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INTRODUCTION

In thermally metamorphosed serpentinites from the Chugoku
district, Southwest Japan, olivine has a considerable variation
in chemical composition. Because primary minerals derived
from original mantle peridotites locally remain in
unmetamorphosed serpentinites, and because the chemical com-
positions of olivine produced by the thermal metamorphism
are distinct from those of the primary olivine, the composi-
tional variation of olivine in the metaserpentinites has been
ascribed to the intermingling of the metamorphic neoblasts and
relict crystals of the primary phase (Arai 1975; Uda 1984;
Matsumoto et al. 1995). However, there is also composition-
ally heterogeneous olivine that shows a mode of occurrence
incompatible with the previous interpretation (Nozaka and
Shibata 1995). The spatial distribution of such crystals of oliv-
ine suggests that the heterogeneity results from the thermal
metamorphism itself. In this paper, detailed descriptions of the
olivine are presented, and on the basis of chemical and textural
analyses, it is concluded that the breakdown of magnetite and
awaruite is essential to the formation of olivine as suggested
by Frost (1985). Although heterogeneous metamorphic olivine
has been reported in ultramafic rocks from Japan and elsewhere
(Vance and Dungan 1977; Trommsdorff and Evans 1980;
Kunugiza 1982; Trommsdorff et al. 1998), this is the first study
to report evidence for the involvement of magnetite and
awaruite in the formation of olivine under low-temperature
conditions. These opaque minerals commonly occur in
serpentinites and, therefore, this is a significant case for the
general understanding of metamorphism in ultramafic systems.

OUTLINE OF GEOLOGY AND DEFINITION OF
METAMORPHIC ZONES

Ultramafic complexes are exposed sporadically in the
Chugoku district, Southwest Japan (Fig. 1). They are in fault
contact with Paleozoic formations or Sangun high-P/T type
metamorphic rocks (Igi and Sakamoto 1977; Hattori 1978;
Mitsuno and Uchida 1980). Although they have been intensely
serpentinized, relict minerals and textures indicate that the ul-
tramafic rocks were originally harzburgite and dunite accom-
panied by small amounts of chromitite. Most of the ultramafic
complexes have a massive structure and show the chemical
uniformity of each relict phase. On the basis of these petro-
logical observations and considerations of regional geology,
Arai (1980) interpreted the peridotites as refractory residues
left after partial melting of primordial peridotites, and as dis-
membered ophiolites embedded in Paleozoic accretionary com-
plexes.

Most of the ultramafic complexes have been thermally meta-
morphosed by Cretaceous granitic intrusions. With increasing
metamorphic grade, five zones (Zones I to V) have been rec-
ognized (Fig. 1; Arai 1975; Matsumoto et al. 1995; Nozaka
and Shibata 1995), although not all of them are recognized in
each complex. Zone I appears to be the portion that is unaf-
fected by the thermal metamorphism, because serpentine and
related minerals prevail in this zone and tectonic blocks con-
taining low-temperature metamorphic minerals locally occur
(Nozaka 1999). Zones II, III, IV and V are characterized by the
first appearance of metamorphic olivine, talc, anthophyllite and
orthopyroxene, respectively (Fig. 2). The progressive change
of mineral association is consistent with previous studies on
the metamorphism of ultramafic rocks, and indicates that tem-
perature increases from Zone I to V (e.g., Evans and
Trommsdorff 1970; Trommsdorff and Evans 1972; Springer
1974; Arai 1975; Pinsent and Hirst 1977). Matsumoto et al.* E-mail: nozaka@cc.okayama-u.ac.jp

Compositional heterogeneity of olivine in thermally metamorphosed serpentinite
from Southwest Japan

TOSHIO NOZAKA*

Department of Earth Sciences, Faculty of Science, Okayama University, Okayama 700-8530, Japan

ABSTRACT

Compositionally heterogeneous crystals of olivine occur in thermally metamorphosed serpentinites
from Southwest Japan. They have a variation in forsterite (Fo) content up to 10 mol% within a speci-
men. The chemical heterogeneity is the result of two causes: the intermingling of metamorphic neoblasts
with relict crystals of primary olivine, and the compositional variation within the neoblasts them-
selves. The metamorphic olivine in each specimen shows a bimodal distribution of Fo content with a
highly magnesian group (Fo93–98, varying among specimens) and a relatively ferroan one (Fo85–94).
Textural relationships and the variation of NiO and FeO contents between the two groups of olivine
suggest that the heterogeneity results from the local involvement of magnetite and awaruite in dehy-
dration reactions of serpentine at the initial stages of metamorphism.


