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S U M M A R Y

T his  pa pe r  s um m a r ize s  s o m e  as pe cts  o f a n  inve s t iga t ion in to  

the  pr ope r t ie s  o f  Ke u pe r  m a r l. A  ge ne ra l de s c r ipt ion o f  the  

de pos it  is  g ive n  in  Se c t ion I  a nd  is  fo llo w e d  in  Se c t ion II b y  a 

s tudy  o f  m o is t ur e  a ffin ity . T his  inc lude s  inve s t iga t ions  in to  

m o is t u re  a d s or p t ion , s w e lling , c a t ion  e x change  ca pa c ity , a nd  the  

m o d ify in g  influe nc e  o f  c e me nte d c lay  pa r t ic le s . Se c t ion I I I  d e ­

s c r ibe s  the  e ffe ctive ne s s  o f c a t ion ic  c he m ic a ls  as w a te r pr oo fing  

age nts .

S O M M A IR E

Ce tte  c o m m u n ic a t io n  r é s ume  que lque s  aspects  d ’une  e nquê te  

s ur  les  pr opr ié té s  de  la  m a r n e  Ke upe r . La  pr e mièr e  s e c tion offre  

une  de s c r ipt ion gé né r a le  de  ce  d é p ôt ;  la  s e c onde  u ne  é tude  de  

s o n  a ffin ité  p o u r  l’e a u . Ce lle - ci c o m po r te  le s  r é s ulta ts  d e  r e che r ­

che s  s u r  l’a bs or pt ion , le  g o nfle m e nt , le  po te n t ie l d ’éc ha nge  de  

c a t ions  e t l’influe nce  m od ific a t r ic e  d ’a g r é ga t ion de  pa r t ic ule s  

d 'a r g ile . La  tr o is ième  s e c tion dis cute  de  l ’e fficacité  de s  r éac t ifs  

c a lion iqu e s  co m m e  age nts  hydrofuge s .

o n  m a n y  o c c a s i o n s  o u r  c o n t a c t  w it h  K e u p e r  m a r l h a s  

b e e n  e s t a b lis he d  t h r o u g h  e n g in e e r s  w h o  h a v e  e n c o u n t e r e d  

u n e x p e c t e d  p r o b le m s  w it h  t h is  m a t e r ia l d u r in g  a n d  a ft e r  

c o n s t r u c t io n  in  s p it e  o f  e x t e n s iv e  t e s t in g  d u r in g  t h e  s ite  

in v e s t ig a t io n  p e r io d . S u r p r is in g ly  li t t le  h a s  b e e n  w r it t e n  a b o u t  

K e u p e r  m a r l in  s p it e  o f  its  e x te n s ive  o u t c r o p  a n d  s o  in  19 63  

a  la r g e  r e s e a r c h  p r o g r a m m e  w a s  in it ia t e d  t o  inv e s t ig a t e  its  

v a r ia b ili t y  a n d  e n g in e e r in g  b e h a v io u r .  T h is  p a p e r  s u m ­

m a r iz e s  a  fe w  a s p e c t s  o f  t h is  in v e s t ig a t io n .

I .  G E N E R A L  D E S C R IP T IO N

Ge ology

K e u p e r  m a r l is  t h e  n a m e  g iv e n  t o  a  p a r t ic u la r  s e r ie s  o f  

r o c k s  la id  d o w n  in  t h e  B r it is h  Is le s  d u r in g  t h e  la t e  T r ia s s ic  

p e r io d  in  a n  e n v ir o n m e n t  b e lie v e d  t o  b e  t h a t  o f  a  g r e a t  

s e m i- a r id  p la in  b o u n d e d  b y  a  la t e r it ic  h in t e r la n d .  T h e y  w e r e  

te r r e s t ia l d e p o s it s , s o m e t im e s  w a te r - b o r ne , s o m e t im e s  w ind-  

b o r n e ,  s o m e t im e s  b u ild in g  u p  o n  t h e  d r y  la n d  s u r fa c e , s o m e ­

t im e s  a c c u m u la t in g  in  la k e s  in  p la y a  b a s in s . T h e  p e r io d , 

w h ic h  p e r s is t e d  fo r  s o m e  2 0  t o  3 0  m ill io n  y e a r s , e n d e d  w it h  

t h e  in v a s io n  o f  t h e  R h a e t ic  s e a  a n d  t h e  d e p o s it  w a s  s uc ­

c e e d e d  b y  t h e  Ju r a s s ic  a n d  C r e t a c e o u s  fo r m a t io n s . S u b s e ­

q u e n t  e r o s io n  e x p o s e d  la r g e  a r e a s  o f  K e u p e r  m a r l, w h ic h  

in  c e n t r a l E n g la n d  m a y  h a v e  b e e n  s u b je c t  t o  p r e s s u r e  f r o m  

s o m e  4 ,0 0 0  t o  6 ,0 0 0  fe e t  o f  o v e r b u r d e n ,  a t  o n e  t im e  in  its  

h is t o r y  (Le e s , 1 9 6 4 ).

F ig . 1 s h o w s  t h e  p r e s e n t  a r e a  o f  s o lid  o u t c r o p  in  G r e a t  

B r it a in .  T h e  t h ic k n e s s  o f  t h e  d e p o s it  m a y  b e  as  m u c h  as

3 ,0 0 0  fe e t , b u t  is  c o m m o n ly  b e t w e e n  6 0 0  a n d  1 ,2 0 0  fe e t . I t  

c o m p r is e s  a  v a r ie t y  o f  r o c k  t y pe s , b u t  in  t h e  m a in ,  c o ns is ts  

o f  r e d - b r o w n  t o  g r e e n  m u d s t o n e s  a n d  s ha le s  g e n e r a lly  r e ­

fe r r e d  t o  a s  “ m a r l. ” I t  is  w it h  the s e  m a t e r ia ls  t h a t  o u r  

in v e s t ig a t io n s  h a v e  b e e n  c o n c e r n e d . U n w e a t h e r e d  m a r ls  a r e  

u s u a lly  fo u n d  in  a  h a r d  fis s ur e d  s ta te . In  t h e  w e a t h e r e d  zo n e  

t h e y  a r e  in  a  s o ft e r  c o n d it io n  w it h  h ig h e r  m o is t u r e  c o n t e n t .

f i g . 1. Ma p  ind ic a t ing  the  s o lid  o u t c r o p  o f  Ke u pe r  m a r l (s ho w n  

ha t c h e d ) in  Gr e a t  Br it a in .

Clas s if ication

S o m e  g r a in  s ize  d is t r ib u t io n  c u r ve s  ( F ig .  2 )  a n d  a  p la s ­

t ic it y  c h a r t  p lo t  (F ig .  3 )  o f  m a r ls  f r o m  v a r io u s  lo c a t io n s  

illu s t r a t e  t h e ir  v a r ia b le  n a t u r e . V a r ia t io n s  m a y  o c c u r  b o t h  

“ v e r t ic a lly ”  a n d  “ h o r iz o n t a lly ”  a t  a n y  o n e  s ite . H o w e v e r , 

f r o m  a  la r g e  s c a le  s u r v e y  (M a c le a n ,  1 9 6 4 ) t h e  m a jo r it y  o f 

m a r ls  w o u ld  be  c la s s ifie d  a s  in o r g a n ic  c la y s  o f  lo w  t o  

m e d iu m  p la s t ic it y .
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f i g . 3 . P la s t ic it y  cha r t .

Mine ralo gy

X- r a y  e x a m in a t io n s  b y  D a v is  ( 1 9 6 4 )  o f  t h r e e  o f  t h e  

s a m p le s  s h o w n  o n  t h e  p la s t ic it y  c h a r t  (s a m p le s  2 , 5 , a n d  8 )  

in d ic a t e  a  v a r ia b le  m in e r a lo g y . F o r  s a m p le  2  t h e  m in e r a ls  

o b s e r v e d  w e r e  a n  e q u a l q u a n t it y  o f  illit e  a n d  c h lo r it e  w it h  a 

s m a ll a m o u n t  o f  m u s c o v it e .  N o n - c la y  m in e r a ls  w e r e  q u a r t z , 

t h e  c a r b o n a t e  d o lo m it e , a n d  h a e m a t it e .  In  s a m p le  5  illit e  

w a s  p r e s e n t  as  t h e  o n ly  c la y  m in e r a l.  T h e  c a r b o n a t e  w a s  cal-  

c it e  as  o p p o s e d  t o  d o lo m it e  a n d  th e r e  w a s  a  s ig n if ic a n t  la c k  

o f  c r y s t a llin e  ir o n  o x id e s  in  s p it e  o f  t h e  r e d  c o lo u r a t io n . T h e  

f ib r o u s  n a t u r e  o f  s a m p le  8 c o u ld  b e  a t t r ib u t e d  t o  s e p io lit e  

w h ic h  c o n s t it u t e d  m o s t  o f  t h e  c la y  m in e r a l c o n t e n t  a n d  is  

o n e  o f  t h e  r a r e r  c h a in - s ilic a t e  c la y  m in e r a ls . W h ile  s e p io lit e  

w a s  t h e  d o m in a n t  c la y  m in e r a l,  b o t h  illit e  a n d  c h lo r it e  w e r e  

p r e s e n t  in  t r a c e a b le  q u a n t it ie s  a n d  t h e  no n - c la y  m in e r a ls  

w e r e  q u a r t z , g y p s u m , a n d  d o lo m it e .

I I .  M O IS T U R E  A F F IN IT Y

A s  c e r t a in  m a r ls  e x h ib it  r a p id  “ s o ft e n in g ”  w h e n  e x po s e d  

t o  w e t  c o n d it io n s , p a r t ic u la r  a t t e n t io n  h a s  b e e n  p a id  to  

a s s e s s ing , in  s o m e  w a y , t h e ir  a ffin it y  fo r  m o is t u r e . T h is  m a y  

b e  d o n e  b y  c o n s id e r in g  ( « )  in d e x  p r o p e r t ie s , ( b ) m o is t u r e  

a d s o r p t io n  o r  s p e c ific  s u r fa c e , ( c )  s w e llin g  in  c o n t a c t  w it h  a  

fr e e  w a t e r  s u r fa c e , a n d  ( d ) c a t io n  e x c h a n g e  c a p a c it y  a t  a  

k n o w n  p H .

T h e  s u it a b ilit y  o f  a n y  o f  the s e  m e t h o d s  in  a s s e s s ing  m o is ­

t u r e  a ffin it y  m a y  d e p e n d  o n  t h e  s t r u c t u r e  o f  t h e  m a r l a n d  

t h e  m o d ify in g  in flu e n c e s  o f  w e a t h e r in g  a n d  c e m e n t a t io n .

Mois ture  Ad s orpt io n

M o is t u r e  a d s o r p t io n  m e a s u r e m e n t s  h a v e  b e e n  u s e d  by  

v a r io u s  w o r k e r s  t o  c a lc u la t e  t h e  s pe c ific  s u r fa c e  o f  a  c la y  

s o il.

K e e lin g  ( 1 9 6 1 )  p r e s e n t e d  a  s im p le  t e c h n iq u e  t o  d e t e r m in e  

m o is t u r e  a d s o r p t io n  c a p a c it y . I t  c o ns is ts  in  m e a s u r in g  t h e  

inc r e a s e  in  w e ig h t  o f  a n  o ve n- dr y  s a m p le  o f  p o w d e r e d  s o il in  

a n  a t m o s p h e r e  o f  7 5  p e r  c e n t  r e la t iv e  h u m id it y  a n d  a t  a  

t e m p e r a t u r e  o f  2 5  C .  T h e  r a t io  o f  t h e  in c r e a s e  in  w e ig h t  t o  

t h e  o ve n- d r y  w e ig h t , e x pr e s s e d  a s  a  p e r c e n t a g e , is  c a lle d  t h e  

M A  v a lu e .  U n le s s  s ig n ific a n t  q u a n t it ie s  o f  ir o n  o x id e s  o r  

c a r b o n a c e o u s  m a t e r ia l a r e  p r e s e n t , M A ,  a  r e fle c t io n  o f  

s p e c ific  s u r fa c e , d e p e n d s  m a in ly  o n  t h e  t y p e  a n d  p r o p o r t io n  

o f  c la y  p a r t ic le s  in  t h e  s a m p le .

T h is  p r o c e d u r e  w a s  c a r r ie d  o u t  o n  b o t h  c o m p le t e  s a m p le s  

o f  m a r l (s a m p le s  2  t o  9  p r e v io u s ly  s h o w n  o n  t h e  p la s t ic it y  

c h a r t )  a n d  o n  s a m p le s  c o n t a in in g  o n ly  c la y  s ize  p a r t ic le s . 

T h e  la t t e r  w e r e  o b t a in e d  b y  s e d im e n t a t io n  a n d ,  a lt h o u g h  

the s e  m a y  n o t  be  e x a c t ly  r e p r e s e n t a t iv e  o f  t h e  c la y  fr a c t io n s  

o f  a  c o m p le t e  s a m p le , t h e ir  M A  v a lu e s  p r o v id e  a  c o m p a r a ­

t ive  in d ic a t io n  o f  t h e  s pe c ific  s u r fa c e  o f  t h e  c la y  p a r t ic le s  

p r e s e n t . A n  a p p r o x im a t io n  t o  t h e  p r o p o r t io n  o f  c la y  m in e r a l 

p r e s e n t  in  a  s a m p le  m a y  b e  o b t a in e d  f r o m  t h e  r a t io  o f  t h e  

M A  o f  t h e  c o m p le t e  s a m p le  t o  t h e  M A  o f  t h e  c la y  s ize  

fr a c t io n .

T A B L E  I .  M A  L I Q U I D  L I M I T  A N D  C L A Y  C O N T E N T

S a m ple
no.

M A  %

w l  %

C la y
C la y  s ize  m ine r a l 

c o n t e n t  %  c o n t e n t  %
Co mp le t e

s a m ple
C la y  s ize  

o n ly

2 3 .5 9 .9 32 33 36
3 8 .1 13 .9 61 50 58
4 6 .2 10 .6 43 50 58
5 4 .1 11 .0 34 35 37
6 6 .3 1 0 .9 43 45 58
7 8 .3 14 .2 ;>o 42 58
8 8 .3 1 5 .0 69 50 56
9 8 .1 14 .3 67 53 58

T a b le  I  s h o w s  t h a t  s a m p le s  w it h  s im ila r  t y pe s  a n d  p r o p o r ­

t io n s  o f  c la y  p a r t ic le s  m a y  h a v e  d iffe r e n t  p r o p o r t io n s  o f  c la y  

s ize  m a t e r ia l a n d  d iffe r e n t  l iq u id  l im it  v a lu e s . I t  s ugge s ts  

t h a t  v a r y in g  p r o p o r t io n s  o f  c la y  p a r t ic le s  m a y  b e  c e m e n t e d  

t o g e t h e r  t o  fo r m  g r a n u la r  p a r t ic le s  t h r o u g h  w h ic h , a t  7 5  p e r  

c e n t  r e la t iv e  h u m id it y ,  w a t e r  v a p o u r  m a y  d iffus e  a n d  c o v e r  

in d iv id u a l c la y  p a r t ic le s  w it h  a  fe w  m o n o m o le c u la r  la y e r s  o f  

w a te r . A t  h ig h e r  h u m id it ie s  t h e  c e m e n t e d  c la y  p a r t ic le s  a r e  

u n a b le  t o  s e p a r a te  t o  d e v e lo p  t h e ir  d iffu s e  d o u b le  la y e r s  a n d  

s o d o  n o t  c o n t r ib u t e  s ig n ific a n t ly  t o  liq u id  l im it  v a lue s .

A s  a  b a s is  fo r  c o m p a r is o n ,  t h e  p r o p o r t io n  o f  t h e  M A  o f  

a  c o m p le t e  s a m p le  w h ic h  m a y  b e  a s c r ib e d  t o  t h e  n o n ­

c e m e n t e d  c la y  fr a c t io n  m a y  b e  a p p r o x im a t e ly  as s e s s e d f r o m  

t h e  p r o d u c t  o f  t h e  p e r c e n t a g e  c la y  s ize  a n d  t h e  M A  o f  t h e  

c la y  s ize  fr a c t io n . F ig . 4  s ho w s  t h e  M A / l iq u id  l im it  p lo t  

in d ic a t in g  a  r e a s o n a b ly  lin e a r  r e la t io n s h ip  b e t w e e n  t h e  M A  

o f  the  n o n - c e m e n t e d  c la y  fr a c t io n  a n d  liq u id  lim it .

It  s ug g e s ts  t h a t  t h e  s p e c ific  s u r fa c e  o f  a  c o m p le t e  s a m p le  

m a y  n o t  a lw a y s  p r o v id e  a  r e lia b le  in d ic a t io n  o f  s o il b e ­

h a v io u r  a t  h ig h  m o is t u r e  c o n t e n t  a n d  a ls o  t h a t  a  p o s s ib le  

in c r e a s e  in  liq u id  lim it  m a y  o c c u r  if  c e m e n t a t io n  is  in  s o m e  

w a y  d e s t r o y e d .

S w e lling  o f  Com pac te d  M ar l

C o m p a c t e d  s o ils  w h e n  s o a k e d  m a y  e x p a n d  a n d  lo s e  t h e ir  

o r ig in a l u n d r a in e d  s t r e ng th . In  o r d e r  t o  r e c o g n ize  m a r ls
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F ic . 4 . Mo is tu r e  a ds or pt ion  versus  liq u id  lim it .

p o s s e s s ing  u n d e s ir a b le  e x p a n s iv e  p r o p e r t ie s , te s ts  w e r e  c a r ­

r ie d  o u t  t o  d e t e r m in e  v a lu e s  o f  s w e ll p o t e n t ia l,  p r e v io u s ly  

d e fin e d  b y  S e e d , W o o d w a r d ,  a n d  L u n d g r e n  ( 1 9 6 2 )  a s  t h e  

p e r c e n t a g e  s w e ll o n  s o a k in g  in  d is t ille d  w a t e r  u n d e r  a  s u r ­

c h a r g e  o f  o n e  p o u n d  p e r  s q u a r e  in c h  o f  a  s a m p le  c o m p a c t e d  

a t  o p t im u m  m o is t u r e  c o n t e n t  t o  m a x im u m  d r y  d e n s it y  in  t h e  

s t a n d a r d  A . A . S . H . O .  c o m p a c t io n  te s t .

F ig .  5  s h o w s  t h a t  t h e  s w e ll p o t e n t ia l o f  a  c o m p a c t e d  m a r l 

d e p e n d s  t o  a  c e r t a in  e x t e n t  o n  t h e  m o is t u r e  d e fic ie n c y  a t  

o p t im u m  m o is t u r e  c o n t e n t  ( o m c ) .  T h is  d e fic ie n c y  h a s  b e e n  

r e la t e d  t o  liq u id  lim it  a n d  is  c a lle d  t h e  “ o p t im u m  liq u id  lim it  

d e fic ie n c y ”  ( w L — o m c ) .  F ig . 6  s h o w s  t h a t  it  in c r e a s e s  in  a  

g e n e r a l w a y  w it h  in c r e a s e  in  liq u id  lim it .

W h ile  l iq u id  l im it  is  a  g u id e  t o  s w e ll p o t e n t ia l (p e r c e n t a g e  

s w e ll a t  o p t im u m ) ,  it  d o e s  n o t  as s e s s  s w e llin g  a t  o t h e r  m o u ld ­

in g  m o is t u r e  c o n t e n t s . S a m p le s  s h o w  s im ila r  r a t e s  o f  r e d u c ­

t io n  in  s w e ll w it h  in c r e a s e  in  m o u ld in g  m o is t u r e  c o n t e n t  a n d , 

w h e n  ze r o  s w e ll is  a t t a in e d , a  fu r t h e r  in c r e a s e  in  m o u ld in g  

m o is t u r e  c o n t e n t  p r e s u m a b ly  in d u c e s  n e t  p o s it iv e  p o r e  p r e s ­

s u r e s  d u r in g  c o m p a c t io n .  A  g u id e  t o  p e r c e n t a g e  s w e ll (u n d e r  

a  s u r c h a r g e  o f  o n e  p o u n d  p e r  s q u a r e  in c h )  a t  a  m o is t u r e  

c o n t e n t ,  w , m a y  b e  a p p r o x im a t e ly  o b t a in e d  f r o m  a  m o d if ie d  

liq u id  l im it  d e fic ie n c y :  c ( w L — w ) ,  w h e r e  c  m a y  v a r y  b e ­

t w e e n  0 .5  a n d  0 .6 . M o d if ie d  d e fic ie n c ie s  o f  0  p e r  c e n t  a n d  

1 0  p e r  c e n t  w o u ld  in d ic a t e  p e r c e n t a g e  s w e lls  o f  a b o u t  0  p e r

f i g .  5. S w e ll p o te n t ia l versus  o p t im u m  liq u id  lim it  

de fic ie ncy .
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f i g .  6 .  O p t im u m  liq u id  lim it  de fic ie ncy  versus  liq u id  lim it .

c e n t  a n d  10  p e r  c e n t  r e s p e c t iv e ly . V a lu e s  o u t s id e  the s e  lim it s  

h a v e  n o t  b e e n  as s e s s e d.

T he s e  c o n c lu s io n s ,  a lt h o u g h  o n ly  a p p ly in g  t o  s a m p le s  

c o m p a c t e d  u n d e r  s t a n d a r d  la b o r a t o r y  c o n d it io n s , p r o v id e  a  

ba s is  fo r  c o m p a r is o n .  F o r  e x a m p le , m a r ls  o f  lo w  liq u id  

l im it  c o m p a c t e d  a t  o p t im u m  d o  n o t  c o n s t it u t e  a  p r o b le m  

w it h  r e s p e c t  t o  s w e ll b u t  a r e  s e n s it iv e  t o  m o is t u r e  c o n t e n t  in  

t h a t  a n  in c r e a s e  o f  m o u ld in g  m o is t u r e  c o n t e n t  o f  o n ly  a  fe w  

p e r c e n t a g e  p o in t s  a b o v e  o p t im u m  is  s u ffic ie n t  t o  in d u c e  

p o s it iv e  p o r e  p r e s s u r e  d u r in g  c o m p a c t io n .

Cat io n  Ex change

T h e r e  a r e  s e v e r a l r e a s o n s  w h y  c a t io n  e x c h a n g e  h a s  a 

d ia g n o s t ic  v a lu e  in  t h e  e n g in e e r in g  s t u d y  o f  a  s o il.  F ir s t ly , 

a ll s ilic a t e s  in  t h e  s o il w h ic h  h a v e  m o is t u r e  a ffin it y  w ill  t a k e  

p a r t  in  c a t io n  e x c h a n g e  r e a c t io n .  T h is  m o is t u r e  a ffin it y , 

t h e r e fo r e , c a n  b e  m e a s u r e d  b y  t h e  e x c h a n g e  c a p a c it y  o f  t h e  

s o il. S e c o n d ly ,  d e p e n d in g  o n  t h e  t y p e  o f  s ilic a t e s  t a k in g  p a r t  

in  c a t io n  e x c h a n g e  r e a c t io n s , t h e  t y pe s  a n d  a m o u n t s  o f  

c a t io n s  e x c h a n g e a b le  p la y  d iffe r e n t  b u t  im p o r t a n t  r o le s  in  

t h e  p la s t ic it y  c h a r a c t e r is t ic s  o f  t h e  s o il w a t e r  s y s t e m . T h e  

d iffe r e n t  p r o p e r t ie s  o f  N a - m o n t m o r illo n it e  a n d  C a - m o n t m o -  

r ilIo n it e  a r e  w e ll k n o w n .

In  t h e  d e t e r m in a t io n  o f  t h e  c a t io n  e x c h a n g e  c a p a c it y  o f  

K e u p e r  m a r l,  n o r m a l a m m o n iu m  a c e ta t e  h a s  b e e n  u s e d  as  

t h e  le a c h in g  s a lt . T h e  a m m o n ia  a d s o r b e d  b y  t h e  s o il is  

d is t ille d  o ff  h a v in g  b e e n  r e p la c e d  b y  m a g n e s iu m  a n d  m e a ­

s u r e d  b y  t i t r a t io n . H a lf  p o r t io n s  o f  t h e  le a c h a t e s  w e r e  

e v a p o r a t e d  a n d  t h e  e x c h a n g e a b le  c a t io n s  in  t h e m  d e t e r m in e d  

b y  t i t r a t io n . T h e  t y pe s  a n d  a m o u n t s  o f  in d iv id u a l c a t io n s  

w e r e  d e t e r m in e d  in  t h e  r e m a in in g  h a lf  p o r t io n s  u s in g  t h e  

E E - L  fla m e  p h o t o m e t e r  a n d  t h e  U n ic a m  S p  9 0 0  fla m e  

s p e c t r o p h o t o m e t e r .  T h e  r e s u lt s  o f  s o m e  c a t io n  e x c h a n g e  

p r o p e r t ie s  o f  K e u p e r  m a r l a r e  g iv e n  in  T a b le  I I .  T h e  e x ­

c h a n g e  c a p a c it y  v a lu e s  o b t a in e d  fo r  < 2 0 0  B .S . s ie ve  s ize  

fr a c t io n s  a r e  p lo t t e d  in  F ig . 7  a g a in s t  c la y  s ize  fr a c t io n s  

( < 2 / 0  a n d  in  F ig . 8 a g a in s t  p la s t ic it y  in d ic e s . In  the s e  

fig u r e s  c o r r e s p o n d in g  v a lu e s  o b t a in e d  b y  D a v id s o n  a n d  

S h e e le r  ( 1 9 5 3 )  fo r  Io w a  loe s s  a r e  p lo t t e d  fo r  c o m p a r is o n .

C a t io n  e x c h a n g e  c a p a c it y  v a lu e s  o b t a in e d  fo r  K e u p e r  

m a r l s a m p le s  in v e s t ig a t e d  v a r y  b e t w e e n  2 0  a n d  4 7  m illie q u i-  

v a le n t s  p e r  1 0 0  g r a m s  o f  < 2 0 0  B .S . s ie ve  s ize  fr a c t io n s . A n  

e x a m in a t io n  o f  T a b le  I I  r e v e a ls  in t e r e s t in g  r e la t io n s  b e t w e e n  

t h e  c a r b o n a t e  c o n t e n t ,  c a t io n  e x c h a n g e  c a p a c it y , a n d  c a t io n  

s a t u r a t io n .  H ig h  v a lu e s  o f  e x c h a n g e  c a p a c it y  a r e  a s s o c ia t e d  

w it h  lo w  c a r b o n a t e  c o n t e n t s , w h e r e a s  h ig h  v a lu e s  o f  c a t io n
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S a m ple  no.
Ca r bo na te  
c o n t e n t  %

Ex c ha nge  
c a p a c ity  

ni.e ./1 0 0  g r a ms

T o ta l 
e x change able  

c a t ions  
n i.e / 1 00  g r a ms

C a tio n  
s a t ur a t ion  

te c /ce c  %

C a tio n s  cxch a nge d  %

C a ++ M g ++ Na+ IC+

2 6 .9 7 30 34 113 40 16 34 9
10 2 .1 3 47 50 106 42 12 30 12
11 1 2 .0 0 22 25 114 56 14 29 4
12 7 .4 0 28 32 114 51 15 27 4

13 10 .25 37 41 108 58 16 21 4
14 2 1 .5 7 20 32 160 80 8 9 2

s a t u r a t io n  a r e  a s s o c ia t e d  w it h  c o r r e s p o n d in g ly  h ig h  v a lu e s  o f  

c a r b o n a t e  c o n t e n t  a n d  v ice  versa. T h e  t r e n d  is  a ls o  s u p p o r t e d  

b y  o t h e r  r e s u lt s  n o t  s h o w n  in  t h e  t a b le . T h e s e  r e la t io n s  s u g ­

ge s t  t h a t  t h e  r e d u c t io n  in  c a r b o n a t e  c o n t e n t  r e s u lt s  in  t h e  

d e v e lo p m e n t  o f  a c t iv e  s ilic a t e s  a n d  t h a t  b e c a u s e  o f  v e r y  

s lo w  r e a c t io n  b e t w e e n  a m m o n iu m  a c e t a t e  a n d  t h e  c a r b o n a t e s  

in  t h e  m a r l,  t h e ir  e ffe c ts  o n  t h e  c a t io n  e x c h a n g e  c a p a c it y  

( c e c )  v a lu e s  o b t a in e d  a r e  ne g lig ib le .

T h e  c a t io n  a c t iv it y  ( c e c / %  c la y  s iz e )  c h a r t  p r e s e n t e d  in  

F ig . 7  s h o w s  t h a t  K e u p e r  m a r l m a y  c o n t a in  m o r e  a c t ive  

s ilic a t e s  t h a n  its  A t t e r b e r g  l im it  v a lu e s  a n d  it s  g r a in  s ize  

d is t r ib u t io n  m a y  le a d  o n e  t o  e x pe c t . O n  t h e  b a s is  o f  t h is  

c h a r t , K e u p e r  m a r l is  m o r e  a c t iv e  t h a n  Io w a  loe s s  w h ic h  is  

k n o w n  t o  b e  p r e d o m in a n t ly  ill it ic  b u t  s lig h t ly  le s s  a c t iv e

f i g . 7 . C a t io n  a c t iv ity  cha r t .

t h a n  C a - m o n t m o r illo n it e . I f  t h e  c a t io n  a c t iv it y  o f  C a - m o n t-  

m o r illo n it e  b e  t a k e n  a s  1, m o s t  o f  t h e  m a r ls  in v e s t ig a t e d  h a v e  

t h e ir  a c t iv it ie s  in  t h e  r a n g e  b e t w e e n  0 .6 8  a n d  0 .9 8 . F ig . 8 

d e m o n s t r a t e s  t h e  r e la t io n s h ip  b e t w e e n  p la s t ic it y  in d e x  a n d  

e x c h a n g e  c a p a c it y  o f  K e u p e r  m a r l c o m p a r e d  w it h  Io w a  

loe s s . Be c a u s e  o f  c e m e n t a t io n  e ffe c ts  in  s o m e  o f  t h e  m a r ls , 

h ig h  e x c h a n g e  c a p a c it y  v a lu e s  d o  n o t  n e c e s s a r ily  r e s u lt  in  

c o r r e s p o n d in g  h ig h  p la s t ic it y  in d ic e s .

In  s u m m a r iz in g  t h is  s e c t io n , it  m a y  be  s a id  t h a t  K e u p e r  

m a r l s a m p le s  m a y  h a v e  h ig h e r  c la y  m in e r a l c o n t e n t s  a n d  

h ig h e r  c a t io n  e x c h a n g e  c a p a c it ie s  t h a n  w o u ld  b e  in fe r r e d  b y  

t h e ir  A t t e r b e r g  lim it s  o r  g r a in  s ize  d is t r ib u t io n s . T h is  is  d u e  

t o  t h e  c e m e n t a t io n  o f  s o m e  c la y  p a r t ic le s  in t o  la r g e r  g r a n u la r

P L A S T IC IT Y  INDEX 7«

f i g .  8. C a t io n  e x c ha nge  c a pa c ity  versus  p la s t ic ity  inde x .

p a r t ic le s . C le a r ly , a  b r e a k d o w n  o f  c e m e n t a t io n  w o u ld  le a d  t o  

a  c h a n g e  in  p r o p e r t ie s  a n d ,  a lt h o u g h  s t a n d a r d  te s ts  p r o v id e  

e s s e n t ia l in fo r m a t io n ,  a  s a t is fa c t o r y  p ic t u r e  o f  t h e  m a t e r ia l 

r e q u ir e s  t h e  us e  o f  a d d it io n a l p a r a m e t e r s  s u c h  a s  m o is t u r e  

a d s o r p t io n  a n d  c a t io n  e x c h a n g e  c a p a c it y .  A lt h o u g h  s u ffic ie n t  

e x p e r im e n t a l e v id e n c e  is  n o t  y e t  a v a ila b le , i t  s e e m s  lik e ly

f i g . 9 . Wa t e r  a b s or p t ion  o f  s a m ple s  tr e a te d w ith  o r g a n ic  c a t ions .
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t h a t  t h e  p r e s e n c e  o f  ir o n  o x id e s  is  t h e  m a in  c a u s e  o f  

c e m e n t a t io n .

I I I .  S T A B IL IZ A T IO N

C o m p a c t e d  K e u p e r  m a r l u s u a lly  h a s  a  s a t is fa c t o r y  s h e a r  

s t r e n g t h  a n d  the  m a in  a im  in  t h is  w o r k  is  t o  r e n d e r  it  hy d r o -  

p h o b ic  s o  as  t h is  s t r e n g t h  m a y  b e  m a in t a in e d .  G ie s e k in g  

(1 9 5 5 )  h a s  s h o w n  t h a t  it  is  p o s s ib le  t o  r e n d e r  c la y s  hy d r o -  

p h o b ic  b y  e x c h a n g in g  t h e ir  a t t a c h e d  c a t io n s  fo r  o r g a n ic  

c a t io n s .

In  t h e  s t a b iliz a t io n  s t u d y , a  p r e lim in a r y  e v a lu a t io n  o f  

e ig h t  o r g a n ic  c a t io n ic  c h e m ic a ls  h a s  b e e n  m a d e . T h e  m a in  

c r it e r io n  fo r  t h is  e v a lu a t io n  is  t h e  r e d u c t io n  in  t h e  a m o u n t  

o f  w a t e r  a b s o r b e d . F ig . 9  s h o w s  t h e  r e d u c t io n  in  w a t e r  

a b s o r p t io n  o f  o r g a n ic a lly  t r e a t e d  K e u p e r  m a r l.  T h e  r e s u lt s  

s h o w  o n  o n e  h a n d  t h e  p o t e n t ia lit ie s  o f  the s e  a g e n t s  in  w a t e r ­

p r o o fin g  K e u p e r  m a r l a n d  o n  t h e  o t h e r  t h e  im p o r t a n c e  o f  

c o m p a r in g  t h e  a g e n ts  in  t e r m s  o f  m ill ie q u iv a le n t s  us e d  

r a t h e r  t h a n  b y  w e ig h t s  as  t r a d it io n a lly  d o n e . A ll  t h e  a g e n ts  

w e r e  u s e d  in  0 .2 5 , 0 .5 , 0 .7 5 ,  a n d  1 p e r  c e n t  o f  d r y  w e ig h t  o f  

s o il b u t  a s  s h o w n  in  t h is  g r a p h  t h e  m illie q u iv a le n t s  fu r n is h e d  

b y  d iffe r e n t  c h e m ic a ls  d iffe r  in  a c c o r d a n c e  w it h  t h e ir  v a le n ­

c ie s  a n d  m o le c u la r  w e ig h t s . A s  a  r e s u lt  o f  t h is  e v a lu a t io n , 

A r m a c  T  a n d  A r q u a d  2 H T - 7 5  w e r e  fo u n d  t o  b e  m o s t  

p r o m is in g  a n d  a r e  n o w  b e in g  fu r t h e r  e v a lu a t e d .
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