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Fig. 8. B-y phase transition curve and the a-8
phase transition curve in pure Ng»$i0,. The coesite-
stishovite transition curve is also shown.
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FIGURE 12-1
Phases observed in the system FeSiOy-MgSiO, at pressures up to 200 kbars
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FIGURE 12-12
The idealized structure of perovskjie

CaTiQ,.
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A Ca atom is @ the cube
centre, and the T+ O oclahedra arc
shown diagrammatically. {(Afrer Naray-

lmeaite
FeTiQ,

FIGURE 1192
verlical,

Enstatite
Mg,Si,0,

FIGURE 1133 Crystal structure of eastalite, a axis

vertical.

FIGURE 12-2

Phases present in the system MgGeOy
MgSi0, at pressures up (0 | 70 kbars and ‘
at approximately 1000°C,
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Teblke 12-2 COMPARATIVE MOLAR VOLUMES OF COMPOUNDS
POSSESSING  ILMENITE STRUCTURES AND
FORMED FROM END-MEMBERS POSSESSING
ROCKSALT AND RUTILE STRUCTURES
Leoc e rmical
Molar volume V oxide volume v Avfe
- Compound {ca'} tem?) 1%)*
CdTiOs 35.69 1019 e
CoTi0, 1103 10.44 0
MgGeC, 29.14 791 44
MgTiO, 1086 30.05 27
MnGeO, 31.28 29.88 4.7
MnTi0, 3276 3oz 23
MnvO, 32.01 310 2.9
FeTiO, 369 30.84 28
NiTiOy 30.56 9.7 2.7
NiMnO, 28.42 1158 0
CoMnO, 9.4} 28.25 4.2
MgSi0, 26.40 2526 4.3 (assumed)
FeSiQyt 24.87 2391 4.0 (assumed)
Arm V-,

IFc™ in low-1pin configuration with mdius of 0.6] A {Shannon and
Prewint, 1968,

Ringwood(1975)
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FIGURE 12-3

Diagrammaiic comparison of the distribution of metal atoms in corundum and il- :
menite. The siruciures are viewed on (2110). Horizonia! lines A, B indicaie the
positions of the close-packed layers of oxygen atoms. (From Wells, 1962, with
permission. Copyright Oxford University Prers. By permission of the Clarendon
Press, Oxford)
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Plot of A and B ionic mdii for A**B**0, compounds possessing pyroxene. il-
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dicate high-pressure transformations. (From Ringwood, 1970, witk permiszion.) |
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Fig. 6. The Vp-p plots for smantle candidate phases and the
mantle materials at ambient condition. Perovskite L, Liu
{1976a}; Perovskite 5, present work; Fe0, Sumino [unpub—
lished]); 510z, Liebermann [in press 1976]. See taxt for detail.
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Garnet group ARG, E 5|3 Wells (1962)
Grossular ol - N A’:mc'v'c’wo“ 3 : £
ve, PRy R, 1 jil
AYW).A7 % ' -
RS = 1
/ ) <] \ . “_’(-’. A cations * Na, K i E ¥
. Lt ". . Mg ALSHO, k-] 2
- Sio, 2 %‘vﬁé, . (sla.aM;.MFe. Mn, Cd, Co, Cu, Zn, CafTiMg)Si,0,s g <=
) A . SuBaMn {CdGdYMn,Ge,0, -4 I
£ AP o e Y (NaCRINi,Y,O0 3 :
XX ' g N, ALLiF,y £ H
B cations * L {CatiagTi,S5i0., 5
o ** Mn. Co, Mg, Ni, Zn, Fe, Cs. Cd é’:‘;};:‘gga,,o ; 2
3 :;.;,G(;;AI‘ Cr, ¥, 8¢, In, Rh. N:JIJMI‘IS'I]SI';O.? E. §
. . (NaCa,JMyg,P,0,
4+ Sn Ge, SE TI, Zr. HI R 't “
) 1 Snge s u (N2, Ca)Si,Si,0,, Eq
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Ringwoeod (1975)
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ES5Z28 " = g E E : 0: é Tabke 116 DENSE A,B0, COMPOUNDS,
- Zui EE M EE=0E FORMULA VOLUMES, A"
y . . v v - ] b 5 g Sdw %.: 252 1From Reid wnd Ringwiod, 1970) Table 11:6 (eontinued) AR Vv
lg 2% { TR HEaL 3R LR .
| B 25 ; € g »EE g g = E 8= Val. compeuad {¥il 3 A!BQ. spinet {y) type
P L3 - ori-f g5 EEE2Rc1IC< Compaad "y e NSO e
= 2 3 o s RS O a5 WAy 14 : .
a 5§58 - P 8 2EETE8rEERCEES 1. Olivine (a) type Ni,GeO, 69.43 1.088
g 32 8 o = E'ﬁ-é s ,g =X 5 E wa Ni,5i0, T70.58 1186 Fe, Si0* 69.78 1.96
% . = ;_ 5 § 5 =135 I.Q— =% ﬁ‘-'u Mg,5i0, 72.68 1.19% Mg, GeQ, 7009 1079
- 5 o o # 3P g2 o<2EC CoySi0, 7396 1191 LigNiF, 71.81 1.092
= = - w s 3Zwm u
& 52 o w’ ~la . EoEQES sE0 g - Mg, GeO, 76.34 11758 Co,GeO, 71.94 1.083
2 5 LS 2 . S - ﬁ g sa 6 L] e z 2 E FeSi0, 716.81) 1.206 NiMnGeQ,* 73.03 [.078
3 g5 § < W S8 %5TgmiZiEe Mn,Si0, 80.70 1.201 Mg, VO, 7171 1.103
E o g -3 i J .:\- I _TEgEw E T = 5 2E MgMnGeO, 81.29 1191 : Fe,GeO, 74.38 1.094
£ 8 - g8 M f:l [3 4./_ 2 §=_2 ] 5 “6‘5 & % ;3 CoMnGeO, 81.72 1.185 i CoMnGeO,* T74.7% 1.084
H 2% x I Sy & la € Spc0o.: 2ETTT A FeMnGeO, 82.76 1.186 Co, IO, 15.13 1.073
= o« % Lo« K s 1% EE 3 R = e ;_._ g Mn,GeO, 84.84 1.186 Mg, TiO, 75.15 1.096
E QT3 - o i, 1 S58yest 525 E CaMgSio, 85.27 1222 FeMnGeO,* 75.90 1.088
3 £o3 £ 2 Y . » > RS RN VLS +Ca,Si0, 96.75 1.226 | Fe,TiO, 77.74 1.085
g 524 2 5 Sg i f{ 2y S48:=3 it >EE Ca,GeO, 102.0 1126 | Mg, 5r0, 80.5% 1.103
S < = P s g@g8E3q7 ,3_ 58 5% 2. BMgSIO, type Ca,5n0, 80.73 1.082
3N - N - —_— =1 - (1
BT ul J > 232E31g5EBzaz Mg b0, 67.41 112 | 4. 5r,PbO, (8 type
o z | g; I i SRl eI EA<En Co,Si0,* 69.08 112 FeMnGeO,* 70.21 1.006
g - £ % B2 S 8E2ESEEE Mn,GeO,* 79.72 115 Mn,GeQ,” 71.90 1.003
Z y u,'.'j: =S 2T E "ﬁ 2 sx538s Zn,Si0,* 69.29 MngSn0, 80.63 Loz
4 ] =Y N . N L] 2801 @b 5285 0y - Na,CuF,y 8528 1.022
& =2 o, = *ou FL303 “High-pressure phases. CdySn0,
- g} ) o ML E A2 A | - . R
A R <2, 5355525708 e vt . 1 o e o nE o e
T = s = . o4 '3USSIHG NOTLISNVYL sea3E2EE ZEZTBEE umes of the constiwent"oxides of rockaalt, rutile, of corundam type. Ca,PbO, 96.00 0.990
2 o Sr,PbO, 108.30 0.984
[ 5. CaMn,O, type
0,0.* 70.93 0.97%
\ CaMn, O, 77.00 0.984
. 6. INiF, type
. Ca,GeQ,* 31.30 0.976
LIS S S 2dg8t Wells (1962) CaMn0, 8135 0.975
w5532 sn,Ti0, 94.85 0.549
K da E ) 3 g Se,RuQ), 95.38 0.951
dasg2k 5r,1r0, 97.74 0972
2o=x2 Se,Mo0, 98.64 0,970
| i g Sr,5n0, 102.10 0.978
g5, L’; 9 K:NiF, 104.92 0.956
3 g= g8 KMgF, 107.20 0.982
| B § - g2g32E Ba,Sn0O, 113.95 0.950
E g EE % ;_ u Ba,PbO, 123.0 0.980
| g, 5 r B E% Qo ; 7. CaFe,0, iype
%?%% o - BB E5 E: i CaAlLO* 66.03 0.93%
a%* oy Q_.n_ 232 £-CaCr0, T1.90 0.944
v 4 ZIZET Cav,0, 73.80 0953
=35 é ) CaFe,0, 74.55 0.954
. . ° r; ‘§ z ?, Caln,O, B7.45 0.962
at s 58 ?’E 8. CaTi,0, 76.08 0.951
: LT =
& | o< % £33 8% 9. CalsO, 8150 0.935
il & i% ?‘n 53 “High-pressure phases,
.. ) | E| E5 832 1y the volume per formula unit, ¥, the s of the formula val
B %Egégg = E,;Bﬂg et of the constitueot oxides of rocksall, nutile, of corundum
JErizg:, il o
Py i:,$ 3z, | SEE:% IMosoctinic distortion of Sr,PBO, type,
| ¥ 53 £ T3 3 P 1
E z £ oo o e )
LRI N _ = E §__-.-§
v 23 =T -
25i%w Ringwood (19/5)
P Ry -
1 Sfszid
dREA0
> -3 b h'g
— 552 ° 3
L
Fi33é
— rELU .
E 2 .
N FIGURE 11-10 : -
. ) \ , ) . ) . \ | N N n L | L L -5t g £ The siructure of 6-Mn,GeQ, {Sr,PLO, 1ype) in projection onta (031). Small bisck
Fd & =

circles, Ge: slippled circles. Mn: largest circles, axygen appearing at two levels.
(From Wadsley, Reid, and Ringwood, 1968, with permission )
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Toble 11-7T RELATIVE VOLUMES OF A,BO, POLYMORPHS. (From Reid and Ringwood, 19700

1I1.9

Exzamples, with cosrdimation

Sm OF OXIDE FORMMULA YOLUMES A

FIGURE LI-14

The formuls volumes of A,B0, and AB,O, polymorphs versus the velumes of

Suructure type anmbers,* of mriaks 2nd palema Vvt AFIV %)
Ofivine [a] i, 18§10, 1.20 20 Table 10-2. High-pressure transitions in siticaics from "Si 1o ¥ Si forms
B-Mg, S0, type BICo IS0 N0 100, Lo 1.5
g’im: :i;ag'[ﬂ :‘:::}‘ISP% 109 ? ' Transition Transition
i 4 A i . - . .
2Rg+ 80, ' 10M+(:rry:|o. :g;‘ 7‘)5 Formula WS Phase ¥1Si Phasc Pressure dyo Reference
AQO + 8,0 M + MIA e 1 . . - .
$1,PbO, [8) ”M::%e“lo.l‘l:o‘?' 00 ° $iQ, Coesite Stishovite 80 159 Yagi and Akimoto (1976)
Cabin, 0, HIC M 0,000,010 140, - 0.98 -1 AlLSIO, Kyanile Corundum + Stishovite 160 1.60 Liu (1974) ] )
Defecr NiAs BIFSC IS S, 098 -2 MgSi0, Ch it I ile-Llype 250 1.59 IIP(|97T]. Liu (1977a) i
K.NiF, MCa MIGe®0, 096, - 35 FeSiO, Chnoferrosilite  Wuslile + Stishovile 250 1.59 Liu (1976) !
g*,’?-g- ::E:‘;',?Jjg:l_m o 09s, - 55| Casio, Wollastonite Perovskile-lype 160 160 Liu and Ringwood (1915)
allele ' 410, 094, - 55 ! ZnSi0), Zinc pyroxene  lmcnite-type 180 1.59 Liu (1977a)
Ca,rD, IC I NCa 49 MO M0, 093, - 6.3 ! Mg,Sié). Mg silicate spincl  Periclase + Perovskite-type 270 1.59 Ilp(lQT?)
+*Caordination number given by speracripts in brackets. " Fe,Si0, ane spincl w'usﬂu: + Slisl}nvite 250 1.59 Liu {1976)
1Sanuciure volumes relative 10 sum of conmitvent oxide volumes, sveraged from Fig 11-14, Ni,Si0Q, Ni silicate spinel  NiQ « Stishovite 190 1.61 L!u (19758)
13 ="F-F, Co,5i0, Co silicate spinel  CoQ + Stishovile 180 L&) Liw {1975b)
§A,B0, type nov as yeu obiained for oxides. NaAISi, G, Jadeite Calcium—Ferritc-iype + Stishovite 180 1.59 Liu(1977h)
KAlSi,O, QOrthoclase Hollandie-1y pe 100 1.59 Ringwood et al. (1967} |
Mg, ALSIHQ\,  Pyrope limenite-type 245 1.59 Liu (1977%c)
Hazen & Finger (1982)
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Ringwood (1975)

their isostructural mixwures of 2AX (rocksall) + BX, {rutile) or AQ {rocksaly
plus B0, (corundum). The struclure 1ypes are shown: i

W00 ke

Dlivine (o) vertically shaded circles
A-MgSi0, type inverted triangles
ABO, spinel (y)  open circles

AB,O, spinel OpEn squares

S5e,P0O, (8) shaded risngles
CaMn,0, crosses

K:NiF, biack cirches

CaFe, 0, shaded squares

Cua,lr0, shaded hexagon

{From Reid and Ringwood. 1970, with permission.}

g i
Mty Mhise Cotacions In the MpO-510; aystws above ca. JOU Abar |
#re only schematicel.

Fig. &. The revissd Akimoto diagrsm showing the isoritrasl phase '
relations Ln the syscem WO-Si0z (N = #y. In, Nn, #i. Co, and Fei .
at }006*c f¢f. Akimoto et al., 1976, Fig. :3]. {continurd]) i

Ito & Matsui {1977)

tecntsnued}
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a Ohvine ! Phase ¥ Spine)
Fo 416N +002) + 26y, AFSX 00604 270 +0 %y, I26M 0004 237y,
Kog 1291 £ 08) + 8.4( 1 0.6),, 167 4 4y UL 6Ly,
Koy AXNE0N ot LL Al
a 62a 0% SULG < 107 1186+ 2170 = 107
da/dT 1Lsx 107" [ 17= 101
dy 4+ LSy, i s
Yo 125 13 135
Pyroxene Garnet Magnesiowiistite
A LAY 1 0.05) + L6X £003)y,, H142(1007) + 244 +009)y,, .25 £ GO001) + 10003 002)x,,
Kos 10R( 1 4) — 10(4 10)x,, Yo 10.6 10 £0.0819) — 0.0085,. ]t 1627+ 0.2 + 170+ 3)yg,
Keos' N+25 454 1) A20( £ 0.14) ~ 0.5+ 03y, ,
® 27 % 107 1o (07 {110 + 455, 1« 104
dafdT 2l x 107" e % 0" (R [ R
&y 6 63 3
Yo 11 Lt 1.5 + 007,
Perovskite Stishavite
vy 2446 3 004) + 1LOY +0.26);,, 1401 £ Q.00
Kos 261 6) 6L 1)
Kas' 1) 42
& 20 % (07 165« 10"
dafdT 16 x 10-% n*
By 3 15
Ye 1.} 1.7

KesisinGPa;zisin "K) ', dafdT isin ¢ K} 1.
1V, s in cm*/mol; assume y = 0.3 {Jeanlo: and 7 hompann, 1983}

Lees et al (1983)

Ye (km/usc)

T4 km)=1453°C
d1/dI=1 Yien

¥ Cen/aue}

) 568 7 Chomd 708 i

Fig. 5. Compressions! velocily versus depth for the olivine, py-
Toxene, garnet, and olivine + garnct model minceal assemblages, for.
twe diffcrent temperaiure  profiles: T = 1000°C and  T{400
km) = 1450°C with dT/dr = |"/km. Compressional velocity profiles
for PEM and PREM are aiso shown for comparison.
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IRON  CONCENTRATION

o
>

0 [F uw 16 8 n 1 D il
PRESSURE  1GPa}
Fig. 4 Molar iron concentration (xp, = FeflFe + Mgl versus
* pressure for the various phascs of the olivine + garnel composition.
The bulk iron content is 012, and the pantitioning coeflicicnis are
from the references in the teal. Abbreviations are ax in Figures 1- 3.
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DENSITY Cgmrce
Y

39

N L I [ |
I'ig. & Densily versus depth for 1he ohvine, pyrorene, garnet, and '
olivine + garnet model mineral asstmblages, fos two different 1emper-
ature profiles: T = 1000C and 400 km) = 1450°C with dT/
dr = I°/km. Density profifes for PEM and PREM are also shown fos
comparison,

[=]

@ [7:)

(S/WH)  ALIDOT3A QNNROS ¥NE

5 T T T 1«
B H
£~
L £
w
- o
o
(3]
B H
E
. é
i -
E
B -~
o ’
- = o
= !
i Qe = 2
~—fap—— by i
i PN i
W g a W0
- ; 5 P, . <« Jg
] -.-o—-&______ :.""
N = 5 dm o
£5 5 7D
E5=s3 i
-1 2558 4w ,fﬁ
o uE Ty
. qb
1 | L [l H o o
=] Q o -
. {od9) YNSSIdd QIZITVIWHON .
T T Lo
~
7] t
=
w
. ~—
x ' —q 8
E o &
+ % o pah
&g "= :
4 % g
~ .|
(= J
2 g
Q
>
> = - ﬁ
= w : '3 i
& 3 EE v <
4 = OE o t
ul Z| Z ~ 0 I=1 o
ol 9 & it ) o
== =] \ —~
> < \ o
o | B o] = o g
O W x -]
gl £ E€ 2
ot | 14 13
v k= 88
> w T w
a
1 ‘L 1 I L | A | -




11.12

“¢ ¥tq i puaBa (ALL61 NI 1By W QLT
F40QF IPUTW 171G Y] JO LAYGId SUSUIP 103321 Y] Y1IA FOO = (024 + O3/ O34 o
241 Tuimahod Juavosid o 1ad (0w G S| Suate juad 1ad [OAD (O 2INIxIT B JO SAPEpquEITR
aTRYd SNOUSA YL 201 SIAIMD 2unNAad-AUSUSD imIeradd WOOK 3y JO uostiedwo? g My

[0q%) 2nIsery

coe eley 002 o0 2]
T T T
i

(‘_\u: B Apsuag

. -15¢

£G15 (Y00 1608N) yuas iad gp
Youg 2[00, 608N} yuaz sad 09

1 1 1
ozon oze 29 dze 02z [i}
{wy) wdag

e ey IR R 1 L. P T T T AT ey
— 1A tal =_._ 121) W) "PAE| OS[E 5 AINIMISAa] il WY (H}F 7 IR Uk sadun
AU1ABD UE Jo 0NN (O + QT O2 3U JO UONRLEA "DPIKEIdIT OS|E 3) "OIS (002 )y
10 Anawonpims ¥ ilm 30saczad nid SIS0 UNXIW YL I0J IAIND MWK ANTUAQ
“Iutw € P H 0 sAuead KUSUIP 102 ) Yl "OISH L0 LAl 10 Adwonpnn
unAla uR Fuissaesod UMW ARsacisd snid Iseyd J|esyd0s 3yl PUE ‘[aUIds '@ ‘A0 1o s3eyd
1y s3a03 {yacdap 0] Jnssud-Aasuap N WO P Y] o ’ 35 Ay

002 0o!1 (]

Q0%
T T 3

0172 0491 011 OIS §2 (3] dmibredway
(R R - S 7
6¢ 16 6 S6 6 5w

(g w? B) fpsusg

voug 2004, 160y

i i 1 =
QI8 oze oZv ozZ

(W} widag

Liw (63) Tloead, #etthinuy,



