
A STUDY OF IRON IN CLAY MINERALS 

USING M~)SSBAUER SPECTROSCOPY 

by 

T .  E .  PECUIL,  J .  M.  WAM]2LER, a n d  C. E .  W E A V E R  

Georgia I n s t i t u t e  of  Technology,  At l an ta ,  Georgia 

E X T E N D E D  A B S T R A C T  

THREE useful  pa r am e t e r s  are readi ly  d e t e r m i n e d  f rom the  MSssbauer  in te rac t ion ;  the  
isomer  shift ,  t he  nuc lear  electric quadrupo le  spl i t t ing,  a n d  the  nuclear  m a g n e t i c  dipole 
spli t t ing.  The  isomer  shif t ,  wh ich  is re la ted  to chemical  bond ing  a n d  changes  in valence,  
and  the  quadrupo le  spl i t t ing,  which  is sensi t ive  to s t ruc tu ra l  env i ronmen t ,  are t he  p r ime  
considera t ion  in th i s  work. The  isomer  shi f t  is a func t ion  of the  charge  dens i ty  of  e lec t rons  
a t  the  nucleus.  The  quadrupo le  sp l i t t ing  depends  on t he  a s y m m e t r y  of  t h e  electric field 
a t  the  nuclear  site. The  sp l i t t ing  for Fe  S+ is caused by  the  ne ighbor ing  ions, b u t  for 
Fe 2+ the  re levan t  field g rad ien t  is re la ted  p r imar i ly  to the  electron d i s t r ibu t ion  in t he  
i ron ion. P rev ious  s tudies  h a v e  es tab l i shed  the  following ranges  for the  va lues  of  t hese  
pa rame te r s :  the  isomer  sh i f t  (measured  f rom the  cen te r  of  t he  iron me ta l  pa t t e rn ,  
- -0.25 m m / s e c  in our  work) for Fe  3+ f rom 0 t h r o u g h  + 0 . 5  ram/see  a n d  for Fe  ~+ f rom 
0.40 t h r o u g h  1.7 mm/sec .  Table  l* s u m m a r i z e s  the  d a t a  ob ta ined  in t he  p resen t  s tudy .  

MSssbauer  absorp t ion  spec t rog raphy  can  be used  to es tabl i sh  the  presence of  Fe  2+ 
a n d  Fe 3+ in c lay  minera ls .  I n  the  shee t  s t ruc tu re  silicates, oe tahedra l ly  coord ina ted  
i ron can  be  d i s t ingu ished  f rom t e t r ahed ra l ly  coord ina ted  iron. Siderite and  goeth i te ,  
c o m m o n  c o n t a m i n a n t s  of  t he  c lay minera ls ,  can  usua l ly  be detected.  Goeth i te  ha s  a 
well-organized s t ruc ture ,  t hough ,  due  to i ts  fine gra in  size, m a y  appear  to be a m o r p h o u s  
to X-rays .  The  var ious  famil ies  of  clay minera l s  show minor  differences in isomer  shi f t  
a n d  quadrupole  sp l i t t ing  values.  

* See table  on page  144. 
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1 4 4  F I F T E E N T H  C O N F E R E N C E  ON CLAYS AND C L A Y  M I N E R A L S  

TABLE 1.--MSSSBAUER PARAMETERS DETERI~INED FOR 
CLAYS AND ASSOCIATED MINERALS 

r a m / s e e  • 0 . 0 5  

O x i d a t i o n  L a t t i c e  I s o m e r  
C lay  s t a t e  pos i t ion  sh i f t  

m m / s e c  + 0 . 0 5  

Q u a d r u p o l e  
sp l i t t i ngs  

r a m / s e e  _+ 0 . 0 5  

2" 1 Dioc tahedra l  
I ~ o n t r o n i t e  
I l l i t e  

Fe 3+ Oct. ~ 0.30 ~ 0.30 

Fe 2+ Oct. ~ 1.10 ~ 1.05 

FeB ~ Oct. 0.35 0.30 

Glauconitc Fc 2+ Oct. ~ I. 15 ~ i. I0 

F e  a+ Oct.  ~ 0 . 3 5  N 0 . 3 0  
Mon~m or i l l on i t e  F e  a+ Oct .  + 0 . 2  
< 0 . 2  # B r o a d  p e a k  w i t h  a p e x  a t  0 . 2  
2 : 1  C h a i n  
X y l o t i l e  F e  2+ Oct.  ~ 1 . 2  N i .  0 

Fe3+ /Oc t .  
[Te t .  ~ 0 . 2  -~ 0 . 4  

A t t a p u l g i t e  F e  2 ~ Oct .  ? 1 .45  ?0 .5  
F e  3+ Oct .  ~ 0 . 3  N 0 . 2  

l : 1 Tr ioc tahedra l  
C h a m o s i t e  F e  2+ Oct .  ~ 1 . 2 0  N 1 .25  
C r o n s t e d t i t e  F e  2+ Oct.  ~ 1 . 3 0  ~ 1 .25  

F c  a+ Oct .  ~ 0 . 4 0  ~ 0 . 3 5  
Fe 3+ Te t .  ~ 0 . 0 5  N 0 . 4 0  

2 : 1  Tr ioc tahcdra l  
Bio t i t e ,  s ingle  c r y s t a l  F e  2+ Oct .  1 . 1 5  1 . 2 0  

o c t a h e d r a l  
F e  3+ Oct .  ~ 0 . 2 - 0 . 6  

B i o t i t e  p o w d e r  F e  2+ Oct .  1 . 1 5  l .  20 
F e r r i o n i t e  F e  2+ Oct .  1 . 1 0  1 .20  

( s y n t h e t i c  b io t i t e )  
F e  3+ Tot .  ~ 0 . 0 5  0 . 4 0  

or  m o r e  or  less 
Gr i f f i th i t e  F e  2+ Oct .  1 . 2 0  1 .35  

F c  3+ Oct .  ~ 0 . 4 5  ~ 0 . 5 7  
1 : 1 Dioc taheara l  
I r o n  k a o l i n  (?) F c  a+ 0.  375 0.  225 
I r o n  ~ i n e r a l s  
G o c t h i t e  F e  3+ Oct .  0.  375 0. 275 
S ider i t e  F e  2+ Oct .  1 . 2 5  0 . 9 0  


