Evolution of the Horoman Peridotite Complex and
its implications for the origin of heterogeneous

mantle
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ABSTRACT

The most important feature in the Horoman Peridotite Complex isa symmetrical layered
structure characterized by an arrangement of cumulus peridotite in the middle of a series of
residual peridotites with increasing melt component outward.

There are several types of mafic rocks. One of them, Type II mafic rock restrictedly
occurs fn the cumulus peridotite in the center of the symmetric layered structure. The chemical
and field relationships between Type II rocks and cumulus peridotites suggest that the former
was crystallized from the melts responsible for the formation of the latter cumulates and
residual peridotites.

An inferred P-T history of the Type 1l mafic rocks is as follows; Type Il rocks were
initially formed as cumulates at low-pressure conditions, then they had been metamorphosed
at high P-T conditions during compression due to subduction or convection within the mantle,
and finally they were formed from garnet pyroxenite on ascent.

The most important factor controlling the repetition of symmetrical layered structure in
the Horoman complex is not the melting process but deformation processes, because the Type
II mafic rocks have a complex P-T history after they were formed as a member of the layered
structure. The symmetrical layered structure will be efficiently caused by stretching and
folding of a stratified lithological unit, not depending on the melting mode.

These direct petrologic investigations will give us profound understanding of the

processes of the recycling of the oceanic lithosphere in the mantle.
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Ascending mantle materials almost inevitable cross their solidus and experience partial
melting due to a pressure decrease on ascent if an initial temperature is sufficiently high. It has
been recently considered that the melting of a heterogeneous mantle consisting of peridotite
and mafic (or pyroxenitefeclogite) rocks will cause compositional diversity as well as
voluminous character of some magmas. Many orogenic lherzolite massifs show conspicuous
heterogeneous features characterized by layered structures consisting of peridotite matrix with
mafic (or pyroxenite/eclogite) layers. We need to know how and when the inhomogeneous
mantle materials has been produced.

The Horoman Peridotite Complex, Hokkaido, northern Japan, has two specific features;
one isthe presence of symplectite, and the other is a symmetric layered structure characterized
by an arrangement of cumulus peridotite and mafic rock in the middle of a series of residual
peridotite with increasing melt component outward. The symmetrical layered structure repeats
several times with intervals of several meters to a few hundred meters in the complex (Niida,
1984; Takahashi, 1992).

Symplectite-bearing rocks in the Horoman complex are divided into three types based on
the petrography. The first, and the most abundant, is in a kind of mantle restite,
clinopyroxene-rich spinel lherzolite and plagioclase lherzolite. The second is in cumulus
peridotites. The third is in pyroxenites which occur as thin layers in the mantle restite. Textural
and chemical characteristics (both major and trace elements) of symplectites are almost
common to them in spite of the differences in their occurrences. Mineral assemblages and
chemical compositions of the symplectites suggest that they were generally formed by the
decompression reaction between pyrope-rich garnet and olivine. Chemical compositions and
constituent minerals of the symplectites systematically change from the lower part to the upper
part within the complex. This would be explained by the difference in the P-T trajectory, which
is higher in temperature in the latter than in the former as suggested by Ozawa & Takahashi
(1995). The presence of symplectite in cumulus peridotite and pyroxenite suggests the
presence of primary garnet as a cumulus phase equilibrated at about 2 GPa or more.

The mafic rocks in the Horoman complex have been divided into several types. One of
these mafic layers, Type II mafic rock restrictedly occurs in the cumulus peridotite which is
located in the middle of residual peridotite with the symmetric layered structure. Some textural

characteristics of the Type II mafic rocks are similar to those of the symplectite-bearing
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pyroxenites in the cumulus peridotite. It ishighly possible that the Type II mafic rocks have the
same origin as symplectite-bearing pyroxenites, that is the subsolidus breakdown product of
garnet-bearing pyroxenites formed at high-pressure conditions to the gabbroic rock at
lower-pressure conditions. On the other hand, it is considered that the Type Il mafic rocks were
formed at lower pressure conditions based on their geochemical signatures (Shiotani & Niida,
1997; Takazawa et al., in press). Akind of Type Il mafic layer with coarse-grained corundum
was found as a boulder. Textural relationships among minerals of this rock show that
corundum was not stable in the Type II mafic rocks at the latest P-T conditions and require that
they had experienced heating and/or decompression. The presence of corundum in the Type
II mafic rock suggests a possibility that it also ascended as a mantle diapir after it had been
metamorphosed under high P-T conditions. A possible P-T history for the Type Il mafic layer
is as follows: (1) A protolith of the Type II was formed as a cumulate at lower pressure
conditions. On the basis of the chemical and field relationships between the Type II and
cumulus peridotite, Type II was crystallized from the melts responsible for the formation of the
cumulus peridotite. (2) The protolith of Type 1l rocks had been metamorphosed to garnet-
bearing pyroxenite at high P-T conditions during compression due to subduction or
convection within the mantle. (3) The complex ascended from the garnet stability field to the
plagioclase peridotite stability filed as a diapir. The Type II rocks were formed from garnet-
bearing pyroxenite through symplectite-bearing rock due to breakdown of garnet and
corundum at low pressures.

A complex P-T trajectory of the Type II mafic rocks after they were formed asa member
of the layered structure. This means that the most important factor controlling the repetition of
the symmetrical layered structure in the Horoman complex is not the melting process but
deformation processes. In my conclusion, the melting process have only an important role in
formation of a stratified lithological unit composed of cumulate rock, residual peridotite and
primitive peridotite. It is possible that the stratified lithological unit was formed as oceanic
lithosphere under a mid-oceanic ridge environment. Lithological features are, however, not
exactly consistent with those of the known oceanic lithosphere, although geochemical
signature of the peridotite and Type II mafic rocks are consistent with a MORB source mantle
peridotite (Yoshikawa & Nakamura, in press) and MORB-like magma (Takazawa et al., in

press), respectively. A question where the melting and melt extraction occurred to form the
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cumulate rocks at the first stage of the Horoman complex is not yet clear.

The Ronda peridotite massif, southern Spain, one of the most famous peridotite massifs in
the world, also has similar aluminous garnet pyroxenites (granulite) which contain sapphirine
and corundum. An inferred evolutionary history of the aluminous mafic layer in the Ronda
massif is almost similar to that for the Type II mafic layer in the Horoman complex. This
indicates that the orogenic peridotite massifs are generally composed of peridotite and

recycled oceanic crustal rocks.
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