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Abstract

Peridotites derived from the uppermost mantle consist dominantly of olivine and subse-
quently of pyroxene, spinel, garnet, and plagioclase. Crystal-plastic flow of mantle rocks results
in various types of structure within peridotite being developed to varying degrees, depending
upon the structure sensitivity of the different mineral phases. Plastic deformation leads to the
simultaneous development of shape-preferred orientations and crystal-preferred orientations. A
shape-preferred orientation is the expression of the average orientation of flattening (foliation)
and elongation (lineation) directions, as defined by the orientations of individual grains. A
crystal-preferred orientation (CPO) is the expression of crystallographic orientations of grains
within the rock, as developed via dislocation creep and recrystallization. During intense homo-
geneous plastic deformation of a peridotite composed of minerals with a dominant slip system,
the preferred orientation of the slip plane and slip direction tends to coincide with the plane of
plastic flow and the flow direction, respectively. Recently, a new olivine CPO classification (A, B,
C, D, and E types) has been proposed by Karato and co-workers to illustrate the roles of stress
and water content as controlling factors of olivine slip systems. An additional CPO type (AG)
has also been proposed in recognition of its common occurrence in nature. Given that olivine and
the other constituent minerals in peridotites contain intrinsic elastic anisotropies, the develop-
ment of CPO within peridotite during plastic deformation gives rise to seismic anisotropy in the
upper mantle. Thus, the anisotropic properties of mantle rocks derived from the upper 100 km of
the mantle, such as Ichinomegata peridotite xenoliths from the northeast Japan arc, have been
calculated and applied with the aim of understanding the seismic anisotropy of the Earth's mantle.
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Fig. 1 (A) Peridotite structures and a method to prepare an oriented thin section normal to foliation and paral-

lel to lineation based on an oriented sample collected from an outcrop. (B) Compositional banding within
peridotite. Bright layers are olivine-rich, whereas dark layers consist of olivine and pyroxene. (Peridotite
xenolith in Ichinomegata volcano. Photograph courtesy Takako Satsukawa) (C) A section of partially ser-

pentinized dunite. (Imono peridotite body. Photograph courtesy Miki Tasaka) (D) A breached section of
partially serpentinized dunite. (Imono peridotite body. Photograph courtesy Miki Tasaka)
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Fig. 2 (A) Coarse granular texture. (B) Coarse and elongated texture. (C) Porphyroclastic texture, in which
coarse porphyroclasts are intensely elongated. (D) Mylonitic texture, in which extremely fine-grained ma-

trix can be seen.

All samples are harzburgites from Hilti mantle section of the Oman ophiolite (Michibayashi and Mainprice,

2004).
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Fig. 3 Crystallographic habit and optical directions of the major constituent
minerals within peridotite: forsterite, enstatite, and diopside.
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Fig. 4 Natural examples of olivine CPO types.
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Fig. 5 Elastic anisotropy of single crystals of major constituent minerals. Elastic data: forsterite is Abramson et
al. (1997), enstatite is Chai et al. (1997), and diopside is Collins and Brown (1998). Contours in km/s for
Vp (left) andin % anisotropy for AVs (middle). Right: trace of the Vs; polarization plane.
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Fig. 7 Different structural orientations of mantle peridotite. (A) Horizontal shear model, (B) lateral shear model,

(C) vertical shear model, (D) shear along subducting slab model. XY plane is foliation plane and X-axis is
parallel to lineation. SKS direction changes depending on the structural frame of each model.
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Structure and elastic anisotropy of Ichinomegata peridotite xenolith, Oga peninsula, Akita Prefecture (Mich-
ibayashi et al., 2006b). (A) Schematic cross-section of the northeast Japan arc. Star symbols indicate possi-
ble locations of Ichinomegata peridotite xenoliths within the mantle, which were derived by volcanic eruption
at 10 Ka. (B) Photomicrograph of a peridotite xenolith with oblique foliations, indicating a sinistral sense
of shear. (C) Crystal-preferred orientation (CPO) of olivine, showing an E-type. (D) Elastic properties
calculated from CPO data shown in (C). Vp anisotropy is 8.9%, AVs varies from 0.29 to 6.58 % . Trace of Vs,
polarization plane is subparallel to a-axis concentrations.
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