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In order to be able to reconstruct what climatic changes 
took place in the past, knowledge of the palaeoclimates of 
the Southern Hemisphere is of the utmost importance. The 
Antarctica and the surrounding oceans play the major role 
in regulating atmospheric circulation patterns; even across 
the equator. In addition, evidence from deep sea cores has 
recently indicated that climatic change in the south actually 
preceded that in the northern regions by some 3000 years. 
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SASQUA international Symposium /Swaziland/29 August - 2 September 1983 

Radiocarbon dating of speleothems from the Rössing cave, 
Namib desert, and palaeoclimatic implications 

K L A U S H E I N E 

Universität Regensburg, Germany 

M E B U S A . G E Y H 
Niedersächsisches Landesamt für Bodenforschung, Hannover, Germany 

ABSTRACT. About 2 km west of the Rössingberge i n the Namib desert a t 
about 340 m above sea l e v e l , a s m a l l cave system w i t h s t a l a c t i t e s , 
s t a l a g m i t e s , f l o w s tone, popcorn and othe r s i n t e r f o r m a t i o n s was i n v e s ­
t i g a t e d i n 1978 and 1981. Speleothems have been formed s i n c e the Ter­
t i a r y . As the cave i s w i t h i n a s m a l l catchment a r e a , the speleothems 
r e f l e c t changing p a l a e o h y d r o l o g i c a l and p a l a e o c l i m a t o l o g i c a l c o n d i t i o n s 
i n the Namib de s e r t i n the v i c i n i t y of the cave r a t h e r than those of 
the escarpment i n the e a s t . 

> A c c o r d i n g t o the C14 da t e s , the c l i m a t e a f t e r 41 500 BP can be d i v i d ­
ed i n t o f i v e phases. U n t i l about 25 500 BP r a t h e r humid c o n d i t i o n s 
p r e v a i l e d as cave s i n t e r was formed. A f t e r w a r d s the c l i m a t e remained 
dry i n the study a r e a . As from 19 000 BP, the i n t e r i o r of South West 
A f r i c a a l s o became a r i d . 

INTRODUCTION 

Some qu e s t i o n s of the Late Quaternary c l i m a t i c e v o l u t i o n i n the Namib 
de s e r t w i l l be d i s c u s s e d b r i e f l y . D u r i n g r e c e n t years many s c i e n t i s t s 
have t r i e d to f i n d evidence f o r or a g a i n s t the p e n e t r a t i o n of hypother­
mal ( G l a c i a l Maximum) w i n t e r r a i n f a l l i n the Namib. A c c o r d i n g to Rust 
and Schmidt (1981), f o r example, w i n t e r r a i n f a l l p e n e t r a t e d as f a r 
n o r t h as 20 ° S d u r i n g the l a s t p l e n i g l a c i a l . Van Zi n d e r e n Bakker 
(1983a, b ) , on the other hand, argued t h a t w i n t e r r a i n f a l l never 
extended so f a r n o r t h d u r i n g the Late Quaternary. H i s p o l l e n study 
i n d i c a t e s t h a t the c l i m a t i c c o n d i t i o n s at Sossus v l e i had not changed 
s i n c e at l e a s t 18 000 BP. Vogel (1982) concluded from dates o b t a i n e d 
by him on s i l t , c a l c r e t e s , and one wood sample taken at Homeb on the 
Kuiseb R i v e r , that the l a s t humid p e r i o d i n the Namib des e r t ended 
about 28 000 BP. 

About 2 km west of the Rössingberge (14°48 f E, 22°31,5 ? S) a t 338 m 
above sea l e v e l , a s m a l l cave w i t h a v a r i e t y of speleothems r e f l e c t s 
the c l i m a t i c e v o l u t i o n i n the v i c i n i t y of the Rössingberge i n the 
c e n t r a l Namib d e s e r t . Two Th230/U234 dates of speleothems exceeding 
300 000 y r support the geomorphic evidence t h a t the cave and the o l d e s t 
s i n t e r f o r m a t i o n might be of T e r t i a r y o r i g i n . I n t h i s paper a t t e n t i o n 
i s f o c u s e d on the Late Quaternary o n l y . 

Speleothems from a r i d zones can be c o n s i d e r e d as " c l o s e d systems" 
w i t h r e s p e c t t o carbon i s o t o p e s . T h e r e f o r e , such samples a r e most 



s u i t a b l e f o r C14 d a t i n g . The c a l i b r a t i o n u n c e r t a i n t y of the date Is 
about ± 1000 y e a r s . I n s p i t e of t h i s C14 ages seem to be more r e l i a b l e 
than those of any other samples from the Namib d e s e r t , such as c a l -
c r e t e s or f l u v i a l : l i e sediments which are o f t e n changed d i a g e n e t i c a l l y . 

THE CAVE AND PERIODS OF SPELEOTHEM FORMATION 

The cave i s s i t u a t e d i n a narrow b e l t of c a l c a r e o u s rocks that emerges 
a few metres above the o l d Namib d e s e r t s u r f a c e w i t h i n a n a t u r a l c a t c h -
nient area of a few km ( F i g . 1). Thus, the growth of speleothems was 
determined by the l o c a l p r e c i p i t a t i o n i n the v i c i n i t y of the cave on 
the western s l o p e s of the Rössingberge r a t h e r than by that from the 
escarpment i n the e a s t . 

The cave c o n s i s t s of three chambers s i t u a t e d p a r a l l e l to the NNW/SSE 
d i r e c t i o n of the f o l d e d r o c k s i n the Namib. The chambers are about 
10-20 m beneath the s u r f a c e . T h e i r widths range from a few metres to 
about 15 m, t h e i r l e n g t h s from about 10-25 m. The h e i g h t of the cham-» 
bers changes from s e v e r a l decimetres to c. 3 m. 

H°45'E 

K.Heine 1983 

Reference, Main Map 

Dry River Bed ^Z*S>Z^ Contour Line 

=—=—=— Railways = Roads 

F i g u r e 1. Map of the study a r e a . 



A c c o r d i n g to the geomorphologic s i t u a t i o n the cave was formed by li m e 
s o l u t i o n or e r o s i o n d u r i n g p r e - P l e i s t o c e n e times. Only a few p o i n t s i n 
the cave d i s p l a y cave d e p o s i t s as s t a l a c t i t e s , s t a l a g m i t e s , f l o w s t o n e , 
and popcorn. At p r e s e n t , the cave appears to be com p l e t e l y dry though 
drops of seeping water have been observed d u r i n g extremely wet ye a r s . 

In the n o r t h e r n p a r t of the cave, a huge s t a l a g m i t e ( F i g . 2) stands 
beneath a b i g f i s s u r e which allowed f i n e a e o l i a n sands from the Namib 
d e s e r t to e n t e r the cave together w i t h the d r i p p i n g water. They are 
found i n between the youngest fl o w s t o n e l a y e r s ( F i g . 2) surr o u n d i n g the 
e a s t e r n and southern f l a n k s of the s t a l a g m i t e . 

Rössing Cave, Namib Desert 

F i g u r e 2. Speleothem morphology and sampling p o i n t s f o r i s o t o p e a n a l y ­
ses i n the Rössing cave. 

The c o n v e n t i o n a l C14 ages of the uppermost f l o w s t o n e l a y e r s ( F i g . 2) 
range from 37 000 - 26 800 BP. The speleothems, formed u n t i l about 
35 000 BP, c o n s i s t of massive c a l c i t e d e p o s i t s . L a t e r on, sand h o r i ­
zons are i n t e r c a l a t e d . The c o n v e n t i o n a l C14 dates of speleothem 
samples from ot h e r p l a c e s i n the cave (Table 1) a l s o show t h a t s i n t e r 
f o r m a t i o n s t e r m i n a t e d at 26 500 BP. Thi s holds true a l s o f o r the pop­
co r n d e p o s i t s c o n s i s t i n g of i r r e g u l a r l y a l t e r n a t i n g l i g h t and dark 
l a y e r s of a r a g o n i t e and c a l c i t e . T h e i r f o r m a t i o n began before 41 000 
BP. The ou t e r p a r t of a unique s t a l a c t i t e c u r t a i n y i e l d e d a date of 
37 000 BP. 

Only c o n v e n t i o n a l C14 dates have been d i s c u s s e d up to now. I t has 
been known, however, s i n c e the method f o r C14 d a t i n g of speleothems was 
i n t r o d u c e d by Franke (1951) and proved to be a p p l i c a b l e (Franke et a l . 
1958), t h a t a " r e s e r v o i r c o r r e c t i o n " of at l e a s t -1000 years i s neces­
s a r y to o b t a i n a c t u a l ages. L a b e y r i e et a l . (1967) even found a c o r ­
r e c t i o n value of up to -3500 years f o r uncovered areas . However, as we 
do not know the g e o e c o l o g i c , p e d o l o g i c and s e d i m e n t o l o g i c s i t u a t i o n i n 
the Namib desert around 30 000 BP, we accept Vogel's (1982) c o r r e c t i o n 
v a l u e of -1000 years f o r our g e o c h r o n o l o g i c a l e v a l u a t i o n . T h i s does 
not exclude t h a t the r e s u l t i n g time s c a l e may have to be s h i f t e d f u r ­
t h e r on by up to -2500 y e a r s . I n t h i s case, the end of speleothem 



f o r m a t i o n might have c o i n c i d e d w i t h the date of 23 000 BP o b t a i n e d from 
wood found i.n s i l t s at Homeb (Vogel 1982). 

Table I. C o n v e n t i o n a l C14 ages, C14 content (pmc) and 6C13 v a l u e s 
( %o ) from speleothems of the "Rössing cave In the Namib d e s e r t . 

Kv K00 substance RC age RC content 6C13 
(years BP) (pmc) (%o) 

11634 610 s t a l a g m i t e 26 630 ± 500 3.6 ± 0.2 -5.4 
11635 613 f l o w s t o n e 26 780 + 360 3.6 ± 0.2 -7.9 
11636 612 f l o w s t o n e 29 830 ± 660 2.4 ± 0.2 -3.6 
11637 616 f l o w s t o n e 33 590 ± 1200 1.4 ± 0.2 -4.0 
11638 619 flowstone 36 950 ± 1040 1.0 ± 0.1 -5.0 
11639 621 s t a l a c t i t e c u r t a i n 37 000 ± 1700 1.0 ± 0.2 -6.8 
11640 622 cave popcorn 41 500 ± 1280 0.6 ± 0.1 -5.3 
9909 162 cave popcorn 29 700 ± 1360 2.5 ± 0.4 -4.5 
9910 162a cave popcorn 26 700 ± 540 3.6 ± 0.2 -5.7 
9489 162(1) cave popcorn 26 530 ± 920 3.7 ± 0.4 -2.0 

PALAEOCLIMATIC IMPLICATIONS 

Our r e s u l t s of r a d i o m e t r i c d a t i n g s together w i t h s e d i m e n t o l o g i c obser­
v a t i o n s at the sampling s i t e s i n the Rössing cave y i e l d a r a t h e r d i f f e ­
r e n t i a t e d p i c t u r e of the Late Quaternary e v o l u t i o n of the c l i m a t e i n 
the Namib d e s e r t (Heine 1982). V a r i o u s phases can be d i s t i n g u i s h e d f o r 
the Middle W e i c h s e l i a n p l u v i a l and other phases o c c u r r i n g up to the 
present. Once dates of the time before 41 000 BP become a v a i l a b l e , i t 
w i l l be p o s s i b l e to elongate the sequence by c o u n t i n g phases backwards: 

PHASE 5: 40 000-34 000 BP 

At the end of t h i s phase, the L a s t W e i c h s e l i a n p l u v i a l w i t h compact 
s i n t e r f o r m a t i o n terminated w i t h i n the Namib d e s e r t . M i s s i n g sand 
I n c l u s i o n s i n d i c a t e t h a t a c l o s e d p l a n t cover might have e x i s t e d . I n 
view of the popcorn f o r m a t i o n , the humidity must have been h i g h e r than 
l a t e r on. V a r i o u s w a l l c o a t i n g s may date back, however, to the E a r l y 
Quaternary or even to the T e r t i a r y . 

PHASE 4: 34 000-27 000 BP 

This phase i s the b e g i n n i n g of the a r i d i f i c a t i o n i n the c e n t r a l Namib. 
At l e a s t three n o t i c e a b l e c l i m a t i c f l u c t u a t i o n s o c c u r r e d d u r i n g which 
more humid c o n d i t i o n s were r e p l a c e d by more a r i d ones and v i c e v e r s a . 
This is i n d i c a t e d by i n t e r c a l a t i n g sand l a y e r s which account f o r a more 
windy c l i m a t e and probably not c o m p l e t e l y c l o s e d p l a n t cover. However, 
i t was s t i l l humid enough f o r f o r m a t i o n of compact s i n t e r . T h i s phase 
c o i n c i d e d w i t h the c a l c r e t e f o r m a t i o n on the 40 m t e r r a c e a l o n g the 
Kuiseb R i v e r (Vogel 1982) which l a s t e d from 33 000 t o 28 000 BP. 



PHASE 3: c. 27 000-25 500 BP 

Humid c o n d i t i o n s predominated once more and compact s i n t e r w ithout aeo-
l i a n sand i n c l u s i o n s was formed. I t i s not known whether t h i s was due 
to d e c r e a s i n g wind a c t i v i t y or once more to a com p l e t e l y c l o s e d p l a n t 
cover i n the Namib d e s e r t . The hu m i d i t y dropped d r a s t i c a l l y at the end 
as popcorn f o r m a t i o n ended. Phase 3 and 4 may be i d e n t i c a l . During 
t h i s phase the r a i n f a l l i n t e n s i t y i n the i n t e r i o r i n c r e a s e d and pebble 
d e p o s i t s from the 40 m t e r r a c e of the Kuiseb R i v e r were removed (Vogel 
1982). 

PHASE 2: 25 000-19 000 BP 

From t h i s time onwards the Namib desert remained dry. No f u r t h e r 
s i n t e r f o r m a t i o n o c c u r r e d i n the Rössing cave. However, a c c o r d i n g to 
Heine (1982) the i n t e r i o r of SW A f r i c a was more humid than i t was a f t e r 
19 000 BP. In the Kuiseb v a l l e y , dunes s t a r t e d to b l o c k the r i v e r bed 
and v l e i s i l t was d e p o s i t e d . At the end of t h i s phase the a r i d i f i c a -
t i o n of the Namib d e s e r t was complete (Van Zinde r e n Bakker 1983a, b ) . 

PHASE 1: a f t e r 19 000 BP 

|According to our own data from the Rössing cave as w e l l as the r e s u l t s 
of other p u b l i c a t i o n s mentioned a l r e a d y , major c l i m a t i c f l u c t u a t i o n s no 
l o n g e r o c c u r r e d . The Namib desert and the e a s t e r n escarpment remained 
under a r i d c o n d i t i o n s c o n t r a r y to the assumption by Rust and Schmidt 
(1981) tha t the area between 22 and 23 °S had been humid d u r i n g the 
l a s t P l e n i g l a c i a l . 

One of the most important f i n d i n g s of our study i s that one has to be 
c a r e f u l not to transpose c h r o n o s t r a t i g r a p h i c sequences from one area to 
another as d i f f e r e n t p a l a e o c l i m a t i c events might have been respons­
i b l e . T h e r e f o r e , c o r r e l a t i o n s between, f o r i n s t a n c e , d i f f e r e n t South 
A f r i c a n s t r a t i g r a p h i e s and t h e i r comparison w i t h the marine oxygen i s o ­
tope r e c o r d can on l y make sense i f at l e a s t the p a l a e o g e o g r a p h i c a l 
s i t u a t i o n s are taken i n t o account. Hence, our chronology of the c l i m a ­
t i c e v o l u t i o n w i t h i n the Namib d e s e r t can be of r e g i o n a l iftiportance 
o n l y . Owing to the long h i s t o r y of the Rössing cave s i n c e the Ter­
t i a r y , t h i s cave w i t h i t s speleothems seems to be one of the most s u i t ­
a b l e p l a c e s f o r r e c o n s t r u c t i n g the p a l a e o c l i m a t i c e v o l u t i o n of the 
Namib d e s e r t near 22°30 fS. 
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