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Abstract

The crystal structure of 8-Mg,SiO, has been refined using a single crystal synthesized at
185 kbar and 2000°C, by means of X-ray diffraction data. Magnesium and silicon atoms are
completely ordered on octahedral and tetrahedral sites, respectively. Octahedral distortions
are smaller in MgOs octahedra and greater in the larger unoccupied octahedra, (JOs. The
density increase involved in the a—f—>y phase transformations is mainly attributed to the
volume decrease of unoccupied octahedra. The distortions from regular octahedra and the
octahedral volumes in the 8-Mg,SiO, structure are much smaller than those of a-Mg,SiO,
and the octahedral distortions and volumes of MO and [JO, will be further decreased in as-
sociation with the 84—y phase transformation to the minimum degree observed in 8-Mg,SiO,.

Introduction
The presence of a complex mtermedlate phase in

the high pressure transformation of oli-"

vine(a)—>spinel(y) was first pointed out for composi-

tions close to nearly iron-free (Mg,Fe),SiO, by Ring- -

wood and Major (1966). This intermediate phase was
confirmed to be a stable phase by Akimoto and Sato
(1968) and Akimoto (1970) by analogy to new high-
pressure polymorphs uf Co.SiO, and Mn,GeO,
which were subsequently designated as the “f-
phase”. A number of phase equilibrium studies of
Mg,Si0,-Fe,SiO, were subsequently initiated, be-
- cause the phase transformations a— fS—y of this sys-
tem are believed to directly involve the structure and
constitution of the trausition zone in the earth’s
mantle. For example, phase equilibria in the system
MgO-FeO-SiO, and in pure Mg,SiO, up to pres-
sures around 200 kbar were reported by Akimoto
(1972) and by Suito and Kawai (1979), respectively,
and the post-spinel phases of Mg,SiO, were studied
by several investigators such as Kumazawa, Sawa-
moto, Ohtani and Masak1 (1974), Liu (1976), Ito
(1977) and others.

The crystal structure of the f- phase was deter-

mmed by Morunoto, Ak1moto, Koto and Tokonam1

(1969) for a single crystal of Mn,GeO,, and almost si-

- multaneously by Moore and Smith (1970) for a pow-

der specimen of (Mg”Nlo,)szO‘ synthesized by
Ringwood and Major (1969). Follow:ng the determi-

nation of the crystal structures of the aforementioned
compounds, those of B-Co0,Si0, and Ni,ALSiO,

ITI(B-phase) were also studied in detail by Morimoto,
Tokonami, Watanabe and Koto (1974), and Ma and
Sahl (1975), respectively.

Precise studies on the crystal structures of B- and
v-phases of Mg.SiO, have not been carried out be-
cause of technical difficulties in obtaining single crys-
tals large enough for single-crystal investigations, al-
though its prime importance has been widely
recognized in the investigation of mantle substances.

In this work, the crystal structure of pure B-
Mg,SiO, was refined using single crystal X-ray dif-
fraction data. The crystal structure is described in de-
tail in comparison with the a-phase of Mg,Si0,.

Experimental

Smgle crystals of B-Mg,SiO, were synthesized
from powdered a-Mg,SiO, crystals at 2000°C and
185 kbar by means of a multi-anvil-type high pres-
sure and high temperature apparatus. The run-time

0003-004X/81/0506—056“30200 P! 568




)  B~Mg2SiO4:fStructural'studies,on a single crystal
R i by i, | |
. hiroyuki HORIUCHI and Hiroshi SAWAMOTO |

" Fobs and Fecalc Tables

“CENfROSYﬁMgrRIC

‘;SCATTERING rncron TASLE 1 |

12, 000 11.507 104472  9.502  R.735  £.078 7.4 €.817 L
66196 54595 54036 4,527 4.059  3.652 3,297  3.013 ak

24729 24527 2.317 24170 2.022 1,917 1.812 1,736 i
T ey e Ot i iiines Ne G D Co

‘1¥scnrrspx~5 #AcroqirAeyEf >

a0 e 719 60240 5,767 56312  Le878  Le47) 4,110
B TS0 T B GS R B1AL 249337024702 26524 2344 2.211

"séht;ERINGfEAtTO§ Taalctﬁz'”
’ 45 R LTI NI A2 LG ROR . T4 0BI 3, 4RQ
2 312 2.115 1e946 . 1.516 1716 100061

150443 71,6297 1,377 0 12338 1,293 . 1,240
.V;n.j'>~-'n, GRS Pia it e NP A S Oe

RT3 ‘ T
0N ey S ima,
Gy g0 s T Ly

“'YKP(iwz).._,n(x,3> ) T
fv. Ofcare By ity il T 0
O' -1-00 Je v 0Oe
o UG Y s T e e D 1 T 0.

‘1,9(rp2) TS U S R T(1)

: R I 0o :

BEATn - 0.5000000
‘-1000 'On

i n<1,3> ; T(1)
gie ;‘1.‘ .': e . Do
o ) g P s (e SN0NND
: '»11.00 R e § W



xmnmv30n>r nmrr v>v>3mamnn

SCALE = 0. 863110 ao = 0

CATOM r»mmr . X ,,“_<.
M(1). 0. 0,

S T
LA P o De T Na1198
P init 0 (1) 5 Qe it L N 2800
L 02 Y 0 042500
il € )

0¢6):

Oe vagm

- ATOM r»mmrm

SCAT,

,z.,v.
Dot M (2)
i MO 3 ) s
R e, e
Lo (Y
FRIET00R)
LR 003y
: uaavd

0
0
0
0
0
0
0
c

_h[uwdu(mea-ia

Oe 0002647
#me2Y 0 0.2500

02560 061276 . ,
D.51568 NNN156  NINNLD
De?2144 000293
0s7166 N,00337
QQVJM_&

i i tegnn : 1107500 7
: ,s»oev@._o.oamom 0.07057  0.0N134 =0.0NNNG

Ne1225
.mawxamtonncv‘.onn>q

. ‘_ s JJ:
1,001

0250
0o JDC,.
0.500
06250
0500
1000

ERBOLLE
marooa_
1,090
1,090
4000

0175690 o.onwawo, 0121020000 iR L n T s

7 TEMPERATURE FACTOR DATA

0.00106  0.00166 0,
D.9712 N.00353 0,0NN81 0.,N0128 N,
02807 N,NN304  D,00034 0,00147 0, -
. 0.00084 A,

D.00068 0.NMG138 Q.-
: S 0.0NN13 N,0N17380 N, -
N.00327 NONNG7  0,0N107 0,

1000

GF 1S




. c:oc:c:czoc:o:3c:o::c>o;:c>q:;c>cc::>oc3;:o::c>o:::>o<:c>o:3::9:3::0:3&)0c:c:o::c:c::c:o::x

ONVNUWL2P AT B BN

o
i

a
&~

LCL RNV IRV, IV RV BV RV IRV |

1135

- 384

- 1895

1042

- 765

4%

Fo FC
60 69
818 =R14
176 =172
2565 2450
113 119
440 =450
212 =227
1125 1112
119+ 37
g -3
10« 9
337 333
75 39

) nﬁ' - Q
174 172
238 290
22¢ =33
Ne 11
1158 111
26 % 47
504 =411
115
1710+ 84
172 173
17= 12
‘?\i’ -90
22 7%
131 - 174
1192
749

738 =771

iN3s =1930

5393 577
1973
-4 13
S71 =559
157

140
6S5%
23%¢

LRw
2AG
157
459
27¢

AT

259

126
355

=118

7353

M hpes

167
129n
1570,
L4770
2464/ o
N3
«37 .

ol A
LeR
=275 50
<668
Ty R
331 333 sy
A YA
-33I8 .
g
30 L B

LSOO 00UID00LO0DDOUCIDUICIINUIDN0NIII0NUDI00GONOO0DNOGD =

]

o
7
e
A
6

8,
0
2

R T

NI W= DPSNNIDI NN NN DN I VI N =D~ N

— ed b
ISy

s
- On

b ed D )
A NVARES IR ¢ BN IRV, IRV ]

-
e

W S N D NS N

N -

4\0’90\'{)000&)}{»'}‘. WWX XNNSNSNNNNNTIPOORAIRAIIRIWN
2
JO
-

b =D - Y 30D DD
N e T .
PN DO D PO N W

L R N

-
N

b B
VY
pary
L% ]
ﬂ
i,

=232

LA 8 M
=294

1504
e Phk
PR
G B e iy
el 97
L
‘?1417ftf'
AT
Sl ARl
Ryl o
S92l
=124
180
ot
ﬁ?f5?7g ﬁ_
364

Liasgn R

15558
=158
Lme

234
=53

-114
61 .
145

Cm BB
14
274

iR
=179
=g gl

335

'325    ~

hie

=101 s

1‘9SfJ

.__vf’f’."‘—’v“j‘v-“_-—'{‘o&v—a—ax—‘b,-‘b_f_a:a._n__y-_a.a.a.a....a.n_a_a..A.a..a‘.‘.'.a_a...;..n_a..u.a._\..\.a..a_a..a..._a.a.a_n.a.a._az :
SN DN A O~ A L -

NNTRERAEIIRNNNNANNUNUDNU S S NS S DSBS NG W NG WA NN RN N RN R R b = =5 s s b = s

1287

652

© how
6638

- .82%
" 281 =271
441 . =430

267
528 ey
RPN 727
e
96

3 LAT
o393
Y
b9n
GR QR
233,
293 =297
.. 239
Ll 0w

L9N4

) FC
1782
100 93
13# 25
117 =133
645
136 1273

D¢ =22
118
=451
§4%. =545
342 354
85246

134 126

ST21 0 328
RN kY
S1n%?

=85
1069
120
253

119

125
w73
17313’
38N
=547

27

212
LPRRE

23R

0% 440

112
663
L =32

=8
- 318

=TNA
=406
319 -

264 =258

ey e
186 188

LR4

; 889
L0 e
a5 .
L 20% =36 .
AR
Lo AHN LR
S 10Re
,T‘bét
U334
L Th4 354
by2
33
398
L 186 A7
w322 0
L T74% =146

«n2 -



-
A

VA el
DA

-4 2220303020300

e

 L QQTFQ UG
PN 0g g 2
S? 210 209
S 6 e 41
7.0 Nw 62
7 - 30s 308
7016 134
8 498 486
8 196 =199
R 226 239
8 602 =405
B 344 351
B L 9% &4
R 138 192
9 334 =340
9 41+ 97
9. 488 L87
QYR 182
9 29 =275
9 31* =10
9. 296312
1 213 =217
10" 279 =230
1N 139 179
AN 224705223
SN 138% =149
S10 257 =242
S1YV00015700 164
221107208219
A e
1100189 770
ST 0132000y
110163+ 167
G2 et w2
1207264 =269
Y2 T4 D82
SY2 Enan el s 280

NNN'\JNNNNNNNNNNN-\JNNNN.\JNNNNNNNNNNNNNNI : ;

SN A NN N R NS U R D N NN R o

BRENONV AR

' u.a_{g
DNV WD

- —
W =2

15

CHUUUAWAAANVNNNNNNNA - s e

u-uﬂ-q5avxaoo~5chm:>¢.»o»mghuvm.nuwm.n:-ac~ac~a4>¢

eyl

91

FO. <
193 =133
260 =248
334 318
35S =251

: 32¢ =45
L 75% =58
108 10¢
119 101
T 43e =7
0= =9
146 135
0= 18
27 7
283 =272
233 223
272 =264
146 =154
103« =81
112+« 78
248 =259
1690 =149
- 811 =799
138 13n
- 2452 2523
218 222
60S =693
18 - =7y,
1329 1314
179 164
334 0 =33,

N0 303
126 =133
C139.0 133
. 82« =43
35S . 345
2 10Ne =10, -
110= 8¢
o 0+ 97
o360 =37
34r =51
16% 149
.88
D% =55
98 «11g
126¢ 134
72« 4y
L De =74
500 =30N
914 =91t
712 - 799
L3900 3BA
372 =377
678 =673
310 319

uJﬂ‘AJGW\AU‘wLMunw.ﬁb‘w\duﬁw\dulwxauﬂv

A\)NN‘VN'\J.\JNN’\JNNNNNNNNNNNNNNNNNNNNNI

- b s
2SN VDI NNDV X

W - O dun W

—b s

2 s
TN D

-— wd D D i
}:»n::-uu~w-ao-quwu-a

V0O 0VOVOVOOOCWW 0 X IDI Y~ ™

m?“N,Q—')bNDO\IU\@—‘Om‘)bNO

12

- - -
w&ﬂudurUN)N'vhJNfum)m-a—»a-4—04-4~hd,um

Fo
195
93
347
521
208
SNe
286
319
Ow
376
S3*
39
236A
3464
SRew
N
229
N«
172
N«
139
25e
S1e
198
14,
174
22+
543
317
£17

324
N4

29R
12«
R2q
1Rw
yoo
PR
599
29 %
24«
L7 4
IS
331
4573
227
391
127
2964
Hie
R YS

112

18w
3¢«

FC
205
99
361
s0?
204
A9
315
08
66
378
&s

26

2 IR
33
91
35
239
=25
=763
=11
181
=34
74
=102
110
-170
43

325
417

352

78
236
=31
2hHA

62
118

=110
49N
9s

37

=465

-4h1
317

650

=23hA

=R
110
207
=79
1n34
101
61
-10

e e A



PN P ENDNW2ADI D VUD O NN

L
3
"3
3
G
g
L5
SaEE
toa
Y A
P
6
A
L
b
4
&
b
Ll
AT
b
il
Sl
4
4
A
l. »»
b

~N




WA NW A AN NN~

3 .
o
i
7%
A
4
AR
i
3
8
3 5 .v.(',
S T
5.5,
D5
A
R
 6ij
e
S
6
T
75
i
FIN AR
7
P
8.
8
]
8
8
o
9
9.

- s

ND.DJ‘&\)fDN—'O\lU'

- wd

R :
q):}c~$.3«ea O ~N AN W -2

ND 2O NNy

MWD B e

L s s e R
HWNLENVIWWIPPNVDINDVR

=8

o e e 1 R X
10, 157« - 133
A O 81
11 163« 164
N LRI 477
SO UNERY ¥ 35
S0 794705772
0 94 -80
0 365 3464
0 O« 87
) $26 495
0 153 =152
1 490 477
1 L6465 633
1 321 =311
1 357 =348
1 403 3RS
1 350 352
A Thwe =111
2 131 119
2 18« =1n
2 i* =S50
2 27+ S4
2 S¢= 609
’ LbRe =3y
2 N+ =18
3 O 57
3 18« - =78
I 117+ B4
3 182 =18%
3 53« e?7
3 f* ~35
3 22+ 47
4 679 =451
b 0% 4D
4713650 1355 L
e R PR KT
4 381 =379
& . 22= =57
4906 . R97
550000131, 00,140
) i Q4w =92
S i 6% B8R
e 8 O« 9
LSHEL 20009 202
S 0 =h0
) N - =50 .
SR O %o 5100
S-S B LA K R
SRR D 52
AR08 eRR L
NEl Al -
el ni326 - =320
C7. 869 =562 ¢
L7 a3 44
- vi -

5 -3
'3'7)7‘l"\)‘?—‘O\JU’*H-".D’NO‘b'\lDNOU‘Ul-")’)?‘bNOO\I’(

-

'y

TENDA SRV SN UW L DD N T O

—~D )

_ OT?O:;m:nv~qﬂ~q$<>®i»u~munm\nb¢~a:~b

O D000 BB ™

ANIA A W W W NUNINI AU RS s s s s s

F0
255
248

127

217
310
36w
25%
238
Ow
(8R]
1884
Ne
103
22t
2919
QL%
3L
A7 %
25R
281
191
272
1h2%
265
5R1
189
Ne
18«
LEE
189w«
1473
104
196

B -2

24
571
25
217
ey
LA?
295
262
179
217
113
LA

S 1A7

A

- 303

N«
1102 .

Nw
245

bty e

FC
262
«263
97
236
305
140
he

237

58
=13
148
=35

110

-9
389
40
R8

“LR

=254
270
187
272
=150
=231
SR?
57
RS
=18
L7464
Q4
139
=108
188
«1N4
132
SA7
5N
=236
=35
CLAA
2Nns
251
=106
AR
123
96
164
100

251

=66

1172
25
-279

§7




er\;d;4-54.¢:jp3‘, 

® VPP P®OPOPET
SNOONWVW e bb

::f;;; Fo i
977
Dl e
0w
cliine
Ne
24
. 4R

974
23

31
75

=25

21

20
w22

99 00 .0 3020 X0 0 W T
R VR N VP

D-NDVJ'W-—'&.)R

v 4 :

LR TR e
" 0= 13 0]
388 . 382 ..
269 268 T
277 =270 0

410 =4n1
AT B TR 1 e
ERRrA- L R YA
PR QAR

i

N sV S

00OV WMP WO T
ANONDV e R

AN
20+
o 108%
2658
. 300
IR RE T
- 29w
136
D
L2001

FC
105
=122
=249

277

. u-91

-7
-1564

-195




