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Late Quaternary climate changes in the Central Namib Desert, Namibia
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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, U/Th, 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. U/Th dates point to some fluctuations in available moisture during and before the isotope stage 5.

1 INTRODUCTION before 40 ka BP based on !4C dates, and before 100
ka BP based on TL dates. All paleoclimatic data
The occurrence of coastal deserts along the western obtained in recent years from calcretes, fossil
shore of most continents has attracted the attention of  horizons, speleothem etc. point to a relatively arid
scientists for a long time. These deserts are of  climate in the central Namib Desert, at least since the
different natures; some are hyper-arid while others  last glacial maximum, this part of the Namib Desert
are semi-arid. In recent years the age and origin of was not affected by more than normal rainfall.
these deserts and their Quaternary climatic changes  Fluctuations in precipitation are superimposed, but
have been the focus of much research of an these fluctuations did not lead to a decisive change of
interdisciplinary nature. The Namib Desert of ' the general climatic regime.
Southwestern Africa (Fig. 1) is about 1400 km long Here we show that in the hyper-arid Namib Desert,
and between 40 and 120 km wide. It is characterized in the area between the Kuiseb and Swakop valleys
by a climate that has been more or less arid for  as well as in the area of the R6ssing Mountains and
approximately 40 million years. Marine pollen the Tinkas Flats, late Quaternary fluctuations in
assemblages in cores off the coast document arid precipitation did not affect the desert environment.
climatic conditions along the coast ever since
Pliocene times. Whether more humid phases
occurred in the Namib desert and surrounding areas 2 THE STUDY AREA
during the late Quaternary has been discussed
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 4C, U/Th,  incised into bedrock. The latter separates the
and TL dates (Geyh 1995). By comparison, the  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
Precambrian rocks, thus separating the metamorphic
bedrock from all younger deposits (Ollier 1977).

The mean annual rainfall of less than 20 mm/year
along the coastal belt makes the Namib Desert one of
the driest areas in the world according to common
definitions of a desert (Fig. 2). Rainfall increases
from the coast towards the interior changing to a
summer rainfall zone on its eastern edge. The
combination of cool air masses under the influence of
the cold Benguela Current, together with the high
pressure conditions in the subtropics is mainly
responsible for the scanty rainfall. Apart from
rainfall, precipitating fog is the second source of
moisture that sustains life in the Namib. Rainfall over
the central Namib Desert occurs mainly in the form
of convective summer storms (Sharon 1981) from
which maximum precipitation is received over the

occur toward the top of the succession and indicate a
gradual reduction in the frequency of flooding. These
immature calcic paleosols suggest that the climate in
the central Namib Desert was semi-arid ca. 20,000
years ago, being wetter and more seasonal than the
hyper-arid conditions that prevail today (Smith et al.
1993).

Although there seems to be little doubt about the
observations by Smith et al. (1993) that the Homeb
Silt Formation proves semi-arid climatic conditions,
some fundamental questions arise. Previous workers
have offered several other explanations of the
characteristic Homeb sediments (e.g. Scholz 1972,
Rust & Wieneke 1980, Marker & Muller 1978,
Vogel 1982, Ollier 1977). They were variously
interpreted as river end-point accumulations, flood
deposits of an aggrading river, or sediments
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
the desert adjacent to and inland from the coast
(Lancaster et al. 1984, Lindesay & Tyson 1990).

3 PALEOCLIMATIC INFORMATION FROM
CENTRAL NAMIB 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 fine-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
sandstorie 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 Termitichnus ichnofacies with
associated pelletal chambers (Smith et al. 1993).
Thirteen horizons of rhizocretions and root tubules
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(1987) describes as their mode of origin flash-flood
fluvial sediments that were deposited beside the main
channel flow in overbank areas (mainly in tributary
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 Namib).

The age of the Homeb Silt accumuluation is dated
by !4C 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
color, 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
Namib Research Station of Gobabeb (Walter 1994)
yields the distinction of different phases with
characteristic pedogenic processes. A schematic soil
profile of the central Namib 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 undefsides of the stones
(stage I after the classification of Reheis 1987) and
by abundant gypsum pendents under stones and
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Figure 1. Location map. Climatic zones (after Besler 1972).

gypsum crystals scattered through the matrix (stage
IT after Reheis 1987); in the lower part a gypcrete

the surface by erosion and denudation has not been
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
floating in the gypsum matrix (stage IV after Reheis

1987); (3) crust mixed from cemented gypsum and
calcrete with decomposed bedrock; (4) horizon rich
in CaCOj3 or decomposed bedrock with fresh
gypsum minerals formed by crystallization from
descending soil water; (5) bedrock or calcrete.

In the central Namib 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, Walter 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 I-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 ca. 20 cm depth; they
document an inactive relief of the Namib
Unconformity Surface with regard to
geomorphodynamic processes. Active lowering of

Quaternary. If they had occurred, they would have
removed the gypcretes that are observed even in the
drainage channels. -

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
Namib 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 Vogel 1982).

Several flowstones, stalagmites, stalagtites, drip
curtains, cave popcorn, and other speleothem were
radiocarbon-dated (Heine & Geyh 1984, Heine
1991, 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 U/Th. 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 +/- 5.2
and > 87.5 +/- 6.5 ka BP (Fig. 5).

An interpretation of the 14C, U/Th, and TL ages
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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/Th dates and the TL dates. We conclude that
very old speleothem (older than the last glacial
epoch) were moistened by dropping water that

Entrance
¥ ca.330m as.l

N <«

14 °47'84
22°31' 88’

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,
mosaic 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
the development of the sinter. Sharp boundaries
indicate periods of dry conditions when the
environment was not conducive to speleothem
growth and some dissolution of underlying layers
took place. The vague layer boundaries mark
erosion-free stoppages in sinter formation. Beneath
the sinter surfaces the layers are very thin, thus
indicating a slower growth with many interruptions.

—.—The results of the age determinations indicate on the

one hand that speleothems were not formed during
the late Quaternary apart from the very thin layers
that may document minimal moisture fluctuations.
Sinter growth cannot be detected during the period
after ca. 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. Rossing 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).

=S



DEMOGRAPHICS NAME & ADDRESS LIST (COLUMN) Page: 7

Combating Desertification
Printed on Wed 10 April 02 at 14:29:22

MANSUR, Prof Shaban MOORE, Mr Franklin

TRIPOLI USAID
LIBYA WASHINGTON
USA

MCCLURE, Mr Beaumont Telephone (Work): 092027121863

Bureau Of Land Management E-Mail: fmoore@usaid.gov
222 N. Central Avenue

Phoenix MOSER, Petra

ARIZONA 85004 DRFN

USA . NAMIBIA

Telephone (Work): 091602419430

Fax: 091602417998 MOUAT, Dr David

Division Of Earth And Ecosystem Sciences
Desert Research Institute

2215 Raggio Parkway

RENO NEVADA 89512

E-Mail: beau_mcclure@blm.gov

MHLANGA, Rose M
No Info At This Stage

ZAMBIA USA
Telephone (Work): 097756737042
MITCHELL, Dr David Fax: 097756747557
Wolverhampton University E-Mail: dmouat@dri.edu

School Of Applied Sciences

WOLVERHAMPTON WV11SB MSANGI, Prof Josephine

UK Professor And Head Of Department
Telephone (Work):  091441902322173 University Of Namibia
Fax: 091441902322680 Private Bag 13301
E-Mail: d.mitchell@wilv.ac.uk WINDHOEK 264
NAMIBIA
MITEMBE, William Telephone (Work): 0926412063383
No Info At This Stage Fax: 0926412063424
LILONGWE E-Mail: jpmsangi@unam.na
MALAWI
Telephone (Work): 089265771000 MTHETHWA, Mr Doctor
Fax: 09265784268 No Info At This Stage
E-Mail: sadcfstu@malawi.net

MUGUTI, Mr Edward Chege

MODISAOTSILE, Mr Modisaotsile K C Trace(K) Network

Ministry Of Agriculture

Private Bag 003

GABORONE

BOTSWANA

Telephone (Work): 0926735510

Fax: 09267307057

E-Mail: mmodisoatsile@gov.bw

MOLAPO, Mr Jobo
Director
SADCEIms
MASERU
SWAZILAND

MONTOIRO, Mr Marcos
Associate External Relations Officer
U N C C D Secretariat
Martin Luther King Street 8

BONN

GERMANY

Telephone (Work):  09492288152806
Fax: 09492288152899

E-Mail: mmontoiro@unccd.int

P.O. Box 525

EMBU 254(0)161

KENYA

Telephone (Work): 0925416120120

Fax: 0925416130165
E-Mail: chegeh@yahoo.co.uk

MUKUTE, Mutizwa

Brot Fir Die Welt / U N C C D Support Programme
PELUM

ZIMBABWE

E-Mail: des2002@gliese.de

MULINDWA, Miss Aisha

Rwanda Desert Awareness Organisation
B.P. 6215

KIGALI 250

RWANDA

Telephone (Work): 0925074506

Fax: 09250570188

E-Mail: aishamulinda@yahoo.com




/ KOO 639

.SINTER GENERATION 1

| 3}\*@ 266

BED ROCK

337

>318

ONYS LNOHLIM) v-—\‘. i
‘ NI1S Vo

33 1L

276

SAND (WITH
ORGANIC
MATERIAL)

222

SINTER SAMPLE FROM
LOWERMOST CAVE

“2m
N : A\ k00757
~425mas.l L AR\ s Pt
\'V"*‘E 22°48' 25" S N KOO/SG
15°03'55" E
[ SINTER WITH SAND
SAND
X SINTER
RIRIOEE BED ROCK

% B(/:TH }Gges ihkaB.P
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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. Extremely thin layers in the outer part (A). Elongated big
crystals in the inner part (C). Diagenetically altered layers and 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 U/Th age of ca. 123 ka BP, the layers (B) a U/Th age of
ca. 215 ka BP. Radiocarbon ages of the outer layers are ca. 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 !4C and mass
spectrometry U-series age determinations have not
yet been processed from the Namib
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 !4C, 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
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definite because of the methods used and the
unsuitability of the dated material (Geyh 1995).
Nevertheless, a eritical evaluation of the Homeb Silt
Formation, the Namib gypcretes, and the Namib
speleothems can contribute to a better understanding
of the late Quaternary climatic history of the central
Namib Desert.

The Homeb Silts, for the first time, provide
evidence for moister conditions in the central Namib
Desert. Without any doubt, the description of Smith
et al. (1993) document a more humid environment
than today for the period of the accumulation of the
Homeb Silt Formation, namely the last glacial
maximum. Unfortunately, the 14C and TL ages of
the Homeb Silts can give only a vague criterion for
the true time of sedimentation, at some time or other
around the LGM. Since there is no other evidence for
a markedly wetter phase in the central Namib around
20,000 years BP, we cannot exclude that the moist
environmental conditions at Homeb, documented by
the ichnofacies and the horizons of rhizocretions and
root tubules in the sediment sequence, reflect
influences from the upper reaches of the Kuiseb river
system. Mineralogical characteristics of the Homeb
Silts show that these sediments originated in the
Khomas Highland (far in the east) (Eitel 1994).
Reconstructing the central Namib paleoclimate by
referring to the Homeb Silt Formation, therefore,
should not be considered as a reliable method.
Investigations on paleosols in Sossus Vlei,
Hauchabfontein, and Bullsport (Heine 1993) indicate
that late Quaternary humid phases cannot be traced in
the central Namib Desert, but become more and more
accentuated towards Northeast and East (Namibian
Highland) where more humid phases compared with
todays climatic conditions occurred > 25 to 19 ka BP
and about 10 to 8.5 ka BP (Heine 1993).

These conclusions are corroborated by
investigations of late Quaternary lake deposits in the
northern Namib Sand Sea south of the Kuiseb valley
(Teller et al. 1990). Teller et al. (1990) believe that
the region remained hyper-arid throughout the late
Quaternary, and ponding and sedimentation in vleis
and interdune valleys were related to small increases
in runoff and groundwater recharge from the East.
The age of ponding may be oldest in the west (30-25
ka BP, west of Gobabeb) and youngest to the east
(17.5 to 11.1 ka BP, north of Tsondab Vlei).

Until now there have been no further detailed
investigations of the Namib Desert soils. Therefore,
there is nothing with which to compare the results of
Walter (1994). Little is known about the origin of the
central Namib gypcretes. Together with Dixon
(1994a, b), we recognize the Namib Desert gypsum
soils as "true gypsum" or "crolite de nappe" that
occur as slightly cemented gypsum crystals up to 1
mm in length commonly developed beneath non-
gypsiferous sediment or as desert rose crust
consisting of interlocking lenticular gypsum crystals
ranging in size from a few millimeters to 20 cm. The
paleoclimatic interpretation of pedogenic gypcretes is
difficult, since relatively little work has been
undertaken on the downward movement of gypsum,
the source of gypsum (which is generally regarded as
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aeolian), the time which is necessary to develop a
certain abundance of gypsum in characteristic soil
layers, and the climatic conditions necessary for
gypcrete formation. Furthermore, only little is
known of the relationship between climatic
parameters, time, amount of aeolian input of salts,
gypsum, etc. on the one hand and the occurrence,
morphology, and mineralogy of gypcretes on the
other hand. From our investigations of gypcretes
(Walter 1994, Heine & Walter 1996), we conclude
that in the central Namib Desert there is no evidence
for humid phases during the late Quaternary.

Clastic cave sediments and speleothems are
providing important new information about past
climates in arid and semi-arid southern Africa (Brook
1995, Brook et al. 1990, Burney et al. 1994,
Holmgren et al. 1994, Holmgren et al. 1995, Heine
1991, 1992, Heine & Geyh 1984, Geyh 1995).
Unfortunately, no investigations were carried out in
the Namib caves apart from the work by Heine
(1992), Heine & Geyh (1984), and Geyh (1995).
For the interior of southern Africa, despite the dating
problems (see Heine 1991, Holmgreen et al. 1994,
Geyh 1995), some conclusions can be reached
concerning the nature of late Quaternary changes or
the timing of climatic fluctuations. Based on
speleothem investigations, the Namibian highlands
and the Kalahari Basin (Botswana) experienced
wetter conditions in late glacial times (ca. 25-12 ka
BP) and more arid conditions in the early Holocene

T (10-7 ka BP). In the western parts of semi-arid

southern Africa (Etosha area to the Tsauchab valley),
the opposite was the case during the early Holocene
(Heine 1995) when conditions became more humid.
However, the U/Th dates from speleothems show
that the last period with extensive sinter growth
occurred during isotope stage 7 (Brook et al. 1990,
Heine 1992) and not during the late Quaternary.
Although studies of the paleoclimate signal
contained within speleothem growth are few, some
implications can be reported: (1) Speleothem
growth rates were highest in pre-Quaternary
times in the Namib caves. (2) Only extremely small
growth rates occurred during the Quaternary in the
Namib caves, and after ca. 125 ka BP no
speleothem growth was observed. (3) In the arid to
semi-arid interior of southern Africa, speleothem
growth rates decreased after isotope stage 7 as well.
(4) Climatic fluctuations are documented by
speleothem formation during different late
Quaternary periods. (5) During and before isotope
stage 7, conditions for speleothem growth were more
favorable than during later phases with sinter
development. This applies to the Namib caves as
well as to the interior caves. (6) Since isotope stage
7, the range of moisture fluctuations seems to have
decreased. At the same time, the magnitude of
climatic changes decreases from East to West. As a
result, the central Namib Desert did not experience
fluctuations in precipitation during the late
Quaternary, whereas the interior of southern Africa
was effected by late glacial changes in precipitation.
(7) The early Holocene of the Namib Desert seems to
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/Th age of ca. 185 ka BP was processed from the calcite layers. A set
of several of such flowstone layers and sand layers documents 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 Namib 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 Namib speleothem, Tinkas Cave,
and Fig. 6). Cross-section with canals (c) and growth rings (a). A weathering horizon (w) develop

and colloidal SiO2 with iron. The weathering horizon
during the late Quaternary. U/Th ages from speleothems

—_—

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 caves
have been found to be an excellent repository of
paleoclimatic data for terrestrial environments. In
particular, the very presence of speleothem relics
indicate more moisture at the time of formation. Both,
14C and U/Th age determinations were used to date
the speleothems and, hence, the climatic conditions.
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"sinter-with-sand" stalagtite (see He

documents that there was no speleothem fc
are older than ca. 220 ka BP. Bar = 1 mm.,
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200 ka BP. As the TL chronostratigraphies of der 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 more humid phase after 120 ka BP Geyh, M.A. 1995. Geochronologische Aspekte
(Heine 1992), the resuldts from the central Namib paldohydrologischer und paldoklimatischer
Desert prove continued aridity along the Namibian Befunde in Namibia. Geomethodica (= Verdff.

coast between Walvis Bay and Swakopmund. === 20. BGC) 20:75-99.
Heine, K. 1987. Jungpleistozdne fluviale
Geomorphodynamik in der Namib, Siidwestafrika/
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