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Cyclone Demoina h i t  t h e  c e n t r a l  Zu lu land  a r e a  ( F i g .  1 )  
e a r l y  on t h e  morning of  31 J a n u a r y  1984. Heavy r a i n  
s t a r t e d  f a l l i n g  a t  Mtubatuba a t  08h00 on t h e  day and 
c o n t i n u e d  non s t o p  f o r  abou t  2 0  h o u r s .  During t h i s  p e r i o d  
an  e x c e s s  of  6 0 0 m  ( 2 4  i n c h e s )  of  r a i n  f e l l  o v e r  most of 
t h e  S t .  Luc ia  and Mfolozi  ca tchment  a r e a s .  

The Hlobane Dam on Hlobane s t r e a m  b u r s t  e a r l y  i n  t h e  morning 
and t h e s e  w a t e r s  r e a c h e d  t h e  Mtubatuba a r e a  around 18h00. 
A t  21h00 t h i s  p u l s e  of  w a t e r  e v i d e n t l y  a r r i v e d  a t  t h e  
e s t u a r y .  F lood w a t e r s  s t a r t e d  t o  f a l l  around 07h00 on 
1  February .  

On 8  and 9  February  I had t h e  o p p o r t u n i t y  t o  v i s i t  t h e  S t .  
Luc ia  and Mfolozi  a r e a s ,  by which t i m e  f l o o d  w a t e r s  had 
mos t ly  s u b s i d e d .  A e r i a l  r e c o n n a i s s a n c e  f l i g h t s  w e r e  made 
of t h e  f o l l o w i n g  a r e a s : -  

1 )  Mfolozi  Game Reserve  
2 Lake S t .  Luc ia  Reserve  
3 )  S t .  Luc ia /Mfo loz i  mouth a r e a s .  
4 )  Lower Mfolozi  f l a t s .  

F i e l d  t r i p s  were made t o  v a r i o u s  l o c a t i o n s  a l o n g  t h e  Mfolozi  
f l a t s  s o u t h  of  Mtuba, t h e  c o a s t  n o r t h  of S t .  L u c i a  and a l o n g  
t h e  banks of  t h e  Black Mfo loz i  i n  Mfolozi  Game Reserve .  

Immedia te ly  a p p a r a n t  was t h a t  t h e  storm had enhanced many 
n a t u r a l  p r o c e s s e s .  I n  a d d i t i o n ,  f l o o d  r e s p o n s e s  i n  t h e  
Mfolozi  f l a t s  were s i m i l a r  t o  t h o s e  documented i n  o t h e r  
c o a s t a l  f l u v i a l  p l a i n s  such a s  t h e  A t c h a f a l a y a  River  Bas in  
and M i s s i s s i p p i  d e l t a  p l a i n s  o f  L o u i s i a n a .  

FLWIAL AND COASTAL MARINE PROCESSES. 

I n  o r d e r  t o  b e t t e r  a s s e s s  storm r e s p o n s e s ,  t h e  dominant n a t u r a l  
p r o c e s s e s  a c t i v e  i n  t h e  s t u d y  a r e a  w i l l  f i r s t  be  reviewed.  

a )  R ive r  c h a n n e l  p a t t e r n s  and p r o c e s s e s .  

Channel p a t t e r n  i s  d e f i n e d  a s  t h e  c o n f i g u r a t i o n  of a 
r i v e r  i n  p l a n  view. A r i v e r ' s  p a t t e r n  i s  a  r e f l e c t i o n  
of  c h a n n e l  a d j u s t m e n t  t o  c h a n n e l  g r a d i e n t  and c r o s s -  
s e c t i o n ,  and seems t o  be s t r o n g l y  c o n t r o l l e d  by t h e  
s i z e  of  t h e  sed iment  l o a d  and i t s  c h a r a c t e r i s t i c s ,  and 
t h e  amount and n a t u r e  of  i t s  d i s c h a r g e .  I n  a d d i t i o n  
l o c a l  geology can have a  s t r o n g  c o n t r o l  on  t h e  c h a n n e l  
p a t t e r n .  Most workers  r e c o g n i z e  t h r e e  r i v e r  c h a n n e l  
p a t t e r n s :  s t r a i g h t ,  b r a i d e d  and meandering (Reineck 



and Singh 1973) (r;rza).Tkie Black Mfo loz i  R ive r  i n  the 
Mfoloz i  Game Reserve  d i s p l a y s  a meanderinq p a t t e r c  a t  
b a n k f u l  s t a g e s  and f l o o d s ,  and a p p e a r s  b r a i d e d  a t  low 
s t a g e s .  Within t h e  s t u d y  a r e a ,  t h i s  s i t u a t i o n  
c h a r a c t e r i z e s  most of  t h e  r i v e r s  w e s t  of t h e  c o a s t a l  
p l a i n .  

A meandering p a t t e r n  u s u a l l y  r e f l e c t s  a mature  s t a g e  
of  r i v e r  development .  However, t h e  r e l a t i v e l y  s t e e p  
banks  and u n d u l a t o r y  topography of a r e a s  landward of  
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t h e , c o a s t a l  p l a i n  i s  i n d i c a t i v e  of  a  more y o u t h f u l  
r i v e r  s e t t i n g .  The meander p a t t e r n  of  t h e s e  r i v e r s  1s 
t h e r e f o r e  c o n s i d e r e d  t o  b e  a  r e l i c t  f e a t u r e  r e p r e s e n t i n g  
an  e a r l i e r  mature  r i v e r  s t a g e  r e a c h e d  by t h e  Mfo loz i  
when s e a  l e v e l  was some 1 0 ' s  of  m e t e r s  h i g h e r  d u r i n g  
t h e  T e r t i a r y  G e o l o g i c a l  p e r i o d ,  subsequen t  changes  i n  
s e a  l e v e l  and down c u t t i n g  p r e s e r v i n g  t h e  meander 
p a t t e r n .  

Even though t h e  meander p a t t e r n  may be  a  r e l i c t  f e a t u r e  
t h e  p r o c e s s e s  o f  meandering c o n t i n u e  s p e c i f i c a l l y  d u r i n g  
major  f l o o d s .  

T y p i c a l l y  i n  Mfolozi  Game Reserve  sed iment  i s  d e p o s i t e d  
on p o i n t  b a r s  w h i l e  c u t  banks a r e  e r o d e d  ( F i g .  2 ) .  
L a t e r a l  m i g r a t i o n  o f  p o i n t  b a r s  i s  enhanced d u r i n g  f l o o d s ,  
m a i n t a i n i n g  t h e  meander p a t t e r n .  

While t h e  o v e r a l l  p a t t e r n .  i s  one of  meander ing ,  a t  low 
w a t e r  a  bra i&$,channel .  p a t t e r n  o c c u r s  w i t h i n  t h e  con- 
f i n e s  o f  t h e , r l v e r  banks .  B r a i d e d  c h a n n e l s  a r e  marked 
by s u c c e s s i v e  d i v i s i o n  and r e j o i n i n g  of  t h e  f l o w  around 
a l l u v i a l  i s l a n d s  o r  b a r s .  Such f e a t u r e s  a r e  of  low 
r e l i e f  and t e n d  t o  b u i l d  up a t  t h e i r  downstream e n d s ,  
t h e  ups t ream ends  b e i n g  p a r t l y  e r o d e d .  

Bra ided  r i v e r s  a r e  c h a r a c t e r i z e d  by wide c h a n n e l s  and 
d e v e l o p  i n  a r e a s  o f s t e e p e r  s l o p e s .  Leopold and Wolman 
(1957) demons t ra ted  t h a t  b r a i d i n g  o r  meandering of  r i v e r  
c h a n n e l s  depends main ly  on t h e  r e l a t i o n s h i p  of c h a n n e l  
s l o p e  t o  d i s c h a r g e .  I n  t h e  c a s e  o f  two r i v e r s  o f  t h e  
same d i s c h a r g e ,  b r a i d e d  c h a n n e l s  deve lop  on s t e e p e r  
s l o p e s  and meandering c h a n n e l s  deve lop  on more g e n t l e  
s l o p e s .  The b r a i d e d  c h a n n e l  p a t t e r n  of  t h e  Mfolozi  a t  
low wate r  i s  a  f u r t h e r  i n d i c a t i o n  o f  t h e  r i v e r ' s  r e l a -  
t i v e  you th .  

P o i n t  b a r s  ( F i g .  2 )  a r e  t h e  most consp icuous  geornorphic 
f e a t u r e s  o f  a  meandering s t r e a m ;  a t  t h e  same t i m e  depo- 
s i t i o n  on p o i n t  b a r s  i s  t h e  major  p r o c e s s  o f  sedimenta-  
t i o n  i n  meandering r i v e r  c h a n n e l s .  D e p o s i t s  may be a s  
t h i c k  a s  t h e  r i v e r  i s  deep  d u r i n g  t h e  f l o o d .  L i t h o l o g y  
and g r a i n  s i z e  o f  p o i n t  b a r  d e p o s i t s  depend upon t h e  
g r a i n  s i z e  a v a i l a b l e .  E e s i d e s  t h e  c h a n n e l  l a g  d e p o s i t s ,  
p o i n t  b a r s  a r e  composed o f  t h e  c o a r s e s t  sed iment  
a v a i l a b l e  i n  a  s t r eam.  I f  a  wide r a n g e  of  g r a i n  s i z e  
i s  a v a i l a b l e ,  g r a i n  s i z e  d e c r e a s e s  upward i n  a p o i n t  
b a r  sequence .  G e n e r a l l y ,  a  muddy o r  very  f i n e - g r a i n e d  
l a y e r  i s  p r e s e n t  on t h e  t o p  a s  a  t h i n  v e n e e r .  T h i s  mud 



d r a p e  i f  p r e s e n t  marks  the t o p  o f  a g e n e t i c a l l y  
r e l a t e d  s e q u e n c e .  I f  r i v e r s  are c a r r y i n g  g r a v e l - s a n d  
m a t e r i a l ,  t h e  change  i s  from g r a v e l ,  c o a r s e  s a n d  t o  
f i n e  s a n d ,  and  s i l t  on  t h e  t o p .  I n  r i v e r s  c a r r y i n g  
f i n e - g r a i n e d  m a t e r i a l  t h e  change  i s  f rom f i n e  s a n d  
l a y e r s  n e a r  t h e  bo t tom t o  muddy and  c l a y e y  s e d i m e n t s  
n e a r  t h e  top(Ac.z), 

b )  C o a s t a l  F lood  p l a i n  deve lopmen t .  

R i v e r  meande r ing  mos t  commonly o c c u r s  where c h a n n e l  
s l o p e s  a r e  low and  suspended  s e d i m e n t  l o a d  i s  h i g h  
compared t o  b c d l o a d .  C o a s t a l  p l a i n s  a r e  t h u s  i d e a l  
l o c a t i o n s  f o r  r i v e r  meande r ing .  

Meander ing  r i v e r s  show a more o r g a n i z e d  d i s t r i b u t i o n  o f  
c h a n n e l  p r o c e s s e s  and  a  c l e a r e r  s e p a r a t i o n  o f  c h a n n e l  
and  o v e r b a n k  e n v i r o n m e n t s  t h a n  t h e  low s i n u o s i t y  and  
b r a i d e d  r i v e r s  i n t o  which t h e y  g r a d e .  A meande r ing  
c h a n n e l  o c c u p i e s  o n l y  a s m a l l  p a r t  o f  i t s  a l l u v i a l  
p l a i n  a t  a n y  one  t i m e  ( F i g .  3 ) .  I t  l i e s  w i t h i n  a 
meander  b e l t  which i s  a complex o f  a c t i v e  c h a n n e l ,  
abandoned  c h a n n e l s  a n d  n e a r  c h a n n e l  sub -env i ronmen t s .  
The meander b e l t  d o e s  s h i f t  i t s  p o s i t i o n  on t h e  a l l u v i a l  
p l a i n  t h r o u g h  t i m e  r e f l e c t i n g  n a t u r a l  s u b s i d e n c e ,  a n d  
c o n c e n t r a t i o n  o f  s e d i m e n t a t i o n .  

S e d i m e n t a t i o n  i s  c o n c e n t r a t e d  c l o s e  t o  t h e  meander  b e l t  
a n d  a n  ' a l l u v i a l  r i d g e '  i s  b u i l t  above  t h e  l e v e l  o f  t h e  
f l o o d  p l a i n  ( F i s k  1 9 5 2 )  ( F i g .  3 )  . T h i s  i n c r e a s i n g l y  
u n s t a b l e  s i t u a t i o n  i s  p e r i o d i c a l l y  r e l i e v e d  by t h e  
b r e a c h i n g  o f  a c h a n n e l  bank d u r i n g  f l o o d  a n d  t h e  sudden  
s h i f t i n g  o f  t h e  meander b e l t  t o  a  new p o s i t i o n  o f  t h e  
a l l u v i a l  p l a i n ,  a p r o c e s s  known as  ' a v u l s i o n ' .  The 
new c o u r s e  c a p t u r e s  a n  i n c r e a s i n g  p r o p o r t i o n  o f  t h e  
f l o w  and  t h e  o l d  meander b e l t  i s  abandoned .  

S u b s i d e n c e  i s  t h e  s e c o n d  i m p o r t a n t  mechanism t h a t  f o r c e s  
c h a n n e l  s w i t c h i n g  i n  c o a s t a l  f l u v i a l  p l a i n s .  The t e r m  
s u b s i d e n c e  i s  a p p l i e d  t o  t h e  r e l a t i v e  r i se  i n  sea l e v e l  
a n d / o r  t h e  r e l a t i v e  l o w e r i n g  o f  b a s e  l e v e l  i n  c o a s t a l  
e n v i r o n m e n t s .  T h e r e  are a number o f  mechanisms res- 
p o n s i b l e  f o r  t h e s e  a p p a r e n t  c h a n g e s ,  i n c l u d i n g  e u s t a t i c  
s e a - l e v e l  c h a n g e s ,  c o n t i n e n t a l  downwarping, d e w a t e r i n g  
a n d  compac t ion  o f  s e d i m e n t s ,  and  human a c t i v i t i e s .  The 
f i r s t  two a rc  t h o u g h t  t o  b e  o f  minor  i m p o r t a n c e  i n  t h e  
S t .  L u c i a ,  M f o l o z i  f l a t  a r e a s .  

The M f o l o z i  F l a t s  are  a p p a r e n t l y  u n d e r l a i n  by more t h a n  
30 metres o f  r e l a t i v e l y  f i n e  g r a i n e d  s e d i ~ n e n t s  which  w e r e  
t y p i c a l l y  d e p o s i t e d  f rom s u s p e n s i o n ,  c o n s i s t  o f  s i l t s  
and  c l a y s ,  and  o r i g i n a l l y  had  h i g h  w a t e r  c o n t e n t s .  A s  
s e a  l e v e l  h a s  r i s e n  t h e  l a s t  18 ,000  y e a r s ,  s o  h a s  t h e  
l e v e l  o f  t h e  f l o o d  p l a i n .  S e d i m e n t s  i n  t h e  d e e p e r  
p o s i t i o n s  o f  t h e  b a s i n  would have  s t a r t e d  t o  d e w a t e r  
a n d  compact  u n d e r  t h e  i n f l u e n c e  o f  c o n t i n u a l  l o a d i n g .  
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Such compaction c o n s t i t u t e s  t h e  dominant n a t u r a l  
s u b s i d e n c e  p r o c e s s  i n , f l u v i a l  p l a i n s  such a s  t h e  
Mfo loz i  F l a t s .  I n  a  s i m i l a r  t y p e  env i ronment ,  
A t c h a f a l a y a  R i v e r  B a s i n ,  L o u i s i a n a , s u b s i d e n c e  r a t e s  
o f  3cm p e r  y e a r  a r e  r e c o r d e d  (van Heerden 1 9 8 3 ) .  
T h i s  c o n t i n u a l  p r o c e s s  h a s  a  s t r o n g  c o n t r o l  on 
c h a n n e l  s w i t c h i n g  d u r i n g  f l o o d s .  

Swamps and marshes  more d i s t a n t  from t h e  c h a n n e l  c a n n o t  
m a i n t a i n  b a s e  l e v e l  due t o  a  s e d i m e n t a t i o n  r a t e  t h a t  
d o e s  n o t  b a l a n c e  s u b s i d e n c e .  Thus t o p o g r a p h i c  lows 
a r e  c r e a t e d  i n  i n a c t i v e  p a r t s  o f  f l u v i a l  p l a i n s .  
Dur ing  f l o o d s ,  t h e  r i v e r  may b r e a k  i n t o  such  a r e a s  and 
occupy a  new c o u r s e  t o  t h e  s e a .  A s s o c i a t e d  w i t h  t h e  
new c h a n n e l  w i l l  be  a  new e p i s o d e  o f  l e v e e  b u i l d i n g  
and meandering.  A s  n a t u r a l  l e v e e  h e i g h t  d e c r e a s e s  i n  
a  downstream d i r e c t i o n  on c o a s t a l  p l a i n s ,  f r e q u e n c y  o f  
s w i t c h i n g  w i l l  i n c r e a s e  i n  t h e  same d i r e c t i o n .  

The c h a n n e l  s w i t c h i n g  p r o c e s s  r e s u l t s  i n  t h e  f l o o d  p l a i n  
b e i n g  b u i l t  up o f  j u x t a - p o s i t i o n e d  i n t e r f i n g e r i n g  s e d i -  
ment l o b e s  ( F i g .  4 ) .  

Morphology o f  Lower Mfo loz i  F l a t s .  

F i g u r e  5 ,  compi led  from a e r i a l  p h o t o  mosa ics  and o b l i q u e  
a i r  p h o t o s ,  r e v e a l s  t h a t  c h a n n e l  s w i t c h i n g  h a s  commonly 
o c c u r r e d  i n  t h e  Mfo loz i  f l a t s .  However, t h e  Mfo loz i  
R i v e r  had o c c u p i e d  i t s  c o u r s e  between p o i n t s  A and B i n  
t h e  upper  s e c t i o n  o f  t h e  f l a t s  ( F i g .  5 )  f o r  q u i t e  a  long  
p e r i o d .  The r i v e r  c o u r s e  was r e l a t i v e l y  deep  and wide 
w i t h  w e l l  e s t a b l i s h e d  c o n f i n i n g  n a t u r a l  l e v e e s .  T r a c e s  
o f  o l d  c r e v a s s e  c h a n n e l s  d i s p l a y e d  i n  e a r l i e r  photography 
(1960)  i n d i c a t e  t h a t  s e d i m e n t a t i o n  i n  t h e  upper  s e c t i o n  
d u r i n g  t h i s  p e r i o d  o c c u r r e d  t h r o u g h  o v e r t o p p i n g  of  t h e  
n a t u r a l  l e v e e  sys tem r a t h e r  t h a n  t h r o u g h  c h a n n e l  
s w i t c h i n g .  R i v e r  channe l  e l e v a t i o n  would have pro-  
g r e s s i v e l y  i n c r e a s e d  w i t h  e a c h  s u c c e s s i v e  f l o o d .  High 
ground n o r t h  o f  t h e  c h a n n e l  s e c t i o n  A-B ( F i g .  5 )  i s  
c l o s e r  t h a n  t h a t  s o u t h  o f  t h e  c h a n n e l .  I n e q u a l i t y  i n  
f l o o d  p l a i n  w i d t h  may e x p l a i n  why t h e  a r e a  n o r t h  of  t h e  
c h a n n e l  g e n e r a l l y  had a  h i g h e r  e l e v a t i o n  t h a n  t h a t  t o  
t h e  s o u t h ,  a s  i s  ev idenced  by t h e  t r e n d  o f  t h e  5 0 f t  
c o n t o u r  ( F i g .  5 ) .  

Channel s w i t c h i n g  i n  t h e  mid s e c t i o n  o f  t h e  F l a t  a p p e a r s  
t o  have o c c u r r e d  c h i e f l y  a t  two l o c a t i o n s .  Major ,  
f a i r l y  long  t e r m  ups t ream d i v e r s i o n s  o c c u r r e d  i n  t h e  
upper  r e a c h  of  t h e  mid s e c t i o n  (Area C ,  F i g .  5 )  w h i l e  
s w i t c h i n g  was more common f u r t h e r  downstream (Area D ,  
F i g .  5 ) .  The w e l l  deve loped  meander p a t t e r n  o f  t h e  
c h a n n e l  between a r e a s  C and D i n d i c a t e s  t h a t  t h i s  
c h a n n e l  was i n  u s e  f o r  a  long  p e r i o d .  Using f e a t u r e s  
such  a s  abundance o r  l a c k  of  t r e e  c o v e r  on o l d  l e v e e s  
e n a b l e s  one  t o  i n f e r  t h e  c h r o n o l o g i c a l  o r d e r  o f  c h a n n e l  
s w i t c h i n g .  I n t e r e s t i n g l y ,  t h e  o r d e r  of s w i t c h i n g  



r e v e a l s  t h a t  t h e  s o u t h e r n  h a l f  o f  t h e  mid s e c t i o n  
h a s  n o t  been  o c c u p i e d  by a  ma jo r  c o u r s e  of t h e  Mfolozi  
f o r  some t i m e  ( F i g .  5 ) .  

Channel  p a t t e r n s  and t r a c e s  i n  t h e  lower  s e c t i o n  o f  t h e  
F l a t  r e v e a l  t h a t  t h e  c o n f l u e n c e  w i t h  S t .  L u c i a  E s t u a r y  
h a s  p r o g r e s s i v e l y  m i g r a t e d  s e a w a r d s .  I n  t h i s  a r e a ,  
c h a n n e l s  were n e v e r  w e l l  d e f i n e d ,  i n  t e r m s  o f  l e v e e  
h e i g h t ,  b e c a u s e  s h e e t  f l o w  d o m i n a t e s  d u r i n g  f l o o d s .  

d )  Human i n f l u e n c e s  i n  C o a s t a l  P l a i n s .  

Human activities c a n  g r e a t l y  enhance  t h e  s u b s i d e n c e  
ra te .  F i r s t l y ,  d r a i n i n g  ( d e w a t e r i n g )  w e t l a n d s  
i n c r e a s e s  compac t ion  a n d  hence  s u b s i d e n c e .  Second ly  
c h a n n e l i z a t i o n  o f  r i v e r s  and  c r e a t i o n  o f  a r t i f i c i a l  
l e v e e s  impedes t h e  s p r e a d  o f  s e d i m e n t  t o  areas a d j a c e n t  
t o  t h e  c h a n n e l .  Thus s e d i m e n t a t i o n  w i l l  n o t  b a l a n c e  
l o c a l  s u b s i d e n c e  and  l o w e r i n g  o f  b a s e  l e v e l  w i l l  
i n c r e a s e .  L a s t l y ,  c h a n n e l i z a t i o n  and  a r t i f i c i a l  l e v e e  
c o n s t r u c t i o n ,  e s p e c i a l l y  i f  l e v e e  m a t e r i a l  was d r e d g e d  
from t h e  r i v e r  f l o o r ,  c r e a t e s  a s i t u a t i o n  where t h e  
l o c a l  w a t e r  t a b l e  i s  l o w e r e d .  Such d e w a t e r i n g  i n c r e a s e s  
t h e  l o c a l  s u b s i d e n c e  r a t e .  

T h e r e f o r e ,  a l t h o u g h  c h a n n e l  s w i t c h i n g  i s  a  n a t u r a l  
p r o c e s s  i n  s u b s i d i n g  c o a s t a l  f l u v i a l  p l a i n s  i t  c a n  be  
enhanced  by man ' s  a c t i v i t i e s .  

e )  C o a s t a l  P r o c e s s e s .  

The f o l l o w i n g  r e v i e w  c o n c e r n s  t h e  l i t t o r a l  zone ( F i g . 6 )  
be tween Maphelane and  F i r s t  Rocks and  i n c l u d e s  t h e  
mouth o f  t h e  M f o l o z i  R i v e r  and  S t .  L u c i a  E s t u a r y .  

C l i m a t i c  and  Oceanograph ic  s e t t i n g .  

The most  i m p o r t a n t  p h y s i c a l  f o r c e  a l o n g  t h i s  s e c t i o n  o f  
t h e  c o a s t  i s  t h e  wave c l i m a t e .  A l though  t h e  s o u t h - e a s t  
s w e l l s  p roduced  i n  t h e  " r o a r i n g  f o r t i e s "  becomes 
d e f l e c t e d ' a n d  p r o g r e s s i v e l y  weakened b e f o r e  r e a c h i n g  t h e  
N a t a l  c o a s t ,  wave p r o c e s s e s  f o r c e  most s ed imen t  movement. 
The two most i m p o r t a n t  c h a r a c t e r i s t i c s  o f  waves i n  t e r m s  
o f  beach  r e s p o n s e  i s  wave h e i g h t  and a n g l e  o f  s w e l l  
a p p r o a c h .  F o r  87 p e r  c e n t  o f  a  two y e a r  p e r i o d  - 
March 1971 t o  F e b r u a r y  1973 (CSIR 1973)  t h e  ocean  s w e l l  
a l o n g  t h e  N a t a l  c o a s t  v a r i e d  from 1 - 3  m ,  w i t h  2 - 3  m 
s w e l l s  o c c u r r i n g  35% o f  t h e  time. 

D i r e c t i o n  o f  s w e l l  a p p r o a c h  a l o n g  t h e  N a t a l  C o a s t  h a s  two 
dominant  modes ( F i g .  7 ) .  S w e l l s  have  a  s o u t h  e a s t e r l y  
o r i e n t a t i o n  a b o u t  4 0 %  o f  t h e  t i m e  (CSIR 1973,  Begg 1 9 7 8 ) .  
Onshore s w e l l s  ( n o r t h e a s t e r l y  t o  e a s t e r l y )  i n  t h e  S t .  
L u c i a  a r e a  have  a  l i k e  f r e q u e n c y .  



A c l i m a t i c  f a c t o r  which h a s  a  s t r o n g  i n f l u e n c e  upon 
c o a s t a l  w a t e r s  i s  t h e . r e g u l a r  r e v e r s a l  of n o r t h - e a s t e r l y  
and s o u t h - w e s t e r l y  winds ( F i g .  7 ) .  The components o f  
wind p a r a l l e l  t o  t h e  c o a s t  a r e  caused  by a  s u c c e s s i o n  
of low p r e s s u r e  c e l l s  ( c o a s t a l  lows)  which move a l o n g  
t h e  c o a s t .  C o a s t a l  lows o r i g i n a t e  o f f  t h e  West c o a s t  
o f  s o u t h e r n  A f r i c a ,  t r a v e l  round t h e  Cape and d e p a r t  
t h e  c o a s t  n o r t h  of  S t .  Luc ia .  The p r e v a i l i n g  winds 
a r e  s p r e a d  f a i r l y  e v e n l y  o v e r  t h e  t w e l v e  months o f  t h e  
y e a r  and are a l m o s t  e q u a l l y  d i v i d e d  i n  f r e q u e n c y  
( F i g .  7 )  (Weather Bureau 1960, O r m e  1 9 7 3 ) .  Van Heerden 
(1976a) found  t h a t  t h e r e  was a  s t r o n g  c o r r e l a t i o n  between 
a n g l e  of wave approach  and wind d i r e c t i o n .  S o u t h e r l y  
winds t e n d  t o  e n f o r c e  s o u t h  e a s t e r l y  s w e l l s  w h i l e  
n o r t h e r l y  winds g e n e r a l l y  c r e a t e d  c o n d i t i o n s  o f  o n s h o r e  
s w e l l s .  Any mar ine  p r o c e s s  s t u d y  s h o u l d  r e c o g n i z e  
t h a t  p r o c e s s e s  r e l a t e d  t o  o b l i q u e  s o u t h  e a s t e r l y  s w e l l s  
may d i f f e r  t o  t h o s e  d u r i n g  onshore  s w e l l s .  

ii. Beach p r o c e s s e s .  

The l a r g e - s c a l e  c r e c e n t r i c  beach c o n f i g u r a t i o n ,  between 
Maphelane and F i r s t  Rocks, t e n d s  t o  approx imate  a n  
e q u i l i b r i u m  i n  which t h e  wave c l i m a t e  p r o v i d e s  p r e c i s e l y  
t h e  e n e r g y  and mean wave approach  a n g l e s  r e q u i r e d  t o  
t r a n s p o r t  and r e d i s t r i b u t e  t h e  s e d i m e n t s  s u p p l i e d  t o  
t h e  beach.  The beach c o n f i g u r a t i o n ,  t h e n ,  i s  c o n t r o l l e d  
ma in ly  by t h e  c u r v a t u r e  and o r i e n t a t i o n  of t h e  r e f r a c t e d  
wave c r e s t s  and by t h e  l o c a t i o n s  and r e l a t i v e  impor tance  
of  t h e  beach sed imen t  s o u r c e s  and l o s s e s  ( s i n k s ) .  

A t  p r e s e n t  t h e r e  are 3 main sed imen t  s o u r c e s .  The 
o b l i q u e  s o u t h  e a s t e r l y  wave approach  sets up a  n o r t h -  
ward d i r e c t e d  s u r f  zone c u r r e n t  ( F i g .  7 )  which t r a n s -  
p o r t s  sed imen t  (some o r i g i n a l l y  from t h e  T u g e l a )  a round 
Maphelane. S i m i l a r  s u r f  zone c u r r e n t s  a r e  a l s o  r e s p o n s -  
i b l e  f o r  t r a n s p o r t i n g  sed imen t  o u t  o f  t h e  a r e a  p a s t  
F i r s t  Rocks. A d d i t i o n a l  i n p u t s  o f  a t  t i m e s  l a r g e  
q u a n t i t i e s  o f  sed imen t  a r e  t h e  Mfo loz i  r i v e r  and S t .  
Luc ia  e s t u a r y .  

Rip c u r r e n t s  between b a r s  o r i e n t a t e d  o b l i q u e l y  t o  t h e  
c o a s t ,  and p a r a l l e l  t o  wave approach  ( F i g .  8 )  may e x t e n d  
2 km seaward and a r e  r e s p o n s i b l e  a t  t i m e s  f o r  t r a n s p o r t -  
i n g  sed imen t  o u t  of  t h e  l i t t o r a l  zone,  i . e .  a c t  a s  s i n k s .  

The wide s u r f  zone ,  p r e s e n c e  of  one o r  more b a r s ,  t h r e e  
d i m e n s i o n a l  i n s h o r e  topography  and d i f f e r e n t  s c a l e s  o f  
r i p  c e l l s  a r e  c h a r a c t e r i s t i c  of a  d i s s i p a t i v e  beach 
( F i g s .  8  and 9 ) .  Here wave ene rgy  i s  m o s t l y  d i s s i p a t e d  
i n  t h e  s u r f  zone where t h e r e  i s  h i g h  t u r b u l e n t  v i s c o s i t y .  
S p a t i a l  v a r i a t i o n  i n  b a r  t y p e s  r e f l e c t  s e g r e g a t i o n  i n t o  
s u b r e g i o n s  o f  c o n t r a s t i n g  t u r b u l e n t  v i s c o s i t y .  D i s s i p a -  
t i v e  b e a c h e s ,  c l o s e  t o  major  d e p o s i t i o n  a r e a s  such  a s  t h e  
Mfo loz i  R i v e r  mouth a r e  u s u a l l y  p r o g r a d a t i o n a l  f e a t u r e s .  
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However, p r o g r a d a t i o n  i s  mas t  marked i n  a r e a s  domina ted  
by o n s h o r e  w inds .  I n  t h e  s t .udy a r e a  winds  a r e  e i t h e r  
o f f s h o r e  o r  a l . ongshore .  Such c o n d i t i o n s  d o  n o t  
e n c o u r a g e  hummocky dune  g rowth  and  b e a c h  p r o g r a d a t i o n  
i n  t h e  s t u d y  a r e a .  R a t h e r  t h e y  l e a d  t o  s u b a e r i a l  
wind e r o s i o n  which  a n n u a l l y  a p p e a r s  t o  b a l a n c e  d e p o s i -  
t i o n  o n  t h e  b e a c h .  

I n  g e n e r a l ,  o b l i q u e  wave a p p r o a c h  e n c o u r a g e s  beach  
e r o s i o n  and  f o r c e s  rnaxinu~n s e d i m e n t  t r a n s p o r t .  The 
most  commonly s e e n  f e a t u r e s  a r e  l a r g e  c u s p a t e  h o r n s  
w i t h  wavelengt lns  g r e a t e r  t h a n  100m ( F i g .  8 ) .  Onshore  
s w e l l s  r e s u l t  i n  b e a c h  c u s p  f o r m a t i o n  ( w a v e l e n g t h s  20-40m), 
i n d i c a t i v e  o f  n e t  s e d i m e n t a t i o n .  Longshore  s e d i m e n t  
movement i s  g e n e r a l l y  low a n d  numerous s m a l l  r i p  c u r r e n t  
c e l l s  a r e  g e n e r a t e d  ( F i g .  9 ) .  

iii. R i v e r  mouth p r o c e s s e s .  

S t .  L u c i a  E s t u a r y  and  l o w e r  M f o l o z i  R i v e r  e a c h  occupy 
drowned r i v e r  v a l l e y s  which a rc  g r e a t e r  t h a n  50m d e e p  
a t  t h e  c o a s t  ( i n f e r r e d  f rom O r m e  1975 ,  a n d  van 
Heerden 1976b.). A p p a r e n t l y  b o t h  p a l e o - r i v e r  s y s t e m s  
had  a common mouth a t  S t .  L u c i a  r e f l e c t i n g  t h e  l a c k  o f  
P l e i s t o c e n e  "beach  r o c k "  be tween  Maphelane a n d  F i r s t  
Rocks.  H i s t o r i c a l  r e p o r t s  a n d  s u r v e y s  (Begg 1978)  
i n d i c a t e  t h a t  b o t h  s y s t e m s  had  a common mouth u n t i l  
Man's  i n t e r v e n t i o n  i n  t h e  1 9 6 0 ' s .  I n  f a c t ,  S t .  L u c i a  
e s t u a r y  mos t  l i k e l y  e x i s t e d  as a s h a l l o w  a r m  o f  a  more 
dynamic,  i n  t e r m s  o f  mouth m a i n t e n a n c e ,  f l u v i a l l y  
domina ted  M f o l o z i  e s t u a r y .  

While  t h e  s eaward  p o s i t i o n  o f  t h e  common e s t u a r y  mouth 
h a s  changed  o v e r  t i m e ,  t h e  g e n e r a l  l o c a t i o n  o f  t h e  
e s t u a r y  h a s  been  s t a b l e .  S t a b i l i t y  o f  l o c a t i o n  
r e f l e c t s  t h e  " p e g g i n g "  e f f e c t  o f  t h e  c o n s o l i d a t e d  
P l e i s t o c e n e  b a r r i e r  m a t e r i a l  n o r t h  o f  Honeymoon bend ,  
and  t h e  b u r i e d ,  l a r g e  o y s t e r  r e e f  t h a t  o c c u r s  i m m e d i a t e l y  
s o u t h  o f  Honeymoon Bend ( F i g .  1 0 ) .  

The e s t u a r y  mouth seems t o  have  a l w a y s  had  a  n o r t h e r l y  
o r i e n t a t i o n ,  r e f l e c t i n g  t h e  i n f l u e n c e  o f  t h e  s o u t h -  
e a s t e r l y  s w e l l s .  I n i t i a l l y  t h e  M f o l o z i  c o n n e c t e d  t o  
S t .  L u c i a  i n  t h e  Honeymoon Bend a r e a  and  a p p e a r s  t o  have  
ha$. a  more n o r t h e r l y  t r e n d  ( F i q s .  5 & 1 0 )  . J u d g i n q  by 
t h e  s i z e  o f  t h e  dune  f i e l d  which b u i l t  up  f rom e s t u a r i n e  
s e d i m e n t s  n o r t h  o f  t h e  mouth,  t h i s  l o c a t i o n  must  have  
been  s t a b l e  f o r  sorne t i m e .  The s m a l l  c l i f f  b e n e a t h  
tkJe N . P . A .  o f f i c e s  h e i n u  t h e  r e m n a n t s  o f  t h e  n o r t h  
bank .  

A t  a 1 - a t e r  s t a g e  the M f o l o z i  e n t e r e d  S t .  L u c i a  E s t u a r y  
c l o s e r  t o  t h e  s e a  s o  t h a t  t h e  n o r t h  bank o f  t h e  e s t u a r y  
s h i f t e d  s o u t h  c r e a t i n q  t h e  v l - e i  t h a t  now o c c u r s  below 
t h e  N.P.A. o f f i c e s  ( F i g .  1 0 ) .  T h i s  move i n i t i a t e d  
a n o t h e r  p h a s e  o f  c o a s t a l .  dune g rowth  a s  s e d i m e n t s  were 
moved n o r t h  f rom t h e  e s t u a r y  bank .  Th? s i z e  o f  t h e  
d u n e s  p r e s e n t  i n  1 9 3 7 ,  and  t h e  l a c k  o f  any  ment ion  o f  



these in Crofts 1905 sux-vcTr (Fiq. 1 1  , Beyg 1970) 
suggests that the new orientation occurred around 
1900. 

All early surveys and maps reveal the combined system 
to have llad an opening in the general area of the 
present mouth, with a shallow arm extending northwards 
from the est-uary behind the beach (Fig. 12). Although 
very little historical coastal process data is 
available I believe that this central location was 
representative of low water months. During and 
i.mnediately after fleods, when large amounts of sediment 
were deposited in the near shore the mouth could well 
have migrated farther north along the arm north of the 
mouth. At such times the oblique southerly swell 
approach combined with a large littoral sediment pool 
would have forced the southern bank or spit of the 
estuary to extend rapidly northwards, while the estuary 
waters eroded the northern bank. Similar 
processes have been documented elsewhere on the Natal 
coast following major floods (van Heerden 1976~) and is 
schematically shown in Figure 13. Once the nearshore 
sediment supply had diminished the mouth would have 
been re-established in a more normal position (Fig.13) 
due to wave overwash erosion processes. Mouth migra- 
tion forced by discharge fluctuations would explain 
why the northern spit was a "low barren" feature until 
stabilized by man (Fig. 1 1  and 13). 

As mentioned earlier, beach configuration reflects an 
equilibrium between a number of factors. Creation 
of a separate mouth for the Mfolozi and stabilization 
of St. Lucia estuary mouth disrupted the equilibrium 
and subsequent nearshore sediment distribution. Firstly, 
creation of the groynes and associated sediment trapping 
caused shoreline progradation in the vicinity of St. 
Lucia mouth. Comparison of the 1966 and 1972 shorelines 
(Fig. 12) reveals seaward extension in excess of 300m. 
Such a situation leads to starving of sediment in areas 
farther north. Secondly, the siting of the heaviest 
groyne on the north bank of the estuary led to sediment 
trapping in St. Lucia Estuary mouth. That is, sediments 
supplied by the Mfolozi migrated along the coast to the 
estuary mouth where they "sat", necessitating near 
continuous and expensive dredging operations. Material 
from this operation being dumped south of the estuary 
mouth, as a permanent sediment sink. The result of 
groyne emplacement and associat-ed sediment starvation 
through trapping and dredger losses meant that beach 
areas north of the mouth were no longer in equilibrium. 
The most dramatic effect of disturbance appears to have 
been the collapse of a large section of the Holocene 
dune barrier, south of First Rocks, as the fronting 
beach retreated. 
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U n f o r t u n a t e l y ,  e v e n  t h e  l i t t o r a l  w i t h  i t s  h i g h  e n e r y y  
r e g i m e  c a n  be  d r a m a t i c a l l y  a l t e r e d  i f  t h e  e q u i l i b r i u m  
be tween  p r o c e s s e s  i s  a d v e r s e l y  a l t e r e d .  

OBSERVATION OF STORM RESPONSES BY AREA. 

A .  M f o l o z i  Game R e s e r v e .  

D e s p i t e  t h e  d r o u g h t  t h i s  a r e a  i s  c h a r a c t e r i z e d  by  
g e n e r a l l y  w e l l  managed v e l d .  F l o o d  w a t e r s  had  d e s -  
t r o y e d  t h e  r i v e r i n e  bush  a n d  f o r e s t  on  e i t h e r  s i d e  o f  
t h e  r i v e r  t o  w i d t h s  n o t  e x c e e d i n g  2  kms. 

E r o s i o n  t o  b e d r o c k  had  o c c u r r e d  on a l l  c u t  b a n k s  o f  
t h e  r i v e r ,  w h i l e  d e p o s i t i o n  had  o c c u r r e d  on a l l  p o i n t  
b a r s  ( F i g .  2 ) .  T h i s  n a t u r a l  p r o c e s s  b e i n g  g r e a t l y  
enhanced  by  t h e  f l o o d .  A t  t h i s  p o i n t  i n  t i m e  no 
c o n c l u s i o n  c o u l d  b e  made a s  t o  w h e t h e r  d e p o s i t i o n  o f  
s i l t  e q u a l l e d  o r  e x c e e d e d  t h a t  e r o d e d .  L o c a l  game 
r a n g e r s  w e r e  o f  mixed o p i n i o n s  a l t h o u g h  t h e  m a j o r i t y  
( 4 t o  2 )  f e l t  t h a t  d e p o s i t i o n  e x c e e d e d  e r o s i o n .  Where 
sampled ,  s e d i m e n t  d e p o s i t e d  was mos ' t ly  s i l t  and  h i g h  
i n  p a r t i c u l a t e  o r g a n i c  m a t t e r .  

An i m p o r t a n t  o b s e r v a t i o n  made by a l l  game r a n g e r s  w a s  
t h a t  t h e r e  was no  d r a m a t i c  change  i n  r i v e r  b a s e  l e v e l  
i n d i c a t i n g  no  n e t  i n c r e a s e  i n  c h a n n e l  l a g  m a t e r i a l .  
Thus  s e d i m e n t  c a r r i e d  by  t h e  r i v e r  w a s  n o t  c o a r s e  
enough t o  b e  d e p o s i t e d  on t h e  c h a n n e l  f l o o r .  Sedimen- 
t a r y  s t r u c t u r e s  examined i n  t h e  t o p  o f  p o i n t  b a r  
d e p o s i t s  s u g g e s t  t h a t  mos t  o f  t h e  s e d i m e n t  c a r r i e d  by 
t h e  M f o l o z i  w a s  i n  t h e  suspended  mode. The s i g n i f i -  
c a n c e  o f  t h i s  o b s e r v a t i o n  w i l l  b e  d i s c u s s e d  s h o r t l y .  

M f o l o z i  F l a t s .  

D e p o s i t i o n a l  r e s p o n s e  was v e r y  d r a n a t i c  i n  t h i s  a r e a ,  
r . o s t l y  due  t o  t h e  M f o l o z i  ?.iver c r e a t i n g  a  new c o u r s e  
( v i a  t h e  o l d e r  l lsunduze P . ive r )  t o  t h e  s e a  ( F i g . 5 )  . 
Ext reme ly  h i g h  f l o o d  l e v e l s  f o r c e d  t h e  M f o l o z i  R i v e r  
t o  s w i t c h  c h a n n e l s  and  occupy a  c o u r s e  a l o n g  t h e  lower  
l y i n g  s o u t h e r n  e d g e  o f  t h e  M f o l o z i  F l a t s .  A s  d i s c u s s e d  
e a r l i e r ,  s w i t c h i n g  i s  a  n a t u r a l  p r o c e s s  b r o u g h t  on by  
s u b s i d e n c e  and  d i f f e r e n t i a l  s e d i m e n t a t i o n  i n  c o a s t a l  
p l a i n s .  The d i v e r s i o n  o c c u r r e d  i n  t h e  u p p e r  s e c t i o n  o f  
t h e  f l a t ,  a n  a r e a  where s w i t c h i n g  se ldom o c c u r s .  F o r  
t h i s  r e a s o n  t h e  new c h a n n e l  h a s  t h e  p o t e n t i a l  t o  b e  a  
l o n g - l i v e d  f e a t u r e .  

The M f o l o z i  R i v e r  s eaward  o f  t h e  new c o n f l u e n c e  w i t h  
t h e  Msunduze,  i s  n o t  p r e s e n t l y  c a r r y i n g  much w a t e r .  I t s  
u p s t r e a m  e n d  i s  b e i n g  s e a l e d  hy subaqueous  l e v e e  
g r o w t h ,  t y p i c a l  o f  what  o c c u r s  when o l d e r  c h a n n e l s  a r e  
abandoned .  



The s e d i m e n t a r y  wedqe seaward  o f  t h e  S.A.K. b r l d g e  
( F i g .  1 4 )  i s  a  t y p i c a l  s h a l l o w  w a t e r  f l u v i a l  d e l t a ,  
d i s p l a y i n g  t h e  c h a r a c t e r i s t i c  branching and  r e j o i n i n g  
o f  c h a n n e l s  a r o u n d  s a n d - r i c h  l o b e s .  No i n v e s t i g a -  
t i o n s  were mdde a s  t o  t h e  t h i c k n e s s  o f  t h e  " s a n d "  
d e p c s i t e d .  L o c a l  f a r m e r s  c l a i m  be tween 2 and  4 m .  
F l u v i a l  d e l t a  s e d i m e n t s  sampled  n e a r  t h e  S.A.R. b r i d g e  
consisted of  f i n e  - t o  medium-grained,  w e l l  s o r t e d  
s a n d .  Such s e d i m e n t s  a r e  u s u a l l y  d e p o s i t e d  f rom 
s u s p e n s i o n  a s  f l o o d  w a t e r s  p a s s  f rom a  c o n f i n e d  t o  
u n c o n f i n e d  s t a t e .  T h a t  i s ,  a s  t h e  f l o o d  w a t e r s  moved 
o u t  o f  t h e  c o n f i n e s  o f  t h e  r i v e r  v a l l e y ,  which e n d s  a t  
t h e  r a i l w a y  bric2qe, t h e y  r a p i d l y  s p r e a d  o u t  o v e r  t h e  f l a t  
w i t h  r e s u l t a n t  d r o p  i n  v e l o c i t y .  A t  t h i s  p o i n t  t h e  
c o a r s e s t  f r a c t i o n  o f  t h e  suspended  l o a d  would s t a r t  
t o  d r o p  o u t ,  b e i n g  t h e  f i n e  t o  medium g r a i n e d  s a n d s  
sampled .  

F lood  w a t e r s  would have  c o n t i n u e d  t h e i r  l a t e r a l  s p r e a d -  
i n g  a s  t h e y  moved down t h e  p r o g r e s s i v e l y  b r o a d e n i n g  
f l a t .  A s  a  r e s u l t ,  a s t e a d y  l o n g i t u d i n a l  r e d u c t i o n  i n  
v e i o c i t y  was s e t  up s u c h  t h a t  even  f i n e r  p o r t i o n s  o f  
t h e  s e d i m e n t  l o a d  would have  been  d e p o s i t e d .  S p r e a d i n g  
o f  f l u v i a l  w a t e r s  i n  p a s s i n g  f rom t h e  c o n f i n e d  t o  
u n c o n f i n e d  s t a t e  a n d  r e s u l t a n t  s e d i m e n t a t i o n  u s u a l l y  
c r e a t e s  a  s e d i m e n t  wedge t h a t  t h i n s  seaward  a n d  e x h i b i t s  
a p r o g r e s s i v e  d e c r e a s e  i n  g r a i n  s i z e .  T h i s  i s  t h e  
r e a s o n  t h a t  t h e  seaward  1 / 3  o f  t h e  f l a t  was o n l y  c o v e r e d  
by a  few c e n t i m e t r e s  o f  s i l t  and  c l a y ,  a l t h o u g h  h i g h  
d i s c h a r g e s  were  e x p e r i e n c e d .  

Once f l o o d  l e v e l s  f e l 1 , s u c h  t h a t  most  of t h e  d i s c h a r g e  
was c o n f i n e d  t o  t h e  wide new c o u r s e ,  c o a r s e  s e d i m e n t s  
would have  s t a r t e d  t o  f l u x  t h r o u g h  t h e  sys t em t o  t h e  
c o a s t .  A l a r g e  p o r t i o n  o f  t h e  s e d i m e n t  d e p o s t e d  s e a -  
ward o f  t h e  M f o l o z i  mouth would have  o n l y  r e a c h e d  t h i s  
a r e a  on t h e  f a l l i n g  s t a g e  o f  t h e  hydrograph .  T h i s  
phenomenon r e f l e c t s  a n  i m p o r t a n t  c h a r a c t e r i s t i c  o f  
suspended  s e d i m e n t  d e p o s i t i o n  i n  c o a s t a l  p l a i n s  t h a t  
h a s  s i g n i f i c a n t  c o n s e q u e n c e s  f o r  management o f  t h e  f l a t ,  
as w e l l  a s  S t .  L u c i a  E s t u a r y .  

S t .  L u c i a  and  Mfo loz i  mouth.  

A l l  man made s t r u c t u r e s  have  been  washed away a t  S t .  
L u c i a  e s t u a r y  mouth.  The e s t u a r y  h a s  assumed a  more 
n a t u r a l  n o r t h w a r d  d i r e c t e d  o r i e n t a t i o n .  A t  p r e s e n t  t h e  
mouth i s  d e e p  a s  e v i d e n c e d  by t h e  l a c k  of  b r e a k i n g  ocean  
waves.  The M f o l o z i  mouth,  which i s  s e p a r a t e  f rom t h e  
e s t u a r y  mouth,  h a s  a s i m i l a r  o r i e n t a t i o n .  

V a s t  amcunts  of  s e d i m e n t  have  been  d e p o s i t e d  i n  t h e  
n e a r s h o r e  and  e x i s t  a s  a l a r g e  m a r i n e  b a r  be tween  t h e  
mouths ,  and a s  a  c o n t i n u o u s  b a r  e x t e n d i n g  f rom n o r t h  o f  
t h e  e s t u a r y  mouth t o  Cape V i d a l .  Under t h e  i n f l u e n c e  



cf s o u t h  e a s t e r l y  s w e l l s  and  a l a r g e  I-!e,lrshore sedi- 
ment p o o l ,  b o t h  mouths s h o u l d  m i g r a t e  n o r t h w a r d s .  

On 9 F e b r u a r y  b o t h  mouths had  s t a r t e d  moving n o r t h w a r d s .  
Thc n o r t h  Lank o f  S t .  Luc ia  E s t u a r y  consisted of a  Lm 
c l i f f  t h a t  was s l o w l y  c u t t i n g  back i n t o  t h e  o l d  c a r  
p a r k ,  t h e  s t a b i l i z e d  dunes  ( p i c n i c  a r e a ) ,  a n d  t h e  b e a c h .  
I t  i s  d i f f i c u l t  t o  s p e c u l a t e  a s  t o  how f a r  e a c h  mouth 
w i l l  m i g r a t e  a s  i n  e a c h  c a s ~ ?  s t a b i l i z e d  dune  and  beach  
m a t e r i a l  c o u l d  impede movement. 

D .  Lake S t .  L u c i a .  

The Lake i s  now a l m o s t  c o m p l e t e l y  f r e s h  and i s  2-3 m 
above  s e a  l e v e l .  A l l  n a t u r a l  s p o n g e s  and  swamps 
s u r r o u n d i n g  t h e  l a k e  a p p e a r  t o  b e  c o m p l e t e l y  r e - c h a r g e d .  
A s  a  r e s u l t  Lake l e v e l s  c o u l d  remai.n h i g h  f o r  many 
months t o  come. T h i s  i n  t u r n  c o u l d  l e a d  t o  much needed  
s c o u r i n g  o f  t h e  s i n u o u s  c h a n n e l  t h a t  c o n n e c t s  t h e  Lake 
p r o p e r  t o  t h e  sea. 

E .  L ink  C a n a l .  

The L ink  C a n a l  a p p e a r s  t o  b e  a n  e c o l o g i c a l  d i s a s t e r  
b e c a u s e  f i r s t l y ,  t h e  d r e d g e  s p o i l  p i l e s  have  a c t e d  t o  
impound some marsh  a r e a s .  Numerous s t u d i e s  i n  c o a s t a l  
L o u i s i a n a  ( f o r  a  r e v i e w  see Boesch 1982)  have  shown 
t h a t  marshes  need  c o n t i n u o u s  movement o f  water t h r o u g h  
t h e  s y s t e m  t o  i n t r o d u c e  n u t r i e n t s  and  remove t o x i c  
a c c u m u l a t i o n s .  S e c o n d l y ,  t h e  c a n a l  f l o o r ,  e s p e c i a l l y  
n e a r  t h e  i n t a k e  works c o n s i s t s  o f  f i n e  t o  medium-grained 
w e l l  s o r t e d  s a n d s .  These  w h i t e  s a n d s  a p p e a r  t o  b e  o l d  
dune m a t e r i a l  and  a r e  o f  a  s i z e  t h a t  i s  e a s i l y  e n t r a i n e d  
and  t r a n s p o r t e d  a s  suspended  l o a d  a t  r e l a t i v e l y  low 
v e l o c i t i e s .  Accumula t ions  o f  v e r y  w h i t e  s a n d  on t h e  
banks  o f  t h e  c a n a l  where it c r o s s e s  t h e  Mtubatuba  r o a d  
no d o u b t  r e p r e s e n t s  s and  t h a t  w a s  s c o u r e d  o u t  o f  t h e  
c a n a l  f a r t h e r  u p s t r e a m  d u r i n g  t h e  f l o o d .  T h e r e  i s  a  
s t r o n g  p o s s i b i l i t y  t h a t  s u c h  s e d i m e n t s  c o u l d  h a v e  
r e a c h e d  t h e  e s t u a r y .  I f  s o ,  t h e y  c o u l d  b e  a  ma jo r  
problem a s  once  i n  t h e  e s t u a r y  t h e  s a n d s  would mix w i t h  
t h e  v e r y  c o h e s i v e  e s t u a r i n e  muds, f o r m i n g  a  m i x t u r e  
t h a t  would r e q u i r e  some e n e r g y  t o  b e  moved. 

A s  t h e  M f o l o z i  r i v e r  i s  now c u t  o f f  f rom t h e  main r i v e r  
f l o w ,  ( F i g .  1 4 )  e s t u a r i n e  w a t e r s  c o u l d  f l o w  down t h e  
l i n k  c a n a l ,  i n t o  t h e  o l d  r i v e r  c h a n n e l  and  t h e n c e  t o  t h e  
s e a .  Such a  c o n d i t i o n  r e d u c e s  t h e  p o t e n t i a l  e n e r g y  f o r  
s c o u r i n g  o f  S t .  L u c i a  e s t u a r y ,  s eaward  o f  t h e  l i n k  c a n a l  
d e p a r t u r e  p o i n t .  I n  a d d i t i o n ,  b e c a u s e  o f  t h e  n a t u r e  
of  t h e  bo t tom s e d i m e n t s  i n  t h e  c a n a l ,  t h e  c r o s s  s e c t i o n a l  
a r e a  c o u l d  i n c r e a s e  t h r o u g h  s c o u r ,  f u r t h e r  r e d u c i n g  
f l o w  down t h e  e s t u a r y .  

F. Mkuze Swamps. 

Water  l e v e l s  i n  t h i s  a r e a  a r e  h i g h .  S e d i m e n t a t i o n  h a s  
o c c u r r e d  i n  t h e  u p p e r  r e a c h e s  o f  t h e  swamp . EIowever, 



w a t e r  e n t e r i n g  t h e  n o r t h e r n c o m p a r t m e n t  o f  t h e  l a k e  
a p p e a r s  t o  be  r e l a t i v e l y  s e d i m e n t  f r e e ,  due  t o  t h e  
n a t u r a l  f i l t e r i n g  p r o c e s s  o f  t h e  swamps. 

The swamp s u r f a c e  i s  n a t u r a l l y  s u b s i d i n g  and  t h u s  
a p p e a r s  t o  be a b l e  t o  accommodate v a s t  amounts  o f  s e d i -  
ment .  

SOME POTENTIAL PROBLEMS I N  FUTURE MANAGEMENT. 

A.  Farming .  

An a s s e s s m e n t  o f  how much s a n d  and  i t s  q u a l i t y  w i l l  be  
n e c e s s a r y , t o  d e t e r m i n e  i f  l a r g e  s c a l e  f a r m i n g  w i l l  b e  
p o s s i b l e  i n  t h e  u p p e r  r e a c h e s  o f  t h e  M f o l o z i  F l a t .  
I f  a n o t h e r  f l o o d  o c c u r s  i n  t h e  n e a r  f u t u r e  t h e  f l u v i a l  
d e l t a  would b e  r e a c t i v a t e d  a n d  downstream mig ra t . i on  o f  
s u c h  s y s t e m s  i s  t y p i c a l l y  v e r y  r a p i d .  

B.  C o n s e r v a t i o n  n e e d s .  

The Lake S t .  L u c i a ' s  s y s t e m  of  sponges  a n d  m a r s h e s  a r e  
now w e l l  c h a r g e d .  W i t h i n  a few months  t h e  l a k e  c o u l d  
b e  i n  a  p r i s t i n e  e c o l o g i c a l  c o n d i t i o n .  The m a j o r  a r e a  
o f  c o n c e r n  b e i n g  t h e  mouth.  A s  l a k e  l e v e l s  f a l l  s o  
w i l l  t h e  p o t e n t i a l  e n e r g y  a v a i l a b l e  t o  k e e p  t h e  mouth 
s c o u r e d .  I f  a n y  more s e d i m e n t  w e r e  i n t r o d u c e d  s e a -  
ward o f  t h e  p r e s e n t  Mfolozi /Msunduze mouth,  t h r o u g h  m a n ' s  
a c t i v i t i e s  s u c h  a s  l a r g e  s c a l e  dumping f u r t h e r  u p s t r e a m ,  
t h e  S t .  L u c i a  e s t u a r y  mouth would become s e v e r e l y  d e g r a d e d .  
The s y s t e m s  c o u l d  however t o l e r a t e  a n o t h e r  f l o o d ,  a s  
a l t h o u g h  t h i s  would i n c r e a s e  t h e  n e a r s h o r e  s e d i m e n t  s u p p l y ,  
it would a l s o  r a i se  l a k e  l e v e l s .  

Shou ld  a  d e c i s i o n  b e  made t o  a l l o w  M f o l o z i  f l a t s  t o  
r e v e r t  back  t o  n a t u r e ,  i . e .  t o  become a  swamp s y s t e m  
s u c h  a s  t h e  Mkuzi ,  b a r r a g e s  a n d  s u c h  would b e  needed  t o  
enhance  t h e  t r a n s f o r m a t i o n .  I n  a d d i t i o n  b r e a k s  i n  t h e  
e x i s t i n g  a r t i f i c i a l  l e v e e s  would h a v e  t o  b e  made. I t  
i s  i m p o r t a n t  t o  n o t e  t h a t  i f  t h e  n o r t h e r n  h a l f  o f  t h e  
s y s t e m  i s  l e f t  a s  it i s ,  a  wind blown dune f i e l d  c o u l d  
r e s u l t .  

L a s t l y ,  i f  t h e  r e c e n t l y  abandoned l o w e r  M f o l o z i  R i v e r  
i s  t o  o p e r a t e ,  ma jo r  r e m e d i a l  measu res  w i l l  b e  n e c e s s a r y .  

RESEARCH AND DATA GATHERING TASKS. 

The d r a m a t i c  change  i n  t h e  p h y s i c a l  e n v i r o n m e n t  a s  a  
r e s u l t  o f  Demoina h a s  g i v e n  r i s e  t o  t h e  need  f o r  some 
i m p o r t a n t ,  u r g e n t  s t u d i e s .  



A .  M f o l o z i  F l a t s .  
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I .  Whether  f a r m i n g  o r  c o n s e r v a t i . o n  n e e d s  a r e  t o  be 
satisfied, t h e  q u a l i t y  a n d  q u a n t i t y  of s e d i m e n t  d e p o s i -  
t e d  i n  t h e  f l a t s  h a s  t o  b e  d e t e r m i n e d .  

2 .  A b e t t e r  l ~ n d e r s t a n d i n g  o f  t h e  x a t u r a l  p r o c e s s e s  .in 
t h e  M f o l o z i  f l a t s  i s  n e e d e d ,  a s  i s  a n  a s s e s s m e n t  o f  t h e  
i n f l u e n c e  o f  m a n ' s  a c t i v i t i e s  on t h e s e  p r o c e s s e s .  
Such a. s t u d y  c o u l d  show which  n a t u r a l  p r o c e s s  c o u l d  be  
u t i l i z e d  t o  man ' s  b e n e f i t .  

C o a s t a l  D r o c e s s e s  i n  t h e  M f o l o z i / S t .  L u c i a  E s t u a r v  
e n v i r o n s .  

P r e v i o u s  a t t e m p t s  a t  S t .  L u c i a  Mouth s t a b i l i z a t i . o n  w e r e  
v e r y  e x p e n s i v e  a s  t h e y  n e c e s s i t a t e d  a l m o s t  c o n t i n u o u s  
d r e d g i n g .  T h i s  was b e c a u s e  o f  c o n t i n u o u s  s e d i m e n t a t i o n  
i n  t h e  mouth which r e f l e c t e d  t h e  wrong mouth c o n f i g u r a -  
t i o n ,  a s  w e l l  a s  s t a b i l i z a t i o n  o f  t h e  wrong f l a n k  o f  
t h e  c h a n n e l .  The more n a t u r a l  p r e s e n t  c o n d i t i o n s  mean 
t h a t  a  t i m e l y  c o a s t a l  p r o c e s s  s t u d y  c o u l d  b e  u n d e r t a k e n  
a t  a  t i m e  when s e d i m e n t  s u p p l y  i s  i n  abundance .  Synop- 
t i c  m o n i t o r i n g  now, w i l l  i n d i c a t e  t h e  dominan t  m a r i n e  
p r o c e s s e s  r e s p o n s i b l e  f o r  s h a p i n g  t h e  two mouths .  

C .  Compara t ive  s t u d y ,  M f o l o z i  f l a t s  a n d  Mkuzi swamps. -- 
C o n t r o v e r s y  h a s  r a g e d  s i n c e  t h e  e a r l y  1 9 2 0 ' s  a s  t o  t h e  
p r o s  a n d  c o n s  o f  swamp c l e a r i n g  f o r  s u g a r  c a n e  i n  t h e  
M f o l o z i  f l a t s .  A s t u d y  o f  t h e  r e s p o n s e  o f  e a c h  of  
t h e  above  s y s t e m s  t o  t h i s  m a j o r  s t o r m  c o u l d  i n d i c a t e  
t h e  m a j o r  d i f f e r e n c e s  i n  r e s p o n s e  b e h a v i o u r ,  a n d  would 
b e  e x t r e m e l y  u s e f u l  t o  f u t u r e  management n e e d s .  

D .  Ca tchment  s t u d i e s .  - 

Many c l a i m s  a r e  made by v a r i o u s  g r o u p s  a n d  o r g a n i z a -  
t i o n s  t h a t  e f f e c t i v e  c a t c h m e n t  management c o u l d  p r e v e n t  
m a j o r  d i s a s t e r s  s u c h  a s  t h e  p r e s e n t  o n e .  However , 
v e r y  l i t t l e  i s  known a s  t o  how d e g r a d e d  a r e  t h e  c a t c h -  
men t s .  S e c o n d l y ,  was a l l  t h e  s e d i m e n t  d e p o s i t e d  i n  
t h e  f l a t s  d i r e c t l y  d e r i v e d  f rom t h e  c a t c h m e n t .  From 
my s h o r t  v i s i t  t o  M f o l o z i  Game R e s e r v e  it a p p e a r e d  t h a t  
d e p o s i t i o n  e q u a l l e d  e r o s i o n .  I f  t h i s  was t h e  c a s e  - 
where  d i d  t h e  v a s t  amounts  o f  s e d i m e n t  come from t h a t  
w e r e  d e p o s i t e d  i n  t h e  M f o l o z i  F l a t s ?  Did t h i s  sed imen-  
t a t i o n  r e f l e c t  t h e  c o n s e q u e n c e s  o f  n a t u r a l  and  man i n -  
duced  c h a n g e s  i n  t h e  Mfol-ozi F l a t s ?  

E .  B a s e l i n e  S t u d i e s  - Lake S t .  L u c i a .  - ---- 
N a t u r e  h a s  g i v e n  man a  c h a n c e  t o  undo a l l  p r e v i o u s  
management i l l s ,  and  t o  s t a r t  a f r e s h .  However, b a s e l i n e  
p h y s i c a l  s t u d i e s  a r e  o f  f u n d a m e n t a l  i m p o r t a n c e  b e f o r e  
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managen~er!t. decisions can be made. Such studies should 
include, 

1 )  Bathymetry of the system. 
2) Nature of bott.om sediment types, and 
3) Principal circulation patterns. 

There is no conclusive evidence as to whether the various 
lake compartments are undergoing major changes in depths. 
If major bathymetric changes are occurring, these could 
influence circulation pattcrns, and the erosive poten- 
tial of wind waves, etc. The important mechanisms in 
defining bottom configuration include 

1 )  Deposition or erosion due to currents. 
2 )  Erosion of banks duc to w a v e s -  
3 )  Progradation of shore~lines (storm beaches in 

particular) . 
4) Subsidence due to dewatering and compaction. 

Fortunately, a suite of bottom sediment samples was 
collected by the Natal Parks Board in 1981, additional 
samples being collected by researchers since then. 
Such data could be compared to the present sedimentary 
regime. However, a sediment sampling and shallow 
coring program should be undertaken immediately, before 
wind waves mix any new,sediment into older material. 
Typically, lake bottom material is composed of dark 
grey organic rich silts and clays. Any sediment intro- 
duced by rivers, although they may have a grain size 
distribution similar to lake sediments, would be brown 
in colour. Such stratification, easily recognized in 
shallow cores, would give an idea of thicknesses of 
flood derived sediments. 

A base line map of bottom sediment types would be of 
considerable value to biologists, who would then have 
an idea of substrate variation within the lake. 

Currents in Lake St. Lucia are forced by wind stress. 
A regular reversal of currents, reflecting changing 
wind patterns, thus characterizes the system. Such 
currents play an important part in reshaping islands, 
shorelines and the like. Secondly, knowledge of 
major circulation routes is fundamental to understanding 
movements of biological organisms. 

A circulation study should include not only current 
measurements, but also wind and water level data. I n 
this way a predictive circulation model could be develop- 
ed. Knowledge of present circulation patterns, when 
lake levels are high, could eventually be compared to 
such pattcrns during low water years. 
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A b a s e  l i n e  s t u d y ,  now, would p o i n t  o u t  t h e  ma jo r  
p h y s i c a l  f e a t u r e s  a n d , d r i v i n g  f o r c e s  i n  t h e  Lake S t .  
L u c i a  sys t em.  

CONCLUSIONS. 

N a t u r e  h a s  r e c e n t l y  p r o v e d  how p o w e r f u l  it i s  i n  
r e s h a p i n g  man ' s  env i ronmen t .  I t  h a s  a l s o  p r o v i d e d  u s  
w i t h  t h e  o p p o r t u n i t y  t o  r e - a s s e s  man ' s  a c t i v i t i e s  i n  
t h e  M f o l o z i / S t .  L u c i a  area and  t o  d e v e l o p  a s t r i c t  
management p l a n .  L a s t l y ,  t h e  f l o o d  h a s  emphas ized  
t h a t  a l l  t h i n g s  b i o l o g i c a l ,  are  o n l y  a r e s p o n s e  t o  t h e  
p h y s i c a l  env i ronmen t .  
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F i g u r e  2 . a )  S t r a i g h t ,  b r a i d e d  and  meander ing  c h a n n e l  
p a t t e r n s .  (From Re ineck  and  S i n g h  1 9 7 3 ) .  

b )  C l a s s i c a l  p o i n t  b a r  model f o r  meander ing  
s t r e a m .  
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F i g u r e  3 .  Morphology o f  c o a s t a l  f l u v i a l  p l a i n .  

F i g u r e  4 .  S e c t i o n  of f l u v  

b t p o S I n  

i a l  p l a i n  s e d i m e n t s .  
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Figure 6 .  Features of the littoral zone. 
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F i g u r e  7 .  O c e a n o g r a p h i c  f e a t u r e s .  

1 
(From Begg ' 1 9 7 8 ) .  
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F i g u r e  8 .  D i a g r a m a t i c  s k e t c h  of  r e l a t i o n s h i p  between 
r i p  c u r r e n t s ,  l o n g s h o r e  b a r s  and c u s p a t e  
h o r n s  under  t h e  i n f l u e n c e  of  s o u t h e r l y  s w e l l s .  

Diagrammatic s k e t c h  of  r e l a t i o n s h i p  between 
r i p  c u r r e n t s ,  l o n g s h o r e  b a r s  and beach c u s p s  
under  t h e  i n f l u e n c e  o f  onshore  s w e l l s .  



Figure 10. Sketch of changing locations in estuary mouth. 



F i g u r e  1 1 .  C r o f t s  s u r v e y ,  1 9 0 5  (From Begg 1 9 7 8 ) .  
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Figure 12. Natural and man-made changes in the 
St. Lucia and Mfolozi Estuaries; 1905 
to 1972 (Modified from Begg 1978). 






