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A B S T t ~ A C T  

Sepiolite is a valid minerM with the  following chemical formula : 

8MgO. 12Si02 �9 nH20. 

I ts  uni t  cell characteristics are : 

a = 13 .4~ ;  b = 26.8]'1; c = 5.28/~; Z = 2 ; D ~ h  - - P  21 2 2. 
n c 

They were detet~ained on the sepiolite from Ampandra,ndava (Madagascar). I ts  s t ructure 
was determhled by means of the " trial  and error " method and the  observed and 
calculated intensities rendered a good agreement. 

The formula of the stI~acture is : 

l[H~O]n. 1{(5[g, Fe a+, Fe ~+, A1)s(H~O)a(O,0tI)4[(Si, Alh0Oao]}" n ~< 8. 
co co 

The minerM contains zeolitic, crystal- and constitution-water. A good agreement 
was achieved between the chemical, thermal,  and morphological qualities and  the 
:<-ray data.  The minerM remains s~able up to about  350~ and  begins to change into 
an " anhydride " above this  temperature.  

The formula of the structure of sepiolite-" anhydride " is : 

l{(Mg, Fe 3+, Fe ~+, A1)s(O,OHh[(Si , Alh 0Oa0]}. 
oo 

I ts  uni t  cell characteristics are : 

a = 10 .9~ ;  b = 2 3 . 3 ~ ;  c = 5 . 2 8 ~ ;  a ~  90 ~  = 2 ;  C~h --p2!11. 
n 

The minerals xylotile, mounta in  wood and gunnbjarni te  are isotypical with sepiolite. 

T h e  t e r m ,  sepio l i te ,  w as  i n t r o d u c e d  i n t o  t h e  l i t e r a t u r e  t o  d e s i g n a t e  a m i n e r a l  
w i t h  t h e  c o m p o s i t i o n  o f  2 M g O  �9 3SIO2 �9 n t t 2 0 .  

T h e  l a r g e s t  f a m i l i a r  occu r r ence ,  n e a r  E s k i s c h i r  i n  T u r k e y ,  h a s  b e e n  k n o w n  
for  c e n t u r i e s  a n d  is u t i l i z e d  i n  i n d u s t r y .  B e s i d e s  t h i s  o c c u r r e n c e  t h e r e  a r e  
i n n u m e r a b l e  s m a l l e r  s ou r ce s  al l  o v e r  t h e  wor ld .  I n  r e c e n t  t i m e s  v a s t  d e p o s i t s  
o f  scp io l i t e  a re  sa id  t o  h a v e  b e e n  d i s c o v e r e d  in  A m b o s c h i  ( T a n g a n y i k a )  ; 
t h e y  a r e  h e m  t o  be  t h e  m o s t  i m p o r t a n t  d e p o s i t s  o n  e a r t h .  

Sep io l i t e  is f o u n d  i n  t h e  f o r m  of  f ibers  w h i c h  a re ,  h o w e v e r ,  c o m m o n l y  
d i s c e r n i b l e  o n l y  u n d e r  t h e  m i c r o s cope ,  or  u n d e r  t h e  e l e c t r o n  mic ro scope .  

T h e  m o s t  b e a u t i f n l  f ib rous  sep io l i t e  is t h e  one  f o u n d  a t  A m p a n d r a n d a v a ,  
lV[adagascar,  w h i c h  w as  u s e d  fo r  e x p e r i m e n t s  b y  M i g e o n  (1936), L o n g -  
c h a m b o n  (1937) a n d  CailI6re (1951). B r a u n e r  a n d  P r e i s i n g e r  (1956) a lso u s e d  
t h i s  m a t e r i a l  for  t h e i r  i n v e s t i g a t i o n .  

T h e  v a r i e t y  of  sep io l i t e  f r o m  A m p a n d r a n d a v a  cons i s t s  o f  y e l l o w i s h  f ibers  
2 - 3  cm long,  in  b u n d l e s .  U n d e r  t h e  m i c r o s c o p e  t h e  m i n e r a l  cons i s t s  o f  b u n d l e s  
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of fibers oriented in an exact parallel direction, of  a slight yellow shade, and 
with parallel extinction. Pleoehroism in the direction of  the  fiber is dark 
yellow, and normal  to it lemon yellow, 7 '  in the direction of  the fiber. The 
electron microscope shows tha t  the thickness of  the single fiber ranges in 
size over some hundreds of  &ngstrSms. 

Because of  the statistical distr ibution of the single fibers into bundles of 
fibers, as can be seen from rota t ion and Weissenberg photographs,  no exact  
optical da ta  can be given and, therefore, nothing can be said about  the crystal 
system from optical data.  

The chemical analysis of the sepiolite f rom Ampandrandava  shows a 
proport ion of  Si0e : )s : H~O = 3 : 2.00 : 4.02 (Table 1). All other analyses 
of  sepiolite found in the literatnre also show a proport ion of SiO 2 : MgO of  
approximately  3 : 2. 

TABLE I.--CHENfICAL A N A L Y S I S  OF TIlE ~EI?IOLITE FI%ONI A2~PANDIgANDAVA 

(CAILL~.aE, 1951) 

SiO~ 
A1203 
MgO 
CaO 
FeO 
F%O3 
H~O 

Sum 

Weight 
(%) ~olquot. • i000 

52.50 
0.60 

21.31 
0.47 
0.70 
2.99 

21.27 

99.84 

874.1"~ . k $10~ 5.9 f 
528.5"~ 

8.4 ~MgO 
9.7 

18.7j 
1180.6 J:t20 

SiO~ : MgO : 1-120 = 3 : 2. O0 : 4.02. 

Minerals introduced under the names xylotile, mounta in  wood and gunn- 
bjarnite also have a proport ion of  SiOs : MgO = 3 : 2 if one considers ferric 
ions as substi tut ing for magnesium ions (Table 2). All these minerals proved 
to be isotypie with sepiolite and, because of  their high ferric ion content,  
could be called ferrisepiolite. 

The fluctuating water content  shown by  sepiolite analyses has led to m a n y  
studies of  its nature. The thermoba]ance and differential thermal  analysis 
provide the best grounds for exact  subdivision of  the  water content (Fig. 1). 
The water content  of  sepiolite depends on the humidity.  Of the total  water. 
about  60 percent is lost up to  a temperature  of  250~ This process is rever- 
sible. Pa r t  of  this water is zeolitic and par t  of  it adsorbed (i.e. m a y  be sub- 
st i tuted by  iodine, off, mercury  and alcohol). No essential change of the 
crystal lattice is caused by  this loss of  water. I f  sepiolite is heated above 
350~ the crystal structure is eventually changed and about  25 percent more 
of the total  water content is lost. This process is irreversible and is finished 
at  ~<450~ The mineral now still contains about  15 percent of the entire 
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TABLE 2,--CHE~[ICAL ANA~LYSES O F  i~IOUNTAIN ~VooD A N D  XYLOTILE FROIVI  

STEBZING, TYROL (BRAUNER AND PREISINGER, 1956) 
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SiO 2 
AI~Oa 
F%Oa 
FeO 
Ce~O 
T i Q  
MgO 
MnO 
t t 2 0  u p  to 110 ~ 
I-I~O over  110 ~ 

M o u n t a i n  W o o d  Xylotf le  

W e i g h t  ~ o l q u o t .  
(%) X 1000 

W e i g h t  ~ o l q u o t .  
(%) X 1000 

49 .58  825 .5  
0 .88  8 .6  

17 .20  107.7  
1 .43  19.9  
0 . 7 2  12 .8  
Sp. 

12 .67  314 .2  
0 . 3 0  4 . 2  
7 .12  983 .0  

10.59 

100.49 

50 .50  
0 . 3 6  

16.46 
0 .63  
0 .42  
S D . 

13.90 
0 .17  
8 .38  
9 .83  

100.65 

sao. 8 ~ . . ~  
3.5 f ~1132 

103 .17  
8 .8 /  

7 . 5  t M g  0 

344 .7  j 
2 . 4 ]  

1010.8  1520 

SiO.~ : MgO : 1520 = 3 : 2 .02  : 3 . 5  SiO~ : MgO : I:I~O ~ 3 : 2.01  : 3.75.  
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FIGURE 1 . - -Thei~nobal~nee  a n d  differential  t h e r m a l  curve  of 
sepi0lite f r om A m p a n d r a n d a v a .  
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water content which is driven off by heating above 700~ By this process 
the lattice is completely destroyed. 

The differential thermal curves of mountain wood and xylotile correspond 
to those of sepiolite. 

From rotation photographs we obtained the same lattice constants as 
Nagy and Bradley (1955), which were 

a = 13.4A, b = 26.8A, c = 5.28A. 

As space group, however, we found 

D ~ h -  P 21 2 2, 
% C /b 

and 
Z - - - - 2 f o r 8 M g O -  1 2 S 0 2 -  14H20.  

Of the 16 I t20 resulting from the chemical analysis 2 H20 were considered 
to be adsorptive water. 

The density Pr = 2.26 and Pex = 2.08 (by suspension). This difference in 
density values may be explained by the fact tha t  the x-ray density referred 
to a single crystal;  the macroscopic density, however, was determined on a 
bundle of fibers consisting of many  single crystals and, consequently, of 
many cavities. 

The space group D~h was determined by indexing the zero, :first and second 
layer line round the fiber axis. Because of the statistical distribution of the 
single fibers rotation photographs with standing and rotating preparations 
showed the s~me intensity. 

The structural scheme of Nagy and Bradley (1955) could not be made 
consistent with the space group determined by us. 

We found the following structural build-up (Fig. 2): In  the (100) plane 
there are layers of silicate with unshared corners of tetrahedra alternating 
after three chains. These layers of silicate are connected by magnesium ions, 
as in mica. Owing to the alternating tetraheda'on corners a structure having 
large cavities results. Every Si is tetrahedrally surrounded by ibur oxygens, 
three at  1.56A and one at 1.66~-. The Mg ions are surrounded octahedrMly 

O 0  
| 
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FIG tra• 2.--Unit cell of sepiolite projected on the (00I) plane. 
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by oxygens and hydroxyl groups, the coordination of each Mg at the end of 
the complex involving 2 H~O molecules, The distance i~g-O (OH) = 2.00 A 
and 2.12 A, Mg-H20 = 2.25 A. In  the channel cavities there is zeolitic water. 
Between the single water molecules there is an interval of 2.72 up to 2.78 A. 
As the number of bonds within the complex is greater than between the 
complexes the fibrous formation is understandable. 

For this structural build-up the parameters were determined by means 
of the " trial and error " method. The intensities calculated from these para- 
meters show good agreement with the ones observed (Brauner and Preisinger, 
1956, fig. 13). 

The described build-up corresponds to the following structure formula : 

1 [H~O]n" 1 {~gs(H20)4 (OU)a[Sil~030}]. n ~ 8 

The rotation photographs of ferri-scpiolites (xylotile, mountain wood and 
gunnbjarnitc) are identical with sepiolite. The formula is the same, except 
tha t  magnesium is par t ly  substituted by ferric iron. The charge is com- 
pensated by  the substitution of hydroxyl by oxygen. 

1 [H~O]n" 1 {(gg, Fe +a, Fe +~, Al)s (H20)4 (0, OH)~ [(Si, Al)120a0]} n ~ 8 
co 

The lattice of sepiolite shows no essential change of the lattice constants 
when heating it up to 250~ in spite of a certain toss of water. Between 
350 and 450~ there is a change of the lattice which can be seen from a 
change of intervals and of intensities. This change of the lattice is caused by 
the formation of sepiolite-" anhydride." The lattice constant in direction of 
the fiber axis remains unchanged. 

For this anhydride, the following lattice constants were obtained : 
a ~ 10.9A, b == 23.3A, c ~ 5.28~, a ~ 90 ~ Z = 2 for 8MgO. 12Si0~'2H20; 

Space group C~ h - -  P 2-i 11. 
n 

The idealized structure is shown in Fig. 3. The calculation of the exact 
parameters is in progress. 

As the differential thermal analysis and thermobalance have shown, water 
is lost in different stages. First, the adsorbed and zeolitie water is lost, then 
the crystal water and, last, the constitution water. This loss of the water 
and the change of the structure are shown in Fig. 3 and may be expressed 
by the following formulas : 

- -  8 H~O 
1 [H20]s" I{Mg8(H20)4 (Ott)a [Si12Q0] } 4250 ~ 
oo 

sepiolite 
- -  r H~O 

l{~gs(H20)a  (OH)4 [Sim08o]) -~4-~0 %-~ 

-- 2 H20 
1 (3/Igs(OH)4 [Si~2080 ] ~800 o+ 8 ~ g S i Q  + 4 SiO~ 

sepiolite-" anhydride" 
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FZG[T~E 3.--Structure change, sepiolite-sepiolite-" anhydride." 
Unit  cells projected on the (00]) plane. 
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