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VEGETATION PATTERNS AND SOILS I N  THE MAPIMI BOLSON 
(CHIHUAHUAN DESERT - MEXICO) 

II. POLYGONAL PATTERNS 
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INSTITUTO DE ECOLOGIA, A. C . ,  CENTRO REGIONAL 

NORTE ARIDO GOMEZ PALACIO, DURANGO (MEXICO) 

ABSTRACT.--Several t y p e s  of p a t t e r n e d  ground of p o l y g o n a l  a p p e a r -  
a n c e  have  been d e s c r i b e d ,  m a i n l y  i n  c o o l  r e g i o n s ,  b u t  a l s o  i n  h o t ,  
a r i d  l a n d s  where  t h e y  a r e  d e v e l o p e d  i n  s a l i n e  and g y p s i c  s o i l s .  
I n  this p a p e r ,  a p o l y g o n a l  p a t t e r n e d  ground i n  t h e  Mapimi Bolson 
i s  d e s c r i b e d .  I t  c o n s i s t s  of a n  i r r e g u l a r  po lygonus  n e t  whose 
e d g e s  a r e  c h a n n e l s  a b o u t  40 m i n  l e n g t h ,  1 m wide and 0 . 5  m d e e p .  
The c h a n n e l s  are  v e g e t a t e d  by a p r a c t i c a l l y  m o n o s p e c i f i c  community 
of Suaeda  c f .  n i g r e s c e n s ,  w i t h  t h e  i n t e r c h a n n e l  zone b e i n g  
b a r e  g r o u n d .  A g y p s i c  h o r i z o n  a p p e a r s  a b o u t  0 . 3  m d e e p  and t h e  
s o i l  p r o f i l e  i s  m o d e r a t e l y  s a l i n e  w i t h  l o c a l l y  h i g h  c o n c e n t r a -  
t i o n s .  The g e n e s i s  of  t h e  p a t t e r n  seems t o  be due  t o  d e s i c c a t i o n  
c r a c k s  i n  t h e  s o i l  s u r f a c e  combined w i t h  volume d i m i n u t i o n  of gyp- 
sum by water losses i n  h o t  summers. The u n i o n  of s e v e r a l  
d e s i c c a t i o n  c r a c k s  resu l t  i n  a p o l y g o n a l  p a t t e r n .  

* 

The term " p a t t e r n e d  ground"  is u s e d  t o  d e s i g n a t e  a n  o r g a n i z a t i o n  of t h e  
s u r f a c e  of t h e  g r o u n d  which  may t a k e  t h e  form e i t h e r  of  a g e o m e t r i c  p a t t e r n  
more o r  less o r d e r l y  ( p o l y g o n s ,  circles; . .)  or. of a s t r i p e d  o r  a s t e p l i k e  
p a t t e r n  (Washburn,  1 9 5 0 ,  1956) .  T h e s e  f o r m a t i o n s  have  been d e s c r i b e d  i n  
numerous r e g i o n s  of t h e  g l o b e ,  b u t  more s p e c i f i c a l l y  i n  c o l d  e n v i r o n m e n t s  
where  t h e  a c t i o n  of t h e  f r o s t  i s  i m p o r t a n t ,  and i n  h o t  and a r i d  e n v i r o n m e n t s  
( K n e c h t e l ,  1951;  B e l l a i r ,  1957;  Malde ,  1961;  Bonython,  1956;  Hunt and 
Washburn,  1966;  Ol l ier  and S e e l y ,  1977; T u c k e r ,  1978;  Watson,  1 9 8 0 ) .  

I n  c o l d  areas, t h e  a1 terna . t ion .s  between f r e e z i n g  and thawing  a c c o u n t  
f o r  t h e  o r i g i n  of t h e  o b s e r v e d  forms i n  t h e  " p a t t e r n e d  ground."  I n  h o t  and 
a r i d  z o n e s ,  t h e i r  g e n e s i s  is  bound t o  t h e  i n t e r v e n t i o n  o f  p h y s i c o - c h e m i c a l  
' p r o c e s s e s  s u c h  as t h e  v a r i a t i o n s  i n  volume of  c e r t a i n  m i n e r a l s  o r  c o n s t i t -  
u e n t s  under  t h e  e f f e c t  of w e t  and  d r y i n g  c y c l e s  and  s a l t  ' a c t i o n  a c c o r d i n g  t o  
t h e  d i s s o l u t i o n - p r e c i p i t a t i o n  c y c l e s .  We s h a l l  d e s c r i b e  a " p o l y g o n a l  p a t -  
t e r n e d  ground" l o c a t e d  i n  t h e  Ch ihuahuan  Desert (Mexico) and w e  p r e s e n t  a hy- 
p o t h e s i s  t o  e x p l a i n  i t s  g e n e s i s .  

GENERAL DESCRIPTION OF T m  ENVIRONMENT 

The s t u d y  area is  l o c a t e d  i n  t h e  Mapimi B i o s p h e r e  R e s e r v e  ( F i g .  l ) ,  i n  
a r e g i o n  c a l l e d  "Bolson d e  Mapimi ,11 b e l o n g i n g  t o  t h e  Chihuahuail  Desert, a s  
d e f i n e d  by Schmidt  ( 1 9 7 9 ) .  The Mapimi B i o s p h e r e  R e s e r v e  o c c u p i e s  a n  a r e a  of 
a p p r o x i m a t e l y  160,000 h a .  It i s  d e l i m i t e d  by n o r t h e r n  l a t i t u d e s  26'30' t o  
2 6 " 5 2 ' ,  and by w e s t e r n  l o n g i t u d e s  103"32' t o  103"58 ' .  
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F i g .  1. L o c a l i z a t i o n  of  Mapimi B i o s p h e r e  R e s e r v e  (Durango,  Mexico) .  
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F i g u r e  2 ,  f rom Montaila and  Breimer ( 1 9 8 1 ) ,  d e l i m i t s  t h e  main l a n d s c a p e  
u n i t s  e s t a b l i s h e d  a c c o r d i n g  CO geomorphology,  s o i l s ,  and v e g e t a t i o n .  The 
areas of r e l i e f  and t h e i r  pediment  (sierras a n d  b a j a d a s )  h a v e  a n  a l t i t u d e  be- 
tween 1200 and 1500 m (3935 - 4920 f t . )  and  are c o n s t i t u t e d  by v o l c a n i c  
r o c k s  ( b a s a l t ,  a n d e s i t e s ,  r h y o l i t e s ;  l a n d s c a p e  U n i t s  V a ,  Vb, and VII), of 
c a l c a r e o u s  r o c k s  ( U n i t  V I )  of the C r e t a c e o u s  a g e ,  and of  a c o l l u v i a l -  
a l l u v i a l  c o v e r '  of t h e  a f o r e m e n t i o n e d  materials which h a v e  been  s p r e a d  o v e r  
g l a c i s  ( p e d i m e n t s ) .  The l a n d s c a p e  U n i t s  I a n d  II c o r r e s p o n d  t o  a n  a l l u v i a l  
p l a i n  ( p l a y a )  which collects most of t h e  s u r f a c e  water and c o n c e n t r a t e s  them 
i n  a l a g o o n  l o c a t e d  i n  the  n o r t h w e s t  c o r n e r  (a d e p r e s s i o n  w i t h  a h i g h  s a l i n e  
c o n c e n t r a t i o n . )  I n  t h e  n o r t h e r n  p a r t  o f  t h e  R e s e r v e  3 k  go p r o g r e s s i v e l y  
p a s t  a n  area of t r a n s i t i o n  be tween the f l u v i a l  and t h e  e o l i a n  r e l i e f s  ( U n i t  
I V )  t o  a n  area of  a n c i e n t  s a n d  d u n e s  ( U n i t  III) f i x e d  by t h e  v e g e t a t i o n .  

The s o i l s  are e s s e n t i a l l y  y e r m o s o l s  and  x e r o s o l s  (F.A.O.  c l a s s i f i c a -  
t i o n )  d i v i d e d  i n t o  areas of I8playa" and  o f  "lower b a j a d a , ' #  p r e s e n t i n g  h o r i -  
z o n s  e n r i c h e d  w i t h  sa l t s  (most  o f t e n  N a C l ) ,  gypsum and c a l c i u m .  On t h e  
r e l i e f s  and  t h e i r  p e d i m e n t s  ("sierras" a n d  "upper  b a j a d a " ) ,  s o i l s  of t h e  
l i t h o s o l  and  r e g o s o l  t y p e  p r e v a i l .  L o c a l l y ,  a r o u n d  t h e  "Laguna d e  l a s  
P a l o m a s , "  s o l o n t c h a k s ,  w i t h  a h i g h  c o n c e n t r a t i o n  of N a C 1 ,  h a v e  d e v e l o p e d .  

The  v e g e t a t i o n  is c o n s t i t u t e d ,  o n  o n e  h a n d ,  of  a m i c r o p h y l l o u s  d e s e r t  
" m a t o r r a l "  dominated  by L a r r e a  t r i d e n t a t a  w i t h  a v a r i a b l e  d e g r e e  of p r e s -  
e n c e  o f  s u c c u l e n t  s p e c i e s ,  and on  t h e  o t h e r  h a n d ,  of s t e p p e s  w i t h  h a l f -  
s h r u b b y  h a l o p h y t e s  o c c u p y i n g  t h e  lower p a r t .  
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F i g .  2 .  
and v e g e t a t i o n  ( f r o m  Montaña and  Breimer, 1981). 

D e l i m i t a t i o n  of  l a n d s c a p e  u n i t s  , a c c o r d i n g  t o  geomorphology,  s o i l  

The climate i s  of  a l t i t u d i n a l  a r i d  t r o p i c a l  t y p e ,  w i t h  a n  a n n u a l  r a i n -  
f a l l  a v e r a g e  of 271 mm, showing g r e a t  v a r i a b i l i t y ;  &he c o e f f i c i e n t  of v a r i -  
a t i o n  is of 42% ( C e b a l l o s  s t a t i o n  1956-1981). The e s t i v a l  r a i n s  f rom J u n e  

‘ t o  Bep temer  . i n c l u s i v e ,  which r e p r e s e n t  60.7L of t h e  a n n u a l  t o t a l ,  have  a 
s t o r m y  c h a r a c t e r i s t i c  and t a k e  t h e  form of  l o c a l i z e d  s h o w e r s ,  w i t h  h i g h  i n -  
t e n s i t i e s .  The a n n u a l  a v e r a g e  t e m p e r a t u r e  is  20,.2OC. The minima a v e r a g e  
f o r  t h e  c o l d e s t  month ( J a n u a r y )  is  1 . 5 ” C  and t h e  maxima f o r  t h e  h o t t e s t  
month ( J u n e )  is 37 .2”C.  

The human o c c u p a t i o n  o f  t h e  R e s e r v e  i s  q u i t e  s c a t t e r e d  and  u n i m p o r t a n t .  
The p o p u l a t i o n  i s  d i s t r i b u t e d  i n  a few ” r a n c h o s ”  and “ e j i d o s ”  ( a  t y p e  of 
l a n d  t e n u r e )  whose main economic  a c t i v i t y  i s  e x t e n s i v e  c a t t l e  b r e e d i n g .  

THE “POLYGONAL PATTERNED GROUND“ OF THE RESERVE DESCRIPTION 

The p o l y g o n a l  p a t t e r n  c l e a r l y  a p p e a r s  on a i r  p h o t o g r a p h s  ( s c a l e  
1:25000), w h e r e a s  on t h e  g r o u n d ,  i t  i s  d i f f i c u l t  t o  n o t i c e  i t s  e x i s t e n c e .  
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I r  i s  c o n s t i t u t e d  by l ines  o r  segments  c u t t i n g  e a c h  o t h e r  and t h i s  p a t t e r n  
i s  c r e a t e d  by t h e  v e g e t a t i o n  which d e n s e l y  s e t t l i n g  a l o n g  t h e  l i n e s ,  b r i n g s  
o u t  and a m p l i f i e s  t h e  p o l y g o n a l  p a t t e r n ,  i n  c o n t r a s r  w i t h  tlie s p a c e s  becuecn  
t h e  l i n e s  which a re  a l m o s t  devoid  of  v y e t a t i o n .  The zone o c c u p i e d  by this 
f o r m a t i o n  h a s  s u r f a c e  a r e a  of a b o u t  5 km . 

". 

In d e t a i l  ( F i g .  3) t h e  p o l y g o n a l  p a t t e r n  a p p e a r s  r o  b e  very  i r r r g u l d r ,  
w i t h  bands  o r i e n t e d  i n  a l l  d i r e c t i o n s  and somet imes  i n t e r r u p t e d .  The l i n e s  
a re  10 - 40 m l o n g  and 5 - . 8  m wide .  The a v e r a g e  g e n e r a l  s l o p e  of t h e  a r e a  
i s  0.2% w i t h  a n o r t h - n o r t h - e a s t  a s p e c t .  M i c r o c o p o g r a p h i c  s u r v e y s  ( F i g .  4 )  
show i n  t h e  m i d d l e  p a r t  of t h e  b a n d s ,  d e p r e s s i o n s  o r  h o l l o w s  i n  t h e  s u r f a c e  
o r  t h e  g r o u n d ,  of  a concave  form,  10 - 30 c m  d e e p  and  1 - 2 m w i d e .  These  
d e p r e s s i o n s  are  p r e s e n t  on  e v e r y  band and  a l o n g  t h e i r  l e n g t h .  

V e g e t a t i o n .  The 
community of Suaeda  
s h r u b s  f rom 1 t o  2 m 

v e g e t a t i o n  i s  c o n s t i t u t e d  by a q u a s i  m o n o - s p e c i f i c  
c f .  n i g r e s c e n s ,  h a v i n g  c o l o n i z e d  t h e  band w i t h  

h i g h  well d e v e l o p e d  and i n  good c o n d i t i o n .  Under t h i s  
s h r u b b y  s t r a tum we f i n d  a h e r b a c e o u s  s t r a t u m  v e r y  p o o r  i n  s p e c i e s  and w i t h  a 
v e r y  low p e r c e n t  c o v e r ,  e s s e n t i a l l y  c o n s t i t u t e d  of Hi lar ia  m u t i c a ,  -- 

N 

C 0 A 

- D  

.... 

* 

C B Ä o I O  20.. 

F i g .  3 .  Diagram of p o l y g o n a l  p a t t e r n  (100 x 100 m); POLY 1, 2 ,  3 ,  4 ,  5 a r e  
s o i l  p r o f i l e s ;  AA, B B ,  C C ,  DD a r e  l o c a l i z a t i o n  of m i c r o t o p o g r a p h i c  s u r v e y s  
( s e e  F i g .  4 ) .  



5 - S i d a  l e p r o s a ,  H e l i o t r o p i u m  c f r .  c u r a s s a v i c u m ,  E u p h o r b i a  d e n c o s a ,  
S e t a r i a  c f r .  v í r i d i s ,  and B o u t e l o u a  b a r b a t a .  I n  t h e  s p a c e s  between 
t h e  b a n d s ,  t h e  ground i s  b a r e .  We f i n d  o n l y  a few Suaeda  i n  v e r y  bad 
c o n d i  t i o n ,  and d e a d  s h r u b s .  

- S o i l .  O n  the p e d o l o g i c  Level, t h e  " p o l y g o n a l  p a t t e r n ' '  
t i v e l y  homogenous and p r o f i l e  POLY 1 ( s e e  l o c a l i z a t i o n  i n  F i g .  
below is r e p r e s e n t a t i v e  of t h e  s o i l s  o €  t h e  

zune is r e l a -  
3 )  d e s c r i b e d  
whole a r e a .  

30 Cn. 

20  C n .  . 
I O  cn. i. 
JO cm. 

2 0  cn. 

IO c m .  

30 Cm. 

2 0  C I .  

to CRI. 

20 C I .  

I O C I .  

F i g .  4 .  M i c r o t o p o g r a p h i c  s u r v e y s  ( s e e  l o c a l i z a t i o n  on F i g u r e  3 ) .  

P r o f i l e  POLY 1. L o c a t e d  i n  a zone w i t h o u t  v e g e t a t i o n ,  s l o p e  
less t h a n  1%. Micro- r e l i e f  on  t h e  s u r f a c e .  

A l l  H o r i z o n ,  O - 4 c m ,  l i g h t  brownish  g r a y  (7 .5  YR 8 1 2 )  d r y ,  g r a y -  
y e l l o z h - o r a n g e  (10 YR 6 1 3 )  m o i s t ,  h i g h  e f f e r v e s c e n c e  w i t h  a c i d ,  no c o a r s e  
e l e m e n t s ,  s a n d y  loam, g r a n u l a r  s t r u c t u r e ,  few v e r y  f i n e  p o r e s ,  t u b u l a r  and 
i n t e r - g r a n u l a r ,  few v e r y  f i n e  and f i n e  r o o t s ,  f i r m ,  clear and smooth 
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b o u n d a r y .  A12 H o r i z o n ,  4 - 30 cm, g r a y - o r a n g e  ( 7 . 5  YR6/3) d r y ,  g r a y -  
brown ( 7 . 5  Y K 5 / 3 )  m o i s t ,  h i g h  e f f e r v e s c e n c e  w i t h  a c i d ,  no c o a r s e  e l e m e n t s ,  
c l a y  loam,  weak f i n e  a n g u l a r  b l o c k y  s t r u c t u r e ,  few v e r y  f i n e  p o r e s ,  
i n t e r g r a n u l a r  and  t u b u l a r ,  v e r y  f i r m ,  few v e r y  f i n e  and f i n e  r o o t s ,  a b r u p t  
and  smooth boundary .  B21Cs H o r i z o n ,  30 - 5 5  cm, g ray -o range  ( 7 . 5  YR 
6 / 3 )  d r y  a n d  m o i s t - h i g h  e f f e r v e s c e n c e  w i t h  a c i d ,  numerous c r y s t a l s  o f  gyp- 
sum, f r o m  1 t o  4 am, s p r e a d  o u t  i n  t h e  h o r i z o n ,  j u x t a p o s e d  w i t h  f i n e  e a r t h ,  
s a n d y ,  c l a y  loam, no coarse e l e m e n t s ,  f i n e  a n g u l a r  b l o c k y  s t r u c t u r e ,  v e r y  
f r a g i l e  s t r u c t u r e ,  f r i a b l e ,  few p o r e s ,  i n t e r g r a n u l a r  p o r o s i t y ,  v e r y  f i n e  and 
f i n e  r o o t s ,  g r a d u a l  a n d  smooth boundary .  B22t H o r i z o n ,  5 5  - 140 cm ob- 
s e r v e d ,  g r a y - o r a n g e  ( 7 . 5  YR 6 / 3 )  d r y ,  gray-brown ( 7 . 5  YR 5/3) m o i s t ,  h i g h  e f -  
f e r v e s c e n c e  w i t h  a c i d ,  c r y s t a l s  of gypsum e s p e c i a l l y  i n  t h e  uppe r  p a r t  of 
t h e  h o r i z o n  and w i t h  a c o n t e n t  d e c r e a s i n g  w i t h  d e p t h ,  no c o a r s e  e l e m e n t s ,  
c l a y ,  v e r y  f i n e  a n g u l a r  b l o c k y  s t r u c t u r e  f rom 5 5  t o  90 c m ,  t h e n  f i n e  a n g u l a r  
u l o c k y  s t r u c t u r e  from 90 t o  140 c m ,  v e r y  f i r m ,  h a r d ,  v e r y  few p o r e s ,  few 
s t i c k e n  s i d e s ,  n o t  w e l l  d e v e l o p e d ,  n o t  s h i n y ,  i n  t h e  uppe r  p a r t  of t h e  h o r i -  
zon .  C l a s s i f i c a t i o n ,  "Yermosol g y p s i q u e "  ( F A O ) ;  G y p s i o r t h i d  ( n o t  t y p i c ) ,  
(Soi l -Taxonomy).  

The ma in  a n a l y t i c  c h a r a c t e r i s t i c s  o f  t h i s  p r o f i l e  a re  t h e  f o l l o w i n g  
( T a b l e  1) :  t h e  t e x t u r e ,  f rom s a n d y - s i l t y  on t h e  s u r f a c e ,  .becomes v e r y  

. y a p i d l y  c l a y e d - s i l t y  t h e n  c l a y e d .  O r g a n i c  mat ter ,  i n  small  q u a n t i t y  ( l e s s  
, t h a n  I%), i s  w e l l  d e v e l o p e d  w i t h  low r a t e s  i n  C/N.  The pH i s  s u p e r i o r  t o  

e i g h t  and  i n c r e a s e s  s l i g h t l y  w i t h  d e p t h .  The c o n t e n t  i n  c a l c i u m  c a r b o n a t e  
g o e s  f rom 16% on  t h e  s u r f a c e  t o  22% i n  d e p t h .  I t  is p r i m a r y  l i m e s t o n e  o f  
l i t h o l o g i c  o r i g i n ,  and no fo rm of s e c o n d a r y  r e d i s t r i b u t i o n  (pseudo-mycelium, 
s t a i n s  ...) i s  v i s i b l e  i n  t h e  p r o f i l e .  Gypsum, on t h e  o t h e r  hand ,  h a s  a 
s e c o n d a r y  o r i g i n ,  i n  h o r i z o n  B21Cs, where  i t ,  i s  p r e s e n t  i n  t h e  form o f  
c r y s t a l s  o f  t h e  gypsum f l o w e r  ( " r o s e  d e s  s a b l e s " )  t y p e .  The e l e c t r i c  
c o n d u c t i v i t y  becomes n o t i c e a b l e  i n  t h e  gypsum h o r i z o n  and  i s  m a i n t a i n e d  
f u r t h e r  o n .  S a l i n i t y  i s  e s s e n t i a l l y  d u e  t o  sod ium c h l o r i d e .  

T h i s  t y p e  o f  p r o f i l e  i s  r e p r e s e n t a t i v e  o f  t h e  s o i l s  i n  t h e  a r e a  w i t h  a 
" p o l y g o n a l  p a t t e r n . "  However ,  on t h e  v e g e t a t i o n  b a n d s ,  v a r i a t i o n s  a p p e a r  i n  
t h e  morphology o f  t h e  p e d o l o g i c  p r o f i l e .  A s  w e  h a v e  i n d i c a t e d  a b o v e ,  t h e  
s u r f a c e  of t h e  g round  a t  t h e  median p a r t  O E  t h e  bands  i s  i n  a h o l l o w ,  
r e a c h i n g  a d e p t h  10 - 30 c m  and  1 - 2 m w i d e .  

V e r t i c a l l y  f rom t h i s  c o n c a v e  median zone  w e  f i n d ,  i n  t h e  s o i l  p r o f i l e ,  
a s u b s i d e n c e  o f  t h e  h o r i z o n s ,  p a r t i c u l a r l y  i n  t h e  gypsum l e v e l  ( F i g .  5 ,  6 ) .  
T h i s  p e c u l i a r  d i s p o s i t i o n  o f  t h e  h o r i z o n s  a l lows u s  t o  s u p p o s e  t h a t  t h e r e  
h a s  been a c o l l a p s e  o f  t h e  gypsum l e v e l  i n  a s p a c e  of t h e  s u b j a c e n t  c l a y e d  
h o r i z o n ,  c o r r e l a t e d  w i t h  a s u b s i d e n c e  of t h e  s u r f a c e  h o r i z o n s  and l o w e r i n g  
o f  t h e  l e v e i  of t h e  g round  s u r f a c e ,  wh ich  g i v e s  t h e  p r e s e n t  a s p e c t  O E  tliis 
s u r f a c e  a d e p r e s s i o n .  

The v a r i o u s  s o i l  p r o f i l e s ,  p e r p e n d i c u l a r l y  LO t h e  l i n e s  of v e g e t a t i o n ,  
wh ich  we h a v e  r e a l i z e d  i n  t h e  s t u d y  area (POLY 2, POLY 3 ,  and  POLY 5)  show 
t h e  same p e c u l i a r  morphology o f  t h e  h o r i z o n s  a t  t h e  l e v e l  of t h e  median a x i s  
o f  t h e  b a n d s .  On t h e  a n a l y t i c  l e v e l  [III and  I V  o f  p r o f i l e  POLY 2, ( F i g .  5 
a n d  T a b l e  2 )  and I I ,  III, and  IV of p r o f i l e  POLY 3 ( F i g .  6 and T a b l e  3 ) ] ,  we 
f i n d  t h e  same s o i l  c h a r a c t e r i s t i c s  a t  t h e  l e v e l  o f  t h e  v e g e t a t i o n  bands a s  
i n  t h e  t y p i c a l  p r o f i l e  a b o v e .  A t  m o s t ,  w e  may n o t e  a f i n e r  t e x t u r e  of t h e  
s u r f a c e  h o r i z o n :  s i l t y - c l a y e d  t o  c l a y e d - s i l t y  i n s t e a d  of s andy  s i l t y .  



TABLE 1 .  Analytical  do ta  o f  the p r o f i l e  POLY 1. 

il 
Coarse Texture (<2  mm f r a c t i o n )  % 

Depth Horizon Fragments Clay S i l t  Sand pH i n  Organic Nitrogen C / N  
(cm) 0 2  mm)* (<0.0002) (0.002-0.050) (0.050) water carbon (%) (%)  

0.042 8.6 
0.033 12.1 

O .  35 0.039 9.0 

O -4 A 1  1 O. 8 18.3 26.3 55.4 8.2 O .  36 
6-12 A12> o.  2 40.3 14.3 45.4 8.1 O .  40 

18-25 A12< 2. o 38.0 16.7 45.4 8.2 
32-45 E21 c s  8.0 24.3 28.3 47.4 8.1 O. 30 
58-68 B 22t 6.5 44. O 18.7 37.3 8.9 o.  19 
75-85 B 22t 8.0 ' 48.3 30 .3  21.4 8.7 o .  13 

110-120 B 22t 7.6 60.3 20.3 19.4 8.7 O .  14 

* weight percentage = 

E lec t r i c a 1 Water e x t r a c t  from CEC 
Depth Caco3 Gypsum Conductivity Satured pas t e  (meq / l i t e r )  ( ca t ion  exchange capac i ty )  

( % I  ( 9 6 )  (mmho/cm) Ca Mg Na (meq/100 g )  

0-4 16.3 O 
6-12 15.3 O 

18-25 18.4 O '  
32-45 21.4 28.1 
58-68 19.4 16.3 
7 5 -85 21.4 12. o 

110-120 22.4 10.0 

1.5 5.70 0.58 7.57 
3. O 7.75 O. 83 12.13 
4. O 11.00 1.08 ' 13.48 

15.39 32.50. 4.16 12.5 
25.0 1 9 . 5 0 .  , 9.33. 15.69 
20.0 15.90 6.41 15.56 
20.0 17.50 5.75 15.52 

18.6 
23.6 
25.5 
23. 2 
23.0 
23.5 
25.9 
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Fig. 5. Profile POLY 2. 

The gypsum i n  h o r i z o n  B 2 1 C s  p r e s e n t s ,  i n  t h e  s u b s i d e d  z o n e ,  t h e  same a s p e c t  
and  a s imilar  c o n t e n t  i n  gypsum as i n  t h e  u n d i s t u r b e d  e q u i v a l e n t  h o r i z o n .  

Along t h e  l i n e s ,  a t  a b o u t  2 m of  t h e i r  median axis,  w e  f i n d  o u t g r o w t h s  
w i t h  a c i r c u l a r  a p p e a r a n c e ,  w i t h o u t  v e g e t a t i o n ,  on t h e  ground s u r f a c e .  
t h e s e  micro-mounds,  a b o u t  1 .2  m i n  d i a m e t e r  and 10 c m  h i g h  i n  t h e i r  c e n t e r ,  
a r e  l o c a t e d  a l o n g  t h e  e d g e  of  t h e  v e g e t a t i o n  b a n d s ,  b u t  w i t h  a n  i r r e g u l a r  
d i s t r i b u t i o n .  

The c u t s  t r a n s v e r s a l  t o  t h e  bands  of  v e g e t a t i o n  of  t h e  s t u d i e d  
p e d o l o g i c  p r o f i l e s  c u t  t h e s e  micro-mounds i n  POLY 2 (I and II,  F i g .  5)  and 
POLY 3 (I, F i g .  6) .  They are areas w i t h  a h i g h  s a l t  c o n c e n t r a t i o n :  t h e  
c o n d u c t i v i t y  r e a c h e s  40 - 50 mmhosfcm ( T a b l e  2 ,  3) i n  t h e  u p p e r  51) - 60 cm 
of t h e  g r o u n d ,  w h e r e  t h e r e  are numeraus w h i t i s h  e f f l o r e s c e n c e s  i n  t h e  form 
of f i n e  s t a i n s  u n i f o r m l y  d i s t r i b u t e d ,  and which c o r r e s p o n d  t o  s e c o n d a r y  s a l t  
d e p o s i t s  ( l i k e l y  s o d i u m  c h l o r i d e ) .  C o r r e l a t i v e l y ,  t h e  s t r u c t u r e  i s  v e r y  
d e g r a d e d  , t a k i n g  a c h a r a c t e r i s t i c  a s p e c t ,  " p u f f e d  ,I' p a r t i c u l a r l y  w i t h  h i g h  
p o r o s i t y ,  r e s u l t i n g  i n  t h e  s p r e a d i n g  o f  t h e  c l a y s  i n  a n  e n v i r o n m e n t  where  pH 
9 i s  r e a c h e d  a n d  e x c e e d e d .  The o t h e r  a n a l y t i c a l  c h a r a c t e r i s t i c s  are  s i m i l a r  
t o  t h o s e  of  t h e  t y p i c a l  p r o f i l e .  

T h e s e  areas o f  s a l t i n e s s ,  w i t h  t h e i r  c i r c u l a r  form,  e v o k e  a 
c o n c e n t r a t i o n  of  r u n o f f  water, w h i c h ,  a f t e r  a p a r t i c u l a r  o b s t a c l e  
( m i c r o - r e l i e f ,  p r e s e n c e  o f  a b e d d i n g . . . ) ,  c o u l d  n o t  l e a k  o u t  n o r m a l l y  when 
i t  came i n  c o n t a c t  w i th  t h e  v e g e t a t i o n  b a n d s .  T h i s  water,  which t u r n e d  i n t o  
sa l t s  d u r i n g  i t s  d r a i n a g e ,  h a s  s t a y e d  t h i s  way l o c a l l y ,  on  t h e  s u r f a c e  OE 
t h e  g r o u n d  where  i t  h a s  i n f i l t r a t e d .  F o l l o w i n g  d e s i c c a t i o n ,  t h e  s a l t y  
s o l u t i o n s  h a v e  a t e n d e n c y  t o  b e  l i f t e d  up t o w a r d s  t h e  s u r f a c e  and l i t t l e  by 
l i t t l e  t h e  s a l t s  h a v e  d e p o s i t e d  i n  t h e  upper  p a r t  o f  t h e  p r o f i l e  i n  t h e  form 
of e f f l o r e s c e n c e s .  T h i s  s a l t  c o n c e n t r a t i o n  h a s  provoked t h e  d e g r a d a t i o n  of 
t h e  s t r u c t u r e  by s p r e a d i n g  t h e  c l a y s ,  i n  a phenomena accompanied  by a b u l g e  
of Khe ground s u r f a c e  ( t h i s  p r o c e s s  b e i n g  p r o b a b l y  emphas ized  by t h e  
c r y s t a l l i z a t i o n  of t h e  s a l t s ) ,  and by t h e  t h e r m i c  e x p a n s i o n  of t h e  s a l t s  



T A D L E  2. Analy t ica l  da ta  of the p r o f i l e  POLY 2. 

Texture % Water e x t r a c t  from 
Depth ( f r a c t i o n  0-2 mm) pH Organic Caco3 Gypsum E.C. C EC Satured pas te  
(cm) Clay S i l t  Sand water carbon (%)  ( % 1 ( m h o  / cm) (me q / I OOg ) (me q / 1 i t e  r 1 

( X I  Ca Mg Na 

0-2 40.3 4.3 55.4 8.1 0.31 22.4 0.0 6.5 23.0 10.2 1 .1  14.9 
8-16 58.6 10.0 31.4 8.5 0.37 18.4 2.9 50.0 27.0 21.5 3.7 16.5 

48-52 54.3 12.7 33.0 9.0 '0 .16  22.4 13.0 30.0 28.5 9.0 7.3 15.7 
63-67 t 65.0 16.0 19.0 9.1 0.16 19.4 11.9 30.0 27.6 10.3 10.4 16.3 

I 28-40 46.7 10.7 42.6 9.2 0.22 18.4 26.3 50.0 25.1 \ 3.5 8.2 16.3 

0-3 11.4 30.4 52.2 8.0 0.28 20.4 0.0 4.5 24.1 22.8 2.1 13 .7  
10-15 29.4 36.4 34.2 8.5 0.27 3.2 25.0 25.4 4.3 3.2 16.2 

45.0 26.1 5.9 10.5 16.4 
35-40 45.4 18.4 36.2 9.0 0.19 18.4 14.0 45.0 25.0 6 . 2  7.9 16.3 
60-67 57.4 18.4 24.4 9.2 0.10 22.4 40.0 26.6 9.3 10.9 16.5 

11 22-30 23.4 20.4 42.2 8.9 0.16 18.4 27.4 

0-3 40.7 18.0 41.3 8.4 0.40 20.4 0.0 31.5 24.9 2.8 0.3 14.1 
12-18 34.7 40.0 41.3 8.1 0.33 22.4 0.0 22.5 25.9 4.7 0.4 11.3 

III 30-38 52.7 16.0 31.3 8.0 0.18 20.4 27.0 3.0 23.8 18.7 2.5 8.0 
57-62 32.1 38.3 29.0 8.1 0.14 22.4 10.0 25.2 18.7 5.9 15.5 

0-6 36.7 30.0 33.3 8.5 1.04 20.4 0.0 3. O 25.9 
I V  16-26 38.7 32.0 29.3 8.1 0.38 20.4 3.0 4. O 22.7 22.9 1 .6  12.8 

38-48 54.7 14.0 31.3 8.2 0.37 19.4 0.0 3.5 24.7 22.5 1.8 12.0 



10 

Fig 6.  

sw NE 

a n d / o r  t h e i r  i n c r e a s e  i n  volume d u r i n g  t h e  p h a s e s  of  r e m o i s t e n i n g  of t h e  
s o i l  (Cooke and  S m a l l e y ,  1968:  Goudie ,  1 9 7 4 ,  1977;  E v a n s ,  1970;  Chapman, 
1980;  McGreevy and  S m i t h ,  1 9 8 2 ) .  

HYPOTHESES OF THE POLYGONAL PATTERN GENESIS 

O r g a n i z a t i o n s  of t h e  ground i n  a p a t t e r n  s imilar  t o  t h e  p o l y g o n a l  
p a t t e r n  h a v e  b e e n  d e s c r i b e d ,  i n  h o t  and a r i d  areas ,  i n  numerous r e g i o n s  of 
t h e  g l o b e :  i n  I r a k  ( T u c k e r ,  1 9 7 8 ) ,  i n  Namibia ( O l l i e r  S e e l y ,  1977;  Goudie ,  
1972,  Watson,  1 9 8 0 ) ,  i n  N o r t h  A f r i c a  ( T u n i s i a ,  A l g e r i a ,  L y b i a ) ,  i n  t h e  
Middle  E a s t ,  i n  t h e  U n i t e d  S t a t e s ,  i n  Mexico ( s u r v e y  and c r i t i c a l  r e v i e w  i n  
Hunt and Washburn,  1966 and Watson ,  1979;  Washburn, 1950, 1 9 5 6 ) .  T h i s  t y p e  
o f  f o r m a t i o n  i s  e s s e n t i a l l y  d e v e l o p e d  e i t h e r  i n  gypseous  o r  c a l c a r e o u s  c n v i -  
r o n m e n t s  o r  i n  e n b i r o n m e n t s  r i c h  i n  sa l t s .  

I n  a g y p s e o u s  e n v i r o n m e n t ,  w e  f i n d  s o i l  w i t h  s e c o n d a r y  g y p u m  
a c c u m u l a t i o n  of  t h e  e n c r u s t i n g  and c r u s t  t y p e ,  w i t h  a s u r f a c e  o r g a n i z e d  
a c c o r d i n g  t o  two t y p e s  of p a t t e r n  (Watson,  1980) :  e i t h e r  s m a l l  p o l y g o n s  
less t h a n  1 m i n  d i a m e t e r ,  o r  i n  g r e a t e r  po lygons  f rom 2 t o  6 m e t e r s  i n  
d i a m e t e r .  I n  t h e  f i r s t  case, t h e  v e g e t a t i o n  i s  q u a s i - n o n - e x i s t e n t .  I n  t h e  
s e c o n d  case, i t  d e v e l o p s  a l o n g  t h e  s i d e s  of  t h e  p o l y g o n s  i n  a h e r b a c e o u s  
f o r m ,  w h e r e a s  t h e  rest of  t h e  ground is  b a r e .  The p o l y g o n a l  p a t t e r n  would 
b e  ( T u c k e r ,  1978;  Watson,  1980)  c a u s e d  by t h e  p h y s i c a l  and m i n e r a l o g i c a l  
m o d i f i c a t i o n s  of c e r t a i n  m i n e r a l s  f o l l o y i n g  t h e  d a i l y  and  s e a s o n a l  
v a r i a t i o n s  i n  t e m p e r a t u r e ,  o r  t h e  a l t e r n a t i o n s  of d e s i c c a t i o n  and  m o i s t e n i n g  
of  t h e  ground.  

. - Goudie  (1972)  and Watson (1980)  have  r e p o r t e d  t h e  p r e s e n c e  i n  Namibia 
of a n e t w o r k  of p o l y g o n s  f rom a b o u t  5 t o  20 m in d i a m e t e r ,  on t h e  s u r f a c e  of 

"a s o i l  w i t h  a l i m e s t o n e  c r u s t ,  whose s i d e s  are  o c c u p i e d  by a h e r b a c e o u s  
v e g e t a t i o n  b a s e d  on S t i p a g r o s t i s  g o n a t o s t a c h y s .  



TABLE 3. Analy t ica l  d a t a  of the p r o f i l e  POLY 3. 

Organic Water e x t r a c t  from 
Depth Clay S i l t  Sand p H  ca;bon Caco3 Gypsum E.C. Satured pas te  (meq / l i t e r )  
(cm) water ( % I  ( 2 )  ( X )  (mmho/cm) Ca Mg Na 

o -2 10.7 24.0 65.3 9.3 0.75 22.4 0.0 12.5 14.1 9.3 16.0 
8-15 19.0 36.4 44.6 8.6 ' 0.35 15.3 1.5 20.0 16.4 5.6 16.0 

22-30 20.6 24.4 55.0 8.9 0.28 17.3 4.0 50.0 23.1 7.8 15.7 
I 45-53 29.0 20.4 50.6 8 .7  0.14 18.4 25.8 25.0 22.6 7 . 7  16.1 

65-75 49.0 16.7 34.3 8 .9  0.12 19.4 12.0 15.0 16.4 5.8 10.0 
85-95 59.0 20.7 20.3 8.9 21.4 8.2 30.0 13.7 9.4 16.6 

124-130 59.0 24.4 16.6 9.0 25.5 25.0 15.3 8.2 16.1 

4-14 19.0 38.4 42.6 8 .8  0.43 17.3 0 .0  42.5 2.6 O.  3 12.1 
II 32-42 23.4 40.0 36.6 8 .1  0.37 19.4 0.0 2.5 11.9 1.5 10.1 

62-72 29.4 16.4 54.2 8.1 0.25 20.4 25.5 5.0 26.2 4 .2  14.3 
95-102 53.4 24.4 22.2 8 . 3 .  0.18 22.4 14.0 9. O 20.3 4.7 15.6 

10-20 35.4 32.7 31.9 8.2 0.31 22.4 0.0 3.0 8.5 o.  a 12.4 
I I I  32-44 43.4 18.4 38.2 8.2 0.19 21.4 27.5 5.0 24.6 4.7 14.6 

55-65 58.7 10.0 31.3 8.6 0.18 21.4 10.5 10.0 15.0 3.9 15.8 
105-115 58.7 22.0 19.3 8 .7  0.12 23.5 15.0 20.0 4.9 16.0 

5-20 44.7 26.0 29.3 9.0 0.35 18.4 0.0 6.5 6 .0  O .  4 15.5 
I V  38-52 40.7 18.0 41.3 8.0 0.15 19.4 26.6 4.0 21.2 3.8 14.2 

78-88 . 56.3 24.3 19.4 8 .9  0.12 22.4 11.3 15.0 19.8 5.6 16.0 
112-122 63.0 19.6 17.4 8.9 0.11 21.4 15.0 15.1 4 . 3  15.9 
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I n  t h e  e n v i r o n m e n t s  w i t h  a h i g h  s a l i n e  c o n c e n t r a t i o n ,  t h e  polygons  h a v e  

a s i z e  n o t  e x c e e d i n g  10 m i n  d i a m e t e r  and t h e y  p r e s e n t  t h e  p e c u l i a r i t y  of 
b 3 v i n g  t h e i r  e d g e s  i n  r e l i e f  f o r m i n g  ramps w i t h  t h e  i n t e r i o r  s p a c e s  O E  t h e  
p o l y g o n s ,  which g i v e s  a v e r y  c h a r a c t e r i s t i c  a s p e c t  t o  t h o s e  f o r m a t i o n s .  
They a re  s u c c e s s i v e  s a l i n e  c r y s t a l l i z a t i o n s  which t h u s  c l e a r l y  d e l i m i t  t h e  
p o l y g o n a l  n e t w o r k .  T h e r e  t o o ,  a l t e r n a t i o n s  of h u m i d i t y  and d r o u g h t  and v a r i -  
a t i o n s  of t e m p e r a t u r e s  h a v e  o r i g i n a t e d  t h o s e  f o r m a t i o n s  (Hunt  and Wastiburn, 
1 9 6 6 ) .  

The p o l y g o n a l  p a t t e r n  o b s e r v e d  i n  t h e  Mapimi R e s e r v e  i s  s i m i l a r  by i t s  
morphology t o  t h e  v a r i o u s  p o l y g o n a l  p a t t e r n s  r e p o r t e d  and d e s c r i b e d  e v c r y -  
where i n  t h e  w o r l d ,  b u t  i s  of a d i f f e r e n t  t y p e .  A c t u a l l y ,  i t  n e i t h e r  d e v e l -  
o p s  i n  a v e r y  s a l i n e  e n v i r o n m e n t  n o r  i n  an  e n v i r o n m e n t  h i g h l y  e n r i c h e d  i n  
l i m e s t o n e  o r  gypsum. A s  w e  have  s e e n ,  t h e  c o n d u c t i v i t y  s t a y s  a v e r a g e  and 
t h e  c o n t e n t s  i n  gypsum and l i m e s t o n e  are w e l l  below t h o s e  of  t h e  gypseous  o r  
l i m e s t o n e  c r u s t s .  Moreover ,  we m u s t  n o t e  h e r e  t h e  r e l a t i v e l y  i m p o r t a n t  s i z e  
of  t h e  p o l y g o n s ,  compared t o  t h a t  of t h e  o t h e r  known p a t t e r n s .  

The g e n e s i s  of t h i s  p o l y g o n a l  p a t t e r n  i s  based  on t h e  i n t e r v e n t i o n  of 
v a r i o u s  combined p h y s i c o - c h e m i c a l  p r o c e s s e s .  I t  b e g i n s ,  as  w e  o b s e r v e d  i n  
t h e  f i e l d ,  w i t h  t h e  a p p e a r a n c e  of l i n e s  on t h e  s u r f a c e  of t h e  g r o u n d ,  of 
v a r i a b l e  l e n g t h  (10 - 30m), a c t u a l l y  c o r r e s p o n d i n g  t o  c r a c k s  o f  d e s i c c a t i o n ,  
which u n d e r  t h e  e f f e c t  o f  t h e  d r o u g h t ,  g r a d u a l l y  open  t o  r e a c h  a w i d t h  of 
s e v e r a l  c e n t i m e t e r s  and  a d e p t h  of s e v e r a l  d e c i m e t e r s .  S i m i l a r  c r a c k s ,  much 
d e e p e r  t h o u g h ,  (1 - 3 m )  h a v e  been d e s c r i b e d  by Whi te  ( 1 9 7 0 ,  1 9 7 2 )  i n  S o u t h  
Dakota  and K n e c h t e 1  ( 1 9 5 1 )  i n  New Mexico.  T h i s  phenomenon is f r e q u e n t ,  i n  
d r y  p e r i o d s ,  i n  e n v i r o n m e n t s  r i c h  i n  " b u l g i n g "  c l a y  of t h e  smectite t y p e .  
We s h o u l d  n o t e  t h a t  t h e s e  c r a c k s  o r i g i n a t e  a t  t h e  t o p  of t h e  c l a y e d  h o r i z o n  
50160 c m  d e e p ,  w h e r e ,  d u e  t o  t h e  i n t e n s e  d r o u g h t  d u r i n g  t h e  e s t i v a l  p e r i o d ,  
d e s i c c a t i o n  t a k e s  p l a c e .  The upper  h o r i z o n s ,  l i t t l e  c l a y e d ,  a re  less 
f a v o r a b l e  t o  t h e  f o r m a t i o n  of c r a c k s  and t h e s e  do n o t  n e c e s s a r i l y  r e a c h  t h e  
s u r f a c e  of t h e  g r o u n d .  

I n  t h i s  vacuums o r  c r a c k s  s o  c r e a t e d  on t h e  50 - 60 cm of  t h e  u p p e r  
p a r t  of t h e  s o i l ,  t h e  gypsum l e v e l  b e i n g  more f r i a b l e  t h a n  t h e  o t h e r  
h o r i z o n s  shows a t e n d e n c y  t o  "f low" ( l e a k  o u t )  t o w a r d s  t h e  b a s e  of t h e  
c r a c k ,  which i s  f o u n d  i n  t h e  c l a y e d  h o r i z o n ,  and  t o  p r o g r e s s i v e l y  f i l l  i t .  
When a r a i n  o c c u r s ,  t h e r e  i s  a p r o g r e s s i v e  c l o s i n g  o f  t h e  c r a c k ,  e s p e c i a l l y  
i n  t h e  c l a y e d  l e v e l ,  f o l l o w i n g  a phenomenon of b u l g i n g  
( m o i s t e n i n g - a b s o r p t i o n )  of t h e  c l a y s .  I n  t h e  u p p e r  h o r i z o n s ,  t h e  c r a c k  
" c l o s e s , "  f rom t h e  p r o c e s s  of f i l l i n g  up by mater ia ls  coming f rom t h e  e d g e s  
of  t h e  i n i t i a l  crack of  d e s i c c a t i o n .  It t h u s  r e s u l t s  i n  a l o w e r i n g ,  and  
f o r m a t i o n  of  a h o l l o w  z o n e  on t h e  s u r f a c e  of t h e  g r o u n d ,  as  t h e  o n e s  which 
w e  o b s e r v e d  i n  t h e  median zone  of t h e  v e g e t a t i o n  b a n d s .  

I t  i s  l i k e l y  t h a t  t h e s e  v a r i o u s  phenomena ( l o w e r i n g  of  t h e  gypseous  
h o r i z o n  to t h e  l e v e l  of  t h e  c l a y e d  h o r i z o n  and c o l l a p s i n g  o f  t h e  s u r f a c e  of  
t h e  g r o u n d ) ,  are f a v o r e d  and i n t e n s i f i e d  on one  hand by t h e  a l t e r n a t i o n s  of  
d i s s o l u t i o n - d e p o s i t i o n  o f  gypsum, and on t h e  o t h e r  by t h e  v a r i a t i o n s  of t h e  
valume i n  gypsum u n d e r  t h e  e f f e c t  of t h e  d r o u g h t ,  d u r i n g  i t s  c h a n g e  from t h e  
h y d r a t e d  form t o  t h e  s e m i - h y d r a t e d  form ( C h a t t e r j i  and  J e f f e r y ,  1963;  Cooke 
and  S m a l l e y ,  1968). 
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