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'Ihis s t u d y  shows t h a t ,  a f t e r  l e a v i n g  a s i d e  t h e  biogeochemical i n f l u -  

ences  on s e d i m e n t a t i o n ,  t h e  r a t i o  of t h e  c o n c e n t r a t i o n  f o r  a given d i s s o l v e d  

element ( i )  between t h e  water  o f  a l a k e  and t h e  water  o f  i t s  t r i b u t a r i e s  : 

: I L / {  I I  af depends o n l y  bn d i f f e r e n t  h y d r i c  parameters  i n h e r e n t  i n  t h e  

geographica l  r e g i o n  c o n s i d e r e d .  The c o n t r i b u t i o n  of c e r t a i n  of t h e s e  parameters ,  

such a s , e v a p o r a t i o n ,  r a i n f a l l  and i n f i l t r a t i o n  r e l a t i v e  t o  t h e  inf lows  a r e  

q u a n t i f i e d .  

A l a k e  i s  a s t o r a g e  v e s s e l  o f  r a i n w a t e r ,  r u n - o f f  water  and/or  r e s u r -  

gent  waters, ' Ihe l a t e r  two a r e  loaded wi th  d i s s o l v e d  elements  and s o l i d  p a r t i -  

c l e s  ; t h e  l a k e  n e c e s s a r A y  begins  i n  a t o p o g r a p h i c a l  d e p r e s s i o n  which may be 

opened o r  c l o s e d .  'Ihe s t o r a g e  p r o c e s s  i s  g e n e r a l l y  cumulat ive f o r  t h e  s o l i d  

s u b s t a n c e s  ; on t h e  c o n t r a r y ,  i t  i s  a dynamic t y p e  f o r  d i s s o l v e d  elements  and 

w a t e r .  Indeed, t h e  volume of  a l a k e  and t h e  v a r i o u s  s t o c k s  of  d i s s o l v e d  elements 

a r e  c o n t i n u a l y  changed by t h e  i n t e r p l a y  of such l o s s e s  and g a i n s  - t h e  o v e r a l l  

e f f e c t  be ing  t o  m a i n t a i n  a more o r  less  c o n s t a n t  l e v e l .  The l a k e  volume and 
I 

t h e  s t o c k s  of d i s s o l v e d  matter a r e  on f i r s t  approximation " s t a t i o n a r y "  d a t a .  'Ihe 

same s i t u a t i o n  e x i s t s  f o r  t h e  chemical composi t ion of  waters' ,  s i n c e  t h i s  i s  t h e  

r e s u l t  o f  dynamical e q u i l i b r i a  which c o n t r o l  t h e  volume of t h e  l a k e  and i t s  

d i f f e r e n t  s a l t  s t o c k s .  

Thus, t o  u n t e r s t a n d  o r  p r e d i c t  t h e  chemical composi t ion of  a l a c u s t r i n e  

"mil ieu",  i t  is n e c e s s a r y  t o  a s - c e r t a ï n  and q u a n t i f y  t h i s  v a r i o u s  t r a n s f e r s  o f  

waters  and d i s s o l v e d  s a l t s  which a r e  connected w i t h  t h e  l a k e  œ b e c a u s e ,  i t  i s  t h e  

mixing of  t h e s e  components which causes  t h e  t r a n s f o r m a t i o n  i n  t h e  chemical  com- 

p o s i t i o n  of  t h e  i n f l o w s  waters. 

What i s  t h e  n a t u r e  o f  t h e s e  t r a n s f e r s  ? How do they c o n t r i b u t e  t o  t h e  

hydrochemical r e g u l a t i o n  of  a l a k e  ? We h e r e  propose some answers t o  t h e s e  
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q u e s t i o n s ,  r e f e r i n g  t o  our  preceed-ing works about  t h e  r e g u l a t i o n  of l a k e  Chad 

( J . P .  CARMOUZE, I 9 7 6  - J .P .  CARMOUZE e t  G .  PEDRO, 1 9 7 7 ) .  

I - TRANSFERS OF WATERS AND DISSOLVED SALTS 1 N . A  LAKE - THEIR ROLE I N  THE SALT 
_c_ 

EEGULATION. --- 
1.1. - Water t r a n s f e r s .  

I n  a l a c u s t r i n e  "mil ieu",  t h e  incoming w a t e r  g e n e r a l l y  come from t r i b u -  

t a r i e s  (V),f, r a i n s  (V) 

ses a r e  due t o  o u t l e t s  (V),f, e v a p o r a t i o n  (L')eV and i n f i l t r a t i o n  (V)in ( f i g  I )  

and more r a r e l y  r e s u r g e n t  w a t e r s  ( V ) r e ,  whi le  t h e  l o s -  P l  

! 

I 

l 
. .  , .  

. !  

I 

. .  

I 

. .  . 

. F i g  I . W a t e r  t r a n s f e r s  i n  . .  a l a k e  

I n  a y e a r l y  c y c l e ,  t h e  b a l a n c e  between t h e  i n f l o w s  and out f lows  i s  

o n l y  e x c e p t i o n a l l y  r e a l i s e d  ; t h i s ,  o b v i o u s l y ,  causes  v a G a A i o n s  i n  t h e  volume. 

But ,  i f  a l o n g e r  p e r i o d  i s  c o n s i d e r e d ,  i t  i s  v e r y  o f t e n  n o t i c e d  t h a t  t h e  volume 

o s c i l l a t e s  n e a r  an average  v a l u e  w h i c h  e n a b l e s  one t o  d e f i n e  a mean annual  h y d r i c  

equcl ibr ium - f o r  t h i s  l a k e  ; t h u s ,  one may w r i t e  : 

Waf + (?),I + (?Ir- = mef + (?)eV + ( ? ) i n  (+>  (I) 

.. . __ ., ___._ . . - . . . . . .- ~ - _ _ _  -. . , 

(+)  ( i )  i s  t h e  mean annual  volume o f  v a r i o u s  inf lows  and out f lows  

... , . .  .. _. . . , . ,,_ ~ ..- ~.._._-II -_.- . 
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F i g  2 T r a n s f e r s  o 

\Je should  a l s o  n o t i c e  t h a t  t he  volumes o f  wa te r s  l o s t  by evapora t ion  

and rece ived  by r a i n s  are p r o p o r t i o n a l  b t h e  s u r f a c e  of  t h e  l a c u s t r i n e  "mi l ieu"  

cx1 t he  o t h e r  hand ,  t hose  l o s t  by i n f i l t r a t i o n  and supp l i ed  by r e s u r g e n t  w a t e r s ,  

bo th  of which a r e  r e g u l a t e d  by t h e  hydrogeo log ica l  c h a r a c t e r i s t i c s  o f  t h e  b a s i n ,  

are  a l s o  dependent on t h e  s u r f a c e  a r e a ,  on ly  t h i s  r e l a t i o n s h i p  i s  n o t  a l i n e a r  

one ,  as i n  t h e  c a s e  o f  t h e  f i r s t  two t r a n s f e r s .  

Thus i n f i l t r a t i o n  and r e su rgences  a r e  n o t  impor tan t  t r a n s f e r s  o f  water 

compared wi th  t h e  o t h e r  p rocesses  and i t  may be concluded t h a t ,  f o r  a c e r t a i n  

suppl.y, t h e  v a r i o u s  t r a n s f e r s  of  wa te r s  r e l a t e d  t o  the  l a k e  de te rmine ,  by t h e i r  . 

combinat ion,  a s u r f a c e  area which i s  i n  agrement with equa t ion  (I). The s u r f a c e  

co r re spond ing  t o  t h i s  mean annual  volume, we may c a l l  t h e  "equ i l ib r ium s u r f a c e "  

s i m i l a r l y  an "equ i l ib r ium volume" i s  def ined,  t h i s  e v i d e n t l y  depends upon t h e  

form o f  the  b a s i n .  Thus two l a k e s ,  which have  s i m i l a r  water  t r a n s f e r  c h a r a c t e -  

r i s t i ç s ,  may have comple t ly  d i f f e r e n t  volumes. 

; 

In  t h e  c a s e  o f  e n d o r e i c  systems occur ing  i n  a r i d  and semi-ar id  c l ima-  

t e s ,  t h e  h y d r i c  e q u i l i b r i u m  d e s c r i b e d  above becomes s i m p l i f i e d  : l o s s e s  a re  

on ly  due t o  evapora t ion  and t o  a l e s s e r  e x t e n t  by i n f i l t r a t i o n .  

1 . 2 .  - T r a n s f e r s  o f  d i s s o l v e d  s a l t s  

The i n f l u x e s  of  d i s s o l v e d  s a l t s  c h i e f l y  come from t r i b u t a r i e s  

more r a r e l y  and t o  a lesser  e x t e n t  from e o l i a n  d e p o s i t s  ( o r  "dry p r e c i p i t a t i o n s " )  

( i ) e o ,  from r e s u r g e n t  waters ( i l r é  and as a product  of chemical d i s s o l u t i o n  

e t c  occur ing  a t  t he  l a k e  bot tom ( i l a s .  Losses  a r e  due t o  o u t l e t s  ( i l e f ,  i n f i l t r a -  

t i o n  ( i ) i n  and chemica l  s ed imen ta t ions  ( i l S 4  ( t h e s e  l a t t e r  account  f o r  a l l  t h e  

t r a n s f o r m a t i o n s  r e s u l t i n g  i n  i n s o l u b l e  forms o f  a d i s s o l v e d  element  ; hydrochemi- 

c a l ,  geochemical o r  b iochemica l  p rocesses  are invo lv ing  i n  t h e s e  t r ans fo rma-  

t i o n s )  ( f i g  2 ) .  

( i > a f ,  

i s s c - v e d  s a l t s  i n  a l a k e .  
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F o r  e v e r y  d i s s o l v e d  element  ( i l ,  a dynamic b a l a n c e  t e n d s  t o  be 

maintained which may be w r i t t e n  as f o l l o w s  : 

For g iven  r a t i o s  i n  i and a g iven  h y d r i c  regime, t h e  s t o c k  of  t h e  

l a k e  i n  i changes t o  a t t a i n  an importance such a s  e q u a t i o n  ( 2 )  conf i rms .  Thus, 

i n  t h e  case of  a medium which i s  chemica l ly  uni form,  one can  e a s i l y  e s t i m a t e  

t h e  "e 'qui l ibr ium s tock"  

t i o n "  

from t h e  moment r;hen t h e  " e q u i l i b r i u m  c o n c e n t r a -  

{ : } L i s  known : 

r e p r e s e n t s  t h e  average volume of  t h e  l a k e .  

R e f e r i n g  t o  t h e s e  r e l a t i o L s h i p s ,  i t  becomes c lear  t h a t  w e  may have 

two l a k e s  which c o n t a i n  waters  s u b j e c t  t o  t h e  same t r a n s f e r  o f  m a t e r i a l s  and - 
which have t h e  same chemical  r e a c t i v i t y ,  whereas t h e y  may have d i f f e r e n t  s t o c k s  

of  d i s s o l v e d  s a l t s  ; t h e s e  s a l t s  b e i n g  r e l a t e d  t o  t h e  l a k e  volume, t h a t  i s  t o  
- 

s a y  t h e  form of  t h e  b a s i n .  
. I  

To conclude ,  t h r e e  t y p e s o f  t r a n s f e r  o f  m a t e r i a l s  seem t o  r e g u l a t e  t h e  

chemical composi t ion  of  l a c u s t r i n e  w a t e r s  : 

- e x c l u s i v e  t r a n s f e r s  o f  w a t e r s  ( o r  n e a r l y )  : i . e .  r a i n f a l l s  and 

e v a p o r a t i o n .  
? , 

- e x c l u s i v e  s a l t  t r a n s f e r s ,  i . e .  e o l i a n  d e p o s i t s  and v a r i o u s  p r o d u c t s  - 
r e l e a s e d  o r  bound by chemical r e a c t i o n .  

I - mixed t r a n s f e r s  cor responding  w i t h  t h e  f lows from t r i b u t a r i e s ,  by 

t h e  o u t l e t s ,  i n f i l t r a t i o n  and i n  t h e  r e s u r g e n t  w a t e r s ,  

From t h e  above, i t  i s  e a s y  t o  r e a l i z e  t h a t  t h e  chemical  composi t ion 

of  w a t e r s  on ly  remains unchanged i n  t h e  c a s e  where t h e  e x c l u s i v e  t r a n s f e r s  o f  

w a t e r  and d i s s o l v e d  s a l t s  t a k e  p l a c e  a c c o r d i n g  t o  a r a t i o  e q u a l  t o  t h e  one 

e x i s t i n g  between t h e  volume of  i n f l o w i n g  w a t e r  and t h e  s a l t  c o n t e n t  of  t h i s  

w a t e r .  R i s  c a s e  i s  r a r e ,  s o  t h a t  g e n e r a l l y  t h e r e  i s  an  e v o l u t i o n  i n  t h e  chemis- 

t r y  of  t h e  i n f l o w i n g  w a t e r s  i n  a l a k e  : t h i s  e v o l u t i o n  i s  r e l a t e d  w i t h  t h e  

(+) ( I )  i s  t h e  mean annual q u a n t i t y  o f  d i s s o l v e d  element  i and { l i t s  mean 
c o n c e n t r a t i o n .  
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balance  of  v a r i o u s  t r a n s f e r s  d e f i n e d  above. This m a t t e r  will now be d i s c u s s e d .  

1 . 3 .  - General  p r i n c i p l e s  of  s a l t  r e g u l a t i o n  

Choosing t h e  r a t i o  between the  mean c o n c e n t r a t i o n  i n  t h e  l a c u s t r i n e  

waters  and i n  t h e  t r i b u t a r i e s '  waters  : { I } / { } a s  a parameter  

f o r  s t u d y  f o r  t h e  d i s s o l v e d  elements  ( i )  and s t a r t i n g  from a somewhat s i m p l i -  

f i e d  l a c u s t r i n e  system, i . e .  : 

a f  

a )  The e v e n t u a l  d i s s o l u t i o n  o f  s a l t s ,  which a r e  g e n e r a l l y  n e g l i g l  b l e  

wi th  regard  t o  t h e  o t h e r  t r a n s f e r s  w i l l  n o t  b e  t a k e n  i n t o  c o n s i d e r a t i o n  

( i l  a s  " O ) .  

b )  The "mil ieu" i s  considered as' b e i n g  chemica l ly  uniform.  

Under t h e s e  c o n d i t i o n s  : 

bking consequent ly  t h e  f r a c t i o n  of  in f lows  which sediments  o u t ,  w i t h  

0 < f s  < 1) 
(3 )  becomes : 

I 1 

Thus chemical e v o l u t i o n  depends on two main groups of f a c t o r s  : 

I )  The a tmospher ic  exchanges ( e v a p o r a t i o n ,  r a i n )  which r e p r e s e n t  

e x c l u s i v e  t r a n s f e r s  of  w a t e r s  and t h e  t o t a l  t r a n s f e r s  o f  waters  charged w i t h  

d i s s o l v e d  s a l t s  (ou t f lows  and i n f i l t r a t i o n ) .  These exchanges of m a t e r i a l s  are 

t h u s  e s s e n t i a l l y  determined by t h e  h y d r o l o g i c a l ,  hydrogeologica l  and c l i m a t i c  

c h a r a c t e r i s t i c s  of  t h e  "milieu" ; t h i s  l a t t e r  may be regrouped under  t h e  t i t l e  

o f  g e o g r a p h i c a l  c h a r a c t e r i s t i c s .  

2) The f r a c t i o n  of  t h e  i n f l o w  which r e a c t s  t o  g ive  i n s o l u b l e  compounds 

i n  t h e  l a k e .  This  t r a n s f e r  t h u s  depends on t h e  n a t u r e  of  t h e  d i s s o l v e d  e l e m e n t s  

p r e s e n t ,  of t h e i r  mutual a f f i n i t y  and t h e i r  a p t i t u d e  t o  r e a c t  a s  a f u n c t i o n  o f  

t h e  physicochemical  and b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  l a c u s t r i n e  e n v i r o n -  

nement. These f a c t o r s  are e s s e n t i a l l y  of a biogeochemical  n a t u r e ,  

Under t h e s e  c o n d i t i o n s ,  an element which p r e s e n t s  a z e r o  chemical  

a f f i n i t y  f o r  a g iven  medium i s  uniquely  c o n t r o l l e d  by t h e  geographica l  charac- 
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t e r i s t i c s  of t h e  system 

upon t h e  g e n e r a l  c o n t r i b u t i o n  of t h e  biogeochemical  phenomena. 

; we s h a l l  now e l a b o r a t e  upon t h i s ,  b e f o r e  remarking 

2 - INTERVENTION OF GEOGRAPHICAT, FACTORS I N  T i E  SALT REGULATION 

2 . 1 .  - C o n t r i b u t i o n  by c l i m a t i c  pa rame te r s .  

When t h e  r e g u l a t i o n  i s  c o n t r o l e d  on ly  by geograph ica l  c h a r a c t e r i s t i c s  

( f s  = o ) ,  equa t ion  44) s i m p l i f i e s  t o  ( 4 ' )  : 

But w e  have : 

It fo l lows  : 

(5 )  

This l a s t  e x p r e s s i o n  h a s  advantage  of c o n t a i n i n g  on ly  t h e  t r a n s f e r -  . 
paramete r s  which may be d i r e c t l y  measured ( e v a p o r a t i o n ,  r a i n f a l l  and f l u v i a t i l e  

i n f l o w s ) .  Two g r a p h i c a l  r e p r e s e n t a t i o n s  have been envisaged  : 

- ?he f i r s t  r e p r e s e n t a t i o n  t a k e s  i n t o  account  on ly  t h e  ba l ance  o f  

II e v a p o r a t i o n  - r a i n f a l l " ,  exp res sed  r e l a t i v e l y  t o  t h e  c o n t r i b u t i o n  o f  t p e  t r i b u -  

t a r j e s  : 

f l  may be p o s i t i v e , n u l  o r  n e g a t i v e . -  depending upon whether  t h e  e v a p o r a t i o n  

i s  s u p e r i o r ,  equa l  o r  i n f e r i o r  t o  t h e  r a i n f a l l  ; t h u s  : 

- The second g r a p h i c a l  r e p r e s e n t a t i o n  i s  concerned more wi th  t h e  

s e p a r a t e  c o n t r i b u t i o n s  of t h e  two pa rame te r s  : e v a p o r a t i o n  and r a i n f a l l ,  which 

a r e  always expressed  i n  terms r e l a t i v e  t o  t h e  in f lows  ; t h i s  pe rmi t s  u s  t o  

p r e c i s e  t h e  c o n t r i b u t i o n  of each o f  t h e s e  t r a n s f e r s  t o  t h e  s a l t  r e g u l a t i o n  
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s i  i 

i 
I 

with  f 2  and f 3  '> O 

f 2  - f 3  ,# 

It fo l lows  : f l  = 

I 

( 7 )  - - 
{ E }  af 1 - (f2:f3) 

Equat ions  ( 6 )  and ( 7 )  r e p r e s e n t  two hyperbolae  from which we are 

a b l e  t o  e v a l u a t e  t h e  r o l e ,  i n  t h e  s a l t  r e g u l a t i o n ,  of  t h e  c l i m a t i c  f a c t o r s  

r e l a t i v e  t o  f l u v i a l  h y d r o l o g i c a l  parameters .  

2 .1 .1 .  - The g e n e r a l  r o l e  of  t h e  "evapora t ion  - r a i n f a l l "  b a l a n c e .  

Graphica l  r e p r e s e n t a t i o n  of (6)  shows an i n t e r s e c t i o n  of  t h e  c u r v e  

with' t h e  o r d i n a t e  a x i s  when f l  = O ( f i g  3 )  

9.. 

8- 

. .  
1.5 1 0.5 Oò a5 1 

-+- 

fr  

F i g  3 V a r i a t i o n  o f {  E }L/ { E }af  w i t h  f l y  when f ,  = O 

(Equat ion 6)  and f,  # O (Equat ion  9)  

Three zones a r e  r e c o g n i z a b l e  : . 

. -  To t h e  r i g h t  f l  > O ,  a zone cor responding  t o  E > P ; t h e  c o n c e n t r a -  

t i o n  of l a c u s t r i n e  w a t e r s  i s  h i g h e r  t h a n  t h a t  o f  f l u v i a t i l e  waters  ; t h i s  concen- 

t r a t i o n  r i s e s  v e r y  q u i c k l y  because f l  t e n d s  towards u n i t y ,  { :}L/ { }af  + CO (+) 

(+) e .g .  when t h e  n e t  e v a p o r a t i o n  r e p r e s e n t s  80 % o f  t h e  i n f l o w s , {  i jaf  i s  mul- 

t i p l i e d  f i v e f o l d  ; a t  90 %,{ i l af  i s  m u l t i p l i e d  t e n f o l d .  
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The system i s  a " c o n c e n t r a t i o n  b a s i n " .  - - I n  t h e  c e n t e r  l i n e ,  f l  = O and E = P ; {  i ) a f  remains c o n s t a n t .  

- F i n a l l y  t h e r e  i s  t h e  c a s e  : f l  > O ( E  < P ) ,  i n  which t h e  concen- 

)af d iminishs  v e r y  s lowly  ( +  +). These condi -  t r a t i o n  o f  f l u v i a t i l e  w a t e r s  { 

t i o n s  imply t h a t  w e  have a " d i l u t i o n  b a s i n " .  

2.1.2.  - The p a r t i c u l a r  r o l e s  of e v a p o r a t i o n  and r a i n f a l l .  

From e q u a t i o n  (71,  w e  may deduce t h e  s e p a r a t e  c o n t r i b u t i o n  o f  each 

of t h e s e  parameters .  F i g  4 a l s o  p e r m i t s  t h e  parameter  { 1 )L/ { 

c e r t a i n e d  as a f u n c t i o n  of  t h e  r e l a t i v e  e v a p o r a t i o n  f 2  f o r  d i f f e r e n t  v a l u e s  

o f  t h e  r e l a t i v e  r a i n f a l l  f 3 .  

}af t o  be as- 

F i g  4 V a r i a t i o n  o f {  )L/{ }af with f 2  f o r  d i f f e r e n t  

v a l u e s  of  f 3  

The c o n c l u s i o n  i s  t h a t  t h e  c o n c e n t r a t i o n  i s  more pronounce1 i n  th  e 

c a s e  where t h e  c l i m a t i c  water. c o n t r i b u t i o n  i s  f e e b l e  and,  f o r  given r a i n f a l l s ,  

when t h e  r e l a t i v e  e v a p o r a t i o n  of  t h e  incoming w a t e r s  i s  h i g h .  

2 . 1 . 3 .  - The dynamic comparison o f  w a t e r  and s a l t s  i n  t h e s e  t h r e e  

D r i n c i n a l  c l i m a t i c  c o n d i t i o n s .  

The i n t r o d u c t i o n  of  a f a c t o r  'I , which i s  t h e  index  o f  tu rn-over  of  

- -___ . _. - . - . . 

( +  +) For 

c o n t r i b u t i o n s  a r e  aqua1 t o  t h o s e  of  t h e  f l u v i a t i l e  w a t e r s ,  and t o  a q u a r t e r  when 

example {F }af d i m i n i s h e s  t o  h a l f  i t s  v a l u e  when t h e  n e t  c l i m a t i c  

t h i s  r a t i o  i s  about  t h r e e .  

I 
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s t o r e d  m a t e r i a l s  f o r  a time i n t e r v a l  a t and which i s  g e n e r a l l y  de f ined  f o r  

a t  equa l  t o  one y e a r ,  permi ts  us  t o  b e t t e r  unders tand  t h e  f low c h a r a c t e r i s t i c s  

o f  t he  medium. "nus ,  we r e s p e c t i v e l y  have f o r  water  and f o r  d i s s o l v e d  element  

( i )  : 

a )  When e v a p o r a t i o n  i s  equa l  t o  t h e  r a i n f a l l , { z ) L  = {:laf. ?here  i s  

no m o d i f i c a t i o n  of t h e  c o n c e n t r a t i o n  i n  d i s s o l v e d  element  ( i )  of t h e  wa te r s  

f lowing i n t o  the  l a k e .  

m e r e  (6;) = (G)L . { i l  a f  

It  fo l lows  t h a t  : T i  =. (')a' = * w a t e r  

% 

However, t h e  l a k e  volume and i t s  s t o c k  of d i s s o l v e d  element ( i l  have 

t h e  same index of annual  t u rn -ove r ,  i . e .  t he  water  .and t h e  d i s s o l v e d  element  

( i )  have an a p p a r e n t l y  i d e n t i c a l  f low r a t e  (R igour s ly ,  t h i s  i s  on ly  t h e  c a s e  

when (GIev = ( a p 1  = o> 

b )  When E > P, { I  I a f  < { I )  L ,  we have : 

I n  such a " c o n c e n t r a t i o n  bas in" ,  w e  may v i s u a l i z e  t h e  s i t u a t i o n  as i f  

t he  f low of  d i s s o l v e d  element  i n  t h e  l a c u s t r i n e  sys tem h a s  been r e t a r d e d  i n  p ro -  

p o r t i o n  t o  t h e  water which h a s  a f l u v b A i l e  o r i g i n .  

I n  t h e  l i m i t ,  when f i  t ends  t o  u n i t y  ( o r  f 2  - f 3  + I )  : 

(;lev - (; lpl  = (;Iaf and i t  fo l lows  (;)in and (;Ief a r e  bo th  equa l  t o  ze ro .  

Although, t h e r e  i s  no l o s s  of s a l t s ,  t h i s  s t a t e  imp l i e s  t h a t  we have 

a r e a l  " s a l i n e  b a s i n "  (+ l .  
c )  F i n a l l y ,  when E < I?, ? 1 af ' { l } ~ ,  we have  : 

Waf . { i l a f  (GI af J * w a t e r  = 

However, i n  t h i s  t ype  of l a c u s t r i n e  b a s i n ,  t h e  f low o f  d i s s o l v e d  

element  ( i )  i s  inc reased  i n  p r o p o r t i o n t o  t h e  r a t i o  of  wa te r  coming from f l u -  

(+> The name of such b a s i n s  v a r i e s  wi th  geograph ica l  p o s i t i o n  e . g .  " s a l a r "  i n  

L a t i n  America and "sebkha" i n  A f r i c a .  



-II 82- 

v i a t i l e  o r i g i n .  

Thus, w e  f i n d  t h a t  t h e  t h r e e  p r i n c i p a l  c l i m a t i c  c o n d i t i o n s  of  t h e  

n a t u r a l  "mil ieu" may b e  p e r f e c t l y  r e p r e s e n t e d  (from a dynamic s t a n d  p o i n t )  by 

comparing t h e  r e s p e c t i v e  i n f l o w s  of  water  and d i s s o l v e d  s u b s t a n c e s .  

2.2. - C o n t r i b u t i o n  from h y d r o l o g i c a l  f a c t o r s  - The importance of  

i n f i l t r a t i o n  i n  e n d o r e i c  systems.  

When w e  have an  e n d o r e i c  system i n  which (v),f = O, t h e  d i s s o l v e d  

s a l t s  a r e  o n l y  a b l e  t o  be e l i m i n a t e d  by i n f i l t r a t i o n .  I f  t h e n  w e  pu t  : 

The r e l a t i o n s  (5)  becomes : 

This  i s  r e p r e s e n t e d  by f i g  5, i n  which t h e  v a r i a t i o n  o f  {?}L/ { y )  af  

as a f u n c t i o n  of  f 4 ,  may be a s c e r t a i n e d  f o r  d i f f e r e n t  p o s i t i v e  v a l u e s  of  f l .  

, 

F i g  5 V a r i a t i o n  o f  { ) L /  ( 7 )  af  w i t h  f 4  ( r e l a t i v e  i n f i l t r a t i o n ) .  

Thus, t h e  c o n c e n t r a t i o n  i s  e l e v a t e d  when t h e  i n f i l t r a t i o n s  a r e  weak 

and when t h e  e v a p o r a t i o n  r a t e  i s  h i g h .  

When t h e r e  a r e  no i n f i l t r a t i o n  l o s s e s , {  '11) L/ {T} af  -f m and 



f 

w e  have t h e  " s a l i n e  s i t u a t i o n "  wi thout  l o s s e s  o f  s a l t s ,  

3 - W-E GEWERAL EFFECT OF THE BIOGE0CHEYICAI3  SEDIFIEb'TATION Oh' THE MODIFICATIOKS 

OF GEOGRAPHICAL REGULATION. 

This  i s  t h e  u s u a l  s i t u a t i o n  ; however, we a r e  going t o  t r e a t  i t  i n  a 

g e n e r a l  manner by i n t r o d u c i n g  t h e  f a c t o r  f s =  ( i ) s e  and wi thout  spec i f  y i n g  
{ T j a f x ( t ) a f  

e i t h e r  t h e  n a t u r e  o r  t h e  importance of  t h e  chemical  d e p o s i t s  i n  t h e  l a k e .  

Fol lowing from ( 4 )  and u s i n g  e q u a t i o n  (61, w e  have : 

( 9 )  r e p r e s e n t s  a fami ly  of  hyperbolae ,  t h e  curves  of which a r e  a l l  undernea th  

t h e  c u r v e  c o r r e s p o n d i n g  f s  = O ( f i g  3 ) .  The presence of  biogeochemical  sedimen- 

t a t i o n  e v i d e n t l y  d iminishes  t h e  c o n c e n t r a t i o n  of l a c u s t r i n e  waters  i n  a l l  c a s e s  ; - 
a g a i n  t h r e e  domazns are d e l i m i t e d  : 

In  two o f  t h e s e  domain?, t h e  d i r e c t i o n  of t h e  e v o l u t i o n  of  the 

1 1  geographica l  r e g u l a t i o n "  i s  n o t  changed : f o r  example, i n  ( I )  t h e  d i l u t i o n  

i s  simply more pronounced and i n  ( I I I ) ,  t h e  c o n c e n t r a t i o n  i s  reduced.  

However, t h e  development o f  biogeochemical phenomena changes the  d i r e c -  

t i o n  of e v o l u t i o n  i n  c a s e  ( I I ) ,  i n  which t h e  c o n c e n t r a t i o n  i n  ( i )  d i m i n i s h e s  

i n  t h e  l a c u s t r i n e  w a t e r s .  One a l s o  n o t i c e s  t h a t  d i s p i t e  a l a r g e  h y d r i c  d e f i c i t  

( E  > P ) ,  t h e  ' s i t u a t i o n  could  a r i s e  i n  which c o n s e c u t i v e  d e s a l i n a t i o n  by 

c h e m i c a l ' s e d i m e n t a t i o n  p l a y s  a more impor tan t  r o l e  t h a n  t h e  e f f e c t  o f  evapora-  

t i o n  on c o n c e n t r a t i o n  ( c f .  J . P .  CARMOUZE, 1976) .  

Comparaison of t h e  two parameters  f l  and f s  appears ,  t h e n ,  t o  be 

ex t remely  impor tan t  f o r  p r e d i c t i n g  t h e  v a r i a t i o n  of  s a l i n i t y  of l a c u s t r i n e  

waters. 

CONCLUSIONS 

Three p e r t i n e n t  remarks may be made from t h e s e  d a t a  : 

a )  The q u a n t i t a t i v e  a n a l y s i s  o f  s a l t  r e g u l a t i o n  permi ts  t h e  "weigh- 

t i n g "  o f  v a r i o u s  g e o g r a p h i c a l  parameters  i n  t h e  e v o l u t i o n  of  t h e  c o n c e n t r a t i o n  

of  any element i n  a l a c u s t r i n e  system ; t h e s e  parameters  a r e  o f  a c l i m a t i c  o r  
I 
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a h y d r o l o g i c a l  n a t u r e  ( r e s p e c t i v l y  due t o  e v a p o r a t i o n  - r a i n f a l l  o r  f l u v i a t i l e  

i n f l o w s ,  l o s s e s  by o u t l e t s  and by i n f i l t r a t i o n ) .  

b )  With a knowledge of  c o n c e n t r a t i o n  of  f l u v i a t i l e  w a t e r s  on one 

h a n d ,  and t h e  v a r i o u s  annual  h y d r i c  c h a r a c t e r i s t i c s  o f  t h e  system on t h e  

o t h e r  { (;Iev - (Glp l  - <;Ia, - (;>ef - (;) in} , i t  i s  p o s s i b l e  t o  c a l c u l a t e  

t h e  - v i r t u a l  s a l i n i t y  of l a c u s t i n e  w a t e r ,  i . e .  t h e  s a l i n i t y  which i s  due only  

t o  f a c t o r s  o f  geographica l  o r i g i n  and wi thout  i n f l u e n c e  from biogeochemical  

phenomena. I n  p r a c t i s e ,  it: would s u f f i c e  t o  compare t h i s  v i r t u a l  v a l u e  with 

t h e  a c t u a l  s a l i n i t y  t o  a r r i v e  a t  a g e n e r a l  v a l u e  o f  t h e  f r a c t i o n  o r i g i n a t i n g  

by hiogeochemical s e d i m e n t a t i o n .  

c >  I n  t h e  c a s e s  of  e lements  such a s  Na' and C1- i n  which t h e r e  a r e  

n e g l i g ,  i b l e  d e p o s i t s  ( a t  l e a s t  , i n  c o n d i t i o n s  which a r e  n o t  b r a c k i s h ) ,  t h e  

s t u d y  o n l y  of t h e  geographica l  r e g u l a t i o n  a l l o w s  u s  t o  de te rmine  t h e  f a c t o r  

o f  c o n c e n t r a t i o n  and d i l u t i o n .  Fol lowing from t h i s  and knowing t h e  mean annual  

volume of in f lows  from t h e  t r i b u t a r i e s  {(;Iaf 1 and from t h e  r a i n f a l l  { (;)pl) 

t o g e t h e r  wi th  t h e  l o s s e s  from t h e  o u t l e t s  {(;>,f 1, i t  becomes p o s s i b l e  t o  

de te rmine  t h e  mean annual  volume l o s t  by e v a p o r a t i o n  and e s p e c i a l l y  i n f i l t r a t i o n  

- such measurements, p a r t i c u l a r l y  t h e  l a t t e r ,  are g e n e r a l l y  v e r y  d i f f i c u l t  t o  

e v a l u a t e  " i n  s i tu". 

, 
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