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Introduction 
The Tsodilo Hills are located in the Kalahari 

Desert of northwestern Botswana, 48 km to the west 
of the Okavango River. The highest hill is nearly 
400 m above the surrounding plain giving some idea 
of the dominance of the Hills in the region. Tsodilo is 
a new World Heritage site, hown for its rock paint- 
ings and a wide variety of other archaeological find- 
ings including information on the advent of food pro- 
duction and metallurgy, intensive specularite min- 
ing, and deep rock shelters containing Later and Mid- 
dle Stone Age deposits (Campbell et al. 1994; 
Denbow and Wilmsen, 1986; Robbins er al. 1998, 
2000). The rock shelter excavations, coupled with 
work on lake deposits south of Tsodilo and on nearby 
sand dunes, have also provided a wealth of new 
paleoenvironmental evidence for the Kalahari. In this 
paper we provide an analysis of the sediments of 
Depression Rock shelter and place the information in 
the local and regional paleoenvironmental context. 
In addition, some comparisons will be made between 
the sedimentary and archaeological evidence. 

The Depression site, discovered by 
A. C. Campbell, consists of a rock overhang, a nar- 
row 5 m-wide, cavelike cleft in the hill and an open 
area in h n t  of the overhang (Figure 1). The shelter is 
named for the over 1,200 small depressions, or 
cupules, that have been ground in the vertical walls 
of the shelter. The Cupuies range in size fiom about 2 
to 10 cm in diameter. There are also some faded white 
paintings of cattle overlying red geometric designs 
that are located on the wall in the cleft, or fissure. 
Traces of red paintings of animals are also evident 
on the adjacent wall. 

In 1987 a block of nine adjacent 1 m squares 
was excavated in the open area in h n t  of the shelter. 
Five outlying test pits were also excavated. All nine 
squares in the block were excavated to a depth of 
1 m. Subsequently, four squares (1,2,4, and 5) were 
excavated to 2 m, two (2 and 5) to 2.7 m and a single 
square (5) to 5.1 m as a deep sounding that reached 
bedrock (Figure 1). Excavation was in levels of 10-20 
cm as indicated in the artifact fiequency curve of 
Figure 2. 

Archaeology 
While the archaeology has been discussed 

elsewhere, the extrapolated dates based on the 
sediment analysis discussed below provides for a 
better assessment of the probable age of the deeper 
deposits that underlie the radiocarbon dated levels 
(Robbins and Campbell 1989; Robbins 1990; Donahue 
and Robbins 1989). A brief summary of the archaeo- 
logical findings follows. 

Artifacts were found throughout most of the 
5 10 cm of deposits, however as can be seen in the 
last column of Figure 2 there were substautial changes 
in artifact frequency, and the deposits between 
245 and 270 cm in square 5 were sterile. The highest 
fiequencies of artifacts were clustered between ap- 
proximately 20-60 cm and 420-5 10 cm while compara- 
tively few artifacts were found between 100-370 cm. 
Fauna was generally rare, most likely due to condi- 
tions of preservation. The fauna consisted mainly of 
unidentifiable small fi-dgments of burned bone found 
dispersed in the upper meter of deposits, dating to 
the Holocene. Animals identified by R. G Klein 
included hare, springhare, warthog, steenbok and 
gray duiker; all of which are found in the area at 
present (Table 2 m Robbins 1990). Reptiles identified 
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Table 1. Depression Rock Shelter Uncalibratd and Calibrated Radiocarbon Ages 

0 1 0 5  

1775 * 21 5 

3820 f 330 

7885 f 165 

12705* 1135 

15470* 1160 

22465 f 765 

* AMsdate 
* Calibration by Beta following Shiver and van der Plicht (1*8), Stuiver et d.( 1W8), and Talma and Vogel(lW3) 
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Figure 2: Variations in sediment texture, shape, and color with depth at Depression rock shelter in relation to 
artifact fkquency. The time scale at right reflects calibrated charcoal ages to 275 cm (-22.5 ka) and then ages based 
on a constant rate of sedimentation between 5 10-275 fiom 39-22.5 ka. The scale is therefore not linear above 275cm. 
but is fiom 275-5 10 cm. 
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Figure 3: Calendar year age-depth relationship at Depression. Symbols show charcoal ages and errors in both 
depth and age estimates for the samples. The linear regression is forced through depth = 0, age = 0 and with depth 
as the dependent variable predicts an age of 37400 cal BP at 5 10 cm. 
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by N.J. Stevens (personal communication) included 
1 specimen each of Python reticulus (sq. 2, 30-40 
cm), monitor l i d  (either Varanus exanthematicus 
or niloticus, sq. 7, 20-30 cm) and tortoise (Kinbrys 
belliana, sq. 7,40-50 cm). There were also occasional 
remains of unidentifiable birds. In contrast to the 
Tsodilo White Paintings shelter, no fish bones or 
bones of wetland animals were recovered. While a 
few bone points were recovered in the upper meter, 
there were no barbed bone harpoodspear points simi- 
lar to those found at White Paintings shelter. The 
lack of fish bones and harpoodspearheads in com- 
parable age deposits at Depression shelter most likely 
reflects a different pattern of site use. Mongongo 
nutshell fragments were recovered from every 10 cm 
level through the first 80 cm (Robbins and Campbell 
1990). These nuts are an important wild food resource 
in the Kalahari- and groves occur near the site at 
present. The deepest mongongo nutshell was found 
in the 140- 1 50 cm level, dated to 7 100 f 90 I4C years 
BP(7885 f 165 calendar years; Table I ) .  

Typical LSA tools include segments, small 
scrapers and backed drills. These types of artifacts 
were especially common in the upper 50 cm of 
deposits. The small scrapers were not found below a 
depth of 120 cm. Raw materials include locally abun- 
dant quartz and lesser amounts of non-local cherts, 
jasper, chalcedony and silcrete. There was generally 
a preference for using the non-local material for 
making microlithic tools, while the debitage was pre- 
dominantly quartz. 

Early Iron Age potsherds similar to those 
occurring at the Tsodilo village sites of Nqoma and 
Divuyti, along with iron artifacts were occasional 
finds, mainly in the upper 40 cm. The most significant 
iron artifacts were several wrist guard clips identical 
to those found at the nearby village sites. The sherds 
and iron artifacts were found along with numerous 
LSA tools and debitage. 
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Pre-Holocene LSA materials typically do not 
contain many formal tools. The deepest backed 
segment was recovered at a depth of between 320- 
330 cm and is estimated on the basis of evidence 
discussed below to be approximately 25,000 years 
old (Figures 2 and 3). However evidence of a 
microlithic reduction technique clearly extends to the 
base of the site. For example, the debitage found 
between 480-500 cm in square 5 contained 23 
bladelets, 7 bladelet cores and 174 flakes as well as a 
number of other artifact classes. Significantly, a small 
piece of ground chromite, most likely used to pro- 
duce pigment, was also found at this depth. As will 
be discussed, these deposits (480-500 cm), with 
evidence of microlithic technology and likely pro- 
duction of pigment are now estimated to be approxi- 
mately 37/39,000 years old (Figure 2). When the early 
microliths were first found at the base ofthe Depres- 
sion site, the discovery was surprising, given the 
possible age and the location. However, early evi- 
dence for microliths at Tsodilo is now also confirmed 
at White Paintings shelter where microliths, as well 
as larger tools, occur in association with extinct E p m  
capensis in the Lower Fish deposits (Robbins et al. 
2Qoo). 

The Sediments: Field and Laboratory 
Methods 

In order to provide a context for understanding 
the sediments some general comments about the set- 
ting follow. The Hills are composed of Upper 
Proterozoic Damara sequence metamorphosed 
sediments principally schist, quartzite, dolomitic lime- 
stone and mafic volcanic rocks. West of the 
Okavango River and delta are extensive longitudinal 
dunes which support open savanna vegetation 
communities dominated by Burkea a - k a n a  and 
Pterocarpus angolensis. By contrast the calcretised 
sandy soils ofthe linear, inter-dune hollows are cov- 
ered with grass and scrub (Grove 1969). The longitu- 
dinal dunes are massive, relict features with a spac- 
ing of I .75 f 0.3 km. Grove (1  969) notes that the dunes 
are likely the degraded remnants of large sand ridges 
comparable to those presently found in the Namib 
Desert and were possibly 90 m high when active. 
Near the Tsodilo Hills the pattern of the dunes is 
disrupted presumably because of the effect of the 
hills on wind and sand movement at the time of dune 
formation. Sand has piled up on the eastern side of 

the hills but longitudinal dunes are lacking to the 
west in a streamlined area about 40 km in length (Grove 
1%9:198). 

The Depression site is located on the north- 
eastern-facing slope of the Female Hill. The bedrock 
of the shelter is quartzite. Significantly, the exca- 
vated area is open to the movement of windblown 
sand from the east and southeast (i.e. it is on the 
windward side of the hill). It must also receive inputs 
of wind-blown and water transported sediment 
derived locally from the hill complex. 

The deposits in the excavation consisted of 
about 1 m of gray-black sandy soil overlying -4 m of 
red-orange sand. There was no visible stratification. 
Samples were collected for sediment studies after 
excavations were completed. Samples of-200 g were 
taken every 10 cm. through the sediment column (i.e., 
at 8-10, 18-20, 28-30 cm and so on). An additional 
sample was collected from the surface (0-2 cm depth). 
Samples from 0- 100 cm were collected 6om the walls 
of square 1, those from 100-280 cm from square 2, and 
those from 280-5 10 from the walls of square 5, the 
excavation unit providing the deep sounding (Figure 
1). In addition, representative samples of sediment 
were collected fiom the quartzite hill slope above 
the shelter and 60m nearby dunes for comparative 
purposes. 

Sediment color was determined on dry, un- 
treated samples using a Munsell color chart. Each 
sample was split to obtain a representative 25 g sub- 
sample for chemical analysis. Macro-organic matter 
and human artifacts were fmt removed and then the 
sample was sieved to obtain particles coarser than 
1 @. The samples were then treated with 0.5 N HCI to 
remove carbonates (Jackson 1969). Any remaining 
organic matter was removed by oxidation with hydro- 
gen peroxide (Singer and Janitzky 1986). What 
remained of each sample was then dispersed in a 
solution of sodium hexametaphosphate and wet- 
sieved through a 4@ sieve to remove silt and clay. 
Particles coarser that 40 were dry-sieved at 10 inter- 
vals in the range from -2 to 1 @ and at half @ intervals 
60m 1 to 4@. The 44, silt and clay tiaction was then 
subjected to pipette analysis. Withdrawals were taken 
to divide the sediment at the 5,6, and 9@ size inter- 
vals. Mean grain size, sorting, skewness and kurtosis 
were determined by the graphical method of Folk 
and Ward (1 957). 
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Sub-samples were also subjected to double 
acid extraction (HCI-HNO, at a ratio of 2:l) and 
concentrations of 20 elements determined by induc- 
tively coupled argon plasma (ICAp) spectrometry. 
Thmesampleshm2.8,3.5 and5.0mwereexamined 
for clay mineral characteristics. A portion of these 
samples was suspended in DDH,O and wet-sieved 
through a -325 (44 Micron) screen; the resulting clay 
suspension was air dried. The dried material was 
lightly crushed and passed through a -200 mesh prior 
to XRD mount preparation. Square discs were pre- 
pared which give good preferred orientation as well 
as minimize sample surface related errors. The 
samples were X-rayed with Cv Ka radiation and 
scanned at a rate of 4 degrees 2 theta per minute. All 
three samples showed the game general mineralogy, 
namely kaolinite and quartz. The kaolinite appears to 
be soil derived in that XRD reflections are rather broad 
and diffise indicating fine particle size, small coher- 
ent domains, and poor structural order, all of which 
are characteristic ofkaolinites from oxidized soils. 

Particle shape was determined microscopically 
using the visual comparison chart of Powers (1 953). 
The 1.0-1.5, 1.5-2.0 and 2.0-2.50 fractions were 
analyzed. One hundred grains in each size hct ion 
were classified and sample roundness was quanti- 
fied using the method of Folk (1955). These size 
fractions were chosen for analysis beciuse the grains 
spanned a range from predominantly angular 
(1 .O-1.50) to predominantly rounded (2.0-2.50) and 
so were considered to be the most sensitive to any 
changes that might have occurred in the input of 
angular versus rounded grains to the site. 

Site Chronology 
A chronology was established for the site by 

dating charcoal found in the excavated levels (Table 
1, Figure 3). This charcoal could not be ascribed to 
an exact depth but was assumed to have originated 
from the mid point of the 10 cm layer from which it 
was taken so the depths have an error off 5 cm. Six 
ages were obtained in stratigraphic sequence the old- 
est being 18,9 10 f 180 I4C years BP. Calibrated ages 
ranged up to -22,500 calendar years (-22.5 ka). All 
of the charcoal dated was recovered from square 5 
while the sediment samples for these depths were 
obtained from squares 1 and 2 after the excavations 
were completed. As a result, it is likely that the ages 
ascribed to particular sediment samples will be slightly 

in error, particularly at depths where sediment 
sampling moved from one square to another. In 
addition, sand is easily bioturbated and use of the 
shelter by humans and animals may have led to h g -  
ments of charcoal being trampled into the sediments 
of the floor. So, it is likely that actual sediment ages 
are slightly older than the charcoal ages assigned to 
them. Separate linear regressions of depth versus 
age and age versus depth, each forced through 
depth = 0, age = 0, suggest that the basal sediments 
at 5 10 cm are 38.5 and 37.4 ka, respectively (Fig. 3). 
Assuming a constant sedimentation rate throughout 
deposition (275 cm'in -22.5 ka) gives an age of4 I .7 ka 
for sediment at 5 10 cm. As we cannot be sure which 
of these estimates is correct we averaged them 
giving an age for the basal sediments of 39 ka. Ages 
for sediments below 275 cm were estimated by 
assuming a constant sedimentation rate over the 
period39-22.5 ka. 

The Sediment Record 
We believe that finer-grained, better-sorted 

sediments at the rock shelter should equate with drier 
conditions when more material was transported into 
the shelter by wind. In addition, with increased 
aeolian transport we might expect more sub-rounded 
to rounded grains in the sediments. Under slightly 
wetter, semiarid conditions, there should be an in- 
crease in coarse and very coarse sand and gravel, 
and in sub-angular to angular sand derived from the 
quartzite walls ofthe shelter and from hill slopes that 
channel water through the shelter. We might also 
expect a reduction in the input of aeolian sand, silt 
and clay fi-om the dunes that envelop the valley in 
which the Depression rock shelter is located. Under 
conditions of even greater wetness, the input of 
aeolian sand, silt and clay should be reduced still 
further due to a denser vegetation cover in areas 
surrounding the shelter. Also, there should be a 
greater accumulation of coarse material produced by 
increased breakdown within the shelter and increased 
runoff into the shelter carrying particles not easily 
transported by wind. Also, the Kalahari is fairly cool, 
especially in winter, and sharp frosts are quite com- 
mon in the early morning at the height of the dry 
season. This suggests that during the Last Glacial 
Maximum, when conditions were 6°C cooler than now 
(Stute and Talma 1997), frost action might have 
caused breakdown of the rock shelter with the pro- 
duction of angular gravel. 
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Variations in sediment characteristics are shown 
in Figure 2. Mean grain size varies from 2.33cD at 70 
cm to 1.08@ at 500 cm, or from an average of fine 
sand to an average of medium sand. The sediments 
range from moderately sorted to very poorly sorted 
(0.91cDat70cmto2.~ at5oOcm).Themediangrain 
size varies from 2.38cD at 460 cm to 1.7W at 3 10 cm, 
which is from fine to medium sand being the domi- 
nant size fraction. Skewness varies from very nega- 
tively skewed at 500 cm to negativeIy skewed at 50 
cm indicating that all of the samples have a mean less 
than the median and therefore a tail towards coarser 
particles. Kurtosis varies from 0.68 at 500 cm to 1.65 
at 460 cm indicating a range from platykurtic to very 
leptokurtic. 

Sediments above 250 cm depth that are younger 
than -20 ka are noticeably finer than deeper deposits. 
The ratio of medium, fine and very fine sand to coarse 
and very coarse sand above 250 cm is - 4 compared 
to -2 for deeper sediments. Also, below 250 cm 
(20-39 ka), and above 1 15 cm (5-0 ka), grain size fluctu- 
ates sharply with depth as illustrated by grains coarser 
than 2cD which vary from 50-30% of the sediment in 
as little as 10 cm. Gravel (<l@ ) is most common at 
500-300 and 125-40 cm with a minor peak at 2 10 cm 
(39-26,7.5-1.75, and 16 ka). Grain shape also varies 
markedly through the sediment column, with angular 
grains more abundant at 5 10 and 4 10 cm (39 and 32 
ka), from315-200cm(25-15 ka)andat55 cm(2 ka), 
and peaks in the number of subrounded, rounded 
and well rounded grains occurring at 465, 355, 75, 
and 5 cm depth (36,27,2, and 0 ka). Coarser and more 
angular sediments with great variability in grain size 
with depth, suggest frequent heavy sununer rains in 
a wetter climate, with a reduced input of aeolian, finer- 
grained, more rounded sands. Finer, less variable, 
and more rounded sediments imply greater input by 
wind under drier conditions, and a reduced input of 
locally derived angular debris. 

Peaks in Al, Fe, Si, K, and P in the present B 
horizon at I0 cm, and also at 60,100, and 200 cm, and 
buried A and B horizons at -60 cm, indicate enhanced 
soil development probably under wetter conditions 
at 2, 4, and 15 ka. Variations in particle shape and 
texture indicate increased wetness -39, 34-29, and 
26- 1 5 ka (with a possible short, dry interval -22 ka). 
In addition, the calibrated radiocarbon ages for char- 
coal in the upper 100 cm of sediment indicate Holocene 
wet phases at 4 and 2 ka. There are noticeable peaks 
in artifact frequency during the two earliest and 

during the two Holocene wet intervals, and a minor 
peak at -24 ka. However, during most of the wet 
interval from 26- 15 ka (325-200 cm) very few artifacts 
were encountered in excavations and some layers 
were sterile. We cannot rule out that people camped 
elsewhere at the site during this time or at other more 
favorable sites. It is also interesting to mention that 
during the earliest wet interval at -39 ka, the use of 
local quartz as a raw m a t e d  reached its highest level: 
480-500 cm (96% quartz, 4% Mjasper ,  N=3 14). We 
cannot say whether groups did not travel far from 
Tsodilo during this wetter time or, perhaps, this re- 
flects expedient use of local raw materials at this site. 
Other factors such as more restricted exchange net- 
works, or even sampling error could also be respon- 
sible for this high percentage of quartz usage. What- 
ever the case may have been, there seems to be a 
different pattern in the upper 1 m of deposits (begin- 
ning at -4 ka) where there is increased use of non- 
local raw materials in all of the levels in these depos- 
its, varying from 19 to 50%. 

Discussion 
Grove ( 1  969) suggests that the longitudinal 

dunes of northwest Botswana, including those at 
Tsodilo, represent a period of aridity when the an- 
nual rainfall was less, probably much less, than 250 
mdyr ,  as compared with more than 500 d y r  at 
present. In fact, OSL ages on dune sands south of 
Tsodilo Hills indicate accumulation at 98.1 f 9.2 ka 
andintheintervaIs35.4+to33.8+2.8and28.1*4.6 
to 29.8 f 4.4 ka (Thomas etal. 2003). The ages agree 
well with the sediment evidence from Depression of 
dry intervals at -36 and -28 ka. 

Diatoms and freshwater mollusk shells south 
of Tsodilo Hills indicate the former existence of an 
extensive, sometimes permanent lake at 40-32,27-22, 
and 19-12 ka, while fish bones and the bones of 
wetland animals in sediments at White Paintings rock 
shelter in the Male Hill indicate wet conditions at 
-43-32 and 8-4 ka (Robbins et al. 2000; Thomas etal. 
2003). This record closely parallels the 
paleoenvironmental record from the Depression rock 
shelter discussed above. 

Research in the summer rainfall zone of Na- 
mibia also supports the climate record from Depres- 
sion rock shelter and data from other sites at or near 
Tsodilo Hills. The sedimentology of relict terrace 
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sediments in the Khwnib and Hoarusib river valleys 
of NW Namibia, dated by OSL, indicates that the 
climate of the Namib Desert was wetter at 4 0  ka, from 
28-25 ka , and fkom 2 I - 15 ka (Snvastava et al. 2003% 
2003b). Lacustrine sediments in the Namib Sand Sea 
datingto 34-32,27-23, and 18-13 kapresent asimilar 
history of wet intervals (Teller et al. 1990). Finally, 
variations in the frequency of speleothem and tufa 
ages in the summer rainfall ulne of southern Africa 
indicate wet intervals with enhanced deposition at 
38-36,-31,27-24,-16,andintheHoloceneat9,5,and 
2 ka (Brook et al. 1997; see also Figure 12 in Robbins 
et al. 2000). Findings at Depression rock shelter 
thus support evidence &om other areas of southern 
A€iica of major wet intervals centered at 39,32,23, 
and 15 ka. The Depression data indicate at least two 
wet intervals during the Holocene at 4 and 2 ka while 
tufa and speleothem ages indicate three wet inter- 
vals at 9, 5 and 2 ka. Artifact counts show that the 
Depression site was used more during periods of 
wetter climate except from 23-15 ka when some 
sediments are even sterile. 

Acknowledgments 
We thank the Botswana National Museum for 

facilitating this research and the National Geographic 
Society for funding. 

References 

- 
Brook, GA., J. B. Cowart, S. A. Brandt and L. Scott 

1997 Quaternary climatic change in southern and 
eastern Africa during the last 300 ka: the 
evidence from caves in Somalia and the 
Transvaal region of South Africa. 
Zeitschrijt fur Geomorphologie N.F. 
S~ppl.-Bd. 108: 15-48. 

Denbow, J. and E. Wilmsen 

1986 Advent and course of pastoralism in the 
Kalahari. Science234: 1509-1515. 

Donahue, R. E. and L.H. Robbins 

1989 Evidence of microwear fiom the Tsodilo Hi& 
Depression Site, Botswana. Nyame 
Ahma 3 1 : 8-1 1. 

Folk, R. L. 

1955 Student operator error in determination 
of roundness, sphericity and grain size. 
Journal of Sedimentaiy Petrology 25: 297- 
301. 

Folk, R. and W.C. Ward 

1957 Brazos River bar: a study in the significance 
of grain size parameters. Journal of 
Sedimentary Petrology 27: 3-26. 

Grove, A. T. 

1969 Landforms and climatic change in the Kala- 
hari and Ngamiland. Geographical Journal 
135: 191-212. 

Jackson, M. L. 

1%9 Soil Chemical Analysis, Advanced Course. 
Madison, Wisconsin, second edition. 

Powers, M. C. 

1953 A new roundness scale for sedimentary par- 
ticles. Journal of Sedimentary Petrology 
23: 117-1 19. 

Campbell, A.C., J. Denbow and E. Wilmsen 

1994 
Robbins, L. H. 

1990 
Paintings like engravings: rock art at 
Tsodilo. In T. A. Dowson and D. Lewis- 
Williams, editors, Contestedimages: Diver- 
sity in Southern Afiican Rock Art Research. 

Press, pp. I3 1-1 58. 

The Depression Site: A Stone Age Sequence 
in the Northwest Kalahari Desert, 
Botswana. National Geographic Research 

Johannesburg: Witwatersrand University 6: 329-338. 

9 



NYAME AKUMA No. 59 June 2003 

Robbins, L. H., G A. Brook, A. H. Ivester, A.C. 
Campbell, R. G Klein, R. G Milo, K. M. 
Stewart, W. S. Downey and N. J. Stevens 

2OOO Archaeology, Palaeoenvironment, and Chro- 
nology of The Tsodilo, Hills White Paint- 
ings Rock Shelter, Northwest Kalahari 
Desert, Botswana. Journal ofArchaeologi- 
cal Science 27: 1085- 1 1 13. 

Robbins, L. H. andA. C. Campbell 

1989 The Depression Rock Shelter, Tsodilo Hills. 
Botswana Notes and Records 20: 1-3. 

1990 Prehistory of Mongongo nut exploitation 
Botswana Notes and Records 22: 37-42. 

Robbins, L.H., M. L. Murphy, A. C. Campbell and 
G A. Brook 

1998 Intensive Mining of Specular Hematite in 
the Kalahari ca. A.D. 800-1000. Current 
Anthropology39: 144-150. 

Singer, M. S. and P. Janitzky 

1986 Field and Laboratory Methods Used in 
a Soil Chronosequence Study. US. Geologi- 
cal Survey Bulletin 1648. 

Srivastava, P., G. A. Brook and E. Marais 

2003a Record of wetter conditions and fluvial 
aggradation in the hyper-and Namib Desert 
during the Late Pleistocene. Zeitscbriji fur 
Geomorphologie (in press). 

2003b Luminescence chronology and depositional 
environment of the Hoarusib River Clay 
Castles sediments, northern Namib Desert, 
Namibia (communicated). 

Shiver, M. and H. van der Plicht 

1998 Calibration Database, Editorial Comment. 
Radiocarbon 40(3): xii-xiii. 

Shiver, M., P. J. Reimer, E. Bard, J. W. Beck,, G. S. 
Burr, K. A. Hughen, B. Kromer, F. G. 
McCormac, J. v.d. Plicht and M. Spurk 

1998 INTCAL98 Radiocarbon age calibration. 
Radiocarbon 40(3): I04 I - I 083. 

Stute, M., andA.S. Talma 

1997 Glacial temperatures and moisture transport 
regimes reconstructed fi-om noble gases and 
delta '*O, Starnpriet aquifer, Namibia. Inter- 
national Symposium on Isotope 
Techniques in the Study of Past and Cur- 
rent Environmental Changes in the Hydro- 
sphere and Atmosphere, pp. 306-3 18. Vienna. 

Talma, A. S. and J. C. Vogel 

1993 A simplified approach to calibrating I4C 
dates. Radiocarbon 35(2): 3 17-322. 

Teller, J. T., N. W. Rutter and N. Lancaster 

1990 Sedimentology and paleohydrology of late 
Quaternary lake deposits in the northern 
Namib Sand Sea, Namibia. Quaternary Sci- 
ence Reviews 9: 343-364. 

Thomas, D. S.G, G. A. Brook, P. Shaw, M. Bateman, 
K. Haberyan, C. Appleton C., D. Nash, 
S. McLaren and F. Davies 

Late Pleistocene wetting and drying in the 
NW Kalahari an integrated study from the 
Tsodilo Hills, Botswana. Quaternary Inter- 
national 104( I): 53-67. 

2003 

10 


