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Twelve submerged speleothems were recovered from 5 floaded caves in the Otavi Mountain Land,

Groodfontein Districr, Namibia, Thirteen uranium-
more arid conditions in Namibia ac several rimes du
informarion is reviewed in the context of previous p
as well as addirional ages derived from the Blisskra

INTRODUCTION

Namibia is an arid country with large areas of
hyperarid desert. Nor surprisingly, therefore,
palacoenvironmental research has focused on
past wetter climates and much less on periods
of greaer aridity. Heine (1999) suggests that
during the lace Quarernary, periods of increased
raintall were more pronounced further inland
at grearer distance from the coast, so thac in the
Kalahari area thesc increases were quite signifi-
cant. Heine contends that during the last 125
ka B.]. the hyperarid coastal zone of the Namib
Desere remained arid ar all times, only experi-
encing variations in precipitation thac are typi-
cal of a deserr region. Vogel (1989) holds a
slightly different view. He admits that much of
the evidence for increased wetness in the Na-
mib Deserr is derived from river valtleys which
drain the uplands, so that it may be argued that
this reflects rainfall conditions above the escarp-
ment. Vogel is, however, of the view that chere
is no reason to assume that in che late Quater-
nary che general atmospheric circularion
changed fundamentally, so thar precipitation
changes inland should also be reflected in the
deser.

There has been an increased interest in the drier
Periods of the past since the development of
thermoluminescence!, optically stimulated lumi-
nescence (TL/OSL) dating, which has made it

series ages based on these speleathems suggesc
ring the last 130 ka B.P The significance of this
alaeoenvironmenial information from Namibia,
nz tufa deposit in the Nauklufr Mounrains.

possible to derermine when currencly inactive
dunes were formed (e.g. Heine 1992; Stokes ez
al 19973, 1997b; Thomas er ! 1997). Namibia,
however, offers another, rather unusual way of
determining when the climate was more arid.
Ia the Otavi Mountains, east of the Namib
Desert, there are cenotes and flooded caves thac
preserve submerged stalagmites and stalacrites
{speleothems). As speleothems form in air-filled
caves and not under warer, they bear witness to
times when ground water levels in the dofomite
aquifer of the region were considerably lower

* than they are today. In August and September,

1992, with the assistance of the Namibian Un-
derwater Federation and South African Spelaeo-
logical Association cave diving and caving
groups, samples of submerged spelenthem ma-
terial were recovered from five flooded caves.
These samples have provided information con-
cerning more arid conditions in Namibia dat-
ing bacn to the 1ast w.e1gacial,

Spring and warerfall rufas, and cave speleothems,
are two of the most reliable indicators of in-
creased wetness in arid and semiarid environ-
ments (e.g. Beaumont & Vogel 1993; Brook er
al 1990, 1996, 1997; Burzer et al. 1978; Hennig
et al. 1983; Marker 1972). This paper presents
new dara on tufa deposition in the Namib Desert
indicaring wetter conditions in the past, and age
data for submerged speleothems from the Ocavi
Mountain region indicating drier conditions.
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1. Khorixas 8, Gobaheb

2, Aikab Cenola 9. Homab

3. Aigamas Cenola 10. Great Hudaob and

4. Guinas Canete Nata Gaemtes tufas

5. Dragon's Braath and 11. Concepticn Bay
Harasib Caves 12. Tsandab Yiai on

6. Nyae Nyae Pan Tsondab River

7. Rbssing Cave 13. Blasskraniz tufa

Figure 1. Location of palacoenvironmental sitcs discussed in the rext.
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These ages, together with alrcady published dara
for Mamibis, arc then cxamined alangside in-
formation from other parts of the Southern AR
rican summer rainfall zone o see whether cli-
mate changes in Namibia parallcled those in ad-
jacent areas of Botswana and South Africa. Fi-
nally, the informarion is examined o determine
if the Namib Desers itself underwent significant
cnvironmental changes over the lasc 40 ka or so.

TIMESCALE USED IN THIS STUDY

Evidence of environmental change in Southern
Affica has been dated by a vatiety of methads
principal amongse which are eadiocarbon, TL/
351, and U-series. As previously mentioned by
Braok etal (1996, 1997), these ages can not be
campared directly. This is due ro the fact that
there have been variations in armaspheric CO,
over time, such that radiocarbon ages are con-
sistently younper than TL/OSL and U-series ages
through the cffective tme range of the radio-
carbon mechod (Bard er af 1990; Voge! 1983).
Based on dara in Bard e 4 (1990}, Broak er al.
{1996) used the equation: e age {yr B.P) = 53
+0.85 U-scries age {yr B.P), to convert He ages
to the U-series/ TL/OSL timescale up o *Cages
af 35 ka B.P. As Vogel (1983) sugpests thar a
plateau is reached in the difference heoween U-
series and "C ages above about 35 ka B.I%, apes
from 35-45 ka B.P were corrected simply by
adding 6 ka B.P. te the age. As the vast majoricy
of evidence on enviranmental change in Na-
mibia has been dated by the “C method, aff
ages used in this study (10 45 ka B.R on the *C
timescale and 51 la B.P. on the U-series and
TLIOSL timescale) were convered so the C
timescale. U-series ages greater chan 51 ka wete
not carrected in any way.

THE FLOODED CAVES AND THEIR
SPELEOTHEMS

The Otavi Mountain Land (OML), abour 80
km soucheast of the Etosha Tan, is pare of the
Damara Oropen where sedimenes were depos-

ited 920-650 million years aga. Deposition of
the Damara sequence began with the Nosib
Group including various clastic sediments and
lavas depasited on the Basement Camplex.
Dalomice and limestone units belenging to the
Osavi Group cover the Nosib, The lower pare of
this Group is the Abenab Sub-Group made up
of, from the base, the Berg Aukas, Gauss and
Autos Formations, Resting unconformably on
the Abenab is the Tsumeb Sub-Group, At the
tase of the Tsumch are the Chuos Formation
mixtite and ather lacial sedimenes overksin by
the Maieberg, Elandshoek and Hilttenberg, Far-
mations, The Mulden Group, consisting of clas-
tic sediments such as shale, phyllice and sand-
stone, uncanformably ovesdies the Otavi carbon-
ate sequence. The OML is highly minesalized
with economic deposits of copper, lead, zine,
silver, germanium, and vanadium (Miller &
Grote 1988; Andreas Palfi pers. comm. 1990},

Submerged speleothems in growth position were
collccted from five caves in che Otavi Mountain
region {Figure 1). Three of the caves, Alkab,
Aigamas and Guinas, have collapsed roals and
are extensively open to the surface making them
cenotes. The remaining rwo, Harasib and Drag-
ons Breath, have relatively small entrances but
large underground water bodics. Precipitarian
in the region varies from G00-700 mm/yr.

Crass sections of four of the llooded caves from
which we obtained speleothems are shown in
Figure 2. Akab is situared beneach the plain near
the southcastern barder of Exosha National Pack.
It is a doline or sinkhale, which leads to a 'arae
underground water body. The cenoce is devel-
oped in the massive dofomite of the Elandshock
formation of the Teumeb Subgroup. Harasib and
Dragon'’s Breath caves are also develaged in this
formation, Aikab was reportedly used as a water
source by the Heilkum San and in larer years by
farmers on the neighboring farm Lynplass. The
underground caviry is roughly circular in plan,
being 120 x 100 m in exicnt and up 10 63 m
deep. Warer masks on the walls, as much as 15
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m above the fevel in 1992, as well as historical
Accounts, attests o past higher water fevels in
the cave, Guinas Lake is 145 x 70 m in extenc
and about 120 m deep, The lake is comptetely
opets 1o the surface and is used [or irrigation by
local farmers. Divers explored the caveroa depch
of abour 60 m, bur found submerged
spelcothems only to 11 m below the surface. The
water surfece in Aigamas cenote is about 81 m
below ground surface. The lake is 115 m long
and about 20 m wide wich depths exceeding 40
m. Harasib Cave was first explored in the early
1900s. The vertical distance to water is about
100 m and the lake in the caveis 135x 35 min
extent and more than 70 m deep. Dragon's
Breath Cave was discovered in 1986. It is en-
tered via a 1.5 m wide fissure, which leads down
4@ m via 1 scrics of vertical pitches. There is a
firal drop of 20 m into an underground lake
260 m by [BD m in sucfice dimensinns and mare
than 90 m decp.

Thirteen U-series ages have been obtained for
rwelve submerged speleathems from the five
flooded caves (Table 1). Divers recovered the
spedenthems from depths ranging from 3-40.
The speleathems varied fram 20-25 cm long and
7-12 em in diameser, and sanpes in U-series age
from 7.520.3 0 129.9 6.9 ka B.P. Therc are
wwa distince groupings in the ages. Four fall in
the interval 9.1-6.4 radiocarban ka B.1 and three
In the range 26.2-24.1 ka B.I This supgests that
in northeastern WNamibiz the early Holocene was
drier than now with ground water levels st some
locarions ac feast 13 m lower thun they ase to-
day. The grouping of ages ar 26.2-24.1 ka B.D
tells of drier conditions a few thousand years
before the peak of the last glacial maximum with
ground water levels ac Jeast 13.5 m below present
at some sites. Spelencherns from Harasib, dae-
ingro 8.5%0.5 ka B.R and 28.7 % 1.4 ka B.1},
and recovered from 13 m and §3.5 m, respec-
tively, supgest that ground water levels may have

Table 1. Ages and depths of submerged cave speleothems, Oravi Meuntain Land; Namibia.

Cave Sample ID  ZTh/™Th

Ratio

U-Series Age  Equivalent  Depth below
(ka B.P)' Radiocarbon  water level (m}
Age (ka B.RY

Aikab

Harasib

Dragon’s Breath

Aikab

Guinas Meer

Guinas Meer

Guinas Mcer

Harasib

Guinas Meer

Guinas Meer

Harasib

Aipamas Ap 923 250
(outside)

924 143

[==]

92-1 62
92-4 100

52-5 250
92.1 250

OnEOOOFUIE

92-4 40

I

Atpamas Ag 923 >1000

{inside)

92-4 >1000

02-2 »>1000

92-4 >1000

92-3 1000

92-6 >1000

753%.3 6.4
B5k.5 7.3
B8E.5 7.5
10.6 .4 9.1
135£3 115
154+.8 13.1
283414 24.1
287 %14 24.4
30.842.0 6.2
614+3.6
107.626.6
112.0£5.3

129.916.9

Apes were determined in the Deparcment of Geology, Florida Srate Universicy, U.S.A,

* Radiocatbon ages ware desermined from U-series ages using the equation: “C age (yr B.E) = 54 «
0.85 U-series age, up ta U-series ages of 41 ka BB Ages of41-51 ka B.P. werc converted 1o ol ages

by subtracting 6 ka.
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been similar dusing both incervals. However,
given that temperstires were almast cerrinly
higher during the catly Holocene, meaning
higher evapotranspiracion rates, this suggests fess
precipitation 26.2-24,1 ka BT than during the
carly Helocene, Radiocarbon ages of 11,5 and
13.1 ka B.P. for two submerged spefeothems,
and a U-series age of 61.4 ka B.I’ for another,
suggest that these times were also chamcterized
by much lower ground warer tables than the
hu_.ﬂmn—-_n.

It is pethaps not caincidencal thar six of the chit-
seen dates indicate dry periods, with low ground

DHAGON'S BAEATH

AIGANAS

wates Jevels, during known warm periods of the
past when evaporative water losses were likely
ta be high. As poinced out carlier, four ages date
to the carly Holacene when global temperatures
may have been abour [ °C wartser than now
(Jouzel eral 1987). The Usseries age 0f 129.9 %
6.9 ka B, for a speleothem from Aigamas, in-
dicates that it was forming during deep seq iso-
tope substage Se when global cemperature may
have averaged 2 *C warmer than today {Jouzel
eral 1987) and, as a result, sea evels were about
8 m higher. A second U-series age for this
speleathem of 112,0 £5.3 ka B.E, and an age
of 107.6 % 6.6 ka B.2. fur a stalactite from

HARASIR

Figure 2, Cross-sections of the flooded caves in the Otavi Mountain Land, from which submerged
mm_nmnunrnamin_.nnnnocn_.nm.
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Harasib, sugpest that conditions wete also drier
during isotope substage 54, The two
speleothems dacing o deep-sea isorape stage 5
were recavered from greater depths than the
aother formations studied (40 m and 6 m te-
spectively). It is, therefore, perhaps not unrea-
sonable 10 suggest that, in terms of availzble
moisture, isotope substages Se and 3d were drier
than the early Holocene, and may have been
amang the driest intervals of the last £30 ka, As
mentioned abave, however, low proundwacer
tables ac times of lower mean annual tempera-
ture, and thercfore lower evapotranspiration,
such 15 was probably the case in the interval
26.2-24.1 ka B.B, may record lower levels of
precipitation than during warm, dey intervals,
when evaporranspiration contribuced signifi-
candy to water mble declines.

THE BLASSKRANTZ TUFA

This waterfall tufa, located in the Namib-
Naukbuft Park, Mamibia, whese precipitation is
tess than 50 mumfyr, is approximarely 50 m high
and 200 m wide. Three samples of wh were
taken for radiocarbon dating from different jo-
cations on the front face of the deposit, An at-
tempt was made to sciect samples thas mighr be
of different age. The samples proved ra be 23,4
+0.2, 151032, and 1.0 £ 0.1 ka ald (Table
2}, These apes indicate active tufa deposition
priar to and fellowing the peak of che lase pla-
cizl maximum, Many more samples will be
needed to document the long histary of depaosi-
tion of this huge wufa deposit.

Table 2. Nadiocarbor ages for the Bliskrnm wh
deposit, Namib Deserr.

Sample Lzboratory Ape
LD. Mumber

UGAGITY £5,068+120
UGAG380 20,379£151
UGA6381 10,97i476

SUBMERGED SPELEOTHEM AND TUFA
AGE DATA IN A REGIONAL CONTEXT

The speleothem and tufa age data discussed
above are compared in Figure 3 with other ages
for werter and dricr condiriens in Namibia, and
in the rest of the Southern African summer rain-
fall zone. Evidence of dry conditions in Figure
3a includes eight TL ages for dunes at Etosha
Pan and one for a dune ar Nyae Nyaz Pan (Buck
et 2l £992; Heine 1992) and 29 ages for Auvial
silt deposits in valleys of rivers draining west-
wards from highland areas to the cast, These sile
depasits are considered 1o be evidence af past
drier climates as they were probably deposited
under conditions of law stream discharge and
competence, This dara ser includes 8 ages for
the Homcb silts and 6 for the Natab silts in the
Kuiseb Valley; 7 for Younyg Termee sediments in
the Hoanib (1) and Hoarusib {6) valleys; and 2
far the fan at the mouth of the Hoarusib River
(Vogel 1962, 1989; Vogel & Visser 1981). Alsa
included are 6 TL ages on fuvial sediments ac
Dieprivier - Uisskot on a criburary of the Aba
FHuab River (Eitel 82 Zdller, 1996}, Bvidence of
wetter conditions in Figure 3a includes 4 apes
for wfa deposits ar Great Hudaob and Nata
Gamtes in the Kuiseh Valley (Vogel 1989), and
ages for peat or organic-rich sediments at Wind-
hoek and Kannikwa (Beaumant 1986; Scott et
al 1991). Alse included is the age of a fluvial
sile depasit at the Hoanib Oasis, seaward of the
dune barrier across the Hoanib Valley, which,
according to Vogel (1989), documents a stage
when the river was more competent than it is
today. Thirry-two dates refate to interdune pand
and lacustrine deposits, including severat far
caleified reed stalks. Twelve dates are from Vopet
and Visser (1981), including 3 for the Tsondab
lower valley, west of the present endpoint at
Tsandab Viei, 6 fram interdune depressions
south of Gobabeb an the Kuiseh River, § from
a sitc southeast of Meob Bay, and 2 from a site
near Conception Bay. Eleven dates are frem
Vogel (1989: 366) including 8 for calcified
reedbeds ac 7 different tocations and 3 for
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interdune ealerctes ae 3 locarions. The remain-
ing 9 dares aré for depesits in Wesz Pan, Salty
Pan, Mamib IV Pan and Bane Pan and in pans
at Marabeb (Teller #¢ of, 1990; Teller & Lancas.
ter, §9BG). Finally, Figure 3a also includes 25
ages for calcretes and stromazolites, Three of
these ages are for carbonate cementing the
Oswater conglumerates, which in the past filted
much of the Kuiseb River porge between
Gobabeb and Homeb, and 2 for inter-dune
caferetes on the upland surface souch of the
Kuiseb {Vogel 1982, 198% Vopet & Visser
[9B1}. The remaining 20 ages are for pedogenic
and evaporative calcretes and stromatolites in
the Erosha Pan area, which Ruse (1984) inter-
prets as evidence of geamorphic stabilicy and
increased moisture.

Age {radiocarbion yeors BR)

Figure 3b is a simpler diagram in that icincludes
anly what we consider to be very reliable data
on former wet and dry perinds in the Southern
Aftican summer rainfall 20ne outside of Na.
mibia, Speleathem and wia ages are used to ex-
amine past periods of increased werness, These
ages are reliable and bach tufa and cave
speleathem deposicinn is recognized as being an
excellent indicator of increased moisture avail-
ability. These data have been discussed previ-
ously in Broak er aZ (1996, 1997), and sources
are given in thosz references. The 39 OSL ages
far dunes in the Kalahari Descrt, which are in-
dicative of former drier climatic intervals dur-
ing the past 40 ka B.P, were abuined from
Stokes er al {19972, 1997b) and Thomas er al,
(1997).

12 14 16 18 30 I 24 28 20 20 32 34 39 M 40

i [ e

ikl

Humber of Ages

l Sutwrarged cave
Epalantheis
EH Dorert dunes

G punial sing

T speing ane watertal tlax
BN o

Fundat sit
E Pan carbonates

g Caicmta

Number cf Ages

10 12 14 6 0 20 23 24 28 28 30 D2 M 38 30 4
Age (vadlocarhon yosra B.P)

ES] Mormeast Kalahan tures

Ml cave spasninems
g Gprng and watardall lutay
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%
5=
|

Figure 3. Histograms of ages for wester and drier climates during she (ast 40 ka B.E in Namibia
{a), and in the summer rainfzll zoae in South Africz and Bowswana {b).
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Many of the dates included in Figure 3 are for
freshwater carbonates, including speleathems,
tufas, pan carbonates and calcretes, Voged (1962)
has discussed the sources of uncertaingy with
regard 1o radiocarbon ages for depasits of this
kind. He notes that because most shallow
groundwaters contain only 85% modern car-
bon a corrzetion of -1.6 ka should be applied to
conventianal ages for such depasits. As this as-
sumptian is widely accepred in the case of cave
speleathems, all radiocarbon determinasions of
the ages of these deposits were corrected by as-
suming B5% modern carbon. However, in the
case of waterfall and speing mfas, Butzer ef 2l
{1978) and Beaumans & Vogel {1990) found
that tufa deposits atong the Gaap Escarpment
arc deposited with 100% modern carbon and
so applied no corrections to ages of older de-
posizs, In the case of caleite cruses in Buvial siks,
pan carhonates (including sced and rooc casts},
and pedogenic and evaparative calcretes, Vogel
{1982, 1989) recomenends 2 correction of -1.0
ka za the conventional radiocarban sge. As such
a correctian is not universally accepted (e.g. it
was not used by Teller #£.al 1990, to correct the
ages of pan carbonate deposics in the northern
Namib Sand Sea), it was not applicd to any of
the ages used in Figure 3. If freshwarer carbon-
ates are contaminated by older, dead carbon,
their ages will be to old probably by about 1.6
fea. IF, on the acher hand, these deposits are con-
taminated by younger carhon, their ages may
be toa young and in some cascs significanty too
young,

In our vicw, some of the depusits considered in
Figure 3 may be dated more rliably than others
and so can provide berter data on wes and dry
periods of the past. For example, we consider
ages on submerged cave speleothems to be the
mast reliable source of data on past arid candi-
tions, followed closcly by TL/OSL dates on
desert dunes. In our view, the ages of periods of
fluvial silt accumulation are a bess reliable indi-
cacor of aridity (e.g. vide comments in Heine
1999). In the case of past werter conditions, cave
speleothems, spring and waterfall tufas, and

peats, probably provide the most reliable infor-
tnation, folfowed by pan mrbonatcs, fluvial silc
deposits, and pedogenic and evaporative
ealcretes. Figure 3 must, therefore, be examined
critically in terms of the variable relabilicy of
the ages used in its construction,

Based on the frequency of ages indicating wet
and dry conditions, it is clear from Figure 3,
that the record for Namibia closcly parallels thar
for the rest of the Southern African summer rain-
fall zone. The Namibian cvidence suggests wet
intervals at 40-35, 34-28, ca. 25.5, 24-20, 16-
10, and 5-2 ka B while the evidence fram the
rest of the summer rinfall region indicares wet-
ness at 40-36, 32-29, 27-25, 23-18, 16-12,and
4-1la B.P. Drier conditions are indicated in Na-
mibia at e, 29.5, 27-22, 21-16, e 13.5, 12-9,
8-4, and 0-2 ka B.P., and in the rest of the sum-
et rainfall segion at 38-31, 28-25, 24-21, 20~
17, 16-14, 13-7, . 5.5, and 2-0 ka B.I: (Fig-
ure 3). The records of environmental change are
not identical but given the uncertinty in same
of the age deserminations, both in regard 1o cor-
rections for possible consamination, and to in-
terpretation of the sediments in terms of envi-
ranmenal condisions, the records are in remarke-
able agreement.

DISCUSSION

Aswas pointed out above, Namibia was affected
by the same changes in enviranmental candi-
tions thart affecred the rest of the summer rain-
full zone of Southern Africa. Unlike other areas,
however, there isless evidence from Namibia for
a significant increase in maistare during the mid
Haolacene from about 6ka w asJateas L ka B.R
Sa far, only peac and arganic-rich deposits seem
1o indicate that this period was somewhar wet-
ter. On the other hand, the submerged
speleothiem, desert dunc and fuvial silk evidence
seems ta indicate significant dry periods in the
early and late Hatocene, There seems to be no
doubt, overail, that the mid-Halocene was same-
what wetter but there is na cvidence thus far 1o
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indicate chat it was substantially wetser than now,
Teller er af (1990) essentially made the same
observarion. They note that since dhe establish-
ment af the end point of the Tsondab River ar
its presenc location, perhaps 10 ka BT, ic ap-
pears that river flooding and groundwater re-
charge have nat been enough te ciuse ponding
at any of the inter-dune sitcs in the southern
sand sea, They point out thar this is consistent
with the fack of radiecarbon dated evidenee for
werter conditions in the Mamib after 11 ka B.T
(Vogel £989).

Very litle of the cvidence in Figure 3a relates
direetly to conditions in the Namib Desere re-
gion proper. Apart from the chrce ages for the
Blisskrantz tufa (of 20.4, 15. and 110 ka B.B),
the only other irrefutablc cvidence of wet peri-
ods is presented by Vogel (1989}, He reporns
that at Great Hudaob, 55 km upstream of
Gobabeb, chere is a wfa deposit on the south
bank of the Kuisch Canyon, which formed, from
seepage draining out of a small side gully. Vopel
reports radivcarbon ages of 35.0 £0.9, 31.1 &
0.7, and 10.9 £0.1 ka B.P. for the deposic and

“argues that it dearly documents more humid

condigions locally. He also notes that 18 km
downstream, at Nata Gamees, anather small ufe
tongue emerges from the parth bank of dhe can-
yoo. A sample of this tufa gave an age of 15.8 %
0.1 ka B.P Together, these ages for mfas within
the Namib Desert praper suggese locally wee
conditions at abour 35-31, 20.5, and 16-11 fa
B.E These periads of tufa deposition correspond
well with distinetr wer perinds evidenced in Fig-
ure 3b. This sugpests thar dusing the lasc 40 ka
B.I. the Namib Deserc was affccted by the same
climaric changes which affeeted other areas of
the summer rainfall zone and that it did nat re-
main as dry as present a5 suggested for the 50
km wide coastal zone by Heinc (1999). Vogel
1989 is also of the opinion that the Namib
Deserr was further affected by climare changes
during the late Quaternary. He notes that cug-
and-fill sequences in the main stream valleys,
which cross the desert from <ast 1o west, arc of-

ten parallcled in the side valleys which casty oniy
focal runoff. Vogel thus belisves chac the ages
for fluvial sile deposits in Figure 3 arc an indica-
tion of conditions in the Namib Desert as well
as in che uplands o the east.

Possibly some of the best cvidence for werter
periods in the Namib Desere will eventually
come from caves (e.g. Heine 1992, 1999), How-
ever, cattion will be needed in interpeecing these
data, 1n 1984, Heine & Geyh reporced 10 ra-
dincarbon ages in good stratigraphic order for
spelenthem matcrial from Rijasing Cave in the
Namib Descrt, They argued on the basls of these
for a perind of more humid climate from 41.5
to 26.5 la B.B. Heine {1992) lists 17 radiocar-
bon ages of less chan 40 ka B.P. for speleothems
from the hyperarid Namib Desest, These ages
range from 39.6 to 26.5 ka B.P and fall inwo
groups at abour 40-37, 35-30 and 26.5 ka B.D.
Coincidenzally, these age groupings carrespond
extremely well with wet periods evident in Fig-
ure 3bat 40-36, 32-29, and 27-25 ka B.E. How-
ever, Heine {1992, 1899) now considers these
ages to be suspect, as similar materials dased by
the U-series method have given subsrancially
older ages, He suggeses thar the speleothems are
actually much older than the range of the @~
diocatbon method, but give finitc ages because
they have heen contaminated by small amounis
of medern carbon. This explanation is nar casy
to accept, given the apparent reliability of ra-
diocarbon ages for speleathems from many ather
caves around the world. We shall bave to wait
for more U-series dates before the full truth is
knawn. It is to be haped that the close fmxim-
ity of tich uranium deposits, being exploited st
the Rassing Uranium Mine, is not affecting the
sediability of U-series dating of Riissing Cave
speleachems.

in summary, U-scries ages for submerged
speleothems in the Oravi Mountain area have
pravided valuable infarmation on periods of
greater aridity in Namibia to 130 ka B.R What
is more, they have revealed that during these
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petiods grourd wacer table clevations declined
in many areas by more than 15 m and in some
by as much as 40 m. Namibia must have beer:
dry indeed at these times. Clear evidence of in.
creased aridity during periods when global tem-
peratures were warmer chan now, such as dur-
Ing desp sex isotope substage Se, and during the
easly-mid Holocene hypsithermal, suggest thar
global warming may weil bring greater dryness
to an already arid and semiarid country.

Our new ages for the subrmerged speleathems
in the Oravi Mountains, and far tufy depasits
ar Blisskrantz in the Namib Desert, have added
10 a growing body of dara on lace Quarernary
climate cliange in Namibia and in the summer
riinfall zanc of Southern Africa in general. When
these data are taken together, i is elear that the
entice summer ainfall zone aceed in enisan in
regard to climate change, Furthermare, it is ap-
parcar that even the hyperarid Narmib Desere
was aflected, although che changes there mizy
have bieen less macked than in berer-warered
ateas to the east. Holocene dimare chiange in
Namibia daes notappear to have been as marked
a5 in other pacts of the summer rainfill zone,
but as mare information comes to hand this
abservarion may alse he subject to change.
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