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INTRODUCTION

The papers published in this volume cover a
wide, but representative, selection of topics, from
serpentine mineral structures and chemistry to
the petrology, tectonic history and evolution of
serpentinites. Of the 15 papers presented here
one, by Labotka and Albee, was presented during
the meeting but was not originally part of the
symposium, and two delivered at the symposium
were not submitted for publication. Abstracts of
these papers, by Duke (1978) and Evans &
Trommsdorff (1978), can be found in the Ab-
stracts for the meeting.
, In a sense all the papers are based on Whit-

taker & Zussman's (1956) paper on the ser-
pentine mineralsn where a classification based
on the structures of the minerals was established
for the first time. This classification divided the
serpentine minerals into three structural types:
chrysotile with a cylindrical structure, antigorite
with an alternating-wave structure, and lizardite,
a previously unrecognized mineral, with a flat
structure. Chrysotile was found to occur most
frequently as clinochrysotile, a Z4ayer structure
of,identical layers with a parallel to the cylin-
drical or fibre axis (Whittaker 1956a),less fre-
quently as orthochrysotile, a 2-layer structure
with 180o rotations between layers with a
parallel to the fibre axis (Whittaker 1956b), and
least frequently as parachrysotile, a 2-layer struc-
ture with 180' rotations between layers and
with 6 parallel to the fibre axis (Whittaker
1956c). Later, Wicks & Whittaker (1975) re-
examined the earlier classification in the light

of subsequent research and reaffirmed the tbree-
fold division on the basis of structure. Chrysotile,
parachrysotile and lizardite were found to be
polymorphs because their structures involve dif-
ferent mechanisms of misfit relief to overcome
the difference in size between the larger octa-
hedral sheet and the smaller tetrahedral sheet.
Antigorite is not a polymorph of the other ser-
pentines but is a phase of a slightly but essential-
ly different composition, with the difference in
composition being related to the wavelength of
the alternating-wave structure. Detailed examin-
ation of the chrysotile and lizardite structures
emphasized certain structural similarities between
the minerals, in spite of the cylindrical nature
of chrysotile, but pointed out that there is a
slight, but fundamental, difference between the
stacking in chrysotile and that in lizardite. Based
on this difference in stacking, all flat struc-
tures, 1- and 2-layer lizardites and the multi-
layer serpentines can be regarded as polytypes
of lizardite, and the cylindrical structures, 1-
and 2Jayer clinochrysotile and orthochrysotile,
can be regarded as polytypes of chrysotile. Thus,
in terms of polytype nomenclature, clinochryso-
tile would become chrysotilr2M"l or, rarely,
chrysotile-lM"r and orthochrysotrle, chrysotile-
ZOr"t. One-layer lizardite would be lizardite-l?
with more complex structures designated, for
example, as lizardite-6Tr (Bailey 1969, Hall et
al. 1976). Both the polytype nomenclature and
the older chrysotile nomenclafure are used in
this volume.
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The importance of the difference in stacking
between chrysotile and lizardite has been em-
phasized by the research of Middleton & Whit-
taker (1976) and Cressey & Zussman (1976) on
the nature of Povlen-type, polygonal chrysotiles.
Both cylindrical cores of chrysotile-2M"r with
polygonal outer zones of chrysotile-2M"t and
cylindrical cores of chrysotile-2Or"l with poly-
gonal outer zones of lizarditel/fl were observed.
Thus chrysotile- and lizardite-type stacking were
observed within the same fibre, and chryso-
tile-type stacking was found within the curved
layers of the cylindrical core and within the
flat layers of the polygonal zone.

One further point should be added. The term
ortho-antigorite was introduced by Brindley &
von Knorring (1954) to describe a serpentine
with a large superlattice. It was very quickly
shown by Zussman & Brindley (1957) that this
material was not antigorite but rather a 6-layer
orthohexagonal serpentine. It is a polytype of
lizardite and has been described in detail as liz-
ardite-6Tr by Hall et al. (1976). In spite of
the rather prompt discreditation of ortho-antigo-
rite and subsequent work on this material, the
term persists in the literature and its misuse has
led to confusion on more than one occasion in
recent years.

For those interested in further details on the
serpentine minerals and serpentinites, reviews by
Coleman (1971.,1977), Moody (1976) and Evans
(t977) are useful. A discussion of serpentine
diffraction-patterns is given by Wicks (1979)
and a welldocumented temperature - pressure
phase diagram was presented by Evans ef a/.
(1976). Important mineral-aqueous solution
equilibria studies have been carried out by Hern-
ley et al. (1977a, b) and Nesbitt & Bricker
(  1978).

A brief description of each of the 15 paper$
is given in the order in which they appear in the
volume and brief references are made to closely
related published work.

Yada's well-known high-resolution electron
microscopy (Yada 1967, 1971) has been car-
ried a step further in its development by his
use of image-processing techniques to achieve
atomic resolution of Si and Mg in clino- and
orthochrysotile. The arrangements of alternate
layen are clearly displayed and confirm the gen-
eral features of the strusture refinement sarried
out with X-ray diffraction by Whittaker (1953).
The al.ternating{ilave structure of antigorite was
also resolved confirming Kunze's (1961) struc-
ture refinement.

Middleton & Whittaker investigated individual
fibres of parachrysotile by electron diffraction

MINERALOGIST

and obtained, for the first time, a complete dif-
fraction pattern without additional reflections
from normal chrysotile. The electrondiffraction
patterns confirm the earlier X-ray work of Whit-
taker (1956c), which was based on a limited
number of reflections. The results indicate that
parachrysotile may have a range of structures,
from purely cylindrical to predominantly poly-
gonal, similar to those described for Povlen-type
clinochrysotile and orthochrysotile (Middleton &
Whittaker 1976, Cressey & Zussman 1976).

The relationship of the intergrowth of brucite
and chrysotile in the fibrous variety of brucite
nemalite, as investigated by electron microscropy
and diffraction, is reported by Whittaker and
Middleton. The results suggest that the brucite
might have formed in association with para-
chrysotile (which has largely recrystallized to
normal chrysotile). The formation of fibrous
magnesite may have been controlled by chryso-
tile fibres between which the magnesite grew
and which it partly replaced.

Peterson, Hill and Gibbs present molecular-
orbital calculations for the brucite and gibbsite
structures and for a flat serpentine structure,
and thus continue, with a more rigorous anal-
ysis, some of the structural discussions of Ra-
doslovich (1963a, b) and Wicks & Whittaker
(r97s).

M6ssbauer analyses of chrysotile asbestos from
several Canadian localities have been carried out
by Blaatrw, Stroink, Leiper and Zentilli who have
found that Fet+ occurs only in octahedral sites
and that Fe'* is distributed between octahedral
and tetrahedral sites. Their Miissbauer results on
the oxidation state of iron are significantly dif-
ferent from the published chemical analyses and
suggest that the trends in the oxidation state of
iron in serpentines noted by Whittaker & Wicks
(1970), based on wet-chemical analyses, may
not be as rigorous as originally suggested. This
is further substantiated in a recent paper by
Rozenson et al. (1979) who have found the
same discrepancies between Mtissbauer and wet-
chemical analyses in some of the same samples
examined by Whittaker & Wicks (1970).

Golightly and Arancibia trace the migration
of elements during serpentinization and weather-
ing of a lherzolite to a nickeliferous laterite.
Unlike earlier studies based on collections of
specimens from a variety of localities (Brindley
& Pham Thi Hang 1.973, Springer 1974)
Golightly and Arancibia relate their samples to
the weathering profile. Infrared studies of ne-
pouite are interpreted based on the assignment
of absorption bands in lizardite by Yariv &
Heller-Kallai (L975).
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In his first paper Dungan gives a description of
lizardite bastites after orthopyroxene, clinopy-
roxene and amphiboles that augments the discus-
sion of Wicks & Whittaker (1,977). Many of the
clinopyroxene and amphibole bastites have asso-
ciated secondary diopsides of similar composi-
tions to those found in association with antigo-
rite (Peters 1968, Evans & Trommsdorft Ig].O).
However, in this case, Dungan suggests that they
have formed in the retrograde envhonment with
lizardite, as the metastable analogue of the pro-
grade antigorite + secondary diopside assem-
blage.

The application of transmission electron-mi-
croscopy to ion-thinned samples of rock-forming
and some vein-forming serpentine has been car-
ried out by Cressey on samples previously
studied by Wicks & Whittaker (1977) wirh the
microbeam X-ray camera. Lizardite, normal
chrysotile, Povlen-type chrysotile, fine-grained
serpentine and antigorite were found in dif-
ferent textures, but important details on the
nature of the serpentinrzation of olivine were
also discovered. Olivine is replaced in a two-
stage process rather than the single-stage process
described by Wicks et al. (1977). In the first
stage fine-grained, poorly-formed serpentine is
formed; as the serpentinization front advances,
this recrystallizes in the second stage to coarsely
crystalline, well-oriented lizardite.

In an earlier study Chernosky (1975) exam-
ined the system MgO-ALgrSiOr-HrO. In the
study by Caruso and Chernosky in this volume
a combination of laboratory synthesis of lizard-
ite, thermodynamic calculations and field obser-
vations is used to suggest that Al-lizardite may
be stable with respect to chlorite f low Al-anti-
gorite in serpentinites recrystallized at low pres-
sures.

Dungan's second paper, an extension of earlier
studies (Dungan L977), presents microprobe
anabses of antigorites and lizardites -f minor
chrysotile in mesh textures, orthopyroxene bas-
tites and clinopyroxene bastites. The composi-
tioral differences between the pseudomorphic
serpentines and the antigorites were found to
reflect the difference between the lizardite and
chrysotile structural forrnulae and that of antigo-
rite. The Al and Cr contenrs of the.serpentine
in the bastites are higher than the serpentine in
thc mesh textures; this higher Al may increase
its thermal stability with respect to antigorite,
as has been suggested by Caruso & Chernosky in
this volume.

A similar microprobe study of serpentine
compositions on a wider variety of textural as-
semblages, all identified by microbeam X-ray

camera, was undertaken by Wicks and Plant.iAs
was the case in the studies of Golightly and
Arancibia and Dungan, in this volumen relatively
high amounts of Al and Cr were noted in the
retrograde lizardite bastites. The criteria given
by Wicks & Whittaker (1977) for the optical
identification of lizardite bastites formed in re-
trograde environments were found to be valid.
However, bastites affected by prograde regimes,
although chemically and visually similar to re-
trograde bastites, may be minerailogically dif-
ferent; thus the criteria of Wicks & Whittaker
(L977) can only be used for retrograde bastites.
Different prograde bastites were found to be
composed of lizardite, a chloritelike mineral -1-
antigorite, or Povlen-type chrysotile. The anal-
yses of mineral compositions confirm some of
the trends noted by Whittaker & Wicks (1970),
revise others and extend the observed (mainly
Fe) substitution. A stability field for lizardite
similar to that of chrysotile is suggested.

Labotka and Albee have performed mass-
balance calculations on bulk compositions of a
partly serpentinized dunite that contains zones
of antigorite f magnetite a brucite serpentinite
and chrysotile-asbestos veins. The results indicate
that magnesium was conserved and silica and
water were added. They conclude that this ser-
pentinization was neither isovolumetric nor iso-
chemical.

A complex history of retrograde, then pro-
grade, followed by retrograde serpentinization
and carbonatization in ultramafic rocks from
Bird River, Manitoba, is described by Coats and
Buchan. This history is interpreted in terms of
the CaO-MgO-SiO,-HsNO2 system studied by
Trommsdorff & Evans (L977),

Laurent and H6bert describe an early oceanic,
partial serpentinization of the ophiolite ultrama-
fic rocks of the Qu6bec Appalachians, followed
by late continental, complete serpentinization
and asbestos-vein development during emplace-
ment by obduction of the ophiolite suite onto the
continental margin. The two stages of selpen-
tinization are in general agreement with the early
retrograde, followed by later prograde serpen-
tinization and asbestos-vein development de-
scribed in the Qu6bec asbestos mines by Wieks
and Plant.

Finally, Moody has extensively reviewed sev-
eral aspects of ophiolite metamorphism, extend-
ing the earlier review of ophiolites by Coleman
(L977). She concludes that metamorphism of
the upper paqt of the ophiolite sequences could
occur within the ocean, but that metamorphism
and serpentinization of the ultramafic layer of
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the sequence probably occurred after obduction
onto the continental margin.
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