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Natural alteration of vermiculite to chrvsotile
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Abstract

A topotactic alterat ion of vermicul i te to chrysoti le has been observed in spotted vermicul i te
samples from Kapir ikamodzi, Malawi. The identi f icat ion of the alterat ion material as chryso-
t i le is based on evidence furnished by X-ray dif fract ion, IR spectroscopy, and selected-area
electron dif fract ion. Transmission and high-resolut ion electron photomicrographs provide
grounds for the interpretat ion ofthe alterat ion process as topotactic in nature. A mechanism
is proposed by which the transformation could possibly be accomplished under the mild
hydrothermal condit ions which seem to have prevai led during the genesis of the vermicul i te.

Introduction

While investigating the properties of several ver-
miculites, we noticed on a hand specimen of brown
vermiculite from Kapirikamodzi, Malawi, the exis-
tence of small spots of a silvery color (Fig. l). This
suggested some kind of alteration, whose nature was
thought  worth invest igat ing.

The Kapirikamodzi basement (Fig. 2) is a hil l
about 4000 feet long and 1500 feet wide, consisting of
a core of a soft decomposed rock made up almost
entirely of vermiculite flakes with occasional residual
patches of black hydrobiotite. The core is ramified by
quartz-microcline pegmatites and magnesite veins,
and is  bordered by b iot i t i te  rock (Morel ,  1955).

Two main types of vermiculite are found in the
basement: (a) the main-body vermiculite, consisting
of f lakes of about I to 6 mm; (b) massive honey-
yellow crystals, up to 20 cm in diameter and 5 cm
th i ck ,  wh i ch  on l y  occu r  a t  t he  marg ins  o f
quartz-feldspar pegmatites that ramify the vermicu-
lite rock. The specimen investigated here belongs to
this second type.

According to Morel (1955) the fine-grained mate-
rial of the main body was formed from the original
biotit i te rock, now surrounding the basement, which
was altered to vermiculite as a result of pegmatit ic
intrusions through the operation of magmatic fluids.
The large books of the second type, however, are
described as "pegmatit ic" vermiculite, i.e., vermicu-
lite formed by reaction at the contact zone between
the acidic intrusions and ultrabasic peridotite rock
that formerly underlaid the basement.

Sample preparation

Small vermiculite flakes were cleaved from zones of
the specimen which were visually free from silvery
spots, and also from other zones where those spots
were more abundant. Each lot was ground, dispersed
in water, and the fraction of less than 5p (e.s.d.) was

separated by centrifugation. A few grams were taken
from the fine fraction of each lot and were saturated
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Fig.  l .  Photograph showing vermicul i te

tered, (b) with altered silvery spots.
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with calcium by treatment with 0.5N CaClr. The two
specimens were washed free of excess Cl- and calci-
nated to 1000"C. Elemental analyses by X-ray fluo-
rescence spectroscopy were made on these specimens.

From the fine fraction separated from the flakes
rich in silvery spots, specimens were prepared for X-
ray diffraction, IR spectroscopy, transmission and
high-resolution electron microscopy, and selected-
area electron diffraction.

MIFSUD ET AL.. ALTERATION OF VERMICULITE TO CHRYSOTILE

Fig.2.  Geological  map of  the Kapir ikamodzi  complex;  af ter  Morel  (1955).

Oriented aggregates (2-4 mg/cm2) were used for
X-ray diffraction. These were prepared from the nat- '

ural, Mg-saturated material and also from material
previously saturated with barium. KBr disks were
used for IR spectroscopy. A diluted vermiculite-wa-
ter suspension was shaken in an ultrasonic vibrator,
and specimens were prepared for transmission elec-
tron microscopy and selected area electron diffrac-
tion in the usual way. For high-resolution electron
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Fig.  3.  Inf rared absorpt ion spectra:  (a)  vermicul i te (unal tered),  (b)  vermicul i te (a l tered),  (c)  chrysot i le f rom Ronda, Spain.

microscopy ultrathin sections were obtained by the
technique descr ibed by Tchoubar et  a l .  (1973).

IR spectroscopy

Figure 3 shows IR spectra of the pure vermiculite
(a), of the spotted vermiculite (b), and of natural

chrysoti le (c). It is apparent that spectrum b contains

bands characteristic of both vermiculite and chryso-

ti le. Thus, sharp bands at 3685 and 3650cm 1 in the

OH stretching region are characteristic of chrysoti le.
Similarly in the Si-O region two bands at 1075 and
960cm ', characteristic of chrysoti le, appear as

shoulders overlapping the broad band of vermiculite

at  1000 cm- '

X-ray diffraction diagrams

Figure 4 gives X-ray diffraction diagrams of ori-
ented aggregates of the spotted vermiculite (Mg-satu-
rated and Ba-saturated) at room temperature and
after heating at 530o and 620'C. In Figure 4a the
presence of two crystalline phases, one of doot = 14.3 A
(Mg-vermiculite) and a second of dool : 7.3 A
(chrysoti le) is apparent. On the diagram of the bar-
ium-saturated specimen (Fig. 4b), the overlap of the
peaks of the two phases is avoided since the doo' peak
of vermiculite has shifted to 12.3 A, leaving the
chrysoti le peaks at 7.3 and 3.64 A unaffected. On
heating at 530o the intensity of these two peaks de-
creases considerably (Fig. 4c), and at 630'C the
chrysoti le phase is totally destroyed (Fig. ad).

Electron microscopy and selected area diffraction

Figure 5 shows transmission electron photomicro-
graphs of vermiculite particles at different stages of
alteration. In Figure 5a, tears have developed on the
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Fig. 4. X-ray diffraction diagrams of oriented aggregates of

altered vermiculite, fine fraction (<5p): (a) Mg-saturated; (b) Ba-

saturated:  (c)  Ba-saturated,  heated 4 hr  at  530"C; (d)  Ba-saturated,

heated 4 hr  at  620oC.
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Fig 5.  Transmission electron photomicrographs of  vermicul i te part ic les at  d i f ferent  stages of  a l teral ion:  (a)  tear ing of  top Iayers of  the
vermicul i te p lates;  (b)  and (c)  two stages of the development ofe longated crevices and polygonal  p i ts ,  wi th lo lded vermicul i te r ibbons at
their  edges;  (d)  chrysot i le tubes formed at  p laces where fo lded vermicul i te r ibbons had developed

surfaces of the vermiculite plates, along which one
sees occasionally thin vermiculite layers folded back
upon themselves. The nature of such folding is re-
vealed in cross-section in Figure 6a. Figures 5b and
5c show the occurrence of this folding to a greater
extent, and in addition, one sees polygonal areas
where the vermiculite plates are thinner than at the
surrounding portions, and from which similar folding
has a lso occurred.  F inal ly ,  in  F igure 5d hol low tubes
or scrolls having the morphological features of
chrysoti le are seen in places where folded vermiculite
r ibbons had formed.

The chrysoti le particles are about 0.02p jn diameter
and from 0.2 to lp in length and are arranged in an
orderly manner, either parallel or at angles of 60o or
120o degrees from each other, as were the folded
vermiculite ribbons of Figures 5b and 5c. Further-
more, selected-area diffraction patterns have been
taken where the diffraction from vermiculite and

from the chrysoti le overlap. They indicate that the
long direction of the fibers coincides with the 100,
130, and T30 crystallographic direction of ver-
miculite plates.

At  s t i l l  h igher  magni f icat ion (F ig.  7a)  most  of  the
particles exhibit a polygonal rather than a cylindrical
morphology, a feature that has already been recog-
nized for certain chrysoti les (Maser et al., 1960).This
is better i l lustrated in Figure 6b, reproducing a high-
resolution electron photomicrograph of a thin cross-
section parallel to the c axis of the vermiculite platelet
and normal to the a axis of the chrysoti le needle.

A selected-area electron diffraction micrograph
from an isolated tube (Fig. 7b) shows diffraction
spots d is t r ibuted a long layer  l ines of  5.3 A per iodic i ty
in the direction of the fiber axis. It mainly contains
hJl and h)l reflections, grouped in pairs, and also
some ftkO reflections, all corresponding to a cy-
l indr ica l  la t t ice wi th a :  5 .3,  b :  9 .2.  c  :  14.6A.  B :
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93o, such as that of the clinochrysoti le cell (Zussman
et al., 1957). The splitt ing of some /rft reflections into
triplets can be noticed. This feature is characteristic
of electron diffraction diagrams of some chrysoti les
and indicates the existence within the fiber of several
crystall ine domaines at slightly different orientations
(Zviagin, 1967).

Analytical data

Table I gives the chemical analyses, based on Ca-
saturated ignited material. Table la corresponds to
the vermiculite devoid of chrysoti le, and Table lb to
the mixture of the two mineral species. The figure for
the CaO content would correspond, in the natural
material, to the interlayer exchangeable Mg content
of the vermiculite phase. Comparison of the two
analyses shows clearly that the alteration of part of
the vermiculite into chrysoti le involves primarily a

Fig.  6.  High-resolut ion electron photomicrographs of  (a)  th in

cross-section of a vermiculite platelet with rims folded on either
side of a surface crack, (b) thin cross-section ofvermiculite platelet

with attached chrysotile fiber.

VERMICULITE TO CHRYSOTILE

a
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Fig.  7.  Isolated f iber ofchrysot i le:  (a)  e lectron photomicrograph,

(b) selected-area electron diffraction pattern.

substantial loss of Fe and a gain in Mg. Therefore,
one may expect the composition of the new phase
formed to approach the composition of an Al-rich
chrysotile (Deer et al., 1962).

Discussion

From the evidence presented above, the identif ica-
tion as chrysoti le of the mineral phase accompanying
vermiculite in this particular specimen seems suf-
ficiently accomplished. It is also apparent from the

electron photomicrographs that the material making
up the chrysoti le tubes was torn from the top layers
of the vermiculite plates at places where the elongated
crevices and polygonal pits are now seen, and which
are thinner in depth than the rest of the plate. There-
fore, it can be concluded that despite the orderly
disposition of the chrysoti le particles, one is not deal-
ing with some sort of epitaxial growth on the ver-
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Table l .  Chemical analyses*

OF VERMICULITE TO CHRYSOTILE

elevated temperatures (Roth et al., 1966). The fact
that, in the present instance, the final alteration prod-
uct is chrysoti le would indicate alteration by Mg-
bearing hydrothermal solutions rather than by sur-
ficial weathering.

Structurally the conversion of vermiculite into
chrysoti le seems feasible, as Figure 8 shows. This
requires the extraction of Al and Fe from the tetrahe-
dral sheet and the replacement of Fe by Mg in the
octahedral sheet in the talc-l ike layers, the in-
troduction of more Mg and OH in the interlayers,
and the reversal of one of the Si-O sheets towards the
newly formed "brucite" layer. This involves breaking
Si-O-Mg bonds and inverting the SiO, tetrahedra,
and requires rejecting water ahead of the crystall iza-
tion. It is not known what the energy requirements
for this transformation reaction would be, but they
could possibly be accounted for by the mild hydro-
thermal conditions that can be expected from pegma-
tit ic f luids permeating an ultrabasic rock, i.e., the
conditions that prevailed when the vermiculite was
formed (Morel ,  1955).

As far as the authors are aware, this is the first
reported example of vermiculite altering topotact-
ically into chrysoti le.

Acknowledgments

The authors are indebted to Dr. J. Galvan from the
Laboratory of Electron Microscopy, Instituto de
Edafologia y Biologia Vegetal (CSIC), Madrid, for
transmission electron photomicrographs, to Dr.
M. Rautureau, from CRSOCI (CNRS), Orleans,
France, for the high-resolution electron photomicro-
graphs, and to Dr. K. Norrish from the Division of
Soils (CSIRO), Adelaide, Australia, for the chemical
analyses.

ba

s  i o2

A 1 ^ O "

' " 2 " 3

14nO

Tj.o2

Mgo

xza

CaO

N a 2 O

TOTALS

4 3 . 8 2

1  3 . 4 2

7 . 8 1

o .  0 6

L . 2 I

2 6  . 8 2

o .  o o

4 . 8 1

4 5  . 2 ' 7

1 3 . 2 0

5 .  O O

o .  o 4

1 . r 8

2 8 . 4 7

o . 0 2

5 . 4 8

9 8 . O 1 9 8 . 6 6

q. unal l te! ,ed uerntcul t te
b. uemic:ul i . te.  f ron al teret l .  s l : |Dep.r spats

*est inqtei  pret: is lon oi  chenieal analyst:s:  nqr imm exror 7 t ter
eent reLaLi.ue

miculite substrate, but rather with a topotactic altera-
tion of the vermiculite itself. First, surface cracks are
developed along well-defined crystallographic direc-
tions (Si-O-Si chains). Next, the vermiculite folds
back at the edges of the cracks. Finally, the looser
folded vermiculite ribbons or scrolls are transformed
into chrysoti le, undergoing chemical changes mainly
by a removal of Fe and an enrichment in Mg and
oH.

The alteration of phlogopite to a serpentine min-
eral phase has been reported by Roy and Romo
(1957),  and s imi lar  chemical  changes may be inferred.
Also, analogous morphological changes have been
observed when Fe-rich vermiculites have been treated
in the laboratory with concentrated salt solutions at
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Fig 8.  Diagramat ic representat ion of  composi t ional  and structural  changes involved in the al terat ion of  vermicul i te to chrysot i le.
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