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Abstract--Tke development of the Zambezi drainage system is discussed within the framework of the post- 
Gondwana tectonic evolution of southern Africa. An internal drainage system, including the proto-Upper 
Zambezi, has been progressively captured during the late Cainozoic by a more agressive coastwise system. 
Supporting geomorphic evidence is presented from the eastern Kalahari rim. Drainage alignments and gradients, 
and terrace sequences are discussed. Lacustrine features found on the present watershed between the Middle 
Zambezi and internal systems are described and explalned as remnants of the former proto-Dpper Zambezi 
t r ibutary system. Their interaction with l inear dune ac t iv i ty  is also examined. Despite the problems of 
dating the drainage changes described, i t  is concluded that their  elucidation is important in understanding 
sedimentation and landform development in the eastern part of the Kalahari basin. 

I N T R O D U  CTION 

In te res t  has been growing over the past  two decades  
in env i ronmen ta l  and c l i m a t i c  changes  in cen t r a l  
southern  Afr ica ,  with much of the r ecen t  r esea rch  
in the region d i rec ted  towards  even ts  in the l a t e  
Qua te rna ry  (e.g. Cooke 1980, Cooke and Verstappen 
1984), and pa laeohydro logica l  deve lopments  in par t icu lar .  
There is, also, however,  a l egacy  of r esea rch  which 
has a t t e m p t e d  to place c e n t r a l  Afr ican  dra inage  
evolut ion and env i ronmen ta l  changes  within a longer 
t ime  perspec t ive ,  par t ly  in recogni t ion  of the impor tance  
of major t e c t o n i c  even ts  for the shaping of sub-cont inent  
as a whole. 

In cen t r a l  Afr ica ,  e a r th  s c i en t i s t s  have been 
fa sc ina ted  by the evolut ion  of the Zambezi  dra inage  
sys tem.  The con t ra s t s  be tween  the upper and middle 
reaches  of i ts  course (e.g. Du Toit 1933) and the 
deve lopment  of the Victor ia  Falls  e.g. (Dixey 1945) 
have cont r ibu ted  to this  in te res t .  

In i ts  upper reaches,  for a lmos t  a third of i ts  t o t a l  
length,  the  Zambezi  flows across  the nor theas te rn  
e x t r e m i t y  of the Kalahar i  basin. This basin is occupied 
by Kalahar i  System sediments ,  dominated  at  the sur face  
by the Kalahar i  sand which ex tends  over 2.5 mil  km 2 
of c e n t r a l  and southern Afr ica .  The Kalahar i  has been 
descr ibed as a vast  basin of in te rna l  dra inage  (Cooke 
1980), which has received sed iments  since a t  l eas t  
the ear ly  Ter t i a ry  (Dingle e t  al  1983). Yet  today one 
of the  most  notable  a spec t s  of the southern  half  of 
this  basin ( l a t i tude  18°8 to 27°S) is the v i r tua l  absence  
of sur face  drainage.  Therefore  the evolut ion of dra inage  
in this  region is an impor tan t  f ac to r  when the  deposi t ion 
of these  Cainozoic  sed iments  is considered.  

In this  paper,  there fore ,  we f i r s t ly  examine  the 
deve lopment  of ideas, which have of ten  been specu la t ive ,  
about the evolut ion of the Zambez i  drainage.  Secondly, 
we present  geomorphologica l  evidence  for l a t e  Cainozoic  
deve lopments  in the pa laeodra inage  of the eas te rn  
Kalahar i  rim, and examine  thei r  s igni f icance .  

THE EVOLUTION OF THE ZAMBEZI  SYSTEM 

The present  course of the Zambezi  is r e l a t i ve ly  
young, dat ing from the Pl iocene (e.g. Lis ter  1979) 
or even the mid-P le i s tocene  (Bond 1975), and has evolved 
through the e f f e c t s  of dra inage  cap tu re  and t ec ton i c  
ac t iv i ty .  Early theor ies  of the evolut ion of the Zambezi  
sys tem,  put forward by Du Toit, Dixey and Wellington, 
have cont r ibu ted  s ign i f i can t ly  to l a t e r  views on the 
subject .  The pr inciples  of the i r  ideas a re  readi ly  in 

accord with the model  of post-Gondwanaland t ec ton ic  
evolut ion of the sub-cont inent ,  proposed by, amongs t  
others ,  De Swardt  and Bennet (1974). This was f i rs t  
eluded to by Krenkel  (1928), and recognises  the  
s igni f icance  of regional  var ia t ions  in the ra t es  and 
nature  of t e c ton i c  movements  in southern and cen t r a l  
Africa.  

The f inal  division of Gondwanaland in the 
mid-Jurass ic  l e f t  southern Afr ica  with an upl i f ted  
marginal  hingeline,  of ten  equa ted  with the Grea t  
Escarpment  (De Swardt and Bennet 1974), and a gen t ly  
downwarped in ter ior  basin, which l a t e r  provided the 
se t t ing  for the deposit ion of the Kalahar i  sys tem (Fig. 

1), including the ex tens ive  Kalahar i  sand (Thomas 
1984). From this t e c ton i c  f ramework ,  a dual i ty  of 
dra inage evolved;  r e l a t ive ly  short  s t r eams ,  with s teep  
gradients ,  ex tending from the hingel ine to the coast ,  

and an endoreic  sys tem flowing in the opposi te  d i rec t ion  
from the hingel ine to the inter ior .  The Okavango is 
the  only major r iver  which remains  from this sys tem 
today. 

Ignoring the de ta i l s  imposed by c l i m a t i c  changes 
and fur ther  t e c ton i c  ac t iv i ty ,  dra inage  evolut ion since 
the l a te  Jurass ic  has the re fo re  essen t ia l ly  been a process  
of progress ive  cap tu re  of the in te rna l  sys tem by the 
more agress ive  exore ic  sys tem (e.g. De Heinzel in  1963). 
Evidence for this  comes from the Cunene in Angola 
(Beetz  1933), Fish River  in Namibia  (Wellington 1955), 
Orange - Vaal sys tem (Schmitz 1968, Smit 1977) as 
well as from the Zambezi .  The concept  of an ex tens ive  
ear ly  post-Gondwana endoreic  dra inage sys tem becomes 
more s ign i f ican t  when it is recognised tha t  such a 
sys tem is one of the few l ea sab l e  mechanisms tha t  
can account  for the ini t ia l  deposi t ion of the Kalahari  
System sediments .  

I t  has long been recognised tha t  the Upper Zambezi ,  
above the Victoria  Falls,  and the Middle Zambezi  must  
have evolved as sepa ra te  sys tems  only to be l inked 
re l a t ive ly  recent ly .  Du Toit (1927, 1933), Well ington 
(1955), Bond (1963) and Grove (1969) a l l  proposed tha t  
the Upper Zambezi  former ly  cont inued i ts  souther ly  
course, crossing what  is now Botswana to join the 
Orange sys tem (Lister  1979) or Limpopo (Fig. lb;  
Wellington 1955, Bond 1963. Bond (1963) c i tes  the 
smal l  ca t chmen t ,  smal l  channel  and large deep val ley 
of the present  Limpopo as ev idence  of i t  once being 
par t  of a la rger  dra inage sys tem.  The Middle Zambezi  
was a s epa ra t e  river,  being par t  of the Shire sys tem 
(Bond 1963). 

The southward course of the proto-Upper  Zambezi  
was disrupted by gent le  ea r th  movements  in the middle 
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Kalahari ,  probably a combina t ion  of upl i f t  in the v ic in i ty  
of the Makgadikgadi  basin and downwarping in the 
Okavango region (Du Toit 1954, Bond 1963). This theory 
is given support  by undisputed ev idence  of t ec ton i sm 
in the  a rea  today (e.g. Reeves  1972, Hutchins e t  al  
1976, Cooke 1980). 

The s e v e r a n c e  of the Upper Zambezi  course may 
have caused endorism in the sys tem (e.g. Du Toit 1926), 
prior to the link with the Middle Zambezi  being 
es tab l i shed  through the Livingstone syncline.  This 
c r e a t e s  the in t e re s t ing  possibi l i ty  of a source of wa te r  
for an ances t r a l ,  p re -P le i s tocene ,  Lake Pa leao-  
Makgadikgadi  (Fig. lc). Evidence for such an anc ien t  
lake can be seen on Landsat  imagery  of nor thern  
Botswana (Mall ick e t  al  1981). The l inking of the two 
ances t r a l  components  of the Zambezi  occurred before  
the l a t e  P le i s tocene ,  but not ea r l i e r  than the Pl iocene  
(see Dixey 1950, Bond 1975, Lis te r  1979). 

The his tory of the Middle Zambezi  is equal ly  
impor tan t  to the overa l l  evolut ion of the dra inage 
in this  region. Renewed downwarping along the anc ien t  
Gwembe and Chicoa troughs caused the deve lopment  
of the proto-Middle Zambezi  (Bond 1963, Will iams 
1975, Lis ter  1979). This r iver  cut  wes twards  along 
the trough line, through basal Kalahari  and Karoo 
beds (Bond 1963), with local  base levels  being es tabl i shed  
when r e s i s t an t  bands of p re -Cambr ian  gneisses  were 
encountered  below the karoo sed iments  (Lister  1979). 

Wellington (1955, p. 471) proposed tha t  the Luangwa 
River  was a t r ibu ta ry  of the proto-Upper  Zambezi ,  
f lowing sou th-wes twards  through the Gwembe trough 
before being captured  as par t  of the evolut ion of the 
Middle Zambezi  (Fig. 1). If so, this and the extens ion  
of the Middle Zambezi  above the Chicoa Gorge, must  
h a v e  post da ted  the C r e t a c e o u s ,  for a t  tha t  t ime  par t  
of the dra inage  in the a rea  cen t red  upon a shallow 
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Fig. 1. Present day drainage in southern Africa. Earlier patterns 
are represented in b) and c): b) post-dates the division of 
Gondwanaland; c) existed prior to the union of the proto-Middle 
and proto-Upper Zambezi rivers, during the Pliocene early 
Pleistocene. 



Late Cainozoic drainage evolution in the Zambesi basin 613 

d e p r e s s i o n  in c e n t a l  n o r t h e r n  Z i m b a b w e ,  in which  
t he  c a l c a r e o u s  G o k w e  Beds w e r e  d e p o s i t e d  ( L i s t e r  
1979, Su t ton  1979). 

F o l l o w i n g  t he  e s t a b l i s h m e n t  of t he  p r e s e n t  Z a m b e z i  
course ,  f u r t h e r  d o w n w a r p i n g  a long  t he  G w e m b e  t r o u g h  
led t o  r e n e w e d  inc i s ion  (Dixey  1945). This  was  p a r t  
of a m o r e  g e n e r a l  r e j u v e n a t i o n  of c o a s t w a r d  f l owing  
r ive r s ,  c a u s e d  by r e n e w e d  up l i f t  a l o n g  t he  c o a s t a l  
h i n g e l i n e s  (De S w a r d t  and  B e n n e t  1974). C o n s e q u e n t l y ,  
t he  P l e i s t o c e n e  e ros ion  a c h i e v e d  by t he  Middle  Z a m b e z i  
has  been  d e s c r i b e d  as  ' i m m e n s e '  (D ixey  1950, p. 11). 
This  was  r e spons ib l e  for  t he  rap id  e v o l u t i o n  of t he  
V i c t o r i a  F a l l s  and,  in the  s p a c e  of a b o u t  a q u a r t e r  
to  ha l f  m i l l i on  y e a r s  (Bond 1975), t he  f o r m a t i o n  of 
the  i nc i s ed  Middle  Z a m b e z i  Gorge .  

The K a f u e  R ive r ,  in Z a m b i a ,  has  a l so  e v o l v e d  an 
unusua l  cou r se ,  t a k i n g  an  a b r u p t  e a s t w a r d  tu rn  a t  
H e z h i t e z h i .  This  c an  a l so  be e x p l a i n e d  by c a p t u r e ,  
r e l a t e d  to  t he  e v o l u t i o n  of the  Z a m b e z i  (Wi l l i ams  
1975). Bond (1963) n o t e d  how the  e a r l y  Kafue  f l owed  
s o u t h - w e s t w a r d s  to  join the  Upper  Z a m b e z i .  The c o u r s e  
was  a l o n g  a gap,  2 km wide  and a t  an  a l t i t u d e  of a b o u t  
1070 m.a.s.1, which  now c r o s s e s  t h e  p r e s e n t  Ka fue  
- Z a m b e z i  w a t e r s h e d ,  b e t w e e n  H e z h i t e z h i  and  M a m b o v a .  
This is now an  a l l u v i a l  f l a t ,  poor ly  d r a i n e d  by t he  
N a n z h i l a  and  S i m a t e n g a  s t r e a m s ,  hu t  the  a l l u v i u m  
is u n d e r l a i n  by c o u r s e  c u r r e n t - b e d d e d  f l u v i a l  g r a v e l s  
(C la rk  1950). 

The c a p t u r e  of t h i s  r i v e r  c an  no t  s i m p l y  be e x p l a i n e d  
in t he  s a m e  m a n n e r  as  t h a t  of t he  Upper  Z a m b e z i .  
The p r e s e n t  e a s t e r l y  f l o w i n g  s e c t i o n  of the  Kafue ,  
be low H e z h i t e z h i ,  has  u n d e r g o n e  d r a i n a g e  r e v e r s a l  
(Dixey  1955), once  be ing  p a r t  of t he  s y s t e m  jo in ing  
t he  Upper  Z a m b e z i .  In t h i s  r e s p e c t  t he  p r o c e s s  m u s t  
h a v e  been  s i m i l a r  to,  but  p o s t - d a t i n g ,  t he  c a p t u r e  
of t he  Luangwa .  W i l l i a m s  (1975) n o t e s  how, on t he  
d iv ide  b e t w e e n  the  Middle  Z a m b e z i  and t h e  Kafue ,  
t he  sou th  f l o w i n g  t r i b u t a r i e s  of t he  f o r m e r  a r e  m o r e  
a g g r e s s i v e  t h a n  those  f l owing  n o r t h  to  t he  l a t t e r .  I t  
t h e r e f o r e  s e e m s  l i ke ly  t h a t  t he  K a f u e  s y s t e m  was  
c a p t u r e d  by a Middle  Z a m b e z i  t r i b u t a r y .  This  v i ew 
is c o m p l e t e l y  in k e e p i n g  w i t h  the  rap id  P l e i s t o c e n e  
d e v e l o p m e n t  of the  Middle  Z a m b e z i  e n v i s a g e d  by D i x e y  
(1950). 

A l t h o u g h  s p e c u l a t i o n  has  p l a y e d  a m a j o r  ro le  in 
the  d e v e l o p m e n t  of t he  ideas  d e s c r i b e d  above ,  c e n t r a l  

A f r i c a n  i c h t h y o l o g i c a l  s t u d i e s  suppo r t  t he  t h e o r y  of  
s e p a r a t e  e v o l u t i o n  of t he  p r o t o  Upper  and  Middle  
Z a m b e z i  s y s t e m s .  Fish s p e c i e s  in t he  Upper  Z a m b e z i  
and  Kafue  fo rm p a r t  of an ' O k a v a n g i a n '  f auna ,  d i s t i n c t  
f rom t h a t  of t he  Middle  Z a m b e z i  (e.g.  J a c k s o n  1961). 
Bond (1963) and  Jubb (1964) s u g g e s t e d  t h a t  the  V i c t o r i a  
F a l l s  w e r e  an o b s t a c l e  to  i n t e g r a t i o n  of t he  two  f i sh  
popu la t i ons ,  but  i t  has  s ince  been  d e m o n s t a t e d  t h a t  
the  b a r r i e r  to  i n t e g r a t i o n  was  e c o l o g i c a l ,  no t  phys i ca l .  
F o l l o w i n g  t he  c o n s t r u c t i o n  of the  K a r i b a  Dam,  s low-  
w a t e r  h a b i t a t s ,  p r evo ius ly  l i m i t e d  to  t he  Upper  Z a m b e z i ,  
w e r e  a v a i l a b l e  in the  m i d d l e  r e a c h e s  of t he  r ive r .  
This f a c i l i t a t e d  a s u c c e s s f u l  invas ion  be low the  V i c t o r i a  
Fa l l s  by A l e s t e s  l a t e r a l l y ,  p r e v i o u s l y  c o n f i n e d  to  t he  
Upper  Z a m b e z i  and t he  Kafue  (Balon 1971, 1974). 

D R A I N A G E  D E V E L O P M E N T  O N  T H E  
E A S T E R N  K A L A H A R I  RIM 

I m p o r t a n t  e v i d e n c e  of d r a i n a g e  d e v e l o p m e n t  in 
t he  Upper  and  Middle  Z a m b e z i  c a t c h m e n t s  o c c u r s  
in n o r t h w e s t e r n  Z i m b a b w e  and n o r t h e a s t e r n  B o t s w a n a .  
D r a i n a g e  in th i s  a r e a  t o d a y  is d iv ided  b e t w e e n  t w o  
v e r y  d i f f e r e n t  s y s t e m s :  a low d e n s i t y  s y s t e m  of 
e m p h e m e r a l  s t r e a m s  d r a i n i n g  w e s t  t o w a r d s  t h e  m i d d l e  
K a l a h a r i  reg ion ,  and  m o r e  n u m e r o u s  and a g r e s s i v e  
t r i b u t a r i e s  of the  Middle  Z a m b e z i  (Fig.  2). The w a t e r s h e d  
b e t w e e n  t h e s e  s y s t e m s ,  c o i n c i d i n g  a p p r o x i m a t e l y  w i t h  
t he  bo rde r  b e t w e e n  B o t s w a n a  and Z i m b a b w e ,  r e f l e c t s  
t he  e x t e n t  of h e a d w a r d  e ros ion  by r i g h t - b a n k  t r i b u t a r i e s  
of the  Middle  Z a m b e z i  in to  t he  e a s t e r n  f l ank  of t he  
K a l a h a r i  basin.  This is r e l a t e d  to  t he  r e n e w e d  inc i s ion  
of t he  Middle  Z a m b e z i  a long  t he  G w e m b e  Trough  (e.g.  
D ixey  1945, 1950) in the  Upper  P l e i s t o c e n e ,  and  has  
had  t he  e f f e c t  of c a u s i n g  the  bas in  r im to  h a v e  t he  
a p p e a r a n c e  of a p l a t e a u  edge ,  a t  1050 - 1100 m.a.s.1.  

D r a i n a g e  p a t t e r n s  of the  Middle  Z a m b e z i  
t r i b u t a r y  s y s t e m  

E a s t  of K a l a h a r i  Middle  Z a m b e z i  w a t e r s h e d ,  
in n o r t h w e s t e r n  Z i m b a b w e ,  d i s p a r i t i e s  b e t w e e n  d r a i n a g e  
p a t t e r n s  to  t he  e a s t  and to  t he  w e s t  of t he  G w a y i  
r i v e r  h a v e  been  d i s cus sed  by T h o m a s  (1983/4).  The 
M a t e t s i  and  D e k a  s y s t e m s  h a v e  inc i sed  w e s t w a r d s  
in to  t he  r im of the  K a l a h a r i  bas in ,  e x p o s i n g  u n d e r l y i n g  

~au 
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Fig. 2. Drainage in northeast Botswana and northwest Zimbabwe. 
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Karoo sed iments  and basa l t s  with the local  base level  
cont ro l led  by the height  of the Middle Zambezi .  These 
r ivers  have very s teep  gradien ts ,  the Mate t s i  having 
a mean g rad ien t  of 4.34m km -1 over  the 122 km from 
the wate rshed  to the Zambezi ,  and the Deka a g rad ien t  
of 4. 69m km -1. Incision below the Kalahar i  p la teau  
is up to a maximum depth of 500m, and has c r ea t ed  
a ser ies  of Kalahar i  ou t l ie rs  to the north and eas t  
of the pa l t eau  rim. 

The Gwayi, which joins the Zambezi  a t  Devil 's  
Gorge has, on the other  hand, cut  sou th -eas twards  
into the  p la teau .  This r iver  is notable  for the lack 
of s ign i f i can t  l e f t  bank t r ibu ta r ies ,  whereas  it is joined 
from the  eas t  by r emarkab le  s t r a igh t  sub-para l le l  
s t r eams .  The larges t ,  the  Shangani, has incised 130m 
through the Kalahar i  sed iments  near i ts  conf luence  
with the  Gwayi.  The others ,  however,  display only 
l imi ted  downcut t ing ,  with the Tshongokwe, Kana and 
Mazola having r e l a t i ve ly  low grad ien t s  (1.94m km- 
1 for the Kana) and courses  mainly flowing on Kalahar i  
sand. Fur ther  north, the Sengwa, Lutope and Mbumbusi, 
which are  not t r ibu ta ry  to the Gwayi,  also display 
s ign i f i can t  s t r a igh t  wes tward  components  in the i r  
courses.  

Thomas (1983/4) proposed tha t  the s t ra igh t ,  sub- 
para l le l  drainage to the eas t  of the Gwayi  had evolved 
upon a l inear  dune landscape  on the Kalahar i  sand. 
We can now add tha t  these  r ivers  were fo rmer ly  par t  
of the t r ibu ta ry  sys tem of the proto-Upper  Zambezi ,  
which is in accord with the his tory  of regional  dra inage 
evolut ion  put forward by Lis ter  (1979). Headward erosion 
by the Gwayi,  in conjunct ion with the evolut ion of 
the Middle Zambezi  drainage,  has cont r ibuted  
s ign ig ican t ly  to the progress ive  cap tu re  of the eas t -  
west  sys tem,  former ly  t r i bu t a ry  to the proto-Upper  
ZambezL This also accounts  for the  lack of s ign i f ican t  
Gwayi  west  bank t r ibu ta r i es ,  for south of the Deka 
sys tem,  the wate rshed  of the Middle Zambezi  ne twork  
is paral le l ,  and a few k i lome t re s  west  of the Gwayi  
val ley.  

Terrace sequences.  

It may the re fo re  be hypothes ised  tha t  the s t r eams  
to the west  of the watershed,  for example  the 
Ngwezumba,  draining into the Mabahe depression, 
and the Nata ,  which en te r s  Sue Pan, a re  remnants  
of the l e f t  bank t r i bu t a r i e s  of the proto-Upper  Zambezi .  

Evidence to support  this  theory comes from t e r r a c e  
sequences  in Sikumi vlei  and on the Ngwezumba River.  

Sikumi vlei  is a short,  15 km long west  bank t r ibu ta ry  
of the Gwayi,  i ts  floor 40m below the Kalahar i  p la teau  
and s i tua ted  just  to the eas t  of the boundary of Hwange 
Nat ional  Park (Fig. 3). It is typ ica l  of many Zimbabwean 
dambos (Whitlow 1984), having a r e l a t i ve ly  broad, 
low grad ien t  floor, conta in ing  r e l a t ive ly  th ick  pea t  
deposi ts  and poor channel  development with l i t t l e  
l a t e r a l  flow. Three k i lome t re s  from the conf luence  
with the Gwayi,  a t e r r ace  sequence is exposed on the 
north side of the valley,  which a t  this  point is cut  
into the Karoo sandstone tha t  underl ies  the Kalahar i  
sand. 

The sequence is shown in Fig. 3 and descr ibed in 
table  1. It is unknown whether  the basal Kalahar i  beds, 
represen ted  by cong lomera te s  and s i l iceous sandstone,  
were deposi ted in a val ley with the same a l ignment  
as the one present  today, or whether  they are  more 
ex tens ive ,  with the present  va l ley  cut  down into them. 
As Karoo sandstone is exposed higher up the val ley  
side, above the outcrop of basal Kalahar i  Beds, it is 
suggested the i r  depost ion was within a p re -ex is t ing  
val ley.  This is analogeous with the s i tua t ion  in the 
Middle Zambezi  val ley descr ibed by Dixey (1950). 
The sur face  of much of the t e r r a c e  sequence is mant led  
by a poorly sor ted colluvium. This is mainly composed 
of angular  s i l c r e t e  pieces  in a ma t r ix  of reworked 
Kalahar i  sand, der ived from the p la teau  surface.  

The most  s igni f icant  units  of the sequence,  however,  
are  the upper and lower grave ls  and the whi te  and 
pink al luvia,  which are  al l  f luvial  deposits.  It is beyond 
the bounds of reason to account  for these  deposi ts  
in t e rms  of f luvial  a c t i v i t y  r e l a t ed  to the present  vlei. 
Fur thermore ,  there  is not a su i table  source for the 
grave ls  within i ts  Kalahar i  p la teau  ca t chmen t .  

The second sec t ion  of f luvial  gravels  comes from 
the Ngwezumba in north eas te rn  Botswana. This 
ephemera l  sand r iver  drains westwards  from one of 
the a l luvia l  a reas  on the Zimbabwe - Botswana to 
the Mababe depression (Shaw 1985). Although the lack 
of de ta i led  height  da ta  recludes g r e a t e r  accuracy ,  
this s t ream fal ls  approx ima te ly  100m over the 70 km 
from source to the Mababe depression,  giving a mean 
grad ien t  of 1.43m km - I .  

At Ngwezumba dam in Chobe Nat ional  Park, basal 
Kalahari  beds are  exposed on the southern side of 
the present  channel.  On the north side, a sect ion displays 
3.5m of loosely cemented  bedded gravels  and al luvium 

i ? Wm 29 

SIKUMI ~ t  ~ Kalahar, 

Karoo 
Sands lone  

Kb 

Vie depos ts ] 

Fig. 3. The terrace sequence at Sikumi Vlei. Inset: 
location of Sikumi Vlei. 
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MAX, THICKNESS 
UNIT DESCRIPTION OF UNIT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Kb Basal Kalaharl bed~. Siliceous im 
sandstone and ferrtI~inous cemented 
conglomerate 

Ks Kalahari sand. On plateau surface -- 

G 1 Upper gravel terrace. Unconsolidated, im 
primarily quartz pebbles, up to 5cm 
in diameter 

G 2 Lower gravel terrace. Largely l. Sm 
unconsolidated, but some cementing 
at base. Mixed llthologies inc. 
quartz, jasper, agate, basalt, chert. 
Rounded, max. diameter 6cm, av. 2cm. 

A 1 Pale alluvium, im 

A 2 Pink alluvium. 4% clay, 26% silt, am 
70% sand 

C Colluvium. Reworked Kalaharl sand 0.4m 
and angular silcrete fragments. 
Inc. 8ravels downslope from G i. 

Table 1. Description of Sikumi Vlei terrace sediments (see figure 

3). 

(Fig. 4) which are  c l ea r ly  d i s t inc t  from the  Kalahar i  
conglomera te .  The grave ls  a re  l a rge ly  composed of 
well  rounded green and whi te  s i l c re tes ,  jasper ,  che r t  
and aga te ,  and more angular  pebbles of Kalahar i  
cong lomera te .  Some of the c l a s t s  in the g rave l  sec t ion  
are  up to 0.3m in d iamete r .  

The s i l c r e t e  and cong lomera t e  pebbles were probably 
der ived from sources  within the Kalahar i  p la teau ,  
and both are  exposed in s i tu  in sec t ions  in the  present  
Ngwezumba  c h a n n e l  Aga te  is found in assoc ia t ion  
with Karoo basal t ,  of which the re  are  smal l  exposures  

-O-'-a .... %'1 
, ~ 0  o o l 
% o %o ol 

ooooo oq9 / 
co  o 0 o | 

° °  0 
0 * 0 

0 

Pedogenic calcrele, max 15m ih ick 

1- t 5 m  Gravels, poorly sorted, 
in f ine m a t r i x  

0 .25m Al luv,um 

03Ore Mixed gravels in f ine matr,x 

0 70 m Mainly f ine al luvium, some c~asts 

O.60m Graded gravels, f ineing upwards 
Matr ix def icmnt,  some coarse sand 

O15m Fine ravels Li t t le matr=w 
UNCONFORMl l~  

Karoo basalt 

Fig. 4. Gravel sequence at Ngwezumba dam. 

in the Kazuma depression.  The degree  of rounding 
of the gravels  sugges ts  cons iderable  f luvial  t ranspor t .  
Although the Ngwezumba was an ac t i ve  r iver  during 
la te  Qua te rnary  high lake  s t ages  in the Mababe 
depression (Shaw 1985), only fine de l t a i c  sed iments  
were deposi ted.  We the re fo re  suggest  tha t  ~he gravels  
a re  bedload deposi ts  a ssoc ia ted  with high flow a t  a 
t ime  when the  Ngwezumba had a more ex tens ive  
ca t chmen t .  

Other  grave l  exposures  occur  as thin sur face  spreads 
fur ther  down the  course of the Ngwezumba,  and on 
the Kalahar i  p la teau  edge near  Pandamatenga .  It is 
not possible, however,  to dis t inguish these  from in 
s i tu  wea the red  basal  Kalahar i  conglomera te .  

We consider  though tha t  the  Sikumi vlei  t e r r a c e s  
and Ngwezumba dam gravels  are  evidence  for the 
ex i s t ence  of more ex tens ive  dra inage into north 
Botswana from an e a s t e r l y  di rect ion,  p re -da t ing  incision 
of, and cap tu re  by, the present  Middle Zambezi  
t r ibu ta r ies .  Our hypothesis  is supported by the 
a s y m m e t r y  of the Gwayi t r ibu ta ry  network,  and the 
s t rong eas t  - west  d i rec t iona l  t rend of the r ivers  to 
the eas t  of the Gwayi (Thomas 1983/4), and is in 
a g r e e m e n t  with the published theor is ing concerning 
the evolut ion of the Zambezi  dra inage  sys tem in the 
l a t e  Cainozoic .  

SURFACE SEDIMENTS AND DRAINAGE CHANGE 

Mallick e t  al (1981) ident i f ied  and mapped from 
Landsat  imagery  'possible l acus t r ine  developments '  
(p. 28) in ea s t e rn  Botswana.  These are  s i tua ted  on 
the watershed  be tween  the in ternal  and Middle Zambezi  
dra inage  sys tems,  and are  h i the r to  un inves t iga ted .  
They are  s ign i f ican t  in the con tex t  of this  study because  
the i r  deve lopment  in tha t  loca t ion  can not be explained 
in t e rms  of the present  dra inage of the region. 

The l a rges t  of these,  known as the Kazuma 
Depression where i t  ex tends  into Zimbabwe,  covers  
about  1000 km (Mallick et  al  1981), whils t  50 km sout17 
a second, near Pandametenga ,  ex tends  over about 
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800 km 2 (Fig. 2). Other  smal le r ,  l acus t r ine  deve lopments  
occur  on the  nor thern  edge of the sand p la teau  in 
Hwange Nat iona l  Park,  Zimbabwe.  In a l l  cases  the 
margins  of the  depressions are  being eroded, as par t  
of the r e t r e a t  of the Kalahar i  rim e f f e c t e d  by the 
Middle Zambez i  sys tem.  

In places ,  Karoo basa l t s  and basal  Kalahar i  Beds 
are  exposed on the depression floors.  It is not surprising,  
the re fore ,  t ha t  soils a re  in par t  composed of wea the red  
basal t ,  and they have been descr ibed as such in a r ecen t  
FAO repor t  (FAO 1986), and an ea r l i e r  one produced 
by the Rhodesian Soil Survey (Sweet 1970). However,  
over la rge  a reas  they  also conta in  a s ign i f ican t  a l luvia l  
component ,  der ived a t  l eas t  in par t  from reworked 
Kalahar i  sand (Thomas 1987). The floors of the 
depressions are  up to 20m below the height  of the 
surrounding sand p la teau .  Because of the i r  watershed  
posit ion,  the origin of these  l acus t r ine  f ea tu re s  can 
only be explained as par t  of the fo rmer  westward  
draining proto-Upper  Zambezi  t r i bu ta ry  sys tem.  

Although they have not been inves t iga ted  in the  
field, s imi la r  l acus t r ine  deve lopments  can be ident i f ied  
from Landsat  imagery  of Western Zambia.  These 
f ea tu re s  occur  within the Kalahar i  sand too, and are  
found in a s soc ia t ion  with eas t  bank t r i bu t a r i e s  of the 
Zambezi .  For example ,  the Bovu River,  which en te r s  
the Zambezi  from due north about 10 km eas t  of 

Kazangula,  crosses  a f l a t  a l luv ia l - f loored  depression 
of some 100 km -2, before abrupt ly  dev ia t ing  from 
its sou thwes tward  or ien ta t ion  to decend the f lank 
of downwarped Zambezi  trough. 

The evolut ion of many fea tu res  of the hydrological  
sys tem of the Middle Kalahar i  has been control led  
by faul t ing  and gen t le  t ec ton i c  ac t iv i ty .  The 1978 
Photogeologic  map of Botswana indica tes  tha t  par ts  
of the southern margins  of the Kazuma and 
Pandametenga  lake f la t s  a re  faul t  control led.  However,  
the 1984 Botswana geologica l  map shows tha t  in the 
v ic in i ty  of the f la t s  the re  a re  r e l a t i ve ly  few fau l t s  
in the underlying basal t ,  and the re fo re  t ec ton i s i sm 
alone can not account  for the i r  locat ion.  From Landsat  
imagery ,  it can be seen tha t  the i r  margins  are  par t i a l ly  
defined by l inear  dunes, par t  of the ex tens ive  fossi l ised 
erg which cont inues  eas twards  on the sand p la teau  
into Zimbabwe (Thomas 1984). 

The re la t ionship  be tween dunes and lacus t r ine  
f ea tu res  is in fac t  complex.  The edges of the bounding 
dunes have been t r immed  by wa te r  ac t ion,  and process 
is probably cont inuing to a l imi ted  ex t en t  today,  for 
during years  of good local  rains the depressions may 
be t empora r i ly  inundated by shallow wate r  bodies. 
However,  s tabi l i sed  dunes also ex tend  down onto the 
lake f la ts ,  and on the southern margin  of the 
Pandametenga  depression, a w a t e r - t r i m m e d  dune s tump 

Fig. 5. Aerial photograph showing re l ic t  linear dune stump overlying 
a former channel of the Nungu River, eastern Botswana. 
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can be seen over lying an old abandoned channel  of 
the Nungu River  (Fig. 5). There have c lea r ly  been 
a l t e rna t i ons  be tween  periods of aeol ian  a c t i v i t y  and 
periods of pe rmanen t  or s e m i - pe r m a ne n t  wa te r  in 
the depressions since the Pl iocene,  but we are  cu r ren t ly  
unable to shed any l ight  on the de ta i l s  of chronologies.  

D I S C U S S I O N  

Drainage  evolut ion in cen t r a l  Afr ica  has evoked 
in te res t  s ince the t ime  of Livingstone (1858). During 
the ensu£ng period the re  has been cons iderable  
specula t ion ,  but a genera l  concensus of opinion, t ha t  
the present  Zambezi  course was es tab l i shed  no ea r l i e r  
tha t  the Pl iocene,  and perhaps as l a te  as the middle  
P l ies tocene .  The present  sys tem of t r ibu ta r i e s  has 
been evolving since then and represen ts  a process  
of super imposi t ion  on and cap tu re  of the p re -Zambez i  
dra inage  tha t  had evolved since the Jurass ic .  

This process  has been a f f e c t e d  and in par t  de te rmined  
by t e c t o n i c  movements  which have opera ted  in favour 
of enhancing the power of the  Middle Zambezi  and 
i ts  t r ibu ta r i es ,  resul t ing in the cap tu re  of the proto-  
Upper Zambezi ,  and its t r i bu t a ry  sys tem.  Thus Wiliams 
(1975) descr ibes  the cap tu re  of the Kafue by a l e f t  
bank Middle Zambezi  t r ibu ta ry ,  and we assign the 
cap tu re  of the wes tward  f lowing r ivers  in nor thern  
Zimbabwe to s teep  grad ien t  r ight  bank t r i bu t a r i e s  
of the Middle Zambezi ,  including the Gwayi ,Deka 
and Matets i .  

The e f f ec t  has been to depr ive  the few wes tward  
f lowing s t r e ams  in nor thern  Botswana of the i r  former  
headwaters ,  which are  now eas t -bank  t r i bu t a r i e s  of 
the Gwayi.  Both these  sys tems  re ta in  the r e l a t ive ly  
low grad ien t s  inher i ted  from the i r  ances t r a l  protoUpper 
Zambezi  t r ibu ta r i es .  Their cap tu re  has also had the 
e f f e c t  of i sola t ing the l acus t r ine  deve lopments  south 
of the Zambezi ,  on the Botswana - Zimbabwe border, 
from the s t r eams  which previously drained towards  
them.  

As well  as de te rmin ing  dra inage  pa t te rns ,  this  
process  is cur ren t ly  causing the wes tward  r e t r e a t  
of the eas t e rn  rim of the Kalahar i  p la teau,  exhuminu 
underlying Karoo basa l t s  previously revea led  in the 
Hwange area .  In broader  t e rms ,  the dra inage  changes  
are  par t  of the r e p l a c e m e n t  of the c e n t r a l  southern  
Afr ican  endore ic  sys tem by a more ex tens ive  exore ic  
one (c.f. De Swardt and Bennet  1974), r e f l ec t ed  in 
the gradual  wes tward  movement  of the wate rshed  
dividing the r ight  bank t r i bu t a r i e s  of the middle Zambezi  
and today 's  in te rna l  dra inage.  

Dat ing  the major changes  descr ibed above, and 
the re fo re  the Sikumi t e r r a c e s  and the Ngwezumba  
gravels ,  in anything other  than genera l  t e rms  is d i f f icul t .  
From the s tudies  of the t ec ton i c  evolut ion of the 
subcont inent ,  they  obviously occurred  no ea r l i e r  than 
the  l a t e  Pl iocene,  and before  the l a t e  Qua te rna ry  
env i ronmen ta l  changes ident i f ied  from palaeohydro-  
logica l  s tudies  in the Middle Kalahar i  (Shaw and Cooke 
1986). 

During the period in which the eas t  - west  dra inage  
f lowed into nor thern  Botswana and the proto-Upper  
Zambezi ,  it is probable tha t  major changes  in flow 
reg imes  occurred.  This is ind ica ted  by the  var ia t ions  
in the s ize  of m a t e r i a l  forming the d i f fe ren t  t e r r a c e s  
within the Sikumi sequence,  and the f ac t  tha t  periods 
of incision occurred  to c r e a t e  the t e r r aces .  Presumably,  
t e c t o n i c  movements  causing changes  in base level  
and c l i m a t i c  changes  were responsible.  In the absence  
of fu r ther  cor robora t ing  evidence,  however,  it is 
cu r ren t ly  not possible to make fur ther  deduct ions  
about  r iver  regimes.  

Rela t ionships  be tween  dra inage  deve lopment  and 
the Kalahar i  beds are  po ten t i a l ly  of in te res t ,  but the 
age of these  sed iments  l a rge ly  remains  a m a t t e r  of 
specula t ion  (e.g. Dingle e t  al  1983). That r ivers  to 
the eas t  of the Gwayi  were dune-al igned,  and lake  
depressions now on the Kalahar i  rim were a t  l eas t  
pa r t i a l ly  de l imi ted  by the same cont ro l  may be more 
s igni f icant .  The problems of d i r ec t ly  da t ing  the dune 
sys tems  (e.g. Thomas 1984, Shaw and Cooke 1986) 
and the occur rence  of mul t ip le  periods of a r id i ty  during 

the P le i s tocene  in the Kalahar i  basin do not, however,  
ass i s t  in objec t ive  assessments  of the age of these  
f ea tu re s  or of the dra inage changes.  

Never the less ,  in spi te  of these  problems, the 
impor tance  of the dra inage  changes evidenced by the 
l acus t r ine  deve lopments  and the t e r r a c e  sequences  
in nor thwes te rn  Botswana and nor theas te rn  Zimbabwe 
can not be over looked. Not only do they r e f l ec t  major 
a spec t s  of the Cainozoic  t ec ton i c  and hydrologic 
evolut ion of the sub-cont inent ,  but it is only through 
their  recogni t ion  and i n t e rp r e t a t i on  tha t  a be t t e r  
unders tanding of ce r t a in  aspec ts  of regional  landforms 
and sed iments  can begin. 
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