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In situ X-ray diffraction study of enstatite up to 12 GPa and 1473 K and equations of state
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ABSTRACT

Crystal structures and phase transitions of enstatite (My®%i€¥e studied by in situ X-ray dif-
fraction experiments using synchrotron radiation and a multi-anvil high-pressure apparatus at pres-
sures to 12 GPa and temperatures to 1473 K. Low clinoenstatite with spac2yfotansforms to
high-pressur€2/c clinoenstatite at high pressures and high temperatures, accompanied by a volume
reduction of about 2.5%. Tleangle of this high-pressuf&2/c phase ranges from 101.tb 101.7,
shows almost no variation with pressure and temperature, and is dtmualer than that of the
high-temperatur€2/c phase previously reported. This confirms the suggestion (Hugh-Jones et al.
1994) that these two clinoenstatite phases differ at high pressures and high temperatures. The pres-
sure-volume-temperature data R2,/c and high pressur@2/c clinoenstatite were fit to room-tem-
perature third-order Birch-Murnahan equations of state (EOS) using the parameters: volgme of
415.4 (5) R, isothermal bulk modulus &f, = 108.5 (6.4) GPa, and its pressure derivatiw€ef4.5
(1.3) for theP2,/c phase, an¥l, = 405.1 (1.7) A K, = 106.4 (17.4) GPa, a = 5.4 (2.7) for th&€2/
¢ phase. These values are at ambient conditions. F@2kephase, we determined the high-tem-
perature EOS, expressedras 3/2K: [(V+/V )P=(V4/V )*F{1-3/4 (4-K)[(V+/V )?*-1]}, whereK; =
Ko + (0K+/0T)p (T-300),K; = Kg, Vr =V, [exp(f «(T)dT)], where thermal expansivity(T) isa, +a; T.

The parameters akg = 405.0 (2.6) A K, = 106.9 (25.9) GP&,=5.3 (3.9)a, = 2.01 (44 10°K™,
a;=2.10 (1.1 108K, and @K/dT ), = —-0.021 (10) GPa/K. Although tl values are nearly the
same with those of previous studies for bothRBgc andC2/c phases, th&g values are slightly
smaller.

INTRODUCTION In contrast, deformation experiments of orthoenstatite showed
Enstatite is one of the major constituent minerals in tfat shear stress affects the orthoenstatite-low clinoenstatite

Earth's crust and the upper mantle. Enstatite of pure MgSithversion boundary, suggesting the possibility that low
composition is reported to have five polymorphs, orthoenstatfinoenstatite has no stability field under hydrostatic condi-
with space groupPbca (Morimoto and Koto 1969), thns (R|eckerand Rooney 1967; Munoz 1968; Coe 1970; Ra-
protoenstatite witPbcn (Atlas 1952; Brown and Smith 1963;1€igh and Kirbyl971). The subsequent study by Grover (1972)
Smyth 1971; Chen and Presnall 1975; Yang and Ghose 199Bjough hydrothermal runs using Mg®1,0 flux at pressures
low clinoenstatite wittP2,/c (Morimoto et al. 1960), high-tem- UP to 4 kbar, reports that low clinoenstatite is stable below 839
perature (highF) clinoenstatite withC2/c (Smith 1969; K at atmospheric pressure. However, the precisg trajectory of
Sadanaga and Okamura 1971; Gasparik 1990; Shimobayd§fi Phase boundary between orthoenstatite and low
and Kitamura 1991, 1993; lishi and Kitayama 1995), and higRlinoenstatite irP-T space is unclear. . o
pressure (high?) clinoenstatite witlC2/c (Pacalo and Gasparik Hydrostatlc.hlgh-pressure experiments using a multi-anvil
1990; Angel et al. 1992). Protoenstatite is reported to be a stdifigl (MAC) high-pressure apparatus have shown that
phase above ~1273 K at atmospheric pressure, but below glinoenstatite has a stability field un_der high pressure and high
temperature, orthoenstatite is considered to be stable (BrofgfPerature (Yamamoto and Akimoto 1977; Pacalo and
and Smith 1963; Boyd and Schairer 1964; Smyth 1974). TR@sparik 1990; Kanzaki 1991). Subsequent high-pressure in
stability field of low clinoenstatite was studied by Sclar et afitu single-crystal X-ray diffraction experiments at room tem-
(1964) using belt type apparatus, and by Boyd and Englapfature using a dle}mond anvil cell (DAC) have shown that
(1965) using piston cylinder apparatus. These authors repor'?@d’c low clinoenstatite transforms between 6.98 GPa and 7.93

that low clinoenstatite is stable at temperatures below ~900&Pa upon compression to non-quenchable Righroenstatite
with space grouc2/c (Angel et al. 1992). This higR-C2/c

phase is also reported at pressures above 5 GPa and at room
*Present address: Institute for Study of the Earth’s Interid@mperature by Raman spectra (Chopelas and Boehler 1992)

Okayama University, Yamada 827, Misasa, Tottori-ken, 682nd the single crystal compression study of ferrosilite (F§SiO
0193, Japan. E-mail: shinmei@misasa.okayama-u.ac.jp using a DAC (Hugh-Jones et al. 1994). However, there had
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been no in situ X-ray diffraction data of ti@2/c phase of The P-T paths in the experiments are shown in Figure 1.

enstatite at high pressure and high temperature to obtain ad€aeh symbol on all paths in Figure 1 indicates the point at which

rate equations of state. X-ray diffraction data were taken in about 100-1000 seconds.
This paper presents in situ X-ray diffraction experiments dhe unit-cell parameters of the observed phases were refined

enstatite at pressures to 12 GPa and temperatures to 1473/ khe least-squares technique using 10 to 23 reflections.

using a MAC high-pressure apparatus and synchrotron radia- ]

tion. From measured pressure-volume-temperature data, ffg/ation-of-state calculation

equations of state fé&2,/c and highP C2/c clinoenstatite were First, the pressure-volume data at room temperature for the

derived using a third-order Birch-Murnahan equation of state2,/c and highP C2/c phases were fit to a third-order Birch-

Murnahan equation of state, which is given by:

P = 312K, [(Vo/V )"~ (VoV )*{1-3/4 (4-K[(Vo/V )**-1]}.

(2
In situ X-ray diffraction experiments at high pressures and )
high temperatures were performed using the MAX 80 syst cond, the entire pressure-volume-temperature data set for the

(Shimomura et al. 1985; Yagi 1988), a MAC high-pressure a L_qh-P C2lc phase was fit to the high temperature form of a
paratus combined with synchrotron radiation, at the Natioriyrd-order Birch-Murnahan (HTBM) equation of state (Saxena
Laboratory for High Energy Physics (KEK), Tsukuba, Japaﬁ.nd Zhang 1990). The HTBM equatloln of state used here has
The sample assembly and experimental technique are esélgﬁ_sam'e form as the Equation 2, Ky, andv, are replaced
tially the same as that of Irifune et al. (1998). The hybrid anVi) Kr. K andVy which are the values at temperature to incor-
system, consisting of four tungsten carbide (WC) anvils aR@rate temperature effects; andVr are given by:

four advanced diamond composite (ADC) anvils, was used for
the second-stage MA 8-type anvils (Irifune et al. 1992). The
incident synchrotron X-ray beam was directed onto the sample
through the anvil gap via a %0n horizontal slit and 30QAm O P2ije )
vertical slit. The diffracted beam was collected via gub0 15001 & P24jc+ C2/c
horizontal slit and 50Qm vertical slit. A collimator that has a< 0 C2lc

50 um horizontal slit was also used to collect the informatiog, - Pbea

from a limited region of the sample. X-ray diffraction experi§
ments were made by the energy dispersive method at a fix8d 1gog |
20 angle of 4.0 using a white X-ray spectrum. The precife 2 2
scale was calibrated using the (111), (200), and (220) refl%-
tions of gold at ambient conditions. Synthetic pure MgSi®-
low clinoenstatite with space grof2,/c was used as a start-
ing material. The powdered sample, mixed with Au powder for
the pressure standard material, was enclosed in a capsule made ~ [&) ——» (I 9 P
of cemented amorphous boron. TiC twin-sheet heaters were 0 5 (i (@ 10 15
used, and temperatures were measured by a W5%Re-W26%Re
thermocouple. X-ray diffraction patterns were obtained from
the sample and the Au pressure standard material close to the o
thermocouple junction, and temperature uncertainty was thysF'GURE 1. Temperature-pressure paths of the in situ X-ray

e?ftlmtamd ttcr)] be Ilests thant.~50f K. NOé:l\c;IrlieCtlon for tlhedprsessg)vgindicate the identified phases. Diamon@2#c low clinoenstatite;
effects on the electromotive force ( ) was applied. eMiicles = highP C2/c clinoenstatite; triangles B2,/c + highP C2/c;

sintered magnesia, ml?(ed W'th_ a trace of cobalt, was used éaﬁares Phcaorthoenstatite. The sample was first compressed to 9.7
the pressure transmitting medium. Pressures were calculatgh at room temperature (point b). Then, temperature was increased
by the refined unit-cell volumes of Au and measured temperg-1173 K at a constant press load, which resulted in the decrease of
tures, using the third-order Birch-Murnahan equation of staéemple pressure because the pyrophyllite gaskets and pressure
for Au (Anderson et al. 1989) as follows: transmitting medium flowed (path 1). The sample was then quenched

_ 3 5 to room temperature, where sample pressure became 7.3 GPa (d). The
P (V, T)-P (Vo, 300) = 3/2K, [(Vo/V )" =(Vo/V )*J{1-3/4 sample was compressed again up to 10.7 GPa at room temperature (e),

(AKN(V/V )P L]} + [ 7.14% 107+ (OK/OT )yIn (Vo/V)[(T-300),  and then temperature was increased to 873 K (f), following path 2. In
(1) this heating process, sample pressure was slightly increased probably

with values ofK, = 166.65 GPaK, = 5.5,V, = 67.85 &, and because the strain in the cell had already been relaxed. After the sample

_ 3 o was quenched (g), temperature was increased again up to 1473 K,
(0K4/0T )y = ~11.5x 10 GPa/K. The unit-cell volumes of Au following path 3. When the sample was quenched, pressure dropped

were refined by the Ie_ast-squ.ares technique using the (1:][91)7.3 GPa (i), and then the sample was decompressed down to 4.0
(200), and (220) reflections. Differences of the pressure calgipa at room temperature (j). After the sample was compressed again
lated from the different peaks of Au in a same run are less thams.0 GPa, temperature was increased to 1473 K(l), following path 4,
0.4 GPa and no systematic errors have been observed amumgthen the sample was quenched and slowly decompressed to
them. atmospheric pressure.

EXPERIMENTAL METHODS AND ANALYTIC PROCEDURE
In situ X-ray diffraction experiments

500

Pressure (GPa)

action experiments. Symbols at the points alongRflepaths 1
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K; =K, + (0K/T )p (T-300) 3) lapped with each other due to the elastic strain that arose in the
0 ; sample (Fig. 2b). However, the diffraction pattern wasPR2ill

V=V, H:)(pDI q(T)dTED (4) ¢. With increasing temperature along path 1, the diffraction

Lo EB peaks become sharp by the relaxation of the elastic strain in

In this study, we used the following expression for the thernthle sample. When the sample was heated to 873 K (c) on path

expansion coefficient: 1, the diffraction pattern o€2/c appeared along witR2,/c

(Fig. 2c). After quenching the sample to room temperature (d),

aM=a+a T, ®) theP2,/c andC2/c peaks were both observed (Fig. 2d). During
wherea, anda, are constants. In the present HTBM equatiotie compression to 10.7 GPa (@}/c peaks gradually became

of state calculatior; = Kj was assumed and all six fitting pa-stronger andP2,/c peaks became weaker. In this process, the

rameters were simultaneously refined using a Marquardt methbthadening of the diffraction peaks was inconspicuous (Fig.
2e). When temperature was raised to 873 K (f) along path 2,

RESULTS AND DISCUSSION Pgllc peaks disappgared and o@g/c peaks were observed
) ) i ] (Fig. 2f). After this, in the whole course of path 3 and up to
In situ X-ray diffraction patterns and lattice parameters point (k) on path 4, the diffraction patterns showed only the
The obtained X-ray diffraction patterns at the points a—l a@e/c phase (Figs. 2g—2k). When temperature was raised to 1473
theP-T paths in Figure 1 are illustrated in Figure 2. In the inK (I), howeverC2/c peaks disappeared and orthoenstatite peaks
tial compression up to 9.7 GPa at room temperature (b), thith space groupbcaappeared (Fig. 21). The phases detected
width of diffraction peaks became broad and close peaks ovare also shown by the symbols on Ex& paths in Figure 1.

£ 9.04GPa
z 300 K
3 =
. 9.69GPa £ _ 11.92GPa
g 300K = § 128K
2 z
1 g
C P2,/c+C2/ 2 g o2 dra
- o+ Cale ¢ - § 300K
= = = F
[72] & [72]
[ o e C
- d P2/c+C2ics $ _ 7.32GPa £ 8 402GPa
1 8 < é 300 K 2 2 300 K
- 2
P2,/c + C2/c 10.68 GPa 5 8.73 GPa
300K : g 1173K
2
2 [y 4
£ § 11.27GPa 5.72 GPa
2 2 873K 1473 K

30 40 50 60 70 80 90 100 110 80 90 100 110

Energy (keV) Energy (keV)

FIGURE 2.Energy-dispersive X-ray diffraction patterns of enstatite at the indicated pressure and temperature taken at the feignisea—| in
1. The arrows numbered 1 to 4 on the left sides of the patterns correspon@-bpaehs 1 to 4 in Figure 1. Reduction of th@(Preflection
of P2,/c and splitting of the (310) reflection into two observed-in show the transition from tHe2;/c to highf C2/cphase. A typical pattern of
the highP C2/cphase is shown iin The reflections indexed f@2/care marked with C ig, d, ande.
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' TaBLE 1. Unit-cell parameters of enstatite at various pressure and

Protoenstatite (Pbcn) temperature conditions

1500} /4 o ° E P(GPa) T(K) a(h) b(R) c(A) B(®) V (A3

< Orthoenstatite P2:/c
< (Pbca) ©) ° 0.00 300 9.599(3) 8.816(2) 5.170(1) 108.16(3) 415.8(2)
o N o 1.40 300 9.520(5) 8.776(3) 5.147(2) 107.81(5) 409.5(3)
2 o 4.22 300 9.413(2) 8.750(2) 5.111(1) 107.65(2) 401.2(1)
S 1000 6.98 300 9.388(3) 8.695(2) 5.046(1) 107.61(3) 392.6(2)
é’_ o o 8.00 300 9.370(3) 8.651(2) 5.036(1) 107.34(3) 389.7(2)
oy : : 8.32 300 9.357(4) 8.648(3) 5.035(2) 107.31(5) 389.0(3)
2 Low . H|ghCI;’/CI|noenstat|te 9.69 300 9.342(6) 8.613(5) 5.014(3) 107.27(7) 385.2(4)
Clinoenstatite (C2/c 7.66 573 9.390(4) 8.703(3) 5.057(2) 107.65(4) 393.8(2)
5001 (P24/c) © 8 | 6.95 873 9.420(3) 8.722(2) 5.096(1) 107.72(3) 398.8(2)
6.61 1173 9.479(5) 8.750(4) 5.134(3) 107.83(5) 405.4(3)
7.32 300 9.378(7) 8.672(5) 5.042(4) 107.50(8) 391.1(4)
) EE—T 75  8.69 300 9.345(4) 8.636(3) 5.033(2) 107.30(5) 387.8(3)
9.20 300 9.353(6) 8.629(5) 5.024(3) 107.29(7) 387.1(4)
Pressure (GPa) 10.68 300 9.305(2) 8.593(1) 5.0106(9)107.25(2) 382.6(1)

FIGURE 3. Observed phases by the in situ X-ray diffraction c2lc
experiments superimposed on the phase diagram of enstatite. &6t 1173 9.289(3) 8.713(2) 4.952(2) 101.69(3) 392.4(2)
symbols, see Figure 1. The orthoenstatite—Riglinoenstatite boundary 7.32 300 9.225(5) 8.610(2) 4.907(2) 101.51(5) 381.9(2)
1is determined from the quenching method using a MAC by Pacalo &P 300  9.160(8) 8.603(3) 4.901(2) 101.50(6) 378.5(4)
Gasparik (1990), while the orthoenstatite—protoenstatite boundary 4 s, 300 9.128(5) 8.598(3) 4.902(3) 101.46(10)377.0(3)
parik (1990), p y 300 9.095(8) 8.578(4) 4.887(4) 101.41(5) 373.8(4)
from Chen and Presnall (1975) The boundaries 2 and 3 are Calculqtf:gz 573 9102(7) 8567(4) 4896(4) 10144(14) 3742(4)
by Angel and Hugh-Jones (1994), using the room-temperature equationg7 873 9.119(5) 8.594(2) 4.899(3) 101.49(9) 376.3(3)
of state for orthoenstatite, low clinoenstatite, and Hgtiinoenstatite 9.23 300 9.125(5) 8.597(3) 4.901(3) 101.43(9) 376.9(3)
combined with the B/dT slopes of the orthoenstatite—high- 9-04 300  9.133(7) 8.603(3) 4.905(4) 101.47(13)377.6(4)
clinoenstatite boundary by Pacalo and Gasparik (1990) and 1o 573 9.117(7)  8.596(3) 4.900(3) 101.44(10)376.4(3)
- . . 1.35 873 9.118(4) 8.592(2) 4.899(2) 101.48(8) 376.1(3)
orthoenstatite—low clinoenstatite boundary by Grover (1972). 1175 1073 9.124(3) 8.589(2) 4.900(1) 101.54(3) 376.2(2)
11.92 1273  9.184(3) 8.593(2) 4.892(1) 101.61(2) 378.2(2)
11.14 1473  9.224(3) 8.626(2) 4.912(2) 101.62(3) 382.8(2)
7.11 300 9.207(3) 8.620(4) 4.915(2) 101.52(4) 382.2(3)
7.01 300 9.219(1) 8.624(1) 4.9139(8)101.52(2) 382.8(1)
The phases observed here are superimposed on the pbhase 300 9.235(3) 8.638(2) 4.911(2) 101.54(3) 383.9(2)
diagram of enstatite previously reported (Fig. 3). Our in sifiP4 288 g-gggg; 2-222% j-gggg; igiggg; gg?ig;
X-ray diffraction _experlm_e_nts _conflrm that t_he monoch@w_ _ 300 9.277(4) 8709(5) 4.943(3) 101.60(5) 391.2(d)
¢ phase has a wide stability field on the high pressure sidesah 300 9.249(6) 8.682(5) 4.940(3) 101.59(7) 388.6(4)
orthoenstatite and low clinoenstatite. Although most of ttfe52 573 9.247(3) 8.666(3) 4.922(2) 101.61(3) 386.3(2)

873 9.233(3) 8.640(2) 4.920(2) 101.59(3) 384.5(2)

observed phases are consistent with Figure 3, a large presﬁ@ée 173 023003 8063 49170) 101040 30550

hysteresis of thB2,/c-C2/c transition at room temperature was
observed. At room temperature compression, low clinoenstatite Pbca
was observed up to 10.7 GPa, and HRyB2/c clinoenstatite 572 1473 18.179(1) 8.768(2) 5.1432(9) 900  819.8(2)
did not revert to th&2,/c phase even at 4.0 GPa on pressu te: Estimated uncertaintigs in pressure and temperature are less than
K . K and 0.4 GPa, respectively.

release. This pressure hysteresis is larger than that observed by
Angel et al. (1992) using a DAC. This difference in pressure
hysteresis between both groups may be due to the fact that non-
hydrostatic stresses arose in a MAC or the run durations used
here are not long enough for the transition to occur. Also piessures between 4.0 GPa and 10.7 GPa at room temperature,
Figure 3, some points such as (c) and (c') are not consist@nd the differences seem to increase with temperature (Fig. 4).
with this phase diagram of enstatite. However, the time dura- Thep angleof theP2,/c phase varies from 107.8 108.2
tions and/or temperatures of the present in situ X-ray expewiith pressure (Fig. 5), showing very little variation with tem-
ments at those points will not be sufficient for the phageerature and pressure, whereasfitangle of theC2/c phase
transitions, and the direct application of the present data to ##gies from 101.2to 101.7, also showing little variation with
analyses of equilibrium relationships of the phase diagram vigimperature and pressure. The latter values o€#ephase
not be adequate. are about 8smaller than that of the high€2/c phase reported

Refined unit-cell parameters at the indicated points on thg Smith (1969), and also abotft gmaller than that of diop-
P-T paths are given in Table 1. The unit-cell parameters of thigle (Clark et al. 1969) that hasC&/c structure at ambient
high®? C2/c phase at 7.32 GPa and room temperature in tifignditions. Hugh-Jones et al. (1994) performed the room-tem-
study are in good agreement with those of high pressure in gigrature single crystal compression study using a DAC and
single crystal X-ray diffraction study using a DAC at 7.93 GPsuggested that the structure of the hiy82/c phases are sig-
and room temperature by Angel et al. (1992). The unit-calificantly different from those of the high-C2/c phases and
volume of the higt? C2/c phase is constantly about 16 A C2/c pyroxenes containing Ca. Our in situ high pressure and
(2.5%)smaller in the unit-cell volume than tR&,/c phase at high temperature data confirmed their suggestion.
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TABLE 2. Equations of state parameters of low clinoenstatite and high-P clinoenstatite

) Ko Ko (0K0T), a(MN=a+a T

(A3 (GPa) (GPa/K) a,(10°K™?) a,(108 K?) Reference
P2,/c

415.4 (5) 108.5 (6.4) 4.5 (1.3) - - - This study

414.6 (1) 111.1 (3.3) 6.6 (1.1) - - - Angel and Hugh-Jones (1994)
C2/c

405.1 (1.7) 106.4 (17.4) 5.4 (2.7) - - - This study

405.0 (2.6) 106.9 (25.9) 5.3 (3.0) —0.021 (10) 2.01 (44) 2.10 (1.1) This study

405.6 (1.1) 104.1 (5.7) 6.6* - - - Angel and Hughes-Jones (1994)

* This value was fixed during the least squares refinements.

420 T 1 T 1 T T T T 4 T 420 1 M 1 T 1 M 1 N T 1 T
| 0 P2,/c
410} . 410 - o C2lc
~~ ~~
o o
L 400} . <C 400 | .
o S
) ] [0}
£ £
3 390} . S 390} .
) &)
> ] >
380 | - 380 - 2 .
5°7>873 ]
370 l " l L 1 " 1 " 1 " l " l L 1 370 1 " l L l " l L l " 1 n 1
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12
Pressure (GPa) Pressure (GPa)
FIGURE 4. Variations of the unit-cell volumes d#2,/c low FIGURE 6. Comparison of the pressure-volume dat@®2fc low

clinoenstatite and higR- C2/c clinoenstatite with pressure. Solid clinoenstatite (squares) and higlG2/c clinoenstatite (circles) at room-
symbols correspond to the room-temperature data, while open symtielaperature between the present study and the previous single crystal
represent the high-temperature data. Error bars in volume are smadbgreriment using a DAC (Angel and Hugh-Jones 1994). Solid symbols
than the symbol size. The labels next to the data points are tlerespond to the data of this study and open symbols are from Angel
temperatures in K. Squares represent the data d¥2jie phase and and Hugh-Jones (1994). The solid curves represent the equations of
circles are the higl® C2/c phase. The solid curves represent the bestate for theP2,/c and highP C2/c phases.

fits of the room-temperature data using a third-order Birch-Murnahan

equation of state.

110 T M T M 1 T T T T M T 1 420
[ o P2,/c
873
| 300 K O C2/c o~
 n 1173 ™
: ] (]
~ 106} . g 400
o I 1 ©°
w« | ] z
104 | . D 390
- | ¢
: 1473 +
102 | soorf_ﬂsj119113:.;_3)111.73‘5:97_3 8;3/1273 5 380
: / 1073
| 573 873 ]
ool 0 370 L— : '
o 2 4 6 8 10 12 14 0 2 4 6 g 10 12 14
Pressure (GPa) Pressure (GPa)

FIGURE 5. Variations off3 in P2,/c low clinoenstatite (squares) and  FIGURE 7. Calculated isothermal compression curves of liRgh-
high-P C2/c clinoenstatite (circles) with pressure. Error barf sare  C2/c clinoenstatite between 300 and 1473 K using the determined
smaller than the symbol size. Solid symbols correspond to the roofiFBM equation of state. Solid circles denote the data obtained at room
temperature data, open symbols show the high-temperature data. tEhneperature and open circles are the data obtained at high temperatures.
labels next to the data points are the temperatures in K. Solid lines are
the linear fits of the room-temperature data.
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Equations of state C2/c phase even at high temperature, as suggested by Hugh-

Table 2 lists the parameters of the room-temperature eqd@"es et al. (1994). The unit-cell volumes of the tRgb2/c
tions of state derived by least-squares fitting of the room-teRf1ase are about 10°A2.5%) smaller than those of tRei/c )
perature data of higR-C2/c andP2,/c clinoenstatite (Table 1) Phase at same pressures and room temperature, and the differ-
to Equation 2. The fitted isothermal curves are shown in Fi§0ce between both phases seems to increase with temperature.

ure 6, along with the previous results of Angel and Hugh-Jones

(1994) for comparison. TH&, values determined here are nearly ] ) - )

the same as those of Anael and Hugh-Jones (1994) for both.th The authors are grateful to M. Miyashita, N. Kubo, M. Isshiki, Y. Yamasaki,
g gh- ( ) l\tl ﬁishiyama, and T. Uchida for their helpful support for in situ X-ray diffrac-

C2/c andP2,/c phases. Although th&, values for both thB2,/  tion experiments, and T. Katsura for his computer programming techniques for

¢ and highP C2/c phases are consistent with those of An finement of the equation of state parameters. We also thank N. Funamori, T.
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