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ABSTRACT: Lattice preferred orientation (LPO) and seismic anisotropy of orthopyroxene (enstatite)
in mantle xenoliths from Spitsbergen, Svalbard, near the Arctic, are studied. LPOs of enstatite were
determined using electron backscattered diffraction (EBSD). We found four types of LPOs of orthopy-
roxene and defined them as type-AC, -AB, -BC, and -ABC. Type-AC LPO of orthopyroxene is defined
as (100) plane aligned subparallel to foliation and [001] axis aligned subparallel to lineation. Type-AB
LPO is defined as (100) plane aligned subparallel to foliation and [010] axis aligned subparallel to linea-
tion. Type-BC LPO is defined as (010) plane aligned subparallel to foliation and [001] axis aligned sub-
parallel to lineation. Type-ABC LPO is defined as both (100) and (010) planes aligned subparallel to fo-
liation with a girdle distribution of both [100] and [010] axes normal to lineation and [001] axis aligned
subparallel to lineation. We report for the first time the type-AB, -BC, and -ABC LPO of orthopyrox-
ene. We found that the LPO pattern has a correlation with the content of orthopyroxene in the speci-
men. Nicolet 6700 FTIR (Fourier transformation infrared) study of enstatite showed that type-AC LPO
was observed mostly in the samples of enstatite with low water content. It is found that the strength of
the LPO of enstatite decreases with increasing water content and has a correlation with the strength of
the LPO of olivine: the stronger the LPO of enstatite, the stronger the LPO of olivine. Seismic anisot-
ropy of enstatite was smaller than that of olivine in the same specimen.

KEY WORDS: orthopyroxene, lattice preferred orientation, seismic anisotropy, mantle xenolith, Spits-
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INTRODUCTION

Orthopyroxene is the second most abundant min-
eral in the upper mantle and, together with olivine, is
believed to be one of the major components of mantle
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material (Ringwood, 1970). Since seismic anisotropy
in the upper mantle is considered to be caused mainly
by the lattice preferred orientation of olivine and or-
thopyroxene, understanding the LPOs of those miner-
als in nature is important. Lattice preferred orientation
and seismic anisotropy are well known for olivine
under both “dry” and “wet” conditions in experimen-
tal studies (Jung et al., 2009b, 2006; Katayama and
Karato, 2006; Katayama et al., 2004; Jung and Karato,
2001; Bystricky et al., 2000; Zhang and Karato, 1995;
Carter and Avé-Lallemant, 1970) and in many natural
rocks (Kamei et al., 2010; Skemer et al., 2010, 2006;
Jung, 2009; Jung et al., 2009a; Michibayashi et al.,
2009; Tommasi et al., 2008; Michibayashi et al., 2006;
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Katayama et al., 2005; Vauchez et al., 2005; Mizu-
kami et al., 2004; Sawaguchi, 2004; Ben-Ismail and
Mainprice, 1998; Nicolas and Christensen, 1987),
whereas previous studies on the LPO of orthopyrox-
ene and its seismic anisotropy have been limited
(Soustelle et al., 2009; Hidas et al., 2007; Skemer et
al., 2006; Vauchez et al.,, 2005; Christensen and
Lundquist, 1982).

There are a few experimental studies on the plas-
tic deformation of orthopyroxene. In experimentally
deformed orthopyroxenes, (100)[001] slip has been
characteristic (Green and Radcliffe, 1972; Raleigh,
1965). The deformation of enstatite (Raleigh et al.,
1971) also showed that the slip of enstatite occurs at a
pressure of 1.5 GPa and at temperatures of 1100—1300
‘C at the strain rate of 10°-10° s, displaying a
dominant slip system of enstatite (100)[001] and, less
commonly, (100)[010]. Deformation experiments of
polycrystalline enstatite aggregates from Webster,
North Carolina, at P=1 GPa and a temperature range
of 800-1300 ‘C (Ross and Nielsen, 1978) showed
that the deformation of enstatite is dependent on both
temperature and strain rate, and they observed the slip
system (100)[001] throughout the whole P-T regime.
They also reported a slip system (010)[001] at the
uniaxial strains above 40%.

There have been some studies on the LPOs of
orthopyroxene in natural rocks. According to Chris-
tensen and Lundgist (1982), the LPO of orthopyrox-
ene (Opx) in naturally deformed rocks is exclusively
controlled by only one slip system, namely,
(100)[001]. Recent studies on the LPO of Opx in ul-
tramafic rocks also suggest the same dominant slip
system of (100)[001] for the deformation of Opx
(Skemer et al., 2010, 2006; Soustelle et al., 2009;
Tommasi et al., 2008; Hidas et al., 2007; Xu et al.,
2006; Vauchez et al., 2005; Ishii and Sawaguchi, 2002;
Vauchez and Garrido, 2001). However, most of pre-
vious studies on the LPO of Opx used a small number
of data, and it is not clear yet if there are other LPO of
Opx present and other slip systems operating for the
deformation of Opx in nature.

Therefore, we studied the LPO of orthopyroxene
(enstatite) in spinel lherzolite from Spitsbergen, Sval-
bard, with a large number of data for up to 215 grains.
We found four different types of LPOs of enstatite and
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defined them as type-AC, -AB, -BC, and -ABC. In the
present paper, we report for the first time the type-AB,
-BC, and -ABC LPO of Opx. To investigate the rela-
tionship between the LPO type, its strength and the
presence of water in enstatite, samples were analyzed
with a Nicolet 6700 FTIR microscope. Finally, the
seismic anisotropy of enstatite was calculated and
compared with the strength of the LPO of enstatite.

METHODS
Sample Descriptions

We studied ten mantle xenoliths from the Sverre-
fjell, Spitsbergen, Svalbard, which were collected
during a field excursion in the summer of 2007. The
study area is shown in Fig. 1, and detailed descriptions
of the samples are given in a previous study (Jung et
al., 2009a). We chose samples with well-developed
foliation due to the compositional layering of clino-
pyroxene and spinel. Lineation of the sample was de-
termined by grain shape analysis (Panozzo, 1984).
Petrologically, the samples are spinel lherzolites. Oli-
vine contents in the specimen are in the range of
40%—-85%. Orthopyroxene contents are in the range of
10%—-33%. Orthopyroxene is enstatite with a compo-
sition of Wog o1 4Engo4 91.1Fs75895. AlLO3 and Cr,O3
concentrations have a range of 1.9 wt.%—4.1 wt.% and
0.2 wt.%—0.5 wt.%, respectively (Jung et al., 2009a).
The equilibration temperature of the specimens was
determined as T=850-1000 ‘C (Jung et al., 2009a)
from the electron microprobe data using two-pyroxene
thermometers (Brey and Kohler, 1990), and the pres-
sures of the specimens were estimated as 7-11 kb by
projecting the temperature estimates onto the geo-
therm for north-western Spitsbergen (Amundsen et al.,
1987). The stresses of the specimens were previously
determined as 10-20 MPa from the recrystallized
grain-size of olivine (Jung et al., 2009a).

Determination of LPO

To determine the lattice preferred orientation
(LPO) of the orthopyroxene, we used electron back-
scattered diffraction (EBSD) patterns (Jung et al.,
2006; Prior et al., 1999; Lloyd, 1987; Dingley, 1984).
HKL’s EBSD system attached to the JEOL JSM-6380
SEM at SEES in Seoul National University was used
in this study. The LPO of enstatite was measured in
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Figure 1. A schematic map of the study area of northern Spitsbergen, Svalbard, near the Arctic (after Ionov

et al., 2002; Amundsen et al., 1987).

the X-Z plane of a thin section (X: lineation, Z: normal
to foliation). Samples were polished using a 1-pm
diamond paste, and then, to remove all of the surface
damage, the specimens were polished using SYTON
(0.06 um colloidal
mechanical polishing (Lloyd, 1987). The specimens

silica) fluid for chemical-

were coated with ~3 nm thick carbon to prevent
charging in the SEM. The specimen surface was in-
clined at 70° to the incident beam. EBSD patterns
were collected on the Nordlys II detector, where the
experimental conditions were an accelerating voltage
of 20 kV, a working distance of 15 mm, and a spot
size of 60. All of the EBSD patterns were manually
indexed to determine the orientation of the crystal ac-
curately using HKL’s Channel 5 software at the Tec-
tonophysics Laboratory at School of Earth and Envi-

ronmental Sciences, Seoul National University.

Determination of Water Content

Fourier transformation infrared (FTIR) spectros-
copy was used to determine the hydroxyl concentra-
tion in orthopyroxene for each sample. All of the sam-
ples were polished on both sides down to 110-260 pm
thick and were kept in an oven at 120 °C for more than
24 h before an FTIR measurement was made. We used
the Nicolet 6700 FTIR with a Continuum IR micro-
scope at the Tectonophysics Laboratory at SEES in
Seoul National University. We measured the water
content within a single crystal using an IR beam size
of 50 umx50 um. N, gas was flushed through during
the FTIR measurement to avoid measuring the mois-
ture in the atmosphere. The measurements were car-
ried out using an unpolarized light source, a KBr
beam-splitter, and an MCT detector. A series of 128
scans was averaged for each spectrum with a resolu-
tion of 4 cm’™.
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Figure 2. Optical photomicrographs of the analyzed peridotite samples. All images were taken under
crossed polarized light. (a) Sample SVF-04 shows coarse equigranular texture. The microstructure is ho-
mogeneous. (b) Sample SVF-27 shows equigranular texture. Some grains show serrated grain boundaries
and contain numerous inclusions. (¢) Sample SVF-30 shows porphyroclastic texture. Grains are elongated
up to aspect ratios of 3 : 1. Dynamically recrystallized grains are observed next to porphyroclasts. (d) Sam-
ple SVF-49. Porphyroclastic texture. Numerous kink bands are observed in olivine. Porphyroclasts are sev-
eral millimeters in size and are locally elongated up to aspect ratios of 3 : 1. (¢) Sample SVF-67 shows por-
phyroclastic texture. Undulose extinction is observed in the upper left corner. (f) Sample SVF-71. Porphy-
roclastic texture is shown with elongated grains up to aspect ratios of 4 : 1. The microstructure is relatively
heterogeneous. Scale bars represent 2 mm for all the figures. Ol. Olivine; Opx. orthopyroxene (enstatite);
Cpx. clinopyroxene (diopside); Sp. spinel.
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RESULTS

We studied ten spinel peridotites from Sverrefjell,
Spitsbergen, Svalbard, and the results are summarized
in Table 1. The spinel peridotites show microstruc-
tures of equigranular texture (Figs. 2a, 2b) and por-
phyroclastic texture (Figs. 2c—2f) according to
Mercier and Nicolas (1975). Kink bands and serrated
grain boundaries are commonly observed in the
specimens.

LPO of Enstatite

The LPOs of enstatite are shown in Fig. 3. Four
types of LPOs of enstatite were observed. In the
specimens SVF-27, -49, -66, and -70, the crystallo-
graphic [100] axis of enstatite was aligned subnormal
to the foliation, and the [001] axis was aligned sub-
parallel to the lineation, which is defined as type-AC.
For the type-AC, the first and second capital letters (A
and C) represent the slip plane (100) and slip direction
[001], respectively. In the samples SVF-30, the crys-
tallographic [010] axis was aligned subnormal to the
foliation, and the [001] axis of enstatite was aligned
subparallel to the lineation, which is defined as
type-BC. For the type-BC, the first and second capital
letters (B and C) represent the slip plane (010) and slip
direction [001], respectively. Another sample SVF-05
shows a weak type-BC LPO. The [001] axis of ensta-
tite is aligned subparallel to the lineation, but [010]
axis is distributed weakly subnormal to the foliation.
For the specimen SVF-04, the crystallographic [100]
axis was aligned subnormal to the foliation, and the
[010] axis was aligned subparallel to the lineation,
which is defined as type-AB. In the specimen SVF-67,
the crystallographic [010] axis is aligned subnormal to
the foliation, the [001] axis is aligned subnormal to the
lineation, and the [100] axis shows a weak LPO. Fur-
thermore, for the sample SVF-71, the [001] axis of
enstatite was aligned subparallel to the lineation, and
both [100] and [010] axes were aligned mostly sub-
normal to the foliation with a girdle normal to the
lineation, which is defined as type-ABC. The repre-
sentative pole figures of enstatite are shown in Fig. 4a
where different types of LPOs of enstatite are defined.
Figure 4b shows LPO of olivine for the same speci-
men shown in Fig. 4a.
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Figure 3. Pole figures of the crystallographic ori-
entation of enstatite are presented in the upper
hemisphere using an equal area projection. The
color coding refers to the density of data points (the
numbers in the legend correspond to the multiples
of uniform distribution). A half scatter width of 30°
was used. S. foliation; L. lineation; n. number of
grains.
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Figure 4. Pole figures of orthopyroxene (enstatite)
and olivine. (a) Representative pole figures of en-
statite. Type-AB: sample SVF-04, n=172; Type-AC:
sample SVF-49, n=176; Type-BC: sample SVF-30,
n=138; Type-ABC: sample SVF-71, n=168. (b) Pole
figures of olivine (from Jung et al., 2009a) for the
same sample shown in Fig. 4a. Legends are the
same as in Fig. 3.

Inverse Pole Figures

Inverse pole figures are drawn for the specimens
in the direction of lineation and normal to the foliation
(Fig. 5). In the specimens SVF-27, -49, -66, and -70,
crystallographic [100] axis was aligned nearly normal
to the foliation, and crystallographic [001] axis was
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Figure 5. Inverse pole figures of enstatite. A half
scatter width of 30° was used. The color coding re-
fers to the density of the data points. n is the num-
ber of grains analyzed.
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Figure 6. Representative inverse pole figures of en-
statite. Type-AB: sample SVF-04, n=172; Type-AC:
sample SVF-49, n=176; Type-BC: sample SVF-30,
n=138; Type-ABC: sample SVF-71, n=168. Leg-
ends are the same as in Fig. 5.

aligned subparallel to the lineation, indicating a
dominant slip system of (100)[001]. For the specimens
SVF-05 and -30, crystallographic [010] axis was
aligned subnormal to the foliation, and [001] axis was
aligned subparallel to the lineation, indicating a
dominant slip system of (010)[001]. For the specimen
SVF-04, crystallographic [100] axis was aligned sub-
normal to the foliation, and [010] axis was aligned
subparallel to the lineation, indicating a dominant slip
system of (100)[010]. In the specimen SVF-67, crys-
tallographic [010] axis is aligned subnormal to the fo-
liation, and [100] axis is subparallel to the lineation,
indicating a dominant slip system of (010)[100]. In
addition, in the sample SVF-71, the [001] axis of en-
statite was aligned subparallel to the lineation, and
both [100] and [010] axes were aligned mostly sub-
normal to the foliation, indicating a combined slip
system of (100)[001] and (010)[001]. Representative
inverse pole figures of enstatite are shown in Fig. 6,

where different types of inverse pole figures are de-

fined.

Water Content

Unpolarized FTIR spectra are presented in Fig. 7,
which show a representative IR spectrum for each
sample. A range of wave numbers 31004000 cm is
shown because the region is dominated by the
stretching vibrations of O-H bonds (Paterson, 1982).
The infrared beam is absorbed in the wave number
range 3414 to 3595 cm™. The largest IR peak was ob-
served at 3593, 3595, or 3597 cm’ in most of the
samples. Smaller IR peaks were also observed at the
wave numbers of 3414, 3517, 3523, and 3567 cm’.
These peaks show the presence of some amount of
water in orthopyroxene (Grant et al., 2007a, b; Peslier
et al., 2002; Bell et al., 1995; Skogby et al., 1990).
The results of the FTIR study are summarized in Table
1. We measured the water contents of at least 10
grains of enstatite for each specimen and averaged
them. The water content was estimated using a cali-
bration (Paterson, 1982). The FTIR data showed that
all of the enstatite samples contained some amount of
water (350—1360 ppm H/Si). Water contents of olivine
in the range of (40-160) ppm H/Si were previously
reported from the same specimen (Jung et al., 2009a).
Our results show that water content in the enstatite is
much larger than that in olivine. Figure 8a shows that
the water content of enstatite has a correlation with
that of olivine. The more water there was in enstatite,
the more water in olivine was observed. The water
content of enstatite was also compared with the
strength of the LPO (M-index) (Skemer et al., 2005),
demonstrating that the strength of the LPO of enstatite
decreases with increasing water content (Fig. 8b). In
addition, we have found some correlation between the
type of LPO and the water content of enstatite for the
samples investigated. Most samples (SVF-49, -66, and
-70) showing the type-AC LPO of enstatite contained
a small amount of water (Table 1).

Seismic Anisotropy

Seismic velocity and seismic anisotropy were
calculated using the orientation data from the EBSD
analysis of orthopyroxene and a software (Mainprice,
1990), where we used the elastic constants of single
crystal enstatite (Chai et al., 1997). Figure 9 shows the
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results for the seismic velocity (Vp and Vs) and seis-
mic anisotropy of shear waves in a pole figure. The
P-wave (Vp) exhibited seismic anisotropy in the range
of 1.8%-5.9%. The maximum anisotropy of the shear
wave (AVs) was in the range of 2.43%-3.97%. This is
considerably weaker than the seismic anisotropy of
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olivine (Jung et al., 2009a). Eight specimens showed
that the polarization direction of the faster shear wave
(Vs1 polarization) was subparallel to the lineation
(flow direction), while two samples (SVF-4 and -72)
showed showed that the polarization direction of the
faster shear wave deviated significantly from
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Figure 7. Unpolarized FTIR spectra of enstatite. A

representative FTIR spectrum for each specimen is

shown. An infrared beam size of S0 pmx50 pm was used in the transmission mode. Water content in ensta-

tite was calculated using a calibration (Paterson, 1982). Water content and sample thickness are listed in

Table 1.
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Figure 8. Water content of Opx (enstatite) compared with (a) water content of olivine and (b) LPO strength

(M-index) of Opx in the same specimen. There is a trend that the water content of enstatite increases with

increasing water content of olivine and M-index of Opx decreases with increasing water content of Opx.
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in each specimen. M-index of Opx increases in general with increasing M-index of olivine. However, there is

no correlation observed in between the M-index of Opx and the amount of Opx.

Table 1 Sample description and results

Sample Number of  Opx Dominant M-index® FTIR sample Opx. water Opx. Vp Max. AVs
Opx (%)  LPO'  slip system? of Opx  thickness content’  anisotropy® anisotropy®
analyzed  type of Opx (um) (ppm H/Si) (%) (%)

SVF-04 172 (20) AB (100)[010] 0.11 150 950 1.9 2.96

SVF-05 201 (17) BC® (010)[001] 0.09 140 940 1.8 2.66

SVF-27 107 (10) AC (100)[001] 0.13 150 1240 2.9 3.59

SVF-30 138 (33) BC (010)[001] 0.15 120 930 5.9 3.95

SVF-49 176 (18) AC (100)[001] 0.19 250 590 41 3.97

SVF-66 114 (13) AC (100)[001] 0.12 160 600 2.1 2.48

SVF-67 215 (20) - (010)[100] 0.08 110 1360 2.6 2.95

SVF-70 84 (11) AC (100)[001] 0.16 260 350 3.5 3.16

SVF-71 168 (17) ABC (100,010)[001] 0.09 260 850 1.8 3.39

SVF-72 174 (14) - (1kl)[010] 0.07 110 960 3.1 2.43

'Lattice preferred orientation (LPO) of orthopyroxene (Opx) was defined in this study based on the pole figure

and dominant slip system. Dominant slip system of Opx was determined based on the inverse pole figure of Opx.
SM-index is the misorientation index (Skemer et al., 2005) which shows the fabric strength of Opx.

*Water content of Opx was measured by Nicolet 6700 FTIR with a continuum IR microscope using a calibration

of Paterson (1982). °Seismic anisotropy of P— and S— wave (Vp and AVs) were calculated using the software

(Mainprice, 1990). ®SVF-05 shows a weak type-BC.

the lineation (flow direction) (Fig. 9).

DISCUSSION
LPO of Enstatite

Four different types of LPOs of enstatite were
observed in this study and we defined the LPOs of en-
statite as type-AB, -AC, -BC, and -ABC where A, B,
and C refer to 100, 010, and 001, respectively. The
first capital letter refers to the slip plane and the sec-
ond capital letter refers to slip direction. For example,
type-AC is defined such that the slip plane is A (i.e.,
(100)) and slip direction is C (i.e., [001]), indicating a

slip system of (100)[001]. Type-ABC is defined such
that the slip plane is both A and B (i.e., (100) and
(010)) and slip direction is C (i.e., [001]). Among 10
specimens, four samples showed the type-AC LPO,
two samples showed the type-BC LPO, while type-AB
and -ABC LPO were seen in one sample each. Other
two samples showed a complex LPO of enstatite. Four
representative LPOs of enstatite are shown in Fig. 4a.
Inverse pole figures corresponding to the LPOs are
shown in Fig. 6. Type-AC LPO of enstatite has been
well known and observed in previous studies of natu-
ral rocks (Soustelle et al., 2009; Tommasi et al., 2008;
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Skemer et al., 2006; Xu et al., 2006; Ishii and Sawa-
guchi, 2002; Vauchez and Garrido, 2001; Mainprice et
al., 2000; Christensen and Lundquist, 1982). Type-AB,
-BC, and -ABC LPOs of enstatite are reported for the
first time in this study. Dislocations with [010] as the
Burgers vector have been occasionally observed in
naturally deformed enstatite (Kohlstedt and Vander

6 |
5 -
9
Set -
&
£ ]
E 3 . o [
= n
. ]
2 - [
1 1 1 1 1 1 1
0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

M-index of Opx

Sande, 1973), in room temperature indentation of or-
thoenstatite (Vanduysen et al., 1985), and in a previ-
ous deformation experiment (Raleigh et al., 1971).
Computer simulation also showed activation of the
(100)[010] slip system in the deformation process of
orthoenstatite (Jahn and Martonak, 2008).
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Figure 11. Seismic anisotropy compared with LPO (fabric) strength of Opx. (a) P-wave seismic anisotropy
(Vp) is compared with fabric strength (M-index) of Opx. (b) Maximum S-wave seismic anisotropy (Max.
AVs (%)) is compared with M-index of Opx. Most samples show that both P- and S-wave anisotropy in-

crease with increasing M-index of Opx.

LPO Pattern of Enstatite vs. Composition

We observed that the LPO pattern of enstatite has
a correlation with the content of pyroxene in the
specimen. Samples (SVF-27, -66, -70) showing
type-AC LPO of enstatite (which has a dominant slip
system of (100)[001]) contained a small portion of en-
statite (10%—18%) and a large portion of olivine
(50%—-85%). On the other hand, samples (SVF-4, -30)
showing the type-AB and -BC contained large por-
tions of enstatite (20%—-33%) in the specimens. It is
not clear yet why this is so. We will need to investi-
gate further to ascertain the mechanism which gives
rise to four different types of LPO of enstatite.

Strength of LPO of enstatite versus olivine

The strength of LPO (M-index) of enstatite was
calculated and shown in Table 1. The strength of the
LPO of enstatite was compared with that of olivine in
Fig. 10a. It is found that the M-index of Opx increases
with increasing M-index of olivine. The M-index of

olivine was calculated in a previous study for the same
sample (Jung et al., 2009a). It is also found that the
M-index of Opx is not correlated to the amount of Opx
in the specimen (Fig. 10b).

Seismic anisotropy versus the strength of LPO
Seismic anisotropy of the P-wave (Vp) was com-
pared with the strength of the LPO of enstatite
(M-index) and is shown in Fig. 11a. The P-wave seis-
mic anisotropy (Vp) increases, in general, with in-
creasing M-index of enstatite. Maximum shear wave
anisotropy (AVs) was also compared with the strength
of the LPO of enstatite. As shown in Fig. 11b, the
maximum anisotropy of the S-wave increases with the
increasing M-index of enstatite. These results show
that both P- and S-wave seismic anisotropy of ensta-
tite increases with increasing fabric (LPO) strength,
which is similar to that of olivine (Jung et al., 2009a).
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CONCLUSIONS

We determined LPO of orthopyroxene (enstatite)
in mantle xenoliths from Spitsbergen, Svalbard, near
the Arctic, found four different types of LPOs of or-
thopyroxene, and defined them as type-AC, -AB, -BC,
and -ABC (Fig. 4a). Four samples out of ten showed
type-AC LPO of orthopyroxene, showing a dominant
slip system of (100)[001]. In this study we are report-
ing for the first time type-AB, -BC, and -ABC LPOs
of enstatite. We observed that the LPO pattern of en-
statite has a correlation with the content of enstatite in
the specimen. Type-AC LPO of enstatite was observed
in the specimens which contain a small portion of en-
statite (10%—18%), while type-AB, -BC and -ABC
LPOs were observed in the specimens which contain a
large portion of enstatite (17%—-33%) (Table 1).

FTIR study showed that type-AC LPO was ob-
served mostly in the samples of enstatite with low
water content (Table 1). It is found that the strength of
the LPO of enstatite decreases with increasing water
content (Fig. 8b) and has a correlation with the
strength of the LPO of olivine: the stronger the LPO
of enstatite, the stronger the LPO of olivine. Seismic
anisotropy of enstatite was calculated. P-wave anisot-
ropy was in the range 1.8%—-5.9% and S-wave anisot-
ropy was in the range 2.4%—4.0%, which are weaker
than those for olivine in the same specimen (Jung et
al., 2009a).
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