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Ansrnlcr
X-ray powder data for sepiolite are indexed on the basis of an orthorhombic cell. The

mineral shows marked variations in crystallinity. Single crystal, electron difiraction dia-
grams confirm the 6 and , parameters, and in conjunction with electron microscope obser-
vations prove that the lathlike crystals develop on the (100) plane.

X-Rey Dara

X-ray, dehydration, thermal, and other measurements by Caillbre
(1936), Nligeon (1936) and Longchambon (1937) on sepiolites from vari-
ous sources have established that sepiolite is a distinct mineral. The
"X-Ray Powder Data File" (1958 Edition) contains data for four sepio-
Iites additional to those given by the above investigators. There are very
considerable differences among these data and none of them is indexed.
Collectively they may suffice to identify the mineral, but they leave
much uncertainty regarding the weaker x-ray reflections.

The crystal structure of sepiolite has been analyzed by Nagy and
Bradley (1955), who showed that the mineral consists of mica-like units
extending parallel to the fiber axis (r-axis); Fig. 3 shows schematically a
cross-section of a sepiolite fiber based on their analysis. Nagy and Brad-
Iey indexed the hk} reflections in an r-ray fiber diagram, but these do
not account for all the reflections in a powder diagram. They showed that
the unit cell is either orthorhombic or monoclinic and gave the cross-sec-
tion of the cell as 13.4X 27.0 A. Preisinger (1957) stated that the cell is
orthorhombic with t: ' :H:" 

b :26.8. c : s.26 Ft

in agreement with the results of Nagy and Bradley. His results have been
published so far only in abstract form. The space group was suggested
as probably C2/m by Nagy and Bradley, and as P2r/n 2/c 2/nby Prei-
singer. On the basis of powdermeasurements it is scarcelypossible to make
reliable comments on the space group and it wil l be shown that the data
can be indexed on the basis of an orthorhombic cell with (Z*ft) even.

In the present work sepiolites have been examined from various local-
it ies including Litt le Cottonwood, Utah; Gouverneur, New York;
Knights Quarry, Cal.; Cornwall, England; Vallecas, Spain; an unknown
locality in Kenya; and Eski Chehir, Asia Minor.

* Contribution No. 58-6 from the College of Mineral Industries, The Pennsylvania
State University, University Park, Pa.
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Most of these materials appear to be pure or almost pure sepiolite as
judged by the absence of unusual reflections, but the crystallinity varies
considerably. Extreme cases are illustrated in Fig. 1 which shows r-ray

diffractometer records of sepiolites from Little Cottonwood, Utah (the

upper trace), and from Eski Chehir (the lower trace). The lattice spac-

ings and reflected intensities for these materials, and for two others of

intermediate degree of crystallinity from Vallecas, Spain, and from

Kenya, are listed in Table 1, wher,e the d-values are measured with re-

spect  to  CuKa radiat ion (X1.5418 A).
The powder data are indexed in terms of the following unit cell:

o :  13 .50  +  0 .02 ,  b :26 .97  +  0 .03 ,  c :5 .25 t  +  0 ' 01  A

The indices hkl and the calculated d values are given in Table 1' and are

complete down to d:2.40 A. ,q.dditiottal calculated values down to

a:i.O A are given which correspond to observed reflections. For d(2.0 A

the calculated spacings are too numerous for reliable correlation with the

observed values.

ErpcrnoN DnrnacrroN Dera

It is well established that sepiolite has a fibrous lath-like morphology

and this has been confirmed in the present work. Ilowever, the laths are

far from being equally well developed in all specimens. In the case of the

Eski Chehir material, the individual fi.bers are very small and poorly

developed, and the single crystal diffraction patterns are also very poor.

Figure 2(b) shows a typical diffraction diagram for the Eski Chehir

sepiolite.
The well developed and well crystallized fibers of sepiolite from Little
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Frc. 1. X-ray difiractometer records of sepiolites from Little Cottonwood, Utah (upper

curve), and Eski Chehir, Asia Minor (lower curve).
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Frc 2. Single crystal electron difiraction patterns of sepiolite from
(a) Little Cottonu'ood, Utah, (b) Eski Chehir, Asia Minor.

Cottonwood, Utah, give excellent single crystal diagrams and a typical
example is shown in Fig. 2(a). From enlargements of several of these pat-
terns it is readily found that the diffraction spots lie on a rectangular net
with sides about 1/5.3 A and 1/26.8 A to within *I/6. Therefore the
lath-shaped crystals l ie with their 6 and c axes, i.e., the (100) plane, on
the stage of the instrument. The usefulness of single-crystal electron
diffraction data in establishing unit cell parameters when only powder or,
at the best, f iber diagrams are obtainable with n-rays, is well i l lustrated
by this exampie

In terms of the structure described by Nagy and Bradley, it can now
be said that the individual crystais develop primarily along the c-axis
(fiber axis) and secondarily in the plane of the mica-like units composing
the structural blocks. The laths are relatively thin in the direction of the
o-axis, and the stacking of the mica-like units normal to the usual cleav-
age plane is the least favored growth process. Figure 3 i l lustrates sche-

Frc. 3. Schematic representation of the cross-section of a sepiolite fiber, showing greater
development in the b than in the o direction. The content of one unit cell is indicated
schematically; the horizontal lines represent layers of oxygen atoms.

- h.................-
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Tnnr-n 1. Orsnnvro eNn C/tt-cul,lrnn X-Rev PomBn
Detn lon Seltolrtn

( 1 )

020
110
130
200
040
220
001
150
02I
1 1 1
2+0
060
310
131
201
041
330
221
260
170
1 5 1
241
350
061
3 1 1
400
080
420
331
261
171
440
280
370
190
J J I

401
081
421
460

0 . 1 0 . 0
J I U

002
441
281
530
022
112
371
191

2 . 1 0 . 0
390
r32

1 3 . 4 8
t2 07
7 .+82
6.  750
6 . 7 4 2
6 .036
5 .255
5 .008
4.896
4  . 8 1 8
4.  780
4.495
4.438
4.301
4.146
4.145
4.023
3.963
3 . 7 4 r
3 . 7 0 5
3 . 6 2 6
3 532
3 455
3 . + t 6
3.39r
. t . . t / . )

3 370
3 . 2 7 4
3 . 1 9 5
3 .048
3 . 0 2 8
3 018
3  . 0 1 6
2.928
2.925
2 887
z .840
2.837
2 . 7 7 8
2 699
2 697
2.687
2 . 6 2 7
2.618
2 617
2 . 5 8 6
2 .580
2 . 5 6 7
z  J t t

2 556
2 .505
2 . 4 9 5
2 . 4 7 9

12.0s (100)
7.47 (ro)
6 73 (s)

s .01  (7 )

4 498 (2s)

4.306 (40)

4.o22 (7)

3.7s0 (30)

3.s33 (12)

3 366 (30)

3 1e6 (3s)
3 0s0 (12)

2 e32 (4)

2 82s (7)
2 771 (4)

2.69r (20)

2.617 (30)
2.s86 (NR)

2.s60 (ss)

2 47e (s)

d(obs.) A

1 2 . 1  ( 1 0 0 )
7.  s  (7 )
6.7 (4I3)

s . 04 (3B)

4.4e (2s)

4.29 (3s)

4.02 (7)

3.738 (2s)

3. s06 (s)

3 .339 (4s)

3 .181  (1sB)

12.1  (100)
7 .7  (sB)

6 .7  ( .58)

s .0 (sB)

4.47 (r8)

4.31 (2s)
4 .17  ( s )

3.738 (20)

3.339 (3s)

3.187 (r2)
3.048 (s)

2.79? (4)

2.675 (SNR)

2 . 5 9

2 . 5 6

2 66 (8NR)

2 . 5 9

(4.sNR) (40NR

2 . s 6 )

(4)

r2.3 (60)
7 .6  ( s )

4 . s  l
l (20NR)

4 . 3 )

4.e (68)

3.746 (208)

3.4e (s)

3 . 3 4

2 . 9 8

2 . 6 7

(20NR,B)

2 56(40NR,B)

2 4 9
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Trnr.B 1 (continued)

d(obs.) ACplc.)

2 . M 8
2.448
2.414
2.412
2 4A9
2.401
2.268
2 . 2 6 1
22f f i
2 . 2 2 0
2 . 2 1 1
2.200
2 . r 3 4
2 . 1 3 0
2.107
2 . 0 7 3
2 072
2 469
2 . 0 3 8

( 1 ) ( t \

202
042
550

1 ,  1 1 , 0
222
461
o62
312

2 . l o . l
620
570
332
640

2 , t 2 , O
4 ,  1 0 , 0

402
082
601
s7r

2.449 (2s)

406 (1.5)

.263 (30)

2.246 (3)

2.rzs (7)

2 069 (20)

2.033 (4)
1.9s7 (4)
r .92r  (2)
1 .881  (7 )
1 818 (2)
I 760 (6)
1.700 (10)

677 (.i\
.se2 (10)
.ssO (1s)

.518 (1.5)
.s02 (8)
.468 (.+)
416 (e)
34e (6)
3r2 (6)
2e9 (1s)

2 . 4 3

2.395

2.44 \
I
l (1sN

2 . 3 9 )

2 . 4 3 )

f 
(roNR)

2 . 3 6 )

2.2s6 (20)

2.1r7 (48)

2.060 (10)

r .873 (4)

1 .716  (7 )
1.6e1 (10)

1 . se8 (4)
1 . s 7 8  ( 7 )
1. s40 (8)
1 . s17  (1s )

1.46s (3)
r.406 (4)

2.2se (r8B)

2 . r r7  ( s )

2.o7r  (78)

r . 722  ( s )
1 6e2 (8)

1 . s83 (eB)
1 ..s48 (10)

1 s17 (1s)

| 4r2 (48)

1 .310  (4B)
| 296 (rO)

2.2+ (208)

2.08 (68)

1 .6e  ( .5B)

1 . s 8  ( 7 )
1 . s s 1  ( 1 0 )

1 . s 1 7  ( 1 4 )

Experimental data for sepiolites from:
( l  )  L i t t l e  Co l t onwood ;  U tah .
(2) Vallecas, Spain.
(3) Kenya.
(4) Eski Chehir, Asia Minor.

Intensities in ( ).
B signifies "broad"; NR "not resolved."

matically a cross-section of a sepiolite fiber with greater development in
the 6 than in the o-direction. The length of the fiber normal to the dia-
gram may be 10-100 times greater than the cross-section.

The writer is indebted to Dr. R. C. Nlackenzie, Mr. R. H. S. Robert-
son, Dr. R. Roy for specimens, to Dr. F. H. Gil lery for assistance with
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I.B.M. computations, and to l\ l lr. J. J. Comer for assistance with elec-

tron diffraction. The work has formed part of a program of clay mineral

research supported by the Gulf Research & Development Company.

Note added, Oct. 1, 1958

At the time of writing the preceding article, the writer was unaware

that Preisinger, in collaboration with Brauner, had already published a

full account of the structure determination of sepiolite (K. Brauner and

A. Preisinger, Tschermahs min. u. pet. M'itte.,6, l2Ft40, 1956). The

abstract by Preisinger makes no reference to this publication.
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