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Abstract
A transition from A-type to E-type fabrics in olivine may be the cause of a decrease in seismic
anisotropy with depth in the upper mantle. To better understand upper mantle seismic signals, we
investigate the origin of E-type fabrics using a natural olivine by deformation experiments. An olivine
crystal was first hydrated at 5 GPa and 1473 K (with 4–60 ppm H2O), or dehydrated at room pressure
at 1473 K at an oxygen fugacity near the enstatite-magnesite-olivine-graphite (EMOG) buffer. This
hydrated/dehydrated olivine was then sheared in the [100] direction on the (001) plane at pressures of
2 to 5 GPa and temperatures of 1473 or 1573 K. The deformed samples were observed by transmission electron microscopy (TEM) on the (001) plane to determine whether the [100](001) slip system
was activated or not. Only c-elongated [100] dislocations were observed for the anhydrous samples,
while [100](001) dislocations dominated in the hydrous samples. The dislocation structure of the
[100](001) slip system developed under hydrous and relatively low-temperature conditions indicates
different slip mechanism which is detected under anhydrous and high-temperature conditions in previous studies. We conclude that the incorporation of water into olivine helps to activate the [100](001)
slip system by reducing its Peierls stress. This supports the idea that E-type fabrics can exist under
hydrous conditions and that a transition to this fabric may be the cause of seismic anisotropy decrease
with depth in the asthenosphere.
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Introduction

CPO due to different thermomechanical conditions.
Conditions of formation of different CPOs in olivine aggregates have been studied by both petrography and experiments.
Lineation and foliation of peridotite are believed to represent
the shear direction and shear plane of mantle flow, respectively.
By this assumption, olivine fabrics can be identified for natural
samples. Mainprice (2007) categorized olivine CPO types to six
different groups (A, B, C, D, E, AG) using data set from Ismail
and Mainprice (1998) and found that most peridotite samples
from ophiolites and the continental lithosphere show A-type
olivine fabrics. Tommasi and Vauchez (2015) used an enlarged
data set and found that the E-type fabric has been observed only
in harzburgite and dunite deformed under hydrous conditions.
These investigations suggested that water can cause A- to E-type
fabric transition. This idea is also supported by Michibayashi et
al. (2016). They demonstrated that the E-type fabrics were not
found in ridge peridotites, by investigating their recently compiled data set. The VSH/VSV ratios produced by the E-type fabric
are smaller than those produced by the A-type fabric (Karato et al.
2008). Since asthenosphere contains more water than lithosphere
(Hirth and Kohlstedt 1996), the possible water-induced A- to
E-type fabric transition can explain why the seismic anisotropy
decreases with depth.
Laboratory deformation experiments also suggested waterinduced fabric transitions. Jung and Karato (2001) suggested
that the olivine fabric changes from A- to C-type with increasing water content. Katayama et al. (2004) suggested that E-type

Crystallographic preferred orientation (CPO), or fabric, of
olivine is essential to interpret the seismic anisotropy in the
Earth’s upper mantle (Wenk and Van Houtte 2004; Mainprice
2007; Karato et al. 2008), because olivine is the most abundant
mineral in the upper mantle (Ringwood 1991) and is elastically
anisotropic (Kumazawa and Anderson 1969). Olivine CPOs
change according to physical and chemical environments, as
suggested by observations of natural samples and laboratory
deformation experiments. Therefore, knowledge of conditions of
fabric formation can be used to understand physical and chemical conditions in the Earth’s interior. Moreover, mantle flow
geometry can be inferred by combining observations of seismic
anisotropy with knowledge of CPO formation of mantle minerals.
Several seismic studies have shown that seismic anisotropy in
the upper mantle becomes weaker with depth. One-dimensional
global models, PREM (Dziewonski and Anderson 1981) and
SP6-F (Montagner and Kennett 1996), suggested that horizontally polarized S-wave velocity (VSH) is faster than vertically
polarized S-wave velocity (VSV) in the uppermost mantle, but
this difference decreases with depth. The VSH/VSV ratio obtained
from shear wave tomography (Gung et al. 2003) and surface wave
analyses (Visser et al. 2008) reached identical conclusions. The
decrease in seismic anisotropy may reflect a change of olivine
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