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ABSNAG"I

New observations on the X-ray and electron
diffraction patterns of Povlen-typo chrysotile are
described, and it is shown tlat a "Povlen-ty1re ortho-
chrysotile" exists in addition to the clinochrysotile.
Various models of .the structure are evaluated, and
the only one that is found to accord with the ob-
servations is a polygonal tubular structure, possibly
with a more normal cyhtrdrical core.

Sorvfi'rerne

De nouvelles observations sur diagrammes de
diffraction des rayons-X et de diffraction 6lectro-
nique du chrysotile de t1rye Povlen montrent qu'ou-
tre le clinochrysotile existe arnsi un or&ochrysotile
de type Povlen. Diff6rents modlles de structure
sont 6valu6s, et le seul qui corresponde aux obser-
vations est celui d'une structure enroul6e en tube
polygonal dont la parti€ centrale aurait la forme
cylindrique habituelle.

(fraduit par le journal)

INrnopucrron

This paper is an attempt to interpret the
characteristic features of diffraction patterng
grven by so-called Povlen-type chrysotiles. These
diffrastion effects werc reported as early as
1956 by Eckhardt in a discussion of the nature
of "schweizerite". Some elestron diffraction
patterns published by Zussman et al. (L957, Fig.
ld) and by Zvyagin (1967, Fig. 53) show similar
features. The term'?ovlen-fype clinochrysotile"
was, however, introduced by KrstanoviC &
Pavlovid (1964) and applied to a group of clino-
chrysotile specimens (identified from their
powder patterns), which shared unusual fibre
diffraction pafterns: viz. "sharp reflections on
all layer lines up to the sixth", as distinct from
normal chrysotiles which give sharp reflections
only on even-order layer lines. Neither in that
paper, nor in a subsequent one (L967) drd
Krstanovid & Pavlovib define in any detail the
special features in these diffraction patterns,
although it seems from their discussion that the
extra reflections on the first laver line were su-
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perimposed upon or replaced the tail of the 130
reflection. Unfortunatel/, nothing can be de-
duced concerning the extra sharp reflections ob-
seryed on higher order layer lines.

Eckhardt and Zussman er al. assigned indices
of type l3l to the extra reflections of the first
layer line, but such indices are meaningless in
the context of a cylindrical structure (Whittaker
L954, L955a,b, 1957) with its inevitable azi-
muthal disorder between layers. Both Zussman
et al. and. Krstanovib & Pavlovi6 sought to jus-
tify their adoption of indices of this kind by sug-
gesting that Povlen-type chrysotiles are funda-
mentally lath-like. This is, however, difficult to
reconcile with the rotational symmetry bxhibited
by electron diffraction patterns obtained by
Zussman et aI. from fibres <2000A in diarneter.
We have observed a Povlen-type orthochrysotile
electron d;ffraction pattern from a fibre only
700A across (Fig. 2b), and it is inconceivable
that this fibre is not based upon a structure with
at least approximate rotational symmetry.

Further features which suggest that the
texture of Povlen-type chrysotile is more akin
to cylindrical chrysotile than to platy lizardite
are the paucity of. hkl-type reflections and the
pre$ence of diffuse reflections particularly on
odd-order layer lines.

PnesBNt OpsBnverrous

We have observed X-ray and electron diffrac-
tion effects from a number of more or less
splintery chrysotile fibre specimens, including
several from the Oxford University lvluseum
labelled "schweizerite" (Figs. "1. and 2, and Ta-
ble l). Some of the X-ray photographs were
kindly supplied by Dr. F. J. Wicks of the Royal
Ontario Museum. These samples have provided
examples of Povlen-type clinochrysotile diffrac-
tion patterns similar to those reported by the
previous workers mentioned above, and also
of the analogous pattern related to orthochry-
sotile (Fig. lb) not reported previously. The co-
ordinates of the extra reflections on the first
layer line, observed in X-ray diffraction, are
given in Table 2.

A notable feature of the X-ray fibre diffrac-
tion photograph of Povlen-type orthochrysotile
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appear to link reflections on tle first and ses-
ond layer lin$ similarly, but these reflections
are not at identical Bragg anglss.

The extra reflections grven by the ortho-speci-
mens are straight-forwardly indexable as an ex-
tensive series of 131 reflections. In the case of
the clino-specimens a problem arise.s in that
131 and 137 should have distinct coordinates.
However the resolution is such that they would
probably not be separated even if both series
were present, and the indices are given in terms
of i/1.

The electron diffraction patterns (Fig. 2a, c)
display similsl features to the X-ray fibre photo-
graphs, but without tle extended arcs that can
be attributed to the effects of misorientation of
lihils qiifhin a fibre bundle. Observations with
the electron microscope suggest that the fibrils
of Povlen-type chrysotiles are somewhat coarser
than those from normal chrysotile.

The electron diffraction pattern of the ortho-
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Frc. 1. X-ray diffraction patterns of fibres of
Povlen-type chrysotile taken vdth C\rKa radiation
on a camera of 30mm radius: (a) clino-type
(specimen 9652); (b) ortho-ty1r (specimen 8/2W);
(c) indexed key to (a) and O). The zero layer lino
is common to the two photographs; the upper
part corresponds to (a) and tle lower part to O).
Extensions of the arcs have been made uniform
for the sake of clarity, except for one extraneous
powder ring (marked ?). Only the I furdex of
131 reflections is given; other indices are in full.

1Fig. lb) is the existence of weak arcs linking re-
flections on the first and second layer lines. The
latter are in the positions of the 201 reflections
to be expected from a two-layer orthochrysotile.
Similar stronger arcs appearing on fibre Soto-
graphs of Povlen-type clinochrysotile (Fig. 1a)
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specimen 8/20F confirmed the presence of the
series of extra reflections on the first layer ttne
(Table 2), and revealed a corresponding series
of reflections 332, 334,338 and 3,3,12 follow-
ing the 330 reflections on the third layer line,
together with the usual 310 tailed reflection. The
only reflection of detectable intensity on the
fifth layer line was the tailed 510. Electron dif-
fraction by the clino-specimen 9652 also con-
firmed the X-ray results on the fint layer line,
but the third and fifth layer lines are more dif-
ficult to interpret. The expected tailed reflec-
tions 310 and 510 are anomalously absent, and
a continuous streak of approximately uniform
intensity ossupies tlese layer lines at t < 3bn,
On these layer lines the h3t and ft3/-reflections
would be in distinct positions (though 33/ and

Frc. 2. Selected-area electron diffraction patterns
and microgsaphs of Povlen-type chrysotile: (a)
clino-type (specimen 9652), diffraction; O) E.lt-
image of (a); (c) E.M. image superimposed on
diffraction pattern of ortho.tlpe (specimen 8/20F)
in arbitrary relative orientation.

3jl+l would coincide), but although a series
of spots follows 330 and 530 it is not possible to
index them unambiguously. A probable 39/ spot
with l/l=2 follows 390.

INTERPRETATIoN

Because of the requirement for a model pos-
sessing at least some measure of rotational sym-
metry about the fibre axisn an effort was made
initially to interpret the diffraction phenomena
from Povlen-type chrysotile within the context
of a cylindrical model.

It seemed possible that the unusual diffraction
effects might be due to an abundance of (per-
haps thin-walled) fibres of abnormally large
diameter. Intensity profiles for some of the dif-
fuse reflections of chrysotile were therefore
computed, as an extension of the treatment by
Whittaker (1,957), to explore the effects arising
from a variation in fibre parameters-in parti-
cular the diameter and wall thickness. Computer
programs were developed to calculate the con-
tributions of layers of increasing radius to the
intensify profiles of selected reflections, based
upon the expressions given by Whittaker (1957).
The statistical weighting scheme described by
Whittaker was applied in such a way as to in-
vestigate the diffraction effects to be expected
from fibre bundles containing high proportions
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Frc. 3. X-ray rotation photograph of magnesite
crystal from intergrofih with chrysotile, Birth-
day mine, Shabani, Rhodesia.
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of either ttrisk-walled or thin-walled, large dia-
meter fibres, up to a maximum outer diameter
of 5804 This timit was imposed by the ex-
cessive computation time required to evaluate
the Bessel functions of the very high orders that
were involved.

The intensity profiles of the diffuse reflections
calculated for these fibre diameter distributions
showed in some instancqs the development of
sharp maxima following the initial maximum,
but they did not correspond well with tle fea-
tures observed in the fibre diffraction patterns.
It seems unlikety that the diffraction effects
from Povlen-type chrysotile can be interpreted
in terms of a cylindrical model which is broadly
similar to normal chrysotile.

Another possible model was suggested by the
fact that one can obtain diffraction patterns
resembling Figure lb, from specimens containing
(imperfect) fibre orientations of crystals about
a crystallographic axis that is inclined to a sym-
metry axis, as in the magnesite photograph of
Figure 3. An analogous effect could be given
by chrysotile if the axis of curvature of the
layers were [1 10] and the direction of azimuthal
disorder due to the curvature made an angle
of 60' with the fibre axis. Such a fibre would
be a very extreme case of the helical cylindrical
structures discussed by Whittaker (1955b). Such
helical structures are normally characterised by
a splitting of the diffuse &ftO reflections above
and below their respective layer lines, but in
this extreme case of a helix angle of 60o it can
be shown that these reflections would notionally
belong to layer lines at hXl2a but that their
splitting would amount to -+k\/2a, so that the

two parts of the split reflections would lie on
normal layer lines at positions coincident with
those of hkU rcflecttons of normal chrysotile
(e.g. 020 would split to the normal positions of
110 and i10, and 110 would split to the normal
positions of 110 and 020). At the same time ttre
sharp 20l reflections would appear at a t-value
corresponding to tle position of the normal
first layer line. Thus a mixture of normal cbry-
sotile with helical material of this kind would
account for Figure lb. Equally, a composite
fibre containing both fires of material would
account for the zero, ls! and 2nd layer lines
of Figure 2, but unfortunately the hypothesis
fails to account for tle higher layer lines. The
'omeridional gap" characteristic of hefical struc-
tures (Cochran et al. 1952) should lead to a
suppression at t19b* of the sharp 601 reflec-
tions predicted by the model to lie on the 3rd
layer line, whereas in fact these anomolous re-
flections occur down to f-30*, just as they
do on the lst layer line. Similar reflections on
the 3rd, 5th and Tthlayer lines of X-ray photo-
graphs taken with MoKa radiation present the
same problem.

It seems then that these reflections must be
assigned indices of the type hkl, and we there-
fore have to accept a measure of ordering in
the D-axis direction which must involve a de-
parture from the normal cylindrical structure
of chrysotile. The hypothesis of polygonal tubes
seems to be the only way of reconciling the flat
Iayers required to explain the indexing with the
approximate rotational symmetry indicated by
the patterns as a whole. The absence af hkl
reflections other than those for w[ig[ ft=3n
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Frc. 4. Schematic drawing of proposed cross-
sectional structure of a Povlen-type chrysotile
fibre.

(and &*&=2rr, imposed by ceutering) is not
surprising as the relationship between successive
serpentine layers is rrnlikely to be sensitive to
random displacements of

+L
3

In some of the electron diffraction patterns
the tails of the 110 reflections (and to a lesser
degree the tails of other &10 reflections) present
a more uneven profile than is usual. These sub-
sidiary maxima cannot be indexed as lll-type
reflections and it is thought that they may be
a result of imperfect rotational symmefy, such
as would arise from a fibre with polygonally
arranged layers. In X-ray diffraction the
presence of many fibres in random orientation
about the r-axis would result in this spottiness
sf hl0 reflections being smoothed out.

From some of the electron diffraction pat-
terns it seems that part of the Povlen-type chry-
sotile fibres consists of normal cylindrical chry-
sotile. We suggest that this cylindrical material
is likely to form the central core of the fibre,
whereas the polygonally-arranged flat layers
occul as an outer shell. This model is illustrated
schematically in Figure 4, and the indices as-
signed on the basis of this model to the observed
reflections are given in Table 2. The alternative
hypothesis of a polygonal core surrounded by
cylindrical material seems less likely.

The relative intensities among the 2Ol reflec-
tions of chrysotile are sensitive to the stacking

arrangement of the layers in the radial direstion
in the fibrils, and it was from a consideration of
the 201 and 401 reflections that the stasking rilas
determined (Whittaker t956ub). The stacking
arrangements that occur in both the normal
polytypes of chrysotile (ZMa and 2Or"1) appsal
to result from the curvature of the layers (Wicks
& Whittaker 1975), and the stacking artange-
ment in lizardite with its flat layers is quite
different. Since our hypothesis is that Povlen-
type chrysotile contains substantial regions built
up from flat layers, it is surprising that the 2OI
refl ections from Povlen-type clinochrysotile have
(at least to a first approximation) the same rela-
tive intensities as those from normal chrysotile
ZMao as this imFlies that the two forms have
the same stacking arrangement. On the other
hand, Povlen-type orthochrysotile gives 201 re'
flections with quite different intensities from
those of normal chrysotile ZOra. ln fact, these
intensities give a good match (Middletat t974)
to those calculated for Bailey's polytype 2IL
@ailey 1969), which is consistent with the sug-
gestion of a flat-layer structure.

These results, therefore, continue to pose a
structural problem with regard to Povlen-type
clinochrysotile, and also raise doubts as to the
propriety of regarding'Povlen-type orthochry-
sotile" as chrysotile at all, if it is structurally
more closely related to lizardite.

CoNcruDnlc Rrwems

The possibilif of explaining the unusual dif'
fraction effects from Povlen-type chrysotile in
terms of a model based upon curved layers has
been shown 1e ls unlikely. We therefore sug-
gest that in Povlen-file chrysotiles the serpentine
layers are essentially flat and that the stacking
sequence is partly ordered. In view of the re'
quirement for a considerable measure of rota-
tional symmetry, we further suggest that these
flat layers are arranged polygonally, possibly
around a core of cylindrical chrysotile. The
model proposed accounts for the observed dif-
fraction effects and is compatible with our
morphological observations with the electron
microscope.

Since the completion of our work the model
has been rendered more credible by some elec-
tron microscope observations by Cressey &
Zussman (1976) who have observed polygonal
cross-sections in serpentrne mesh textutes, and
in material from specimen 9652 of Table 1.
These observations clearly suggest that structures
of the type that we have postulated can exist.
We also understand that Yada (private comm.
1975) has observed polygonal structure in a
synthetic serpentine preparation.
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