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H- AND O-ISOTOPE GEOCHEMISTRY OF SERPENTINITE
AND SERPENTINIZATION

By Tzen-Fu Yui and Hsuch-Wen Yeh
ABSTRACT

The common serpentine minerals produced by serpentinization of ultramafic rocks
include lizardite, chrysotile and/or antigorite. Stable isotopic studies on serpentines show
that the oceanic serpentines, the continental antigorite and continental lizardite-chrysotile
have overlapping isotopic compositional fields. This suggests that the terms “continental
antigorite” and “continental lizardite-chrysotile” should not give any genstic implications.
Oxygen isotopic geothermometer demonstrates that antigorite forms at higher tempera-
tures than lizardite and chrysotile, The serpentinization fluids for oceanic serpentines,
continental lizardite-chrysotile and continental antigorite are mainly seawater, meteoric
water and metamorphic water, respectively, based on their isotopic characteristics. All
these interpretations, however, should only refer to the last geologic process the serpen-
tinites have experienced.

The possible difference in isotopic behavior among serpentines caused by the differ-
ences in chemistries and structures are not known. Future experimental work will be
needed to settle the problems.

INTRODUCTION

Most ultramafic rocks, collected either from continents or from oceans, are
partially or completely serpentinized. This fact, combined with the geophysical
evidence of the layered oceanic crust, led Hess (1955, 1965) to propose an oceanic
crustal model consisting of a basal serpentinized peridotite layer (layer 3) overlain
by about 1 km of basalt (layer 2) and a thin layer of sediment (layer 1). In this
model, ultramafic mantle material above the 500°C isotherm is thought to be ser-
pentinized by interaction with water rising from the deeper mantle. This view of
an uniformly serpentinized peridotite layer 3, however, has been questioned by
many workers (for example, Cann, 1968; Christensen, 1970; Coleman, 1971). In
addition, the origin of the fluid responsible for the serpentinization of this layer 3
is also a matter of controversy. Some authors agreed with the juvenile origin but
others favored a seawater origin (Hess, 1965; Vdovykin and Dmitriyev, 1968;
Thompson and Melson, 1970). To reconcile these problems it is important to under-
stand the serpentinization process of ultramafic rocks; then we can specify the tem-
perature condition, evaluate the possible sources of serpentinization fluid, and de-
fine whether serpentinization occurs in the mantle or crust or both. Hydrogen and
oxygen stable isotopes are good indicators of formation temperature and the origin
and nature of the fluid involved, and have been applied in this way since the 1970s.

Several factors are vital for the H- and O-isotope studies of serpentinization.
They are (1) chemistry and structure of serpentine minerals, (2) fractionation rela-
tions of serpentine minerals, (3) serpentinization temperatures, {(4) fluid/rock ratio
during serpentinization, and (5) the preservation of isotope compositions of ser-
pentine minerals. In the light of our recent studies on serpentinite in Taiwan, we
will present a critical review on these subjects of serpentinization and discuss some
intrinsic and induced problems here.
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Table 1.
Polytypic classification of serpentine polymorphs (Wicks and Whittaker, 1975).
Lizardite™ Chrysotile™ Parachrysotile™
1T (lizardite) 2M,, (clinochrysotile)

2H (2-layer lizardite) 20r (orthochrysotile)
3T (3-layer lizardite) 1M, (1-layer clinochrysotile)
GH (6-layer lizardite)

* Lizardite — flat-layer structure
Chrysotile — cylindrical structure with x parallel to the cylinder axis
Parachrysotile — cylindrical structure with y parallel to the cylinder axis.

SERPENTINE MINERALOGY

The serpentine minerals (Mg, Si,O; (OH),) have been divided into three struc-
tural groups, i.e. flat layers (lizardite), cylindrical layers (chrysotile), and corrugated
layers (antigorite) (Whittaker and Zussman, 1956). This structural classification has
since been revised on the basis of theoretical polytypic stacking sequences for trioc-
tahedral 1:1 layer silicates by Wicks and Whittaker (1975) and the results are shown
in Table 1. In this new classification scheme, antigorite is not considered in terms of
polytypes because the layer stacking of antigorite is exerted by direct bonding be-
tween the layers instead of by hydrogen bonding, which is the basis of the theoretic-
al polytypic stackings (Wicks and Whittaker, 1975). In addition, detailed mineral
chemical studies showed that antigorite has a higher 8i0, content and lower MgO
and H,O contents than other serpentine minerals (Whittaker and Wicks, 1970; Dun-
gan, 1974). This small but distinct difference in chemical compositions is expected
from the structural point of view, and that led Dungan (1974) to accept Kunze’s
(1958) structural formula, Mg, g;3 51,05 (OH)3 4,3, for antigorite. It is therefore
proposed that antigorite is not a polymorph of other serpentines, whereas lizardite,
chrysotile and parachrysotile are polymorphs (Dungan, 1974; Whittaker and Wick,
1979). For convenience, the term “serpentines” is used in this paper as a general
name to represent lizardite, chrysotile and/or antigorite when it is not specified.

It 15 well known that the oxygen isotope fractionation of minerals is mainly
influenced by their chemical compositions but the hydrogen isotope fractionation
is affected by chemical compositions, crystal structures, and hydrogen bonding
(Taylor and Epstein, 1962; Suzuoki and Epstein, 1976; Graham et al., 1980). The
small difference in chemical compositions between lizardite/chrysotile and antigorite
discussed previously may thus impose little difference on both H- and O-isotope
behavior among serpentine minerals. However, the presence or absence of hydrogen
bonding or even the difference in polytypic stacking sequences might have signifi-
cantly different H-isotope effect among serpentine minerals and/or polytypes. These
possible chemical and structural effects on isotope fractionations should be borne
in mind in the following discussions.

ISOTOPE FRACTIONATIONS

Oxygen

So far no experimentally determined oxygen isotope fractionation curves in-
volving the serpentine minerals have been reported. An empirical serpentine-water
oxygen isotope fractionation relation obtained by Wenner and Taylor (1971) is
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based on (1) extrapolation of the empirical O-isotope fractionation relations among
quartz, chlorite and ilmenite, and (2) assumption that the O-isotope fractionation
between serpentine and chlorite is equal to zero. However, in the calculations Wen-
ner and Taylor used the then unpublished quartz-water fractionation relations pro-
vided by Clayton ef al (10002naquartz-water = 3.57(10%/T?2) - 2.71) that was later
revised by Matsuhisa et /. (1979) (1000 8naquartz-water = 3.34(10%/T?2) - 3.31, for
250 to 500°C). This revision would change the serpentine-water fractionation rela-
tion from 1.56(10%/T?2) - 4.70 (Wenner and Taylor, 1971) to 1.72(10%/T?) - 4.29.
That would in turn result in a ~0.8%0 difference in A values or a ~70°C difference
in temperatures for these two serpentine-water equations in the temperature range
of 300 to 400°C. In any comparative studies this internal inconsistency among O®
geothermometers should therefore be noted.

Hydrogen

Hydrogen isotope fractionation between serpentine and water has been em-
pirically derived by Wenner and Taylor (1973) and experimentally determined by
Sakai and Tsutsumi (1978). The results of these two studies differ significantly
(Figure 1). Sakai-and Tsutsumi (1978) believed isotopic equilibrium for their ex-
periment and attributed the discrepancy between these two studies to the probable
isotopic kinetic effect during serpentinization in nature. This view was later support-
ed by Satake and Matsuo (1984) who demonstrated that hydrogen isotope fractiona-
tion for brucite-water (Figure 1) is similar to that for serpentine-water derived from
natural samples (Wenner and Taylor, 1973) but is different from that presented by
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Figure 1. Hydrogen isotope fractionation curves for serpentine-water (a) (Wenner and Taylor, 1973), serpentine-
water (b) (Sakai and Tsutsumi, 1978) and brucite-water (Satake and Matsuo, 1984).
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Sakai and Tsutsumi (1978). They suggested that the difference in the hydrogen
isotope fractionation between the experimentally determined brucite-water system
and the serpentine-water system cannot be accounted for by the hydrogen bonding
but might be attributed to the structural difference between brucite and serpentine.
They further argued that the similarity of hydrogen isotope fractionation between
the brucite-water system obtained experimentally and the serpentine-water system
obtained empirically (Wenner and Taylor, 1973) is due to the preferential hydrogen
isotope exchange under natural conditions between the brucite layer and the tetra-
hedral layer in serpentine structure. However, using the same arguments, Graham
et al (1980) commented that the Northrop-Clayton interpolation method, which
is used for hydrogen isotope fractionation experiments, may not be applicable to
minerals. in which hydrogen is present in more than one structural site, such as in
serpentine. In other words, the experimentally determined hydrogen isotope frac-
tionation relation between serpentine and water (Sakai and Tustsumi, 1978) may be
questioned. Another important thing one should note is that clinochrysotile is the
serpentine mineral used in the experimental work of Sakai and Tsutsumi (1978)
while data of laboratory calibrated chrysotile, and natural antigorite, lizardite and
deweylite (a serpentine-like mineraloid of probable low-temperature weathering
origin) were used in deriving the empirical relation (Wenner and Taylor, 1973). Since
hydrogen bonding and mineral structure affect D/H fractionation (Suzuoki and
Epstein, 1976; Graham ef al., 1980; Satake and Matsuo, 1984), the different serpen-
tine minerals (or even diffenent polytypes) used may be partly responsible for the
apparent discrepancy between experimental and empirical serpentine-water fraction-
ation relations. Obvicusly, further studies are needed in this regard. At the present
time, however, the empirically derived serpentine-water fractionation relation by
Wenner and Taylor (1973) is preferred by most workers because of the possible
isotopic kinetic and structural effects that have yet to be taken into accounts in the
experiments (Ikin and Harmon, 1983; Yui, 1984).

STABLE ISOTOPE COMPOSITIONS OF SERPENTINES

The stable isotopic studies of serpentines were first taken by Wenner and Tay-
lor (1971,1973, 1974). They suggested that the serpentines generally have preserved
their isotopic compositions since their formation (more rigorous discussion will be
followed in later section). Wenner and Taylor (1973, 1974) also showed that the
oceanic serpentines (including lizardite, chrysotile, and antigorite), the continental
antigorite, and the continental lizardite-chrysotile (including those of ophiolite [the
term “ophiolite” used here includes both ophiolite complexes and alpine serpentine
bodies of Wenner and Taylor (1973, 1974)], kimberlite, stratiform and zoned com--
plexes, and Precambrian sill/dike) each have characteristic H- and O-isotopic com-
positional fields (Figure 2). They concluded that these characteristic isotope com-
positions may indicate that the original ultramafic rocks were serpentinized in dif-
ferent environments, i.e. in oceanic, continental metamorphic, and continental near
surface environments respectively. The terms (oceanic serpentines, continental
antigorite, and continental lizardite-chrysotile), although derived from field occur-
rences, therefore have genetic implications. Subsequent stable isotopic studies on
serpentinization by Magaritz and Taylor (1974), Heaton and Sheppard (1977),
Hoernes et al. (1978), Barnes ef al. (1978) and Ikin and Harmon (1983) depicted
similar results, but more recent researches by Bonatti et al. (1984) and Yui (1984)
yielded different results (see Figure 2). Bonatti ef a/. (1984) showed that the ser-
pentines of serpentinized peridotite collected from the Vema and Romanche frac-
ture zones in the Atlantic Ocean have O-isotopic compositions ranging from +3.0 to
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Figure 2, Stable isotopic compositional fields for serpentines from various geologic environments postulated by
Wenner and Taylor (1973, 1974). Dashed line circles the compositional field of antigorite and closed
circle marks the isotopic composition of lizardite from ophiolites in Taiwan (Yui, 1984).

+12.4%0. Although they did not present exact H-isotopic compositions, from their
estimated serpentinization temperatures (30 to 177°C), these serpentines should
have H-isotopic compositions of -40 to —55%c. In the stable isotopic studies on
serpentinization of ophiolites in Taiwan, Yui (1984) found that the antigorites in
these ophiolites have O-isotopic compositions as low as +3.5%o (+3.5 to +6.2%0)
with H-isotopic compositions of =32 to -69%e . In addition, Yui (1984) also showed
that some rare lizardites in these ophiolites have isotopic compeositions of (§D=-49,
80 =+3.6). In contrast to data of Wenner and Taylor (1973, 1974) (Figure 2),
these new data, clearly depict that the oceanic serpentines, the continental anti-
gorite, and the continental lizardite-chrysotile do not have distinct stable isotopic-
compositional fields but rather show completely or partially overlapped fields. This
may imply that some continental uliramafic rocks which now contain antigorite
and/or lizardite-chrysotile might have originally been serpentinized in an oceanic
environment. It then leads to the suggestion that the terms “continental antigorite”™
and “continental lizardite-chrysotile” should be purely occurrence-descriptive and
should not give any genetic implications, though the term ‘‘oceanic serpentines”,
with some doubt, might still indicate an oceanic serpentinization environment (Yui,
1984).
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SERPENTINIZATION TEMPERATURES

Serpentinites mainly consist of serpentines (lizardite, chrysotile, and/or anti-
gorite) with minor amounts of chlorite, talc, brucite, magnetite, carbonates, and
some relict olivine, pyroxenes and chrome spinel. Due to the absence of proper
mineral pairs for chemical geothermometry and to the sluggishness of transforma-
tion experiments among serpentines, the conditions in which the various serpentines
form are not well constrained. However, field evidence and experimental data do
suggest that antigorite forms at temperatures higher than 300 to 350°C and lizardite
and chrysotile are produced at lower temperatures (Nitsch, 1971; Evans et al., 1976).

Wenner and Taylor (1971) studied the O-isotopic compositions for coexisting
serpentine and magnetite. They found that normal lizardite-chrysotile and coexist-
ing magnetite have A values (difference between §¥0 of serpentine and magnetite)
ranging from 10.0 to 15.1. The A values for coexisting antigorite-magnetite are
significantly smaller, between 4.8 and 8.6. Assuming isotopic equilibrium, the dif-
ference between these two sets of A values was presumably due to the difference in
serpentinization temperatures. On the basis of the oxygen isotopic fractionation
relation for serpentine-water system, Wenner and Taylor (1971) further derived an
oxygen isctope geothermometer for serpentine-magnetite. This geothermometer
then gives the following temperatures: continental lizardite-chrysotile, 85 to 115°C;
oceanic lizardite and chrysotile, 130 and 185°C respectively; oceanic antigorite,
235°C; and continental antigorite, 220 to 460°C. These results confirm the general
idea derived from petrogenetic and experimental data, i.e. antigorite forms at higher
temperatures than lizardite and chrysotile. It is also in accord with the conclusion
made by Barnes ef ¢l (1967) and Barnes and O’Neil (1969) who suggested that some
serpentinization of continental ultramafic rocks may be occurring today in a2 near-
surface environment. These calculated isotopic temperatures (especially for most
antigorites), however, appear to be abnormally low compared with geological evi-
dence. Wenner and Taylor (1971) suggested that these anomalously low isotopic
temperatures may be due to retrograde effect, isotopic disequilibrium, or incoerrect-
ness of the postulated serpentine-magnetite oxygen isotope geothermometer. Yui
(1984) also pointed out that during prograde metamorphism antigorite may replace
pre-existing lizardite-chrysotile. This antigorite and those magnetites that once
coexisted in equilibrium with pre-existing lizardite-chrysotile may not attain isotopic
equilibrium since magnetite is one of the minerals most resistant to O exchange.
Bottinga and Javoy (1973) commented that with the large number of assumptions
used to derive the oxygen isotope serpentine-magnetite geothermometer, the tem-
peratures thus estimated may be too low by as much as 100°C, though Evans ef al.
(1976) claimed that the isotopic temperatures obtained by Wenner and Taylor
(1971) are in excellent agreement with the PT-net for serpentines derived by them
from field evidence and experimental data. These different opinions may thus sug-
gest that the oxygen isotope serpentine-magnetite geothermometer may be reliably
applicable only to serpentinites with simple geologic history or to late-stage serpen-
tinization.

SERPENTINIZATION FLUID AND FLUID/ROCK RATIO

Fluid (mainly water) is a necessary phase in the serpentinization of ultramafic
rocks. To understand the source of this fluid helps the knowledge of serpentiniza-
tion environment. Since different fluids involved in geologic processes show differ-
ent stable isotope characters (Taylor, 1974), a serpentinization environment can
therefore be inferred from the isotopic compositions of serpentines and the estimat-
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ed serpentinization temperatures

The fluid involved in the formation of oceanic serpentines must be either sea-
water or magmatic (juvenile) water. Hess (1955, 1965) proposed that serpentiniza-
tion of oceanic crust layer 3 is caused by the interaction of ultramafic rock with
water rising from the deep mantle. This view was supported by Thompsen and Mel-
son (1970). They demonstrated that oceanic serpentinites contain approximataly 70
to 100 ppm boron, This B concentration is about 10 to 30 times that of unserpen-
tinized peridotite. Although seawater contains 4 to 5 ppm B, Thompson and Melson
(1970) suggested juvenile water as the possible source of serpentinization fluid based
on the fact that during seawater-basalt interaction B is significantly leached from the
rock and on the assumptions that B would behave similarly during seawater-perido-
tite interaction and that oceanic serpentinization takes place at temperatures higher
than 200°C. However they also suggested that if seawater has been involved, serpen-
tinization must have taken place at relatively low temperatures (<200°C). On the
other hand, on the basis of the isotopic compositions of oceanic serpentines (6D =
-35 to -68%0 and 680 =+0.8 to +6.7%o, see Figure 2) and inferred serpentinization
temperatures (150 to 250°C), Wenner and Taylor (1973) estimated the isotopic
compositions of serpentinization fluid to be §D=+5 to -30%c and §®0=-2 to
4+3%o. This result therefore implies that the fluid involved in oceanic serpentiniza-
tion is most likely seawater. The small shift in isotopic compositions from seawater
(0, 0) may be due to the presence of minor amount of magmatic water or may result
from seawater-rock interactions. These two controversial opinions were later un-
raveled by the works of Seyfried and Dibble (1980) and Bonatti ef al. (1984). Dur-
ing the experimental study of seawater-peridotite interaction, Seyfried and Dibble
{(1980) found that the B content of seawater changes little during high-temperature
(300°C) waterrock interaction but decreases significantly during the cooling stage
(300 to 25°C). They thus concluded that the enrichment of B in oceanic serpen-
tinite (Thompson and Melson, 1970) may reflect retrograde reaction with seawater
after serpentinization. Bonatti et g/ (1984) also depicted an inverse relationship
between boron content in serpentinites and isotopic temperatures of serpentiniza-
tion for samples collected from the fracture zones of Atlantic Ocean. This result is
in agreement with Wenner and Taylor (1973) and Seyfried and Dibble (1980) that
the uptake of B for oceanic serpentinite from seawater occurs at relatively low tem-
peratures and the fluid responsible for oceanic serpentinization is mainly of seawater
origin,.

The isotopic compositions of continental lizardite-chrysotile are in the range of
-49 to -205%o0 for hydrogen and -5.0 to +14.1%e for oxygen (Wenner and Taylor,
1973, 1974; Magaritz and Taylor, 1974; Ikin and Harmon, 1983). The 6D values
for most continental lizardite-chrysotile (except those of Precambrian sill/dike) show
a very good systematic correlation with geographic location and latitude (Wenner
and Taylor, 1973), similar to the 8 D distribution of present day meteoric waters. It
strongly suggests that meteoric waters were predominantly involved in lizardite-
chrysotile type serpentinization. Since both formation waters and hydrothermal
fluids contain a significant meteoric component (Craig et al., 1956; Clayton et al.,
1966), they are also possible candidates. This suggestion is in accord with the rela-
tively lower lizardite-chrysotile serpentinization temperatures deduced from the
isotope geothermometer. The oxygen isotope compositions of continental lizardite-
chrysotile, however, do not directly correlate with the 8D values as the meteoric
waters. This was interpreted to be the results of isotopic exchange with country
rocks (Wenner and Taylor, 1974) or due to waters with abnormal O-isctope com-
positions (Magaritz and Taylor, 1974). Wenner and Taylor (1974) also suggested
that the §D-latitude correlation relation for these continental lizardite-chrysotiles
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discussed above would suggest that this lizardite-chrysotile type serpentinization
should occur recently or at most during Tertiary. Since most ophiolites contain
lizardite-chrysotile serpentinites, the ultramafic rocks in the ophiolites were pro-
bably largely unserpentinized prior to their emplacement onto the continent if
ophiolite complexes truly represent exposures of ancient oceanic crust and mantle
(Wenner and Taylor, 1974). It should be pointed out here that this conclusion is
based on a presumption that lizardite-chrysotiles have not changed their isotopic
compositions since their formation.

In contrast to continental lizardite-chrysotile, continental antigorite is relative-
ly restricted in both 6D (-32 to -69%0 ) and §®Q (+3.5 to +8.7%o ) values (Wenner
and Taylor, 1974; Magaritz and Taylor, 1974; Ikin and Harmon, 1983; Yui, 1984).
This variation is generally coincident with the overall range of isotopic compositions
of chlorite in metamorphic rocks (Wenner and Taylor, 1974). The estimated isotop-
ic compositional ficld for waters involved in this type of serpentinization is also
similar to that of metamorphic waters (Wenner and Taylor, 1974; Ikin and Harmon,
1983; Yui, 1984). Considering the field occurrences, the experimental phase dia-
grams (Evans ef al,, 1976) and the inferred isotopic information for antigorite-type
serpentinization, it is concluded that continental antigorite has formed during re-
gional metamorphism in the presence of metamorphic water (Wenner and Taylor,
1974; Ikin and Harmon, 1983; Yui, 1984).

‘Fluid/rock ratio is a necessary factor in calculating the isotopic compositions
of serpentinization fluid discussed above (Taylor, 1977). Wenner and Taylor (1973,
1974) made a lot of these calculations and, with some arguments and assumptions,
they favored a large fluid/rock ratio (in terms of oxygen) for all types of serpen-
tinization. This might be true for most oceanic serpentings since some oceanic ul-
tramafic rocks are known to occur at oceanic fracture zones and hence are in direct
contact with seawater (Bonatti and Hamlyn, 1981). Their conclusion, however, may
not be so easily envisioned for all continental serpentines. Wenner and Taylor (1973,
1974) also admitted that some of their results for continental lizardite-chrysotile
and continental antigorite can also be reasonably explained by low fluid/rock ratios.
An example of low fluid/rock ratio (<1.0) (in terms of oxygen) for antigorite type
serpentinization in Fengtien ophiolite was also suggested by -Yui (1984), whose
conclusion was supported by similar O-isotopic compositions and successively de-
creasing H-isotopic compositions of serpentines formed during consecutive serpen-
tinization stages, which are delincated by isotopic, mineralogic and textural data.
His work therefore demonstrates that detailed isotopic, mineralogic and textural
studies are necessary in order to deduce a more reliable fluid/rock ratio for any
particular serpentinized ultramafic body.

PRESERVATION OF ISOTOPIC COMPOSITIONS OF SERPENTINES

All of the above discussions assume that the serpentines have preserved the
isotopic compositions since their formation. This is a fundamental and importent
assumption, especially for ophiolitic serpentines, since they might have formed in
oceanic environments in the first place. This problem has been elaborately discussed
by Wenner and Taylor (1974). They suggested that the consistently smaller oxygen
isotope A-values for antigorite-magnetite, relative to the normal lizardite/chrysotile-
magnetite in all environments, are in accord with field inference and strongly indi-
cate that the serpentines have preserved their oxygen isotopic compositions. They
also showed that the relatively heavy and narrow range of 8D values for all conti-
nental antigorites, irrespective of their latitude, evidently enunciates that antigorite
undergoes negligible hydrogen isotopic exchange with low-5D meteoric waters that
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might have been in contact with continental antigorite for millions of years. In
addition, numerous samples of antigorite in contact with late-stage, low-8D chry-
sotile veins show no evidence of isotopic exchange. Though continental lizardite-
chrysotiles have correlated 6D values vs latitude, which might be the results of later
H-isotopic exchange with local meteoric waters, Wenner and Taylor (1974) pointed
out that some continental lizardite-chrysotile, of Precambrian sill/dike have isotopic
compositions inherited from ancient meteoric waters and that some matrix chry-
sotiles retain higher 8D values than cross-fiber chrysotile veins. These two observa-
tions strongly support that lizardite-chrysotile, similar to antigorite, also undergoes
no significant H-isotopic exchange. Wenner and Taylor (1974) therefore concluded,
based on these arguments, that ... most serpentines...probably have largely
preserved the isotopic compositions they acquired at the time of their formation”
(p. 1255). One should note that all the above reasonings can only signify that the
serpentines have preserved the isotopic compositions they acquired during the last
geologic event they experience but nof at the time of their formation, unless one
assumes that these serpentines formed during the last geologic event. This assump-
tion, however, may be questioned by the following field and experimental data.

Firstly, direct sampling of the oceanic crust at fracture zones reveals the pre-
sence of substantial amounts of serpentinite (e.g., a wall of 4 km thickness compos-
ed entirely of serpentinized peridotite at Romanche fracture zone) (Bonatti and
Honnorez, 1976; Bonatti and Hamlyn, 1981). It is therefore unjustifiable to assume
that those ophiolites with lizardite-chrysotile serpentinite were all serpentinized
after their on-land emplacement and under a near surface environment affected by
nieteoric waters. Secondly, Wenner and Taylor (1974) conducted a H-isotopic ex-
change experiment between serpentines and water. Although antigorite shows
negligible D-H exchange with water, they found that chrysotile does undergo 18%
D-H exchange with water at 185°C during the 8-week experimental duration and
lizardite shows a higher D-H exchange rate than chrysotile at 100°C. They also
found that all serpentines undergo negligible D-H exchange with water at room tem-
perature. These experimental results portray one possibility: that some continental
lizardite-chrysotile might originally have formed in oceanic environment, and after
or during their on-land emplacement these serpentines acquired their new latitude-
correlated isotopic signatures (especially 8D values) by being subjected to some
geologic processes with temperatures higher than 150°C (e.g., on-land emplacement
or low-grade metamorphism) and by being accessible to deep-circulated meteoric
waters during Tertiary. Thirdly, the partial or complete merging of isotopic com-
positional fields of oceanic serpentines, continental antigorite, and continental lizar-
dite-chrysotile (see previous discussion) supports the idea that some continental
serpentines are only relics of recrystallized oceanic or pre-existing continental ser-
pentines (Ikin and Harmon, 1983; Yui, 1984). Part of these arguments could also
be applied to oceanic serpentines with the possibility that some of them originally
formed through juvenile fluid, though there is no supporting evidence at the present
time. Since serpentinization is a progressive process (Coleman, 1971, 1977; Ikin and
Harmon, 1983; Yui, 1984), which might have continued through distinct geologic
conditions and environments, the connotation of “preservation of isotopic composi-
tions of serpentines” should therefore be noted with caution.

CONCLUSIONS

Stable isotopic studies concerning the isotopic compositional fields, the ser-
pentinization temperatures, the serpentinization fluids and the serpentinization
fluid/rock ratios of all kinds of serpentine minerals were initiated by Wenner and
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Taylor (1971, 1973, 1974). Before 1980, all isotopic studies in these regards seemed
to suggest that (1) the oceanic serpentines, the continental lizardite-chrysotile, and
the continental antigorite show distinct H- and O-isotopic compositional fields; (2)
antigorite always forms at temperatures higher than lizardite and chrysotile irrespec-
tive of their occurrences; (3) the serpentinization fluid for oceanic serpentines is
mainly seawater, for continental lizardite-chrysotile is of meteoric water origin, and
for continental antigorite is mainly metamorphic water; and (4) the fluid/rock ratios
(in terms of oxygen) in all these serpentinizations might not be low. More recent
research (Ikin and Harmon, 1983; Bonatti et al., 1984; Yui, 1984), however, showed
that some of the above conclusions may need revisions. For example, the isotopic
compositional fields for different serpentines are partially of completely overlapped
but not distinctly different, and the fluid/rock ratio for some continental antigorites
might be quite low. It is also apparent that all these suggesiions can only imply
conditions/environments of the last geologic event to which the serpentinites have
been subjected. Since serpentinization is a time-integrated result, the application of
isotopic results to interpret the formation conditions of all serpentines must, there-
fore, be cautious,

Finally, in all the above discussions the H- and O-isotopic behaviors are assumed
to be the same for all serpentines despite the small but distinct chemical and struc-
tural differences among them. This presumption, however, might be subjected to
question, especially for hydrogen. The experimental work in this respect is therefore
needed in the future.
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