
The Horoman peridotite, a fault-bounded 8 x 10 x 3 km
orogenic lherzolite exposed in the high-T and low-P Hidaka
metamorphic belt of Hokkaido, Japan, experienced a partial
melting event in the oceanic mantle at 831 Ma (Yoshikawa
and Nakamura, 1998), which created the main lithologies of
plagioclase lherzolite, lherzolite and harzburgite (Takazawa
et al., 1998). Subsequent metasomatic events in the lithos-
pheric mantle partially modified the Horoman peridotite
(Takazawa et al., 1992; 1996; Yoshikawa et al., 1993). The
spatial variations of trace element abundances and Sr-Nd
isotopic systematics in clinopyroxenes within the 140 m
Bozu stratigraphic section reflect the spatial variations of
the metasomatic reactions.

The Bozu stratigraphic section belonging to the Main
Harzburgite Lherzolite suite of Takahashi (1991) has a lay-
ered sequence from plagioclase lherzolite (57 m thick)
through lherzolite (60 m thick) to harzburgite (>43 m thick).
The lherzolite and harzburgite layers have an interstitial-
phlogopite-bearing sub-zone (10 m thick) and Type II mafic
granulite layers (Takazawa et al., 1998), respectively. Abun-
dances of REE, Ti, V, Cr, Sr, Y and Zr in clinopyroxenes
from 68 peridotites along the Bozu section were analyzed
using Cameca IMF 3f ion probe at Woods Hole Oceano-
graphic Institution. Previous study demonstrated that the
compositional zoning in clinopyroxene porphyroclasts was
created by uplift of the Horoman complex from garnet- to
plagioclase-stability field (Ozawa and Takahashi, 1995;
Takazawa et al., 1996). Thus we analyzed porphyroclast
clinopyroxene cores which were equilibrated with garnet.
These cores are relatively enriched in incompatible ele-
ments, such as light REE, thereby showing that the metaso-
matic event occurred within the garnet-stability field.

Important features of the spatial compositional variations
in the clinopyroxene cores are: (1) At the lherzolite-harzbur-
gite boundary clinopyroxenes are strongly enriched in REE,
Sr, Zr and Y and have [La/Yb]CN>1. Their chondrite-nor-
malized patterns display a “~” shape. Abundances of La,
Ce, Sr at the boundary are forty times greater than those in
lherzolite clinopyroxenes 2.5 meters from the boundary; (2)
The lherzolite clinopyroxenes near the harzburgite-lherzo-
lite boundary are enriched in light and middle REE and have
a “~” shaped chondrite-normalized pattern whereas further
from the contact clinopyroxenes are only enriched in light
REE ([La/Nd]CN>1) and have a “√” shaped pattern. (3)
Abundances of highly incompatible elements in the lherzo-
lite clinopyroxenes gradually decrease toward the lherzolite-
plagioclase lherzolite boundary, but middle and heavy REE
abundances are almost constant.

To explain chondrite-normalized REE patterns for

clinopyroxenes in the Horoman peridotite, in particular, the
strongly inflected v-shape patterns in some lherzolites,
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Fig. 1. Schematic model showing the proposed sequence of melt–peridotite
reaction occurring in the Bozu section. In each panel, arrows indicate di-
rection and region of melt flow. Graded shading indicates relative abun-
dance of LREE in clinopyroxenes. At time 1, a melt percolated from a melt
conduit located at the harzburgite–lherzolite contact into wallrocks with
porosity of 1% and velocity of 50 cm/year. Another melt conduit was lo-
cated at the boundary between E-type and N-type plagioclase lherzolites
(garnet lherzolite at this time). At time 2, melt flow in the harzburgite and
lherzolite contracted and percolated for ~3 meters from the melt conduit in-
to lherzolite, but over 20 meters in harzburgite due to a difference in per-
meability. There was no melt flow in the E-type plagioclase lherzolite at
time 2. At time 3 melt flow contracted further in both lherzolite and
harzburgite. Clinopyroxene located near the melt conduit (<1 m) reacted
with the melt for longer duration. Also at time 3 another melt channel par-
allel to the main conduit was present at 3 to 10 meters from the harzbur-
gite–lherzolite contact. This melt flow was characterized by low melt frac-
tion (~0.1%), long percolation distance (~100 meters). A similar melt
channel with low melt fraction of 0.01% and shorter percolation distance
(~10 m) was present in the E-type plagioclase lherzolite layer.



Takazawa et al. (1992) used the model of Bodinier et al.
(1990) and Vasseur et al. (1991) in a two-stage calculation;
(1) partial melting of fertile peridotite, and (2) ion-exchange
reaction between depleted peridotite and an exotic melt with
high LREE/HREE and Sr and Nd isotopic ratios that differ
from the peridotite matrix. Subsequent to Takazawa et al.
(1992) new observations summarized above enable more
detailed evaluation of the suitability of an ion exchange
model. 

An alternative model is that the harzburgite was pro-
duced by reaction between lherzolite and an exotic melt/flu-
id. This hypothesis was tested using an AFC model (Kele-
men et al., 1992) and the model of Godard et al. (1995), but
we could not identify permutations of these models that pro-
vided satisfactory explanations of the incompatible element
abundance trends in the Horoman peridotite. The clinopy-
roxene chondrite-normalized patterns in the Bozu section
can be best explained by an ion-exchange reactions between
percolating exotic melt and peridotite without changes in
modal mineralogy. The model requires, however, a specific
spatial and temporal evolution of melt flow in a stratigraph-
ic context. Fig. 1 schematically summarizes a proposed se-
quence of melt–peridotite reactions occurring in the Bozu
section. This scenario is consistent with Sr and Nd isotopic
ratios of lherzolite clinopyroxenes. The exotic melt/fluid
had present day εNd ~-6 and 87Sr/86Sr ~0.703-0.704. 
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