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AssrRecr

The serpentinization of Mg-Fe-Ni olivine in the
presence of sulfur has been experimentally in-
vestigated below the stability limit of the assem-
blage olivine + water, at 350:t5"C and 2000150
bars. Serpentinization at low sulfur fugacity pro-
duces heazlewoodite * Nirich magnetite and, at-
high sulfur fugacity, an assemblage of miller-
ite t pyrite f Nipoor magnetite. The serpenti-
nization products have been dehydrated within the
stability field of olivine f HrO (500:t5oC and
2000:L50 bars). The olivine formed under the de-
hydration process (i.e, metamorphic olivine) is richer
in Mg than the starting material (i.e., primary mag-
matic ol ivine),

Keyu'ords: serpentinization, metamorphic olivine,
sulfur fugacity, experimental study.

SorruernE

On a 6tudi6 la serpentinisation de l'olivine Mg-
Fe-Ni en pr6sence de soufre en dessous du champ
de stabilit6 de l'assemblage olivine + HrO n 350
-f5oc" 2000!50 bars. A faible fugacitE de soufre,
la r6action produit l'association heazlewoodite f
.magn6tite enrichie en Ni; ir forte fugacit6 de sou-
fre, elle donne l'association mill6rite I pyrite g
magn6tite appauvrie en Ni. Ces produits de serpen-
tinisation ont ensuite 616 d6shydrat6s dans le champ
de stabilit6 de I'olivine (* HrO), A 500:t5"C, 2000
-r50 bars. L'olivine n6oform6e. tout comme I'olivine
m6tamorphique, est plus riche en Mg que le mat6-
riau de d6part. qui repr6sente l'olivine primaire
(magmatique).

(fraduit par la R6daction)

Mots-clis: serpentinisation, olivine m6tamorphique,
fugacit6 de soufreo 6tude exp6rimentale.

INTRoDUCTIoN

Numerous studies of ultramafic rocks have
shown that nickel is mainly found in olivine.
When serpentinized in the presence of water
and sulfur, the assemblage serpentine * brucite
* oxide * sulfide becomes stable.'Filippidis &
Annersten (1980, 1981) suggested that the ser-
pentinization of Ni-bearing olivine resulted in the

formation of Ni-sulfides and Ni-bearing mag-
netite. Various nickel-rich minerals have been
reported from serpentinized ultramafic rocks
(e.g., du Rietz 1956, Chamberlain 1966, Ram-
dohr 1967, Groves et al.1974, Eckstrand 1975,
Groves & Keays 1979).

The reaction 2MgzSiOu + 3Hzo - Mg,SieOu
(OH). -1- Mg(OH), studied experimentally by
Johannes (1968) and Martin & Fyfe (1970) de-
fines the lower stability of olivine in the pres-
ence of water and is one of the hydration reac-
tions of dunite. Their studies indicate the field
of stability of serpentine * brucite to be below
40O'C. Scarfe & Wyllie (1967) and Evans et a/.
(1976\ demonstrated experimentally that the re-
action 6MgrSiOn * Mg'SiO'o(OH), * 9H:O :
5MgsSi,O5(OH)1 represents a higher P, T con-
dition than the above serpentization reastion.
Experimental work by Moody (1976) in the
iron-containing system l0(Mg'.eoFeo.'n)SiOo +
l4.2H,O = 5Mg'SirOr(OH)n + 3.8(Mgo.,.
Feo.o') (OH), * O.4FesOa + 0.4H, indicates that
the addition of iron to the system slightly de-
creases the upper thermal stability of serpentine
* brucite. On the other hand, the investigations
ofCaruso & Chernosky (1979) on the hydration
reaction 12MgrSiO4 + 2Mg'SioO'o(OH)n +
5Mg,Al:SiaO,o(OH)' + lSHrO - l0Mgs.sAl'.0
Sir.uO,o(OH)' indicates that the thermal stab-
ility of lizardite increases with increasing alum-
inum content.

The olivine in noncumulus ultramafic rocks
is very magnesian and usually contains up -to
0.5 wi. Vo NiO. The presence of hydrous sili'
cates and sulfides in many serpentinized ultra-
mafic rocks is indicative of the presence of a
fluid phase and sulfur. The aim of tle present
study is to investigate experimentally the ser-
pentinization of Ni-bearing olivine in the pres-
ence of water and sulfur below the lower limit
of stability of olivine * HeO at 35O:L5"C and
2O00:L50 bars. High-temperature experiments
also were performed in order to investigate the
dehydration of the serpentinization products
within the stability field of olivine at 5ffi:t5'C
and 20OOa50 bars.
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ExprnrrrasNrer, MErnoos

All experiments were conducted in vertically
mounted cold-seal hydrothermal vessels at 2@0
+-5O bars. The starting materials of the experi-
ments were synthetic olivine (Table 1), sulfur
and a fluid phase (water or NaCl solution),
except for experiment 11, where, an ex@ss of
MgO also was added (Table 2).T\e NaCl solu-
tion was used to remove excess quartz through
the formation of .sodium metasilicate NagSiOs'
9HzO in solution, to prevent the alteration of
serpentine and brucite to talc.

The samples of synthetic olivine were prepared
from stoichiometric oxide mixtures in an arc
furnace using an argon atmosphere; they were
examined for purity and homogeneity by X-ray
powder-diffraction analyses, microprobe and
Miissbauer techniques (Annersten et al. t982,
Nord et al. 1982). Chemigal composition and
unit-cell parameters of the olivine startino
material are given in Table 1.

Each charge was loaded in a Au capsule,

TTBLE I. COIIPOSITIOI{ A!|O CELL PAMI.IEIERS OF OLIVINE STARTII{G iIATERIAT

ollvln€ no. 7 4 1 02 Ol 03

SioA rt.t
Feo
Mso
ilt0
TotaI

NrdeE of ions on the basis of 4 oxygen atm

welded shut and subjected to a temperature of
350:15"C for 7?-O to 4128 hours. Experiment
O33 was quenched, whereas experiments 031
and 032 were further heated at 50Oi5oC for
an additional 408 and 624 hours, respectively.
All capsules were checked for leaks before and
after the hydrothermal treatment by determin-
ing loss of weight. Those that had lost weight
were discarded. Experimental products were ex-
amined with a petrographic microscope. One
polished section and one thin section of each
product were examined in reflected and trans-
mitted light. X-ray powder-diffraction analysis
was utilized for further identification of the
phases, for estimating the degree of conversion
and for determining the unit-cell parameters of
olivine. A combination of point counting and
X-ray powder-diffraction analysis was used to
estimate the proportions of the phases present
and to judge how far a reaction had proceeded.
Results of microprobe analyses, which are given
in Tables 3, 4 and 5, were performed at 15 kV
on a Cambridge Geoscan microprobe. Each
value represents the average of at least three
grains in each experimental product and is
corrected for background, dead time, absorption,
fluorescence and atomic number effect. Relative
errors for major elements are -+A,8 b l,5Vo
and for minor elements !5 to 6Vo,

ExrnnnueNl]el- REsuLTs

The hydration reaction in the experiments did
not proceed to the complete decomposition of
the olivine. Experiments performed for up to
six months still show approximately 2O7o olltne
left in the experimental products. The observed
phases in the experimental products are shown
in Table 2. The olivine appears as anhedral,
massive grains, up to about 5O pm in size. Tex-
turally, there is an alteration zone around each
olivine grain, with the opaque phases occurring
either between the reaction products and the

42,4 41.0
? q  E A

53.7  52 .1
t . 7  1 . 6

101.3  100.5

l .o t  1 .00  0 .99
0.08  0 .07  0 .12
1.88  |  .89  1 .87
0.03  0 .03  0 .03
0.94 0.95 0.93

TABLE 2. RESULTS OF HYDROfiERML EXPERIMENTS AT 2OOO BARS

9..4 34.8 39.5 42.1
2 .0  3 .3  2 .4  4 ,2

l3.l 24.0 42.3 52.7
53.6  39 .4  15 .0  1 .6

101,1  101.5  99 .2  100.6

si  1.00
F a  n n t

lilg 0.60

i l t  t .34

Jib/(lrtg+Fe+!fi) 0.30

1.00  l .0 I
0 .08  0 .05
1.02  1 .52
0.9 I  0 .31
0.51 0.82

Gll prmteE
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350

JCU

500
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71
41
1 l
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0?'l
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033
03I
032

0(7)isul fur
C(4) +ilaCl+su l fur
0( l )+ i lgo+Sul fur
0 (1 )+su l f u r
0(1 )+sul fur
0(02 )+sul fur
0(01 ) +sul fur
0(03)+sul  fur
products of exp. 033
products of exp. 033

1.65  wate f
1 .24  water'I 

.41 water'1 .12  
5 .4M NaCl' 1 . 2 4  
5 . l M  N a C l

0 .39  2 .6M NaCl
0 .69  2 .6M NaCl
0 .46  3 .9M NaCl
0 .46  3 .9M NaCl
0 .46  3 .9M NaCl

720
1464
720
720

1464
4080
4128'I 
104
408
624

0-9%, T.81%, Q.I.5%, E=l$, Mt-0.5%, 141-7%
0=41.5%, T.45%, S=10%, Mt=]%, M]=2.5%
0=94%r S=5%r Mt=0,5%, Bv=0.5%
0-41%, S'57.5%, Mt-0.5%, Ml+Bv+Py=l%
0-79%, 5-18.5%, Mt.0.5%r t41+Py-21
0=18%" 5.45.5%, 8.28%, l4t-8%, Hz-0.5%
0=34%, 5.54%, B-9.5%, Mt=z%, Pn=0.5%
0=39%, S=52%, B=2%. l4t-4,5%. Pn=2.5%
0=82%, 5.11%. t4t=4.5%, Pn=2.5%
0=86%, S-7%, Mt=4.5%, Pn=Z.5%

Abbrcviat ions useC: 0(7)  o l iv ine no.  7,  cf , . Iable l ,  0 o ' l iv ine,  S serpent ine,  B bruci te,  T ta lc,  E enstat i te,
Q Si02,  Mt raghet i te,  M] mi l ler i te,  Hz heazlewoodi te,9v bravoi te,  Pn pent landi te,  Py pyr i te
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Frc. 1. Photomicrograph (transmitted lieht) of the products of hydration
experiment 71. Ol olivine starting material, OP opaque phase. Bar scale
0.01 mm.
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olivine (Fig. I ) or as inclusions in the olivine.
The alteration of olivine is clearly dependent on
the starting composition of olivine and the type
of fluid phase in the experiment (Table 2). T\e
alteration reaction was very sluggish in water -r
MgO (experiment l1), but rapid in water (ex-
periment 7l). In the hydration experiments,
relict olivine shows almost no change in com-
position compared to the olivine starting material
(Tables 1, 3). The microprobe analyses on the
serpentine polymorphs (lizardite, chrysotile and

antigorite) were difficult to perform as the min-
erals got burnt during the analyses, but partial
microprobe analyses of one grain from exper-
iments 12 and l3n respectively, indicate FeO
values of 3.7 and 1.3 wt. Vo, and NiO values of
9.3 and 1.2 wL 7o, respctively. Talc wa$ only
found in experiments without NaCl solution
and with an excess of SiOr (experiments 71 and
4l), which was formed by decomposition of
olivine, and which reacts with serytentine ac-
cording to the reaction: serpentine * SiOs =

TABLE 3. RESULTS OF MICROPROBE ANALYSES OF OL]VINE FROM THE PRODUCTS OF T}IE EXPERII,IENTS

Expeniment no. 71 41
Analysis no. 1 2

' l l  
12  13

J + J

021 0l I 033 031
6 7  8  9  tox

032
l t l2x

Si02 wt.% 32.6 35.2
F e O  1 . 6  2 . 4
M90 13.2 23.5
Nio 52.5 38.6
Total 99.9 99.7

s i  1 . 0 2  1 . 0 2
Fe 0.04 0.06
M 9  0 . 6 1  i . o l
N i  I . 3 t  0 . 9 0
Ms(Mg+Fe+Ni ) 0.31 0.5 1

39.4 38.2 39.2
' I  
.9  3 .5  3 .8

43.7 44.9 41 .7
1 4 . 3  1 3 . 5  1 4 . 6
99.3  100.  I  99 .3

4 2 . 3  4 1 . 8  4 1 . 1  4 1 . 5
2 . 8  5 . 5  5 . 2  5 . 8

53.5  51 .4  51 .2  51 .2
r . 3  1 , 2  1 . 5  t . 5

o o o  o o o  o o n  l n n n

42.9  40 .9  4 l .8
3 . 1  6 . 4  3 . 2

52.3  50 .8  53 .4
1 . 3  1 . 4  1 . 3

99.6  99 .5  99 .7

1 . 0 2  1 . 0 0  1 . 0 0
0 . 0 6  0 . 1  3  0 . 0 6
I  .88  I  .85  1  .91
0 . o 2  0 . 0 3  0 . 0 3
0.96  0 .92  0 .96

Numbers of ions on the basjs of 4 oxygen atons

1.00  0 .98  : l  .0 i
0 . 0 4  0 , 0 7  0 . 0 8
1 . 6 6  1 . 6 8  1 . 6 0
0.30  0 .28  0 .30
0.83  0 .83  0 .81

'I  .01
0.  06
I  .90
0 .03
0.95

l . 0 l  1 . 0 0  1 . 0 0
o . l t  0 . 1  1  0 . 1 2
1 . 8 5  I . 8 6  l . 8 s
0 .02  0 .03  0 .03
n  o ?  n  o ?  n  o ?

x) newly fonned oiJv ine
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TABLE 4. RESULTS OF MICROPROBE ANALYSES OF SULFIDE MINERALS FROM THE PRODUCTS OF THE EXPERIMENTS

Experiment no. 71 41 l ' l  12 13 021 01] 033 031 032
Analysis no. l9 20 21 22 23 24 25 26 27 28 29 30

Ni
Fe

Tota l

62.9 61.2
n 6  1 E

36 .5  35 .2
100.0 99.9

0 .48  0 .47
0 . 0 1  0 . 0 3
0 . 5 l  0 . 5 0
1 . 0 0  1 . 0 0

33 .6  36 .5
1 5 . 0  1 5  . 3
5 1 . 3  4 8 . 3
99 .9  100 .1

0 .23  0 .26
0 . ' l ' l  0 . l l
0 .66  0 .63' l . 00  

I . 00

6  t  . 5  5 9 . 8
4 . 4  3 . 4

34.2 36.  8' t 00 .1  
100 .0

0 .48  0 .46
0 . 0 3  0 . 0 3
0 . 4 9  0 . 5 1
1 . 0 0  1 . 0 0

0 .4  74 .1
D U . J  I . O

49.3 24.3
100 .0  r00 .0

-  0 .62
0 . 3 7  0 . 0 l
0  . 63  0 .37' 1 . 0 0  

t . 0 0

35 .  5  21  .0
30.4 44.8
34 .2 34.  3

1 0 0 . 1  t 0 0 . 1

0 . 2 7  0 .  t 6
0  . 25  0  . 36
0 .48  0 .48
1 . 0 0  1 . 0 0

27.2 32.1
? o l  1 ? f ,

33.7 34.4
100 .0  t 00 .0

n 2 1  n . 2 q
0 .32  0 .27
0 .47  0 .48'| 

.00 I .00

Ni
Fe
s

19 '  20 ,  23  and 24  mi l le r i te ,  21  and 22  bravo i te ,  25  pyr i te ,  26  heaz lewood i len  27"  28 ,  29  and 30
pent l  andi te

talc * H:O (Johannes 1969). Enstatite (experi
ment 7l) may be obtained through tle reaction:
olivine * 2 talc f serpentine - l1 enstatite +
4HzO (Martin & Fyfe 197q. A partial micro-
probe analysis of talc in experiment 7l shows a
FeO content of 4.0 wt. Vo and a NiO content
of 30.6 wt. /o. Magnetite is more extensively
formed in the alteration of Fe-rich olivine but
some magnetite was identified in all experiments.
It appears both as fine particles and as larger
grains (5-20 pm); all contain nickel (maximum
amount: 2.0wt. Vo inthe magnetite from experi-
ment 021). Sulfides, with a grain size of 6-60
lrm, were observed optically in all experimental

produsts. Identification of these phases was per-
formed by means of microprobe analysis. The
formation of sulfides is more extensive during
the alteration of Ni-rich olivine than of Ni-poor
olivine. The Fe content of millerite varies be-
tween O.6 and 4.4 wt. % and increases with
decreasing Ni content of the starting olivine.
The Ni/Fe ratio varies between 0.4 and 1.1
in the pentlandite and between 2.1 and,2,3 n
the bravoite, which is metastable in the tem-
perature range of the present experiments
(Springer et al. 1964, Shimazaki 1971). The
Ni,/Fe ratio of the sulfides is typically dependent
on the starting composition of olivine.

Frc. 2. Photomicrograph (transmitted light) of the products of dehydra-
tion exporiment 032. Ol olivine starting material (primary olivine), 02
newly formed olivine (metamorphic olivine). Bar scale 0.01 mm,
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In the high-temperature dehydration experi-
ments (O31 and 032) the reaction of serpentine
into olivine was not complete. The experiment
performed for up to 26 days still shows 77a
serpentine (antigorite) left in the experimental
products (Table 2). In these experiments, t$/o
chemically distinct types of olivine are dis-
tinguished. One is similar in composition to the
starting olivine (primary olivine), and the other
has a lower Fe content (newly formed olivine;
Tables l, 3). The NiO content of the newly
formed olivine is slightly lower than in the
primary olivine. Texturally, the fine-grained
newly formed olivine occurs around the primary
olivine as a foam-textured overgtofih (Fig.
2), similar to the olivine described by Stigh
(1979) and recognized by him as being meta-
morphic in origin.

In the high-temperature dehydration experi-
ments, the modal proportions of serpentine de-
crease with increasing time of the experiment.
Brucite is not present, and magnetite shows lower
Mg and Ni contents but a higher Fe content
than the magnetite from the low-temperature
experiments (Table 5). Th" Ni/Fe ratio of
pentlandite from the high-temperature experi-
ments varies between 0.7 and O.9 and increases
with increasing duration of the experiments
(Table 4, # 29 and 30). The modal proportions
of magnetite and pentlandite remain the same
as thoss in the low-temperature experiment 033
(Table 2). In the present study, no buffers
were used. The silicate-oxide-sulfide reactions
in these experiments involve gas phases in the
system H-O-S. It may well be that the oxygen
fugacity is buffered by the observed mineral
assemblage and the gas phase in the system
H-O'S (Popp & Frantz 1977). The species HS
and SO predominate in systems with low oxygen
and sulfur fugacities, whereas SOr, HrS, Sr, Hs
and HrO predominate in systems with high
oxygen and sulfur fugacities (Eugster & Skippen
1967). Experiments in which the S/(Fe*Ni)
ratio is high gave a typical smell of HaS upon
opening the capsules. The presence of these sul-
fide minerals is in good agreement with the
S/(Fe*Ni) ratio of the starting materials in
each experiment (Table 2).

Dtscusslor\t

It is important to remember that none of the
experiments achieved complete conversion,
owing to the slow kinetics; thus they do not
represent equilibrium. The hydration experi-
ments show that at low temperature, in the
serpentine stability field, Mg-Fe-Ni olivine

TABLE 5. RESULTS OF MICROPROBE ANALYSES OF MGNETITE

FROM I}IE PRODUCTS OF THE EXPERIMENTS

Experinent no. 13 021 0II
Ana lys is  no .  13  14  15

033 031 032
1 6  1 7  l 8

S i0 ,  wt .%
Fe0x
Mgo
Ni0
Total xx

1 . 5  1 . 8  1 . 5  . l . 6  0 . 6  0 . 6

90.3  85 .9  85 .7  87 .9  91 .9  91 .3

0 . 8  3 .  4  5  . 2  3 . 2  0 . 4  0 . 6

0 . 5  2 . 0  0 . 4  0 . 8  0 . 2  0 . 3

99.8  99 .5  99 .2  100.0  99 .9  99 .6

Number of ions on the basis of 4 ox.ygen atoms

si
Fe3+

Fe2+

Mg

Ni

0.09  0 .07  0 .08  0 .03  0 .03
' I . 9 1  I . 9 3  1 . 9 2  1 . 9 7  1 . 9 7

0.68  0 .60  0 .74  0 .96  0 .95

0.24  0 .38  0 .23  0 .03  0 .04

0.08  0 .02  0 .03  0 .01  0 .01

x) FeO as total iy!n, xx) total for oxides comected
assuming stoich iometry

breaks down in the presence of sulfur according
to the following schematic reaction (serpenti-
nization): (Mg,Fe,Ni) olivine + Hro * Sz =
serpentine * brucite * Ni-magnetite + sulfides.

The opaque mineral assemblages of the ex-
perimental products consist of Ni-sulfides, (Ni,
Fe)-sulfides, Fe-sulfide and magnetite (Fig. 3).
No awaruite or hematite was observed. These
mineral assemblages suggest an approximate log
l(Sr) value greater than -17 and a log l(Oz)
value greater than -38 (Holland 1959, Barton
& Skinner '1967, Craig & Naldrett 1972, Popp
& Frantz 1977). The sulfide minerals include
heazlewoodite, pentlandite and the assemblage
millerite +- bravoite -+- pyrite in order of in-
creasing initial S/(Fe*Ni) ratio from O.39 up
to 1.65. The sulfide minerals observed in this
study correspond to those in naturally occurring
assemblages documented by Graterol & Naldrett
(1971), Harris & Nickel (1972), Eckstrand
(1975) and Fil ippidis & Annersten (1981).

The Ni content of magnetite increases with
decreasing fugacity of sulfur. The highest NiO
content of magnetite is observed in experiment
021, the experiment with the lowest S/ (Fe*Ni)
ratio (0.39). The low sulfur fugacity favors the
formation of heazlewoodite and Ni-rich mag-
netite. At high fugacity of sulfur, however,
magnetite becomes poor in nickel by the reaction
with sulfur: NiFeeOa * S: -> millerite f FeaOe
1 FeSr, which explains the coexistence of pyrite
and Ni-poor magnetite. Similar observations
were noticed in natural parageneses in serpenti'
nized ultramafic rocks from the Swedish Caledo-
nides (Filippidis & Annersten 1981).

0 . 0 7
I  . 9 3
d a 2

0.06
0.02
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In the dehydration experiments (031 and
032), the oxygen and sulfur fugacities are slight-
ly higher than in the hydration experiment 033,
owing to the higher temperature. This differ-
cnce in fugacities results in Ni-poor magnetite
and Ni-rich pentlandite in the dehydration ex-
periments (Tables 4, 5). The dehydration of the
cxperimental products (033) results in the
crystallization of a "newly formed olivine",
which has a higher Mg/(Mg+Fe*Ni) ratio
than the olivine starting material (Tables l, 3).
The modal proportions of magnetite and pent-
landite in these experiments remain almost the
same as in the hydration experiment 033. The
experiments suggest that the newly formed
olivine is produced from serpentine and brucite
according to the schematic reaction: serpentine
f brucite : olivine + HrO. In natural occur-
rences of serpentinized peridotite, the forsterite
content of metamorphic olivine, compared with
relict primary olivine, has been used as a cri-
terion for the recognition of a metamorphic
origin. Some metamorphic occurrences are
characterized by Mg-rich olivine (Arai 1975,
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Fe  Na
Flc. 3. Schematic presentation of the opaque mineral assemblage of the

cxperimental product in the system Ni-Fe-S-O. Mt magnetite, Py pyrite,
Pn pentlandite, By bravoite, Ml millerite, Hz heazlewoodite.

Hietanen 1977,Yance & Dungan 1977, Morgan
1978). others by somewhat more Fe-rich olivine
(Oliver & Ward 1971, Stamatelopoulou-Seymour
& Francis 1980, Fil ippidis & Annersten 1981),
and still others by olivine of a similar composi-
tion to the primary olivine (Peters 1968). Thus,
textural relationships appear to be the only reli-
able criteria for identifying the metamorphic
origin of olivine in peridotites (Stamatelopoulou-
Seymour & Francis 1980). The lower Mg/(Mg1
Fe) ratio of the recrystallized olivine does not,
however, suggest its formation from the dehy-
dration of serpentine and brucite (Filippidis &
Annersten 1981). The present experiments show
that the newly formed olivine (metamorphic
olivine) is richer in Mg than the primary olivine.
The serpentine and brucite were dehydrated
under conditions where magnetite and pent-
landite are stable, which caused only a small
amount of iron to be available for the newlv
formed olivine.

CoNcl-usroNs

The hydration of Mg-Fe-Ni olivine in the
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presence of sulfur converts some of the iron and
nickel into magnetite and sulfide minerals ac-
cording to the reaction (Mg,Fe,Ni)-olivine *
HaO * Si2 -+ serpentine * brucite * magnetite
* sulfides. The sulfide minerals of the experi-
mental products include heazlewoodite, p€nt-
landite and the assemblage, millerite :L bravoite
-r pyrite, in the order of increasing sulfur fuga-
city. The values of oxygen fugacrty in the exper-
iments were low and within the magnetite
stability field. Serpentinization at low sulfur
fugacity gives rise to the formation of heade-
woodite and Nirich magnetite, whereas at higb
sulfur fugacity, the assemblage produced is mil-
lerite + pynte * Ni-poor magnetite. In the de-
hydration experiments, the newly formed olivine
(metamorphic olivine) has a higher Mg/(Me*
Fe*Ni) ratio than the olivine starting material
(primary olivine). To a great extent, iron and
nickel largely remained in magnetite and pent-
landite during the dehydration of serpentine and
brucite.
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