcareous lacustrine sediments of the northern Namib 
einem afrikanischen Trockenraum- Namibia. Mitteilungen der Geographischen Ge- Sand Sea, South West Africa/Namibia. In G.F. Dardis & B.P. Moon (eds), Geomor-
sellschaft in Miinchen 79: 167-177. . i· phological Studies in Southern Africa, 159-174. Rotterdam: Balkema. 

Rust, U. 1995. Klima, Klimaschwankungen und Relief in der randtropischen Namib ·reller, J.T., N. Rutter & N. Lancaster 1990. Sedimentology and paleohydrology of Late 
(Lagegegebenheiten als methodisches Argument- und ein Epilog). Geomethodica (= j Quaternary lake deposits in the northern Namib sea, Namibia. Quaternary Sci-
VerOff. 20. BGC) 20: 123-168. 1 ence Reviews 9: 343-364. 

Rust, U. & J.C. Vogel 1988. Late Quaternary environmental changes in the northem jbomas, D.S.G. & P.A. Shaw 1991. The Kalahari Environment. Cambridge: Cambridge 
Namib Desert as evidenced by fluvial landforms. Palaeoecology of Africa 19: 127- ! University Press, 284 pp. 
137. 

196 197 

'rf 
. • 

/l <:t I ·1--



., 

. 

:1" .. :·· . . :·· ·.: .. .. 
. t 
i 
I 

1 
1 

. ·. j 
. . -. --

i 

·l 
'i 
-I 

-1 

, ; .· ' 
' :i 

t : 
.I 

.. .. ..... .. .• ' ,$ - -- .._.,.. :c..o....- ....... ?TT ; · .' ;: . : .!J . 

Tyson, P.D. 1986. Climatic Change and Variability in Southern Africa. Cape Town: Ox-
ford University Press, 220 pp. 

van Zinderen Bakker, E.M. 1975. The origin and palaeoenvironment of the Namib Des- 11 
ert biome. Journal of Biogeography 2: 65-73. 

van Zinderen Bakker, E.M. 1976. The evolution of late-Quaternary palaeoclimates of 
southern Africa. Palaeoecology of Africa 9: 160-202. 

van Zinderen Bakker, E.M. 1984a. Aridity along the Namibian coast. Palaeoecology of 
Africa 16: 149-160. 

van Zinderen Bakker, E.M. l984b. A late- and post-glacial pollen record from the Namib 
Desert. Palaeoecology of Africa 16: 421-428. 

van Zinderen Bakker, E.M. 1984c. Palynological evidence for the late Cenozoic arid 
conditions along the Namibia coast from Holes 532 and 530A, Leg 75, Deep Sea 
Drilling Project. In Hay, W.W. & 1.-C. Sibuet (eds), Initial Reports of the Deep Sea 
Drilling Project, vol. LXXV: 763-768. Washington: U.S. Government Printing Of-
fice . 

van Zinderen Bakker, E.M. & M. Mi.iller 1987. Pollen studies in the Namib desert. Pol-
len and Spores XXIX(2/3): 185-206 . 

Vogel, J.C. 1982. The age of the Kuiseb river silt terrace at Homeb. Palaeoecology of 
Africa 15: 201-209. 

Vogel, J.C. & U. Rust 1987. Environmental changes in the Kaokoland Namib Desert 
during the present millenium. Madoqua 15: 5-16. 

Vogel, J.C. & U. Rust 1990. Ein in der Kleinen Eiszeit (Little Ice Age) begrabener Wald 
in der nord1ichen Namib. Berliner Geographische Studien 30: 5-16. 

Vogel, J.C. & E. Visser 1981. Pretoria radiocarbon dates Il. Radiocarbon 23: 43-80 . 
Ward, J.D. & I. Corbett 1990. Towards the Age of the Namib. In Seely, M.K. (ed.), Na-

mib ecology: 25 years of Namib · research= Transvaal -
Transvaal Museum, Pretoria. it 

Wefer, G. 1990. Der Si.idatlantik im Spatquartar: Rekonstruktion von Stoffhaushalt J d 
Stromsystemen. lmpulse aus der Forschung (Universitat Bremen) 9: 6-13. : 

Zawada, P. 1995. Palaeotlood hydrology of South African rivers: Evidence for Holocene 
catastrophic tlooding in the lower Orange River valley. INQUA Abstracts, Terra 
Nostra 2195 : 310. 

198 

Arid belt from Israel to China 

yt 



;.,;. ·,, 
r-: 

,. 
. . · . . . :. 

. ' : :. . ' ' 

. . ----·-·-- - ·-:-.... -- ___ __:_ ___ . T ·- .. _. .. 

,, ,. 

, · .·:·: 
· ' " ' 

t-
... 

ic•; . ... ......._ 

I 

·- . 

:;L•···· 

PALAEOECOLOGY OF AFRICA 
AND THE SURROUNDING ISLANDS 

Established by E. M. van Zinderen Bakker Sr 

KLAUS HEINE (editor) 

VOLUME25 

Proceedings of the Conference 
'Desert Margin Changes in Africa 
Since 135 ka: Implications 
for water, Carbon and Mankind' 
/GCP-349//GCP-404//NQUA 
Commision on Carbon 

Guest-editors 
H.FAURE -
K.HEINE 
A.SINGHVI 

OFFPRINT 

1\ 

;l 

A. A. BALKEMA I ROITERDAM I BROOKFIELD I 1998 

. • 


