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RressuNro. - Cinque sepioliti somale sono state
studiate con diversi metodi analitici: analisi chimica.
raggi X a diverse temperature, analisi termica, spet-
troscopia infrarossa, microscopia elettronica. La
distribuzione areale di ogni elemento b stata messa
in evidenza anche mediante microsonda EDS/
EDAX.

Questi minerali sono caratterizzati da un alto
contenuto in Mg e i parametri della cella elemen-
tare sono lievemente diversi da campione a cam-
pione. Le mappe ai Raggi X individuano una distri-
buzione uniforme degli elementi per la maggior
parte delle zone esaminate. In tutti i campioni.
oltre agli elementi caratteristici contenuti nelie se-
pioliti, sono presenti Cl e S.

In base a dati micropaleontologici, queste se-
pioliti possono essere messe in relazione, dal punto
di vista genetico, ad un ambiente lagunare di eti
wealdiana (Cretaceo inferiore).

Ansttacr. - Five somalian seoiolites were studied
using a variety of analytical techniques: chemical,
X-ray difiraction (at different temperatures) and
thermal analysis as well as IR specEoscopy and
electron microscopy. Disffibution maps for each
element also were made.

The minerals were characterized as high Mg-
sepiolites; the cell parameters showed slight dif-
ferences from sample to sample. The X-ray maps
and microprobe analyses indicated a generally
uniform distribution of the elements. The presence
of Cl and S was observed in all samples. 

-

On the basis of micropaleontologibal data, the
genesis of these minerals can be linked to an
alkaline lagoonal environment of \Tealdian age
(lower Cretaceous).

Introduction

The El-Bur locality lies in a region called
Galgudund at about 385 km northeast of
Mogadishu, in Central Somalia. In this
mainly flat, plateau area sepiolite occurs in
beds under the limestone. Two levels were

distinguished: the upper one is made up of
seDiolite associated with carbonates and the
lower one of sepiolite alone. These levels,
rvhose thicknesses vary between 0.10-0.50 m,
are verv well marked because the sedimen-
tation occurred in a < calm )> environment.

The micropaleontological fauna of the
upper level consists of Delerocyprls (GnE-
KoFF, 1957) and Cypridea diminuta (YtN-
DERpooL, 1928, in GRrrorr, 1957). These
species were found by GnrroEr (1957) in
the liTealdian (Lower Cretaceous) in a test
core drilled in Samba (Congo). This fauna
is of typical lacustrine or lagoonal origin.
It is possible to deduce from these obser-
vations that the age of the sepiolite is
1il7ealdian, Lower Ctetaceous (Russo, private
comunication).

Sepiolite is designated as a 2:1 Mg-phyl-
losilicate, with only a minor Al component
(Berrev et al., l97l). This mineral has a
sructure intermediate between dioctahedral
and rioctahedral (MenrIn-VIvernr and
Ceruo-Rurz, 1956), which may be the reason
for its fibrous morphology (MIrror, 1970).
The ideal structural formula for sepiolite is:

(Mgs-v- R?.- tr,) (Sir:- ' R?* ) Ogo (OFI)*
(OHz)r ' R?ly+z,yz (HrO)n;

the space group: Pncn; the cell parameters:
a a 5 . 2 8  A ,  , " . ' r  2 6 . 9 5  A ,  c > 1 3 . 3 7  A ,
f l  :90"  (BnauNen and PREISINcpn,  1956;
PnersrNcen, 1959; ReuruREAU and TcHou-
rax, 1976; Rnurunreu, 1974).

The aim of the work reported in this
paper was to study the mineralogical and
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Fig. 1. - Values of /r,,or (*) and /1,,01 (x) {or
sepiolite D as a function of temperature.

chemical features of these somalian sepiolite
deposits.

Experimental

Materials

Sepiolite samples were selected on the
basis of their purity from five difierent sites
of El-Bur sepiolite deposits.

Methods

X-ray difiraction, thermal and chemical
studies were carried out on the 2-0.1 pm
fraction obtained by normal sedimentation
methods from samples ultrasonically-disper-
sed in double distilled water.

Using natural aggregates of sepiolite fibres,
scanning electron micrographs were made
using a Philips SEM 500. The samples were
prepared using standard procedures. Mineral
sections were prepared from opportunely
cemented samples and polished with dia-
mond paste. These sections were studied
with an elecron microprobe technique based
on energy-dispersive electron induced XRF

(EDS/EDAX 9100) which was used to
prepare distribution maps of each element.
The trDAX equipment was fitted with a
minicomouter which allows the semi-
quantitative evaluation of detectable ele-
ments (Z:  9)  wi th a sensi t iv i ty  of  0.1 Vo.
The EDAX analyzer allows the determination
of the elemental distribution maps for a
chosen element in the sample. The maps are
the pictures of a selected arca of the sample
recorded on a SEM image where the point
density, in each position, is proportional to
the concenration of the selected element.

X-ray difiraction analyses were carried out
on oriented films and loosely packed powder
samples using a Philips difiractometer (Ni
filtered CuK* radiation) with a humidity- and
a heating-stage attachment. The temperature
increments were of about 50" C in the range
20-70':. C. SiO, and Cr+H:rsOH (BnlNorEv,
1981)were used as standards.

The unit cell parameters were obtained by
method of least squares on the basis of the
structural data proposed by BnnuNrn and
PREIsrNcsn (1956), PnprsrNcsn (1959),
Reurunneu and TcHoueen (1976).

Thermal studies were made using Du Pont
990 equipment with controlled gas florv
and a 20" C/min. heating rate.

Chemical analyses were made using the
XRF technique (Philips 1400); oxide per-
centages were calculated using the method
proposed by FnnNzrNI et al. (t971); LpoNl
et al. (in press). Na and Mg were determined
also by atomic absorption spectrophotometry
(Perkin Elmer 603). The weight loss was
determined by thermogravimery. Atomic
absorption spectrophotometry was used for
quantitative determinations of the exchan-
geable cations extracted by lN ammonium'
acetate solutions.

The sructural formulae were calculated
according to the structural model proposed
by PnrrsrNcnn (1959).

The infrared spectra were made with a
Perkin Elmer model 180 specuophotometer;
the KBr disc technique v/as used in the
range 4000-300 cm 1.

Results ancl diecuseion

X-ray powder diffraction analysis

X-ray difiraction data and the unit cell



SEPIOLITE DEPOSITS OF THE EL-BUR, GALGUDUND, CENTRAL SOMALIA 165

uJ

z

F

az

o
W A V E N U M B E R  ( c m - ' )

I r i g . 2 .  -  l n l r a red  spec r ra  o t  sep io l i t es  s rud ied .

par-ameters of the samples studied are given
in Table l Samples B, C, D, and E appe-ar to
be . pure, while sample A is a mixrure of
carbo_nares and sepiolite; rhus, for this
sample,. only the, morphological study is
reported. The cell pnramet.r, show siisht
variations from sample ro sample, ih.
greatest difierences being in the a and b
parameters. The X-ray diffraction data for
the .heated samples 1Fig. t ) is very close
to rhat described by Necare et ,1. i 1974\.

IR analysis

The IR spectra (Fie. 2) are comparable
ro those described by AHrnrcHs et al. (tOlS),
FRnupn (I974), FenuBn and RussBrl
(1964), Necare et al. (1974), Pnosr (I973).
Only the stretching vibration (at 3420 cm t)
and the bending vibration (at 1670 cm-1) of
the water molecules bonded with hydrogen
bonds show small difierences from ihe data
reported in the previously mentioned lite-
rature.

Thermal analysis

The thermal behaviour of the samoles
studied (Fig. 3 ) is very close to thaf of
Ampandrandava sepiolite (Reurunreu and
Mrrsuo, 1977).In the TG and DTG curves
(Fig. 4), two difierent eflects can be seen
in the first step of water loss. The first one

disappears when the material is kept at a
relative pressure near zero (at room tempe-
rature) in argon gas flow or in vacuum. The
second one is related to temoerature increase
and is found ^t 720" C. The efiects at about
325' C, 540" C and 865" C are very similar
to those reported in the literature (Reuru-
Rs,A,u and Mrrsuo, 1977). The last effect is
broad only in sepiolite E and occurs at lower
tempefatures than those reported in the
literature.

Electron micloscopy

The fibrous nature of sepiolite is apparent
in the microphotographs (Fig. 5).

Chemical analysis

The chemical analyses and the structural
formulae are reported in Tables 2 and 3.

All the minerals are Mg-rich; Al and Fe
(always less then I Vo) are in tetrahedral
sites and Na, K, and Ca are present as
exchangeable cations. The chemical features
of the sepiolites studied are very close to
those reported in the literature (\fre.vr,n
and Ponenn, 1973), but in this case, the
presence of Cl and S is reported for the
first time. It should be emphasized that these
two elements cannot be removed either by
ionic exchange or repeated washing in distil-
led water.



166 A. ALIETTI,  M.F.  BRIGATTI,  L.  POPPI

2

4

6

10

"t4

;
.9
3

Fig. 3. - DTA curves of samples B, C, D, and J.:.

Chemical analyses and structural formulae
of the compounds analyzed in pre-selected
areas using the EDS/ED AX analyzer together
with a Philips SEM are reported in Tables
2 and 3. In our case, a magnification of
1.250 x was used. This map analvsis was
done only on samples C, D ind E. iteported
in Figs. 6, 7, and 8 are the maps of some
of the most significant elements present in
a single zone.

For sample D (Fig. 6), the distibution
map for Si shows a quite uniform distribution
with a strong density for this element. The
Ca map shows well defined areas of Ca
density; in the S map, the same areas are
occupied by S. This may well indicate the
presence of small islands of CaSO+ not
observed in the IR and X-ray diffraction
patterns. The Mg map shows the presence
of Mg with a well distributed density
throughout the entire area examined. Also
in this map are some poorly populated areas
which correspond to the positions of Ca and
S thickening. Uniform distribution was found
for CI.

o

10

-5-15-7r-

Fig. 4. - TG and DTG tracings of samples B, C,
D and E: as a function o{ time (left), as a function
of temperature (right). Solid lines: TG and DTG
in argon gas flow; dashed lines TG and DTG in air.

In samples C and E (Figs. 7 and 8) all
the distribution maps show a quite uniform
distribution for each element as well as the
abundance of Si and Mg, the scarcity of Al
and the presence of S and Cl. In particular,
the uniform distribution of S (as compared
to the well defined areas of density for this
element found in sample D) is evidence that,
in these samples, S is present as anions
linked to the mineral srructure.
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Tesm 1
X-ray powder diffraction data lor sepiolites B, C, D, E:

5 i

AI

c h a r g e

AI

Mg

M n

T i

charge

u n b a t .

Na

K

t67

0 , 0 3

7 . 9 8

8 . 0 1

+0. 05

- 0 . 1 4

S E P I O L I T E  B S E P I O L I T E  C

d ( o u " . )  d { . u t . )  l / l o

12.07 \2.0'1 100
7.1,-a 7.1,9 20
5 . 0 2 1  5 . 0 1 9  2 0
r+.507 4.506 30
4 . 2 9 1  4 . 2 9 2  6 0
3 . 7 t 6  3 . 7 1 , 7  1 . A
3.528 3.528 2a

3.373 3:313 30
3. r9 r  3 .191 30

3.04G i.""12 20

2.6v. '^ 9:!  30z . o r )
2 . 5 7 0  2 . 5 ? O  3 0

,  q q q

2 . 5 5 8  : ' : : :  5 0

2 - t 4 2
2 . L n  J U

2.263 3.12tr 30
2.255 2.255 20

13.49r \2 )
2.7 .03513)

5 .237 {  1  )
I  910

( r )  h a v e  b e e n

S E P I O L I T E  D

d ( o r . . )  d ( . . t . )  t / l o

12.10 12.09 100
7 - / . 9  7 . 5 0  2 0
5 . 0 1 8  5 . 0 1 8  2 0
4.502 4.503 30
4.298 rt .298 60
3 . 7  4 8  3 , 7  / , 8  5 0
3 . 5 3 1  3 . 5 3 2  3 0

2  1 r o  3 . 3 7 7
3 . 3 8 0

3 . 1 9 5  3 . 1 9 6  3 0

3.04e j.313 20
2.620 ';.2:2 40
2.574 2 .575 40

2.55s t.Zi| 50
2 . t 1 6  : ' : : 2  3 0

2.267 i.t\ i  30
2.259 2.259 30

1 3 . 5 1 9 ( 2 )
27 .018\3)

5 .2451t  )
1916

used {or the

spacing ln A (top)

S E P I O L T T E  E

d ( o 1 " . )  d i . u t . )  l / l o

12,47 12.05 t00
7 . / , 8  1 . t B  3 0
5.007 5.007 20
1,. t91, 4.49L 20
1,.291 4.293 50
3 . 7 3 9  3 . 7 3 9  t 0
3 . 5 2 6  3 . 5 2 6  2 0

3.367 3.32i 30
3.190 3 . r89  30

3.0r,1, 3.i1! 20
2.612 t.2::, 30
2 . 5 7 4  2 . 5 7 3  3 0

2 . 5 5 1 ,  : ' : : :  6 0

2 . / . 4 3
2 , 4 a 3  r u

2.261 'r.:r21 30
2.255 2.256 20

t3 .411(2)
26.966t4)

5 .21 ,3( ) . )
I905

refinement of the unit cell

L / L ^

100
20
20
30
5o
40
1 5

I+O

40

20

ln

10

50

30

30

2A

k l

I 0 *
3 0 *
5 o *
6 0 *
3  1 {
6 0 *

8 0
0 0 *
3  1 *
6 1

B 1
L l *
o 2 *
9  1 *
7 I
t + 2
0 2 *
6 2
o 2 *
1 2 *

1
!.
:

d { o t . ,  
)  

d ( . ' t . )

1 2 . 0 0  1 1 . 9 9
1.1,5 7 . !+5
/. .984 r, ,987
/, .476 4.1\71
1 . 2 9 r  4 . 2 9 0
3 . 7 2 3  3 . 7 2 3
3 . 5 2 0  3 . 5 2 0

3 . J 5 8

3 . 1 7 9  3 . r 8 1
3 . 0 3 7r ' u J )  
3 . 0 3 5
2.606
2.601,

2 . 5 7 6  2 . 5 ' 1 6
2 -547

z . > 4 1
t.  a4a
2.4/,42 '  A4' \  
2.LLt
2.26/+

2.255 2.255

13.1,O7 (2)

26.860(/ .)
5 . 2 4 9  |  t  )

lB90

Only the reflections marked with a
dimensions (bottom).

Ttrle 2
Chemical colnposition ol sepiolites stadied

(left by XRF, rigbt by EDS/EDAX)

Test-r 3
Structaral lormulae ol sepiolite

(left by XRF, rigbt by EDS/EDAX)

B C D E

sio2 52.67 53.80 52,64 5r.12

T io2  o .02  0 .01  0 .03  0 .05

A1zO3 0 .55  O.77 0 .70  0 .85

Fu2o3 O.z l  0 .42  O.4O 0 .40

MnO 0 .02  0 .O2 t r  O.O4

Mgo 23.98 2t,,25 23.97 23.30

C a O  0 . 1 6  o . 1 7  0 . 3 5  O . l 7

Na2O r r  t r  t r  O.O5

KrO 0 .21  0 .04  0 .35  O.42

ro3 o .75  o .32  t '10  0 .80

c l  r .23  0 .70  0 .86  1 .90

HrO 2O.OO 19.50 - 19.60 20.60

Coneluding remarke

C D E

5 3 . 6 0  5 2 . 5 7  5 1 . 8 0

B C D E

r 1 . 8 0  I  1 . 8 0  1 1 . 7 5  t | . 7 4

o . r 1  0 . 2 0  0 . 1 8  0 . 2 3

0 . 0 6  0 , 0 7  0 . 0 3

1 2 . 0 0  1 2 . 0 0  1 2 . 0 0  1 2 . 0 0

-0.20 -q.20 -o.25 -0.26

0 . o r  0 . 0 7  0 . 0 4

8 . 0 1  7 . 9 3  7 . 9 8  7 . 9 3

o . 0 1

0 . 0 1  0 , o r

8.02 8.00 7 .99 7.99

+O.05 +O,07 O.00 +.0.0{

- 0 . 1 5  - 0 . 1 3  - 0 . 2 5  4 . 2 2

o . 0 2

0 . 0 6  0 . 0 1  0 , 1 0  0 . 1 2

0.04 0.05 0.o8 0.o4

C D E

t t . 7 8  r r . 7 4  1 1 . 8 1

0 . 1 8  o . 2 0  0 . 1 7

0 . 0 4  0 . 0 6  0 . 0 2

r2.ao 12.00 t2.oo

-0.22 -0.26 -0.19

o . o 2

8 . 0 0  7 . 9 7

8.O2 7.97

+0.06 -0.06

{ i 1 6  - o . 3 2

0.70

0 . ( 0

2/".t15

0.30

I r  [ r

0.78  0 .65

.o.35 0.30

tr

23 .95  23 .50

.  O.52  t r

t r

t t  o .29  0 .45

0 . 4 t  1 . 1 8  0 . 7 2

0.64  0 . '16  1 .98

19.50  19 .60  20 ,60

0 . 0 8  0 .  1 3

0 . 0 7  0 . r 2

. rhe .sepiolite rrom central somalia is il.'::r:ttj,?jtl,%:t:ffint;i":?:llj:
chemically similar to other sepiolites of arid in a evaporitic environm.nt ,r"ry rich in Si
areas (WeevEn and PottnRl, 1973). and Mg tut with a scarcity of oiher cations.

The association with carbonates of both Ca is f,resent only at th; end of sedimen-
organic and inorganic origin appears only tation (sample A).
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Fig.5. - Electron micrographs of El Bur sepiolites rvith difierent morphology..(t) lql^p^k..4.{J000x);
(2i sample B (2500x); (1") iample D (5000x); (4) sample D (2500x); (5) sample E (5000x); (6) sample
E ( 10.000 x).
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Fig. 6. - Disuibution map of elements in a significative area of sample D (1250x). Pictute of
the surface and disribution maps for the reported elements in the same area.
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Fig. 7. - Distribution map of
the surface and distibution maDS

elements in a significative area of sample
for the reported elements in the same area.

C (1250 x). Picture of
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Fig
the

8. - Distriburion mao of

t7l

of sample E (1250 x). Picture o{
same area.rface and distribution maps

e.lements in a significative area
for the reported elements in the



t72 AL IETT I ,  M .F .  BRTGATT I ,  L .  POPPI

The presence of the anions Cl and S,
definitely enrapped in the structure of the
mineral (as is shown by the dificulty of their
removal) is indication of the lagoonal marine
origin of the minerals.
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