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Abstract

Clinoenstatite (Wo, Engy Fs,,) was found as an exsolution phase in some diopside crystals in ultra-
basic rocks from the Hidaka metamorphic belt, Hokkaido, Japan. It may have occurred submicros-
copically as a metastable phase under the lattice distortion in the early stage of the process of exsolu-
tion. In the later stage, this metastable phase is likely to have grown to the broad exsolution lamellae
parallel to (100) of host diopside, so that they can be easily observed under the microscope. Asthe
result, this metastable phase may have been released from the lattice distortion, and has been converted
into orthoenstatite as a stable phase.

Introduction

Clinoenstatite occurs in some stony meteorites, but its occurrence has rarely been
reported in terrestrial rocks.

In our previous study (YaMaGuUcHI and TomiTa, 1968), monoclinic bronzite
(Eng, Fsy,) was found as an exsolution phase in host terrestrial diopside.

ATLAS (1952) demonstrated, from an experimental study on the stability relation
of MgSiO,, that clinoenstatite was found to be a metastable low temperature phase
formed during rapid cooling of protoenstatite. On the other hand, TURNER ef al.
(1960) converted orthoenstatite into clinoenstatite by shearing stress at 500°-800°C.
Later, SCLAR et al. (1964) reported that clinoenstatite has a stability field at high pres-
sure and low temperature. Yet, it is still uncertain whether clinoenstatite has a
stability field or not.

Recently, authors found a number of clinoenstatites as exsolution phases in some
diopsides in ultrabasic rocks from the Hidaka metamorphic belt in Hokkaido, Japan.

From a view point of the polymorphic transformation of enstatite as an exsolu-
tion phase in diopside, the stability of clinoenstatite will be referred.

Specimen description

Ultrabasic rocks in the Hidaka metamorphic belt in Hokkaido were described by
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HunaHAsHI and HasHiMOTO (1951), KoMaTsu and NocHi (1966), and NocHr and
KoMmATsU (1967). The specimens examined in the present investigation are the diop-
sides from Horoman and Pankenushi ultrabasic bodies.

The crystals are bright green in color to the naked eye, and (/00) diallage partings
are pooly developed. The diopside has exsolution lamellae parallel to (100) (Fig. 1).
The chemical composition and optical properties of these diopside specimens are
shown in Table 1, and Fig. 2.
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Fig. 1.

Fig. 2.

(100) exsolution lamellae in
diopside from Pankenushi.
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The chemical composition of the exsolution lamellae analysed by using electron
probe microanalyser is also shown in Table 1. It has nearly identical composition to
clinoenstatite phenocryst from Cape Vogel area, Papua (DALLWITZ et al. 1956).
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Table 1. Chemical compositions and optical properties.

1 2 3 4
SiO, 51.91 51.45 54.39
TiO, 0.19 0.89
AlO4 4.59 4.02 3.50
Cr,04 0.61 0.82
FCan 1.19 1.42 FeO
FeO 2.20 2.52 6.65
MnO 0.15 n.d.
MgO 17.07 16.67 33.17
CaO 21.36 21.74 0.66
Na, O n.d. 0.69
KO n.d. 0.00
H.0+ 0.34
H,O— 0.08 } 0.23
Total 99.69 100.45 98.37
Mg 49.8 48.4 89 92~-87
Fe 5.4 6.2 10 8~13
Ca 44.8 45.4 1 0
« 1.661~1.664
7 1.700 1.701
2Vy 59° 60° 25°~56°
CAZ 38° 41° 0~22° 28°~31°

; Diopside from Horoman. Anal. Y. Yamaguchi.

; Diopside from Pankenushi. Anal. M. Nochi.

; (100) exsolution lamellae in diopside from Pankenushi. Anal. M. Komatsu.

; Clinoenstatite phenocrysts from Cape Vogel area, Papua (Dallwitz et al. 1966).
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Experimental

The hkl*(k=0,1,2) and hkl* (1=0,1,2) precession photographs were obtained on
these diopside crystals by using Mo-ka radiation. The crystals from both Horoman
and Pankenushi whose exsolution lamellae can be seen under the microscope display
strong diffuse spots in X-ray diffraction photographs (Fig. 3). They are denoted by
diopside (H) and diopside (Pan 1) respectively in this investigation. But, the small
crystal from Pankenushi, in which no exsolution lamellae is detected under the micro-
scope, does not show such strong diffuseness in diffraction spots (Fig. 4). It is denoted
by diopside (Pan 2).

In these precession photographs of the diopside crystals there appear extra spots
by one or two exsolution phases besides those by host diopside phase (Fig. 3). They
are arranged on the symmetrical positions related by the symmetry elements of the
host diopside.

The lattice analysis was made on each photograph. From the examination of extinc-
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Fig. 3. hOl precession photograph of diopside crystal (H).

S— o ——

WA .

Fig. 4. hOl precession photograph of diopside crystal (Pan 2).
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tion rules on these extra spots, it is shown that one is monoclinic pyroxene whose
space group is P2,/c, and the other is orthorhombic pyroxene with space group Pbca.

Results of lattice analyses

Results of lattice analyses on exsolution phase in each crystal are represented as
follows. The crystallographical relations of each crystalline phase and its lattice
constants are shown in Fig. 5 and 6, and Table 2 respectively.
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Fig. 5. kOl reciprocal plane of Fig. 6. Direct lattices of each diopside
diopside crystal (H). crystal.

The exsolved two phases and host diopside have common b* axis in orientation,
and a* axes of the exsolved orthorhombic pyroxene and host diopside are common in
orientation, while a*axes of the exsolved monoclinic pyroxene and host diopside are
slightly splitting in orientation.

Diopside (H) : 1t displays strong diffuse spots in the X-ray diffraction photographs,
and the exsolution phases are composed of two different lattices, i.e., a monoclinic

pyroxene with space group P2,/c, and an orthorhombic pyroxene with space group
Pbca.
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Table 2. Lattice constants of the host diopsides and the exsolved phases.
Horoman diopside crystal Pankenushi diopside crystal
Exsolution lamellae can N lution 1 " Exsolution 1 " n
. O €Xsolutlo ameliae Xsolution lamellae cal
bc.seel} under microscope | o be seen under micro- | be seen under microscope
(diopside H) scope (Pan 2) (Pan 1)
a= 9.594001 A a= 9.59+0.01 A
asinf= 9.09+0.01 A asinf= 9.094-0.01 A
a | P2ifc b= 8824001 A b= 8.884+0.01 A
2 c= 5.20+0.01 A c= 5.18+0.01 A
2 p= 108°38 + 4 f= 108°39' + 4
17
§ a= 18.18+0.01 A a= 18.18-:0.01 A
Pbeca b= 8.82+0.01 A b= 8.834-0.01 A
c= 52010014 c= 5.204+001 A
a= 9.71740.001 A a= 9.721+0.01 A
- asinf= 9.335+0.001 A asinf=9.34+0.01 A
_q8 C2/c b= 8.8894-0.001 A b= 8.8940.01 A
c= 5.25040.001 A c= 5.2540.01A
f= 106°8 + 1’ f= 106°9 + &4

Diopside (Pan 1) : It displays also strong diffuse spots, and there is only an
orthorhombic pyroxene with space group Pbca as an exsolution phase in addition
to the host diopside phase.

Diopside (Pan 2) : Diffuseness in diffraction spots in X-ray photographs is extremely
weak. Although the crystal is optically homogeneous under the microscope, extra
spots are observed in addition to those of host diopside phase. There appears the ex-
sistence of an exsolved phase of only a monoclinic pyroxene with space group P2,/c.
This exsolved monoclinic pyroxene in diopside (Pan 2) has slightly larger lattice con-
stant b and slightly smaller lattice constant ¢ than those of exsolved monoclinic pyro-
xene in diopside ( H) respectively.

Discussion

Hitherto, majority of the studies on exsolution phenomena in pyroxene have
been made on such specimens whose exsolution lamellae or blebs can be seen under
the microscope (HEss 1941, HENRY 1942, POLDERVAART and HEss 1951, BROWN 1957).
On the other hand, Bown and Gay (1960) reported the detection of exsolution of
pigeonite by an X-ray method in some augite cyrstals which are microscopically
homogeneous.

In the present study, diopside crystal (Pan 2) is optically homogeneous under the
microscope, but it has an exsolution phase of only a clinoenstatite in submicroscopical
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domain size. On the other hand, the broad exsolution lamellae which can be easily
observed under microscope in diopside crystals (H) and (Pan 1) are composed of
either both orthoenstatite and clinoenstatite, or only orthoenstatite. This is the first
description of clinoenstatite as an exsolution phase in pyroxene crystal.

It is worthy of notice, that the clinoenstatite in diopside crystal (Pan 2) is slightly
.different from that in diopside crystal ( H) in lattice constant b and c.

Provided that two kinds of exsolved clinoenstatite have similar chemical com-
position, the difference in the lattice constants may be attributed to the lattice distor-
tion caused at the time of the exsolution. The lattice distortion may be originated from
the maintenance of a certain crystallographical relation not only in orientation but
also in lattice constant between the host phases and the exsolved ones.

Judging from the points as described below, the exsolved clinoenstatite with a sub-
microscopic domain size in diopside crystal (Pan 2) may have undergone its lattice
distortion.

1. [Its lattice constant b presents close similarity to that of host diopside (Table 2),
and therefore it does not exhibits the intrinsic lattice constants corresponding to its
chemical composition (Table 3).

Table 3. Lattice constants of some clinoenstatite

Occurrence C?rr&egflig%l a(A) b(A) c(A) 8

1 Synthetic Mgioo 9.618 8.825 5.186 108°21’
2 Synthetic Mgiao 9.612 8.820 5.201 108°10’
3 Phenocryst

from Papua MggoFeio 9.61 8.82 5.18 108.4°
4 Exsolution in

in diopside (H) Ca;MggoFe; o 9.59 8.82 5.20 108°38’
5 Exsolution in

diopside (Pan 2) 9.59 8.82 5.18 108°39

1. Kuno and Hess (1953). 2. Lindemann (1956). 3. Morimoto et al. (1969).
4. This work. 5. This work.

2. The lattice distortion of exsolved phase may be presumably originated in the early
stage in which the nucleation of exsolution phase has been submicroscopically
progressing in host crystalline phase during the process of exsolution.

Therefore, clinoenstatite as an exsolution phase in diopside crystal (Pan2) is
regarded as a metastable phase which occurred under the lattice distortion in the early
stage in the process of exsolution of enstatite from the host diopside. In the later stage,
this metastable phase has grown to the borad lamellae parallel to (100) of host diop-
side, so that they can be easily observed under the microscope. As the result, its



180 Yoshiaki YAMAGUCHI and Katsutoshi ToMITA

lattice distortion was released, and the metastable clinoenstatite was converted into
orthoenstatite as a stable phase.

Diffuseness in diffraction spots of the crystals which have the broad exsolution
lamellae formed in the later stage may be considered to be an asterism as the result of
this release from the lattice distortion.
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