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ABSTRACT: The hyper-arid central Namib Desert represents a flat gravel plain (Namib Unconformity Surface) 
that rises from the coast in the west to about 1000 m a.s.l. in the east. In the south the Kuiseb River gorge 
separates the plains with inselbergs from the Namib erg. The aridity along the Namib coast is caused by the 
cold Benguela Current, which has persisted since Tertiary times. Little is known about late Quaternary climate 
changes in the central Namib Desert. Here we refer to investigations on Kuiseb River sediment sequences 
(Homeb Silt Formation), gypsum soils of the Namib Unconformity Surface, and speleothems of Namib caves 
to discuss their paleoclimatic evidence. According to geomorphologic, sedimentologic, paleopedologic 
evidence and information of speleothem growth in combination with 14C, Uffh, and TL age determinations, 
the central Namib Desert experienced an arid climate during the late Quaternary. No evidence was found that 
the major late Quaternary climate changes affected the central Namib area. We conclude that the cold Benguela 
Current was stable off the central Namib coast, thus producing the conditions for the aridity throughout the late 
Quaternary. Uffh dates point to some fluctuations in available moisture during and before the isotope stage 5. 

1 INTRODUCTION 

The occurrence of coastal deserts along the western 
shore of most continents has attracted the attention of 
scientists for a long time. These deserts are of 
different natures; some are hyper-arid while others 
are semi-arid. In recent years the age and origin of 
these deserts and their Quaternary climatic changes 
have been the focus of much research of an 
interdisciplinary nature. The Namib Desert of 
Southwestern Africa (Fig. I) is about 1400 km long 
and between 40 and 120 km wide. It is characterized 
by a climate that has been more or less arid for 
approximately 40 million years. Marine pollen 
assemblages in cores off the coast document arid 
climatic conditions along the coast ever since 
Pliocene times. Whether more humid phases 
occurred in the Namib desert and surrounding areas 
during the late Quaternary has been discussed 

before 40 ka BP based on 14C dates, and before 100 
ka BP based on TL dates. All paleoclimatic data 
obtained in recent years from calcretes, fossil 
horizons, speleothem etc. point to a relatively arid 
climate in the central Namib Desert, at least since the 
last glacial maximum, this part of the N amib Desert 
was not affected by more than normal rainfall. 
Fluctuations in precipitation are superimposed, but 
these fluctuations did not lead to a decisive change of 
the general climatic regime. 

Here we show that in the Namib Desert, 
in the area between the Kuiseb and Swakop valleys 
as well as in the area of the Rossing Mountains and 
the Tinkas Flats, late Quaternary fluctuations in 
precipitation did not affect the desert environment. 

·2 THE STUDY AREA 

recently by different authors (Heine 1992, 1995, The hyper-arid central Namib Desert borders on the 
Rust 1989, 1994, Teller et al. 1990, Geyh 1995). An cold Atlantic Ocean to the west and a dissected 
analysis of the paleoclimatic information from plateau slope beneath the Escarpment (which has an 
landforms, palesols, sediments, and speleothems in average altitude of 1500 m, rising to 2300 m in 
southwestern Africa shows that only few data places) some 160 to 180 km to the east (Lindesay & 
concerning the climatic history are useful (Heine Tyson 1990) (Fig. 1). 
1995). Many problems hamper the geochronological , The Swakop and Kuiseb River valleys are deeply 
and paleoclimatical interpretation of the 14C, Uffh, _incised into bedrock. The latter separates the 
and TL dates -(Geyh 1995). By comparison, -me= relatively flat gravel plains with inselbergs (Rossing 
climatic development during the Holocene is rather mountains) to the north from the coast-parallel linear 
well established. But for the Upper Pleistocene, no dunes of the sand sea to the south. The plain of the 
exact information can be given because of difficulties central Namib Desert rises from sea level to about 
with the absolute age determinations. no 1000 m a.s.l. at the .foot of the Great Escarpment. 
paleoclimatic information can be obtained for the time This plain is called the Namib Unconformity Surface. 
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It was formed by long continued erosion across the occur toward the top of the succession and indicate a 
Precambrian rocks, thus separfiting the metamorphic gradual reduction in the frequency of flooding. These · 
bedrock from all younger deposits (Oilier 1977). immature calcic paleosols suggest that the climate in 

The mean annual rainfall of less than 20 rnrnlyear the central Namib Desert was semi-arid ea. 20,000 
along the coastal belt makes the Namib Desert one of years ago, being wetter and more seasonal than the 
the driest areas in the world according to common hyper-arid conditions that prevail today (Smith et al. 
definitions of a desert (Fig. 2). Rainfall increases 1993). 
from the coast towards the interior changing. to a Although there seems to be little doubt about the 
summer rainfall zone on its eastern edge. · The observations by Smith et al. (1993) that the Homeb 
combination of cool air masses under the influence of Silt Formation proves semi-arid climatic conditions, 
the cold Benguela Current, together with the high some fundamental questions arise. Previous workers 
pressure conditions in the subtropics is mainly have offered several other explanations of the 
responsible for the scanty rainfall. Apart from characteristic Homeb sediments (e.g. Scholz 1972, 
rainfall, precipitating fog is the second source of Rust & Wieneke 1980, Marker & Muller 1978, 
moisture that sustains life in the Namib. Rainfall over Vogel 1982, Oilier 1977). They were variously 
the central Namib Desert occurs mainly in the form interpreted as river end-point accumulations, flood 
of convective summer storms (Sharon 1981) from deposits of an aggrading river, or sediments 
which maximum precipitation is received over the deposited behind a dune dam. Hovermann ( 1978) 
Excarpment to the east, while fog precipitation is the = --Postulates a fluvial origin of the silts, and Heine 
dominant moisture source over the western parts of (1987) describes as their mode of origin flash-flood 
the desert adjacent to and inland from the coast fluvial sediments that were deposited beside the main 
(Lancaster et al. 1984, Lindesay & Tyson 1990). channel flow in overbank areas (mainly in tributary 

3 PALEOCLIMATIC INFORMATION FROM 
CENTRAL NAMlli SITES · 

3.1 The Homeb Silts 

The Kuiseb drainage system rises in the Khomas 
Highlands to cross the central Namib Desert and 
reach the coast near Walvis Bay. Near Homeb, in the 
rock-walled canyon of the Kuiseb, some relics of 
alluvial terraces are preserved (Fig. 3). The Cenozoic 
deposits of the Kuiseb valley have been documented 
by Ward (1987) and Ward & Corbett (1990). The 
sediments form isolated outcrops hanging from the 
rock walls of tributary valleys. The maximum 
thickness is more than 25 m. The most elevated 
sediments are some 45 m above the present river 
bed. Vogel ( 1982) dates the Homeb Silt Formation to 
some 20,000 years BP. The Homeb Silt Formation 
consists of eroded remnants of fme-grained alluvium 
deposited as flash-flood sediments that were 
colonized by successive generations of opportunistic 
arthropods (Smith et al. 1993). The stacked flood 
units each comprise a massive tabular siltstone bed 
overlain by a thinner interval of rapidly alternating 
sandstone and siltstone with claystone veneers. 
These flood units are interpreted as having 
accumulated under semi-arid climatic conditions by 
episodic back-flooding of the Kuiseb River into 
embayments and tributary mouths (Smith et al. 
1993). Soon after deposition, as the floodwaters 
subsided, the sediment was colonized by burrowing, 
sediment-ingesting organisms, mostly arthropods, 
that produced a Taenidium ichnofacies. After the 
floodwaters had drained, the exposed sediment was 
colonized by grasses and burrowed by terrestrial 
arthropods, probably ants and termites, resulting in 
an overprint of ichnofacies with 
associated pelletal chambers (Smith et al. 1993). 
Thirteen horizons of rhizocretions and root tubules 
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valleys). Thus, the Homeb Silt Formation represents 
not only the climatic regime of the central Namib 
Desert, but also the climatic conditions in the upper 
reaches of the Kuiseb (interior plateau, Great 
Escarpment, eastern Narnib). 

The age of the Homeb Silt accumuluation is dated 
by 14C as 23-19 ka BP (Vogel 1982) and by TL as 
about 18.3 +/- 3.4 and 17.4 +/- 3.8 ka BP (Eitel 
1994). Although the age determinations differ within 
a couple of thousand years, the time of accumulation 
is centered around 20,000 year BP, and thus is 
roughly synchronous with the last glacial maximum 
(LGM). 

3.2 Soils of the central Namib Desert 

According to Scholz ( 1972), raw mineral soils, 
calcrete and gypcrete soils, are the most important 
soil types of the gravel plains of the central Namib 
Desert. In the vicinity of Gobabeb, north of the 
Kuiseb, most of the soils have a light brown to ochre 
col or, and are shallow, with a subsurface horizon 
which may consist of calcrete, gypcrete, or salt. 

A detailed investigation of the desert soils with 
respect to the meso- and microrelief north of the 
Narnib Research Station of Gobabeb (Waiter 1994) 
yields the distinction of different phases with 
characteristic pedogenic processes. A schematic soil 
profile of the central Narnib gravel plain is shown in 
Figure 4. 
From top to bottom, the following soil horizons are 

developed: ( 1) layer of 2-3 cm of eolian material, 
with a desert pavement (quartz, rock fragments, 
feldspar, remnants of calcrete, etc. sandy-gravel), 
composed of a layer of angular to subrounded 
gravels one or two stones thick sitting on a mantle of 
finer stone-free silty sand; (2) gypsum crust; in the 
upper part characterized by thin, discontinuous 
gypsum coatings on the undersides of the stones 
(stage I after the classification of Reheis 1987) and 
by abundant gypsum pendents under stones and 
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gypsum crystals scattered through the matrix (stage surface by erosion and denudation has not been 
II after Reheis 1987); in the lower part a gypcrete observed. Therefore, major fluctuations in humidity 
developed, consisting of a continuous gypsum- = (rainfall) cannot have occurred during the late 
plugged matrix, with stones and smaller debris Quaternary. If they had occurred, they would have 
floating in the gypsum matrix (stage IV after Reheis removed the gypcretes that are observed even in the 
1987); (3) crust mixed from cemented gypsum and drainage channels. 
calcrete with decomposed bedrock; ( 4) horizon rich 
in CaC03 or decomposed bedrock with fresh 
gypsum minerals formed by crystallization from 
descending soil water; (5) bedrock or calcrete. 
In the central N amib Desert the pedogenic gypcretes 

result from downward movement of gypsum. 
Gypcretes are found between the coast and the inland 
limit of the influence of frequent fogs. The 
importance of fog carrying dissolved salts is 
emphasized by many authors (Scholz 1972, Scholz 
& Beckmann 1971 , W alter 1994). The development 
of very thin gypsum crusts only a few millimeters 
thick takes a period of at least 10,000 years, as is 
documented by stage 1-gypcretes on dated alluvial 
terraces in the Kuiseb valley near Homeb. On the 
Namib Unconformity Surface, the gypsiferous soils 
are found nearly everywhere. Gypcretes occur even 
along slopes and in drainage channels beneath a 
loose sandy layer of a few to ea. 20 cm depth; they 
document an inactive relief of the Namib 
Unconformity Surface with regard to 
geomorphodynamic processes. Active lowering of 

3.3 Speleothems of the central Namib Desert 

In the area of the Rossing Mountains and the Tinkas 
Flats, caves have developed in dolomites (Fig. 1). 
As these dolomitic ridges are more resistant to 
denudation, they surmount the Namib Unconformity 
Surface by some meters to several decameters. The 
caves show sinter growth. The speleothem formation 
depends on local precipitation since surface and/or 
groundwater influx is excluded in the dolomite ridges 
(Heine & Geyh 1984). The caves themselves must 
have developed under a comparatively humid climatic 
regime. Furthermore, the base level, and therefore 
the Namib Unconformity Surface, must have been at 
a higher elevation than today. The geomorphic 
evidence concerning the formation and development 
of the Namib Unconformity Surface shows that these 
conditions could have prevailed before the Late 
Miocene/Early Pliocene calcrete formation on the 
Narnib Unconformity Surface (Besler et al. 1994). 
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Figure 3. Schematic cross-section of the Kuiseb River valley near Homeb. The ages are 14C dates (adopted 
from Vogel1982). 

Several flowstones, stalagmites, stalagtites, drip 
curtains, cave popcorn, and other speleothem were 
radiocarbon-dated (Heine & Geyh 1984, Heine 
199.1, 1992, Geyh 1995). The resulting ages are all 
greater than 25 ka BP. Compact speleothems were 
even older than 35 ka BP. According to the 
radiocarbon dates no sinter growth occurred after 25 
ka BP. (Figs 5, 6). 

Additionally, several sinter samples from the 
Rossing and Tinkas Caves were dated by Uffh. The 
results differ considerably from the radiocarbon dates 
(Figs 5, 6). Furthermore, some TL age 
determinations from sands that were blown into the 
Rossing Cave yield minimum ages of> 64.3 +1- 5.2 
and > 87.5 +1- 6.5 ka BP (Fig. 5). 

An interpretation of the l4C, Uffh, and TL ages 
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resulted in fog precipitation or in occasionally rainfall 
in the central Namib Desert. Recrystallization of 
calcite was possible. All photomicrographs (Plates 1-
3) of speleothems show very thin calcite layers on 
top of the sinter material. In the lower layers, bigger, 
m'osaic and elongated crystals can be observed. 
Diagenetically altered layers and iron- and 
manganese-rich horizons are common in the outer 
parts of the speleothems. They document hiatuses in 

development of the sinter. Sharp boundaries 
indicate periods of dry conditions when the w J.J. . eqvironment was not conducive to speleothem 

polymorphiC m1xed crust growth and some dissolution of underlying layers 
wllh fragments took place. The vague layer boundaries mark 
of calcrele) erosion-free stoppages in sinter formation. Beneath 

decomposed calcrete surfaces the are thus 
(gypsum in fissures a slower growth 

-= 1'he results of the age determmat10ns md1cate on the 

® o.OooO o · o oc_). o <-J. 

decomposed bedrock one hand that speleothems were not during 
the late Quaternary apart from the very thm layers 

:xxxxxx: 
XXX X XXX 

bedrock 

Figure 4. Schematic gypcrete profile of the central 
Namib Desert. For explanation see text. 

from the caves of the central Namib is difficult 
because of methodological problems (Heine 1992, 
Holmgren et al. 1994, Geyh 1995). The radiocarbon 
dates are very old and therefore probably rejuvenated 
by contamination. In no case do they correspond 
to the U!fh dates and the TL dates. We conclude that 
very old speleothem (older than the last glacial 
epoch) were moistened by dropping water that 

that may document minimal moisture fluctuations. 
Sinter growth cannot be detected during the period 
after ea. 20,000 years BP. On the other hand, the 
U/Th analyses of some speleothems yield 
characteristic Eem (stage 5) and, probably, stage 7 
ages (Heine 1992, Geyh 1995). The speleothems 
with these ages consist of very thin layers. 
Therefore, we conclude that during the late 
Quaternary in particular, and during the Quaternary 
in general, calcite precipitation was confined to the 
formation of extremely thin layers. This documents a 
prolonged period of extreme aridity in the central 
Namib Desert, starting in the Miocene. No phases 
with major shifts to more humid conditions can be 
postulated. 

The discrepancies between the 14C and U/Th ages 
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Figure 5. Rbssing Cave, Namib Desert, showing the position of the dated samples. 24 14C dates and 16 U/Th 
dates of speleothems show the problems of dating (see Heine 1992, 1995, Geyh 1995). 
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Figure 6. Tinkas Cave, Namib Desert, showing the position of the dated samples (10 14(: dates, 7 Uffh dates). 
Bottom, plan of the different cave chambers. Top, stratigraphic section through the cave sediments. The 
speleothems show very thin calcite layers on top (sinter generation 1 ); in lower layers bigger, mosaic and 
elongated crystals can be observed (sinter generation 2 and 3). 
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Figure 7. Photomicrograph of Namib speleothem, Rossing Cave. Main stalagmite (see Heine & Geyh 1984). 
Characteristic rhythmically deposited calcite layers. thin layers in the outer part (A). Elongated big 
crystals in the inner part (C). Diagenetically altered iron- and manganese-rich horizons as boundaries 
between the sets of layers. The hiatuses document weathering horizons during periods of dry climate. Bar= 1 
mm. In the Namib cave speleothems, growth layers always occur as thin layers in the outer part and thick 
layers in the inner part. The outer layers (A) yield a Uffh age of ea. 123 ka BP, the layers (B) a Uffh age of 
ea. 215 ka BP. Radiocarbon ages of the outer layers are ea. 26 to 33 ka BP. 

can be explained by the limited growth of the sinter. 
formations, since the samples for radiocarbon dating 
were collected from pieces of sinter that comprises 
several small calcite layers. AMS l4C and mass 
spectrometry U-series age determinations have not 
yet been processed from the N amib 
speleothems.These tasks are in progress. 
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4 DISCUSSION AND PALEOCLIMATIC 
IMPLICATIONS 

Paleoclimatic information from southwest African 
soils and landforms are discussed by Heine (1995) . 
Based on l4C, U/Th and TL ages, partly 
contradictory paleoclimatic concepts have been 
developed (Heine 1991, 1992, 1995, Geyh 1995). 
The paleoclimatologic information on the available 
dates from the central Namib Desert is not yet 



DEMOGRAPHICS NAME & ADDRESS LIST (COLUMN) 

GUSTAFSSON, Slgi 
DRFN 
NAMIBIA 

GUSTAVO, Margareth 
DRFN 
NAMIBIA 
Telephone (Work) : 0926461229855 
Fax: 0926461230172 
E-Mail : margarethg@drf11.org.na 

HASSANE, Mr Moussa 
Researcher In Forestry Agroforestry 
P 0 Box 429 
IN RAN 
NIGER 
Telephone (Work) : 09227740916 

HAYWARD, Ntsiki 

HENDRICKS, Howard 
South African National Parks 
P 0 Box 11 0040 
Hadison Park 
KIMBERLEY 8306 
Telephone (Work): 0538325488 
Fax: 0538334543 
E-Mail: howardl@parks.sa.za 

HESSELMAN,MrH 

HOFFMAN, Prof Timm 
Institute For Plant ConseNation 
UCT 
RONDEBOSCH 
Telephone (Work): 6502440 
Fax: 6504046 
E-Mail: thoffman@botzoo.uct.ac.za 

HUONGO, Mr Ablas 
JEA 
ANGOLA 
Telephone (Work): 0924423969547 
E-Mail: jea@angola.com 

JAFARI, Or Mohammad 
Associate Professor 
University Of Tehran 
P 0 Box 14185/354 
Natural Resources College Of Tehran University 
KARAJ 37585-4314 
IRAN 
Telephone (Work): 
Fax: 
E-Mail: 

09982612223044 
09982261227765 
mjafari@chamran.ut.ac.ir 

Combating Desertification 
Printed on Wed 1 0 April 02 at 14:29:22 

JAIN, Or Kalpana 
23, Jhiniret Ki Gali 
UDAIPUR 313001 
INDIA 
Telephone (Work): 0991294525593 
Fax: 0991294529922 
E-Mail: ncjain@bppl.net.in 

JONAS, Miss Zuziwe 
University Of Cape Town 
47 Fumana Street Harare 
Khayelitsha 
CAPE TOWN 8000 
E-Mail: 

KALENGA, Mrs Lahja 
DRFN 
P. 0. Box 175 
Oshakati 
OSHAKA Tl 9000 
NAMIBIA 

zjonas@botzoo 

Telephone (Work): 0926465221854 

KALENTA, 
DRFN 
NAMIBIA 

KALLIPA, Mrs Wandile 
Channel Africa Radio 
P 0 Box 91313 
AUCKLAND PARK 
Telephone (Work): 
Fax: 
E-Mail: 

KANOUTE, Mr Salif 
STP/CIGQE 
BP 2357 
BAMAKO 
MALl 

0117143759 
0117144959 
kallipaw@channelafrica. org 

Telephone (Work): 09223231074 
Fax: 09223235867 

KARIMPOOR REIHAN, Or Majid 
T eh ran University 
Iran Desert Research Center 
TEHRAN 31585 
IRAN 
Telephone (Work): 0998218958448 
Fax: 0998218965287 
E-Mail: karimpoor@chamran.ut.ac.ir 

KASUSYA, Mr Plus 
Resource Projects Kenya 
P 0 Box 59411 
NAIROBI 
KENYA 
Telephone (Work): 
Fax: 
E-Mail: 

092542890595 
092542890592 
iagi.rp@afrJcaonline.co.ke 

Page: 5 

, 

J 



. of the used and the aeolian), the time which is necessary to develop a 
unsmtabihty of dated (Geyh 1995). certain abundance of gypsum in characteristic soil _ 

a evaluation of the Homeb Silt layers, and the climatic conditions necessary for 
Formation, the Nami.b gypcretes, and the gypcrete formation. Furthermore, only little is 
speleothems can a understandmg known of the relationship between climatic 
of the late Quaternary climatic history of the central parameters, time, amount of aeolian input of salts, 
Namib Desert. gypsum, etc. on the one hand and the occurrence, 

!he Homeb .Silts, .the [irst time, morphology, and mineralogy of gypcretes on the 
evidence f?r moister conditions m other hand. From our investigations of gypcretes 
Desert. Without any the descnption of Silllth, (Waiter 1994, Heine & Waiter 1996), we conclude 
et al. (1993) document a more humid environment that in the central Namib Desert there is no evidence 
than today for the period of the accumulation of the for humid phases during the late Quaternary. 
Homeb Silt Formation, namely the last glacial Clastic cave sediments and speleothems are 
maximum. Unfortunately, the 14C and TL ages of providing important new information about past 
the Homeb Silts can give only a vague criterion for climates in arid and semi-arid southern Africa (Brook 
the true time of sedimentation, at some time or other 1995, Brook et al. 1990, Burney et al. 1994, 
around the LGM. Since there is no other evidence for Holmgren et al. 1994, Holmgren et al. 1995, Heine 
a markedly wetter phase in the central Namib around 1991, 1992, Heine & Geyh 1984, Geyh 1995). 
20,000 years BP, we cannot exclude that the moist Unfortunately, no investigations were carried out in 
environmental conditions at Homeb, documented by the Namib caves apart from the work by Heine 
the ichnofacies and the horizons of rhizocretions and ( 1992), Heine & Geyh ( 1984), and Geyh ( 1995). 
root tubules in the sediment sequence, reflect For the interior of southern Africa, despite the dating 
influences from the upper reaches of the Kuiseb river problems (see Heine 1991, Holmgreen et al. 1994, 
system. Mineralogical characteristics of the Homeb Geyh 1995), some conclusions can be reached 
Silts show that these sediments originated in the concerning the nature of late Quaternary changes or 
Khomas Highland (far in the east) (Eitel 1994 ). the timing of climatic fluctuations. Based on 
Reconstructing the central Namib paleoclimate by speleothem investigations, the Namibian highlands 
referring to the Homeb Silt Formation, therefore, and the Kalahari Basin (Botswana) experienced 
should not be considered as a reliable method. wetter conditions in late glacial times (ea. 25-12 ka 
Investigations on paleosols in Sossus Vlei, BP) and more arid conditions in the early Holocene 
Hauchabfontein, and Bullsport (Heine 1993) indicatei- (10-7 ka BP). In the western parts of semi-arid 
that late Quaternary humid phases cannot be traced in southern Africa (Etosha area to the Tsauchab valley), 
the central Namib Desert, but become more and more. the opposite was the case during the early Holocene 
accentuated towards Northeast and East (Namibian' (Heine 1995) when conditions became more humid. 
Highland) where more humid phases compared with However, the Uffh dates from speleothems show 
todays climatic conditions occurred> 25 to 19 ka BP; that the last period with extensive sinter growth 
and about 10 to 8.5 ka BP (Heine 1993). • occurred during isotope stage 7 (Brook et al. 1990, 

These conclusions are corroborated by: Heine 1992) and not during the late Quaternary. 
investigations of late Quaternary lake deposits in the Although studies of the paleoclimate signal 
northern Namib Sand Sea south of the Kuiseb valley contained within speleothem growth are few, some 
(Teller et al. 1990). Teller et al. (1990) believe that implications can be reported: (1) Speleothem 
the region remained hyper-arid throughout the late. growth rates were highest in pre-Quaternary 
Quaternary, and ponding and sedimentation in vleis times in the Namib caves. (2) Only extremely small 
and interdune valleys were related to small increases growth rates occurred during the Quaternary in the 
in runoff and groundwater recharge from the East. Namib caves, and after ea. 125 ka BP no 
The age of ponding may be oldest in the west (30-25 speleothem growth was observed. (3) In the arid to 
ka BP, west of Gobabeb) and youngest to the east semi-arid interior of southern Africa, speleothem 
(17.5 to 11.1 ka BP, north of Tsondab Vlei). growth rates decreased after isotope stage 7 as well. 

Until now there have been no further detailed ( 4) Climatic fluctuations are documented by 
investigations of the Namib Desert soils. Therefore, speleothem formation during different late 
there is nothing with which to compare the results of Quaternary periods. (5) During and before isotope 
W alter ( 1994 ). Little is known about the origin of the stage 7, conditions for speleothem growth were more 
central Namib gypcretes. Together with Dixon favorable than during later phases with sinter 
(1994a, b), we recognize the Namib Desert gypsum development. This applies to the Namib caves as 
soils as "true gypsum" or "croute de nappe" that well as to the interior caves. (6) Since isotope stage 
occur as slightly cemented gypsum crystals up to 1 7, the range of moisture fluctuations seems to have 
mm in length commonly developed beneath non- decreased. At the same time, . the magnitude of 
gypsiferous sediment or as desert rose crust climatic changes decreases from East to West. As a 
consisting of interlocking lenticular gypsum crystals result, the central Namib Desert did not experience 
ranging in size from a few millimeters to 20 cm. The fluctuations in precipitation during the late 
paleoclimatic interpretation of pedogenic gypcretes is Quaternary, whereas the interior of southern Africa 
difficult, since relatively little work has been was effected by late glacial changes in precipitation. 
undertaken on the downward movement of gypsum, (7) The early Holocene of the Namib Desert seems to 
the source of gypsum (which is generally regarded as be out of phase with regard to the humidity 
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Figure 8. Photomicrograph of Namib speleothem, Rossing Cave, flowstone intercalated with aeolian sand (see 
Heine & Geyh 1984, Heine 1992). A U!fh age of ea. 185 ka BP was processed from the calcite layers. A set 
of several of such flowstone layers and sand layers documeqts alternating deposition of sinter and aeolian sand. 
This record indicates changes in available moisture during a period dated around 146 to 205 ka BP (see Fig. 5). 
Bar= 1 mm. 

fluctuations in the interior of southwestern Africa. 
Thus, the late Quaternary climatic development of 

the central Namib Desert reflects the situation of the 
surface oceanography in the South Atlantic Ocean, 
which is characterized by a cyclonic gyre circulation 
including the northwest-directed Benguela Current, 
the eastward South Equatorial Counter Current, and 
the Angola Current which flows southward along the 
Angola Margin. During the late Quaternary, the 
surface oceanography off southwestern Africa 
(central Namib area) was more or less stable. 
Geochronological evidence suggests a prolonged 
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period of aridity during the late Quaternary that was 
influenced by neither the large climatic changes nor 
the fast and abrupt climate variability recorded in 
Greenland ice cores (Broecker 1994, Zahn 1994, 
Bond 1995) or in long terrestrial sediment sequences 
(e.g. Hooghiemstra 1989). The part of the global 
ocean circulation that influences the Benguela 
Current off the central N amib coast may not have 
been altered during the late Quaternary. Sudden 
(recurring) changes in the operation of the Benguela 
Current did not occur. 
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Figure 9. Photomicrograph of Narnib speleothem, Tinkas Cave, "sinter-with-sand" stalagtite (see 
and Fig. 6). Cross-section with canals (c) and growth rings (a). A weathering horizon (w) 
surface and along the canals. The weathering crust .consists of CaC03, blown-in minerals 
and colloidal Si02 with iron. The weathering horizon documents that there was no speleothem· 
during the late Quaternary. Uffh ages from speleothems are older than ea. 220 ka BP. Bar= 1 mm! 
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5 CONCLUSIONS . 

In the hyper-arid central Namib Desert, in the area 
north of the Namib Sand Sea, flash-flood sediments 
of the Kuiseb River, gypcretes of the Namib 
Unconformity Surface, and speleothems of cav6s 
have been found to be an excellent repository of 
paleoclimatic data for terrestrial environments. 1n 
particular, the very presence of speleothem relics 
indicate more moisture at the time of formation. Both, 
14C and Uffh age determinations were used to date 
the speleothems and, hence, the climatic conditions. 

The Uffh dates, as well as TL dates from 
sands, show that chronostratigraphies 
dates have to be revised. 
speleothems seem not to reflect the .. 
speleothem growth, but the time of 
finite age with no realistic reference . to 
humid period. The last significant 
pluvial phase with speleothem grow+ 
Namib Desert probably occurred v ... 
isotope stage 7 (ea. 200-220 ka BP). It 
that climate in the arid parts of southwocot.,.;.;.,'fl' 
experienced a more humid phase around 
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' 200 ka BP. As the TL chronostratigraphies of Herkunft . und Mobilisierung des 
paleodunes of the Etosha area in northern Namibia Calciumcarbonats. Stuttgarter Geogr. Studien 
together with.paleosol evidence show no indication 123:1-193. 
of a significantly humid phase after 120 ka BP Geyh, M.A. 1995. Geochronologische Aspekte 
(Heine 1992), the results from the dentral Namib paHiohydrologischer und paHioklimatischer 
Desert prove continued aridity along the Namibian in Namibia. Geomethodica (= Veroff. 
coast between Walvis Bay and Swakopmund. -= 20. BGC) 20:75-99. 

ACKNOWLEDGMENTS 

This research was supported by grants of the 
Deutsche Forschungsgemeinschaft. Sincere thanks is 
also extended to Almut, J an, Henrike and Caroline 
Heine, Gisela Weigmann, Mebus A. Geyh, and 
many other persons for their help in the field. Mebus 
A. Geyh provided radiocarbon and U/Th dates. 
Gernot Endlicher made thin sections and 
photomicrographs. I am grateful to the numerous 
people who have rendered information and who have 
discussed material with me. K.W. Glennie is 
acknowledged for the valuable comments made to the 
manuscript. 

REFERENCES 

Heine, K. 1987. Jungpleistozane fluviale 
Geomorphodynamik in der N amib, Siidwestafrika/ 
Namibia. Z. Geomorph. Suppl.-Bd. 66:113-134. 

Heine, K. 1991. Palaoklima und Reliefentwicklung 
der N amibwiiste im iiberregionalen Vergleich. 
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 
siidwestlichen Afrika. Wiirzburger geogr. Arbeiten 
87:149-162. 

Heine, K. 1995. Palaoklimatische Informationen aus 
siidwestafrikanischen Boden und 
Oberflachenformen: Methodische Uberlegungen. 
Geomethodica (= Veroff. 20. BGC) 20:27-74. 

Heine, K. & Geyh, M.A. 1984. Radiocarbon dating 
of speleothems from the Rossing Cave, N amib 

Besler, H. 1972. Klimaverhaltnisse und Desert, and palaeoclimatic implications. In J.C. 
klimamorphologische Zonierung der zentralen Vogel (ed), Late Cainozoic Palaeoclimates of the 
Namib (Siidwestafrika). Stuttgarter Geogr. Studien Southern Hemisphere: 465-470. Rotterdam: 
83:1-209. Balkema. 

Besler, H., Bliimel, W.D., Heine, K., Hiiser, K., Heine, K. & Waiter, R. 1996. Die 
Leser, H. & Rust, U. 1994. Geomorphogenese Gipskrustenboden der zentralen Namib (Namibia) 
und Palaoklima Namibias. Die Erde 125:139-165. und ihr palaoklimatischer Aussagewert. 

Bond, G.C. 1995. Climate and the conveyor. Nature Petermanns Geographische Mitteilungen 140:237-
377 (6548):383-384. 253 . 

Broecker, W.S. 1994. Massive iceberg discharges as Holmgren, K., Karlen, W. & Shaw, P.A. 1995. 
triggers for global climate change. Nature 372:621- Paleoclimatic Significance of the stable Isotopic 
622. . Composition and Petrology of a Late Pleistocene 

Brook, G.A. 1995. Quaternary environments in the Stalagmite from Botswana. Quaternary Research 
African and Indian Ocean tropical zone: evidence 43:320-328. 
from cave sediments in Somalia, Zaire, Botswana, Holmgren, K., Lauritzen, S.-E. & Possnert, G. 
Namibia and Madagascar (abstract). Presented at _1994. 230Thf234U anq 14C dating of late 
the Southeast Asia Conference, The International ' Pleistocene stalagmite in Zobatse II Cave, 
Association of Geomorphologists, Singapore 18- :Botswana. Quaternary Geochronology (Quaternary 
23 June 1995:34. Singapore:National University. !Science Review) 13: 111-119. 

Brook, G.A., Burney, D.A. & Cowart, J.B. 1990. ijooghiemstra, H. 1989. Quaternary and upper-
Desert paleoenvironmental data from cave Pliocene glaciations and forest development in the 
speleothems with examples from the Chihuahuan, ; tropical Andes: evidence from a long high-
Somili-Chalbi, and Kalahari deserts. Palaeogeogr. : resolution pollen record from the sedimentary 
Palaeoclimatol. Palaeoecol. 76:311-329. Basin of Bogot·, Colombia. Palaeogeogr. 

Burney, D.A., Brook, G.A. & Cowart, J.B. 1994. : Palaeoclimatol. Palaeoecol. 72:11-26. 
A Holocene pollen record for the Kalahari Desert Hovermann, J. 1978. Formen und Formung der 
of Botswana from a U-series dated speleothem. , Pdinamib (FHichen-Namib). Z. Geomorph. 30:55-
The Holocene 4(3):225-232. -=---= i 73. 

Dixon, J .C. 1994a. Aridic soils, patterned ground, Lancaster, J., Lancaster, N. & Seely, M.K. 1984. 
and desert pavements. In A.D. Abrahams & A.J. Climate of the central Namib Desert. Madoqua 14: 
Parsons (eds), Geomorphology of Desert 5-61. 

_Environments: 64-81. London:Chapman and Hall. Lindesay, J.A. & Tyson, P.D. 1990. Climate and 
Dixon, J.C. 1994b. Duricrusts. In A.D. Abrahams near-surface airflow over the central Namib. In 

& A.J. Parsons (eds), Geomorphology of Desert M.K. Seely (ed), Namib ecology: 25 years of 
Environments:82-105. London:Chapman and Hall. Namib research:27-37. Pretoria:Transvaal Museum 

Eitel, B. 1994. Kalkreiche Decksedimente und Monograph 7. 
Kalkkrustengenerationen in Namibia: Zur Frage Marker, M.E. & Miiller, D. 1978. Relict vlei silt of 

303 

il 

t 

I'S . t. 
,_.i 

.!i 



DEMOGRAPHICS NAME & ADDRESS LIST (COLUMN) 
,") Combating Oesertification 

' { Printed on Wed 1 0 April 02 at 14:29:21 

6\.-- W-a-h-
ABJSOYE, Or V. 

Tropical Forest Network 
P.O. Box 38471 
Dug be 
IBADAN 20001 
NIGERIA 
Telephone (Work): 
Fax: 
E-Mail : 

09234712628 
092348109051 
tfnnigeria95@yahoo.co.uk 

AJARU, Mr All Alias 
Mili Mil Paresh 
Kuja 
Amuria Country 
KATAKWI DISTRIK 
UGANDA 
Telephone (Work) : 
Fax: 
E-Mail : 

ALEX, Mr Lwakuba 

I 6oj d_.) 

092564132004 
0925641321010 
smuwaya@yahoo.com 

Page: 

.t : 

, 
J 

ABRAHAMS, Miss Natasha 
Student MAAIF --.. 
University Of Western Cape 
Botany Department 
Private Bag X17 
BELLVILLE 7535 
Telephone (Work): 9593783 
Fax: 9592266 
E-Mail : nabrahams@uwc.ac.za 

AOESANYA, Mr Adekunle 
Alaaka Community Development Association 
P 0 Box 27040 
Agodi Post Office 
I BAD AN 200003 
NIGERIA 
Telephone (Work): 092342241 0842 
Fax: 0923422318400 
E-Mail: prince2002t@onebox.com · 

AOEYEMI, Prince 
Alaaka Community Development Association 
P 0 Box 27040 
Agodi Post Office 
I BAD AN 200003 
NIGERIA 
Telephone (Work): 092342241 0842 
Fax: 0923422318400 
E-Mail: prince2002t@onebox.com 

AOISA-BALOGUN, Mrs I. A. 
Tropical Forest Network 
P.O. Box 38471 
Dug be 
IBADAN 20001 
NIGERIA 
Telephone (Work): 09234712628 
Fax: 092348109051 
E-Mail: tfnnigeria95@yahoo.co.uk 

AHMAOI, Or Hassan 

1 .. 

University Of Tehran I Iran Desert Research Center 
P 0 Box 141851354 
TEHRAN 37585-4314 
IRAN 
Telephone (Work) : 
Fax: 
E-Mail: 

09982612223044 
09982612227765 
ghzehtab@chamran.ut.ac.ir 

P 0 Box 102 
ENTEBBE 
UGANDA 
Telephone (Work) : 0925641320004 
Fax: 0925641321010 
E-Mail: smuwaya@yahoo.com 

ALLSOPP, Or Nickey 
University Of The Western Cape I Botany Department 
ARC - Range & Forage Department 
Private Bag X17 
BELLVILLE 7535 
Telephone (Work): 9593373 
Fax: 9591376 
E-Mail: nallsopp@uwc.ac.za 

ALOJO, Mr Lawrence 
Alaaka Community Development Association 
P 0 Box 27040 
Agodi Post Office 
I BAD AN 200003 
NIGERIA 
Telephone (Work): 092342241 0842 
Fax: 0923422318400 
E-Mail: prince2002t@onebox.com 

AMAAMBO, Otillie 
DRFN 
P 0 Box 1228 
Ondangwa 
OSHANA REGION 
NAMIBIA 
Telephone (Work): 0926465221854 

AMOS, Mr O.G. 
Tropical Forest Network 
P.O. Box 38471 
Dug be 
IBADAN 20001 
NIGERIA 
Telephone (Work) : 
Fax: 
E-Mail: 

09234712628 
092348109051 
tfnnigeria95@yahoo.co.uk 



ti:l 
I 1 

)::lj 
q[i;l'. 

:tn :n 

· l 

;I 

$) 

--..1-- .. 

the middle Kuiseb valley, South West Africa. 
Madoqua 11(2):151-162. 

Oilier, C.D . • 1977. Outline . geological and 
geomorphic history of the central Namib Desert. 
Madoqua 10 (3):207-212. 

Reheis, M. C. 1987. Gypsic soils on the Kane 
alluvial fans, Big Horn County, Wyoming. 
(USGS Bull. 1590 C). Washington DC:US 
Government Printing Office. . 

Rust, U. 1989. (PaHio)-Klima und Relief: Das 
Reliefgeftige der stidwestafrikanischen 
Namibwtiste (Kunene bis 27° s.B.) Munchner 
Geograph. B7: 1-158. 

Rust, U. 1994. Skizzierung eigener Beitrage zur 
Relief- und Palaoklimaforschung in einem 
afrikanischen Trockenraum- Namibia. Mitt. geogr. 
Ges. Munchen 79:167-177. 

Rust, U. & Wieneke, F. 1980. A re-investigation of 
some aspects of the evolution of the Kuiseb River 
valley upstream of Gobabeb, South West Africa. 
Madoqua 12(3):163-173. 

Scholz, H. 1972. The soils of the central N amib 
Desert with special reference to the soils of the . 
vicinity ofGobabeb. Madoqua 11(1):33-51. ·i == 

Scholz, H. & Beckmann, H. 1971. Dis 
Versalzungsproblem Be.)Vifsserungsboden iin 
Unterlauf Swakops .. Ztschr 
Kulturtechnzk u. Flurberezrf-.zgung 15:367-375. : 

Sharon, D. 1981. The distribution in space of local 
rainfall in the Namib desert. J. Climatology 1:69-
75. 

Smith, R.M.H., Mason, T.R. & Ward, J.D. 1993. 
Flash-flood sediments and ichnofacies of the Late 
Pleistocene Homeb Silts, Kuiseb River, Namibia. 
Sed. Geol. 85:579-599. 

Teller, J.T., Rutter, N. & Lancaster, N. 1990. 
Sedimentology and Paleohydrology of Late 
Quaternary Lake Deposits in the N orthem N amib 
Sand Sea, Namibia. Quaternary Science Reviews 
9: 343-364. 

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

Waiter, R. 1994. Beziehungen zwischen 
Krustenb"'den (Gips, Kalk) und der Morphologie 
der Flachennamib. Unpublished M.Sc. Thesis, 
University of Regensburg (Physical Geography). 

Ward, J.D. 1987. The Cenozoic succession in the 
Kuiseb Valley, central Namib Desert. Mem. Geol. 
Surv. Namibia 9:1-123 . . 

Ward, J.D. & Corbett, I. 1990. Towards an age for 
the Namib. In M.K. Seely (ed), Namib Ecology: 
25 years of Namib research: 1 7- 2 6. 
Pretoria: Transvaal Museum Monograph 7. 

304 

·.t' 



DEMOGRAPHICS NAME & ADDRESS LIST (COLUMN) 

WARD, Viv 
DRFN 
NAMIBIA 

WEIK, Mr Jorg 
GTZ 
P. 0 Box 
AMMAN 11118 
JORDAN 
Telephone (Work): 092625359726 
Fax: 096265156457 
E-Mail: jweik@go.com.jo 

WEISS, Mr Eckehard 
GTZ 
P 0 Box 5180 
ESCHBORN 65726 
GERMANY 
Telephone (Work) : 09496196791912 
E-Mail : eckehard. weiss@gtz.de 

WERNER, Wolfgang 
DRFN 
NAMIBIA 

WILCKE, Mrs Angelika 

Combating Desertification 

Printed on Wed 1 0 April 02 at 14:29:22 

ZVINGADZA, Mr Sherpard 
Zero Regional Environment Organization 
P 0 Box 5338 
HA RARE 
ZIMBABWE 
Telephone (Work) : 09263791333 
Fax: 09263791333 
E-Mail: zero@mweb.co.zw 

Entwicklung And Laendlicher Raum/Agriculture And Rural 
Eschborner Landstrasse 122 
FRANKFURT 60489 
GERMANY 
Telephone (Work) : 09496924788465 
Fax: 09496924788481 
E-Mail: A.Wilcke@DLG-Frankfurt.de 

WOEHL, Or Helmut 
DRFN 
GERMANY 

WOLF, Katherine 
DRFN 
NAMIBIA 
E-Mail: katherinew@drfn. erg. na 

ZEHTABIAN, Or Gholam Reza 
Associate Professor 
University Of Tehran 
P 0 Box 14185/354 
Natural Resources College Of T eh ran University 
KARAJ 31585/4314 
IRAN 
Telephone (Work): 0998261222044 
Fax: 0998261222765 
E-Mail: ghzehtab@chamran.ut.ac.ir 

Page.·.. 12 . 


