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Tables and figures

Table 1. Pyroxene and related composition silicates, pyroxenoids [88M3, 91N1].

Silicate Composition End member  Classification
group [91N1]

1. Mg-Fe silicates

Enstatite (En) Mg,Si,04 VIIID02

Ferrosilite (Fs) (Fe,Mg),(Si03), Fe,Si,04 VIIIDO02

Clinoenstatite (CEn) Mg,Si,06 VIIDO1a

Clinoferrosilite (CFs) (Fe,Mg),(Si03), Fe,Si,04 VIIIDO1la

Perovskite MgSiO;

Ilmenite MgSiO;

Akimotoite (Mg,Fe)SiO;

1I. Mg-Mn silicates

Rhodonite (Rhd) (Mn,Fe,Mg,Ca)SiO; MnSiOs VIIDI13

Pyroxmangite (Pxm) MnSiO; VIIID13

Pyroxferroite (Fe,Mg,Ca)SiO; VIIID13

Kanoite (Kan) (Mn,Mg)SiO; MnMgSi,O¢  VIIIDOla

Donpeacorite (Mn,Mg)MgSi,O4 VIIIDO02

AMgSi,0¢ (A =Zn, Cr) ZnMgSi,O4, CtMgSi,O¢

1II. Ca-, Ba-, Sr-, Zn-silicates

Wollastonite (Wo) CaSiO; VIIID08

SrSiO3 SrSiO3

BaSiO; BaSiO;

ZnSiO; ZnSiO;

AMgSi)Og (A =Zn, Cr) ZnMgSi,O4, CtMgSi,O¢

Diopside (Di) CaMgSi,0q VIIDO1a

Hedenbergite (Hd) CaFeSi,04 VIIDO1a

Johannsenite (Jo) CaMnSi,0¢ VIIIDO1a

Bustamite CaMnSi,0¢ VIIIDOS8

Petedunnite CaZnSi,0¢ VIIIDOla

Esseneite CaFeAlSiOq VIIIDO1la

Calcium Tschermak’s CaAl,SiOg

(CaTs)

CaMSiOg M =S¢, Co, Ni

CaScAlSiOgq CaScAlSiOq

Pigeonite (Mg,Fe,Ca)SiO; VIIDO1a

Augite (Ca,Mg,Fe),Si,0¢ VIIIDO1la

Ferrobustamite Ca(Fe,Ca,Mn)Si,Oq VIIDOS

BaCuSi,04 BaCuSi,0¢
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Table 1 (cont.)

Silicate Composition End member Classification
group [91N1]

1V. Na-silicates

Aegirine (Ae) NaFeSi,04 VIIIDO1a

(Acmite)

Kosmochlor (Ko) NaCrSi,0¢ VIIIDO1la

(Ureyite)

NaQZnSiZOG NaQZnSiZOG

(Chkalovite)

NaMSi, 04 M = Sc, Ti, V, Cr, Mn, In, Ga

Jadeite (Jd) Na(Al, Fe)Si,0¢ NaAlSi,Oq VIIIDO1a

Jervisite (Na,Ca,Fe)(Sc,Mg,Fe)Si,04 NaScSi,O VIIIDOla

Natalyite Na(V,Cr)Si,0¢ VIIIDO1la

NazBaSi206 NazBaSi206

NaQSiO3 NaQSiO3

V.Ca-Na silicates

Omphacite (Ca,Na)(Mg,Fe,Al)Si,0¢ VIIIDO1a

VI. Li-silicates

Spodumene LiAlSi,0¢ VIIIDO1a

LiMSi,0¢ M = Sc, Ti, Cr, Fe, Ni, Ga, Sn

Virgilite LiAlSi,O¢ VIIIDO1b

Li,Si04 Li,Si04

VIIL. Other silicates

CoSi0O3

Alamosite PbSiO, VIIID17

ZnZnSi206 Zn28i206

CS5COSi06 CS5COSi06

HAIS1,04 HAISi1,04

(KH),S1,06 (KH),S1,06

CdSiOs CdSiOs

VIII. Group VIIIDO1b

Lorenzenite NayTig[S1,04],04 VIIIDO1b

(Ramsayite)

Vinogradovite (Na,Ca)4T14Si30,6(H,0,K)3 VIIIDO1b

Paravinogradovite (Na,O)[(Ti*" Fe¥)4{Si,04},{Si3A10,0} (OH),]-H,O VIIIDO1b

Acérinite CEM(AI,FC,Mg)108112036(OH)12CO3 12H20 VIIIDO1b

Lintisite Na3LiTi2[Si206]202-2H20

Joesmithite (Ca,Pb);(Mg,Fe);sSisBe,0,,(OH), VIIIDO1b

Nchwaningite Mn2+28i03(OH)2~H20

% The name chkalovite was given also for Na,BeSi,Og (group VIIIB02b)
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Table 2. Atomic coordinates and thermal parameters.

a) Fe,Si,0¢, orthoferrosilite, having space group Pbca [82S1].

Atom x y z Beg [A%]
Fel 0.37574(3) 0.65397(4) 0.87456(9) 0.409
Fe2 0.37775(3) 0.48566(5) 0.3664(1) 0.573
SiA 0.27231(4) 0.3390(1) 0.0494(2) 0.317
SiB 0.47315(4) 0.3342(1) 0.7893(2) 0.328
O1A 0.1849(3) 0.3392(3) 0.0384(4) 0.479
O1B 0.5610(1) 0.3368(3) 0.7859(4) 0.472
02A 0.3120(1) 0.4962(3) 0.0575(5) 0.593
02B 0.4330(1) 0.4805(3) 0.6922(5) 0.518
O3A 0.3025(1) 0.2355(3) —0.1832(5) 0.611
O3B 0.4475(1) 0.2023(3) 0.5871(4) 0.516
b) Mgy ¢13Feo 3375103, clinopyroxene, having space group P2/c [98A3].

Atom x y z B [A%]
M1 0.2512(5) 0.6539(4) 0.2201(8) 1.01

M2 0.2570(4) 0.0153(3) 0.2202(6) 1.28
SiA 0.0431(3) 0.3401(7) 0.2899(6) 0.79
SiB 0.5531(3) 0.8359(6) 0.2354(6) 0.73
Ol1A 0.8691(10) 0.3376(16) 0.1821(18) 0.97
02A 0.1239(10) 0.4993(12) 0.3283(20) 0.81
O3A 0.1047(7) 0.2729(2) 0.6053(14) 1.11
O1B 0.3750(9) 0.8388(15) 0.1287(16) 0.72
O2B 0.6244(11) 0.9819(13) 0.3869(20) 1.21
O3B 0.6048(7) 0.7006(9) 0.4625(14) 0.99

¢) FeSiO;, clinoferrosilite at 1050°C, having C2/c-type structure [8454].

Atom X y z Beg [A%]
Fel 0.0 0.9014 0.25 2.03(10)
Fe2 0.0 0.2625(6) 0.25 2.84(12)
Si 0.2962(5) 0.0852(8) 0.2708(7) 1.90(10)
01 0.1241(13) 0.0903(19) 0.1587(16) 3.28(28)
02 0.3747(14) 0.2398(13) 0.3616(19) 2.23(25)
03 0.3589(15) 0.0134(12) 0.0445(20) 2.40(30)
d) MgSiO;, protoenstatite at 1080°C, having space group Pbcn [82MS5].

Atom X y z By [Az]
M1 0.0 0.1006(5) 0.75 2.16

M2 0.0 0.2625(5) 0.25 2.65

Si 0.2928(2) 0.0897(2) 0.0739(3) 1.33

01 0.1200(5) 0.0942(6) 0.0770(10) 1.85

02 0.3773(6) 0.2463(7) 0.0677(11) 2.53

03 0.3481(5) 0.9836(9) 0.3079(11) 2.95

Landolt-Bérnstein
New Series I11/27 1 4



86 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions [Ref. p. 187

Table 2 (cont.)

e) CaSiO; pseudowollastonite (two layers), having monoclinic space group C2/c [99Y3].

Atom X y z

Cal 0.0870(1) 0.2403(1) 0.4989(1)
Ca2 0.25 0.25 0

Sil 0.1278(1) 0.4530(1) 0.2445(1)
Si2 0 0.8400(1) 0.25

Ol 0.1275(1) 0.4045(2) 0.0965(2)
02 0.2290(1) 0.3991(2) 0.3863(2)
03 0.1109(1) 0.6929(2) 0.2478(2)
04 0.0497(1) 0.9436(2) 0.3939(2)
05 0 0.3592(3) 0.25

f) MgSiO; perovskite, having orthorhombic structure [89R2].

Atom X y z By [A%]
Mg 0.9856(10) 0.0564(6) Ya 0.75(7)
Si 0 Ya 0 0.25

Ol 0.1015(17) 0.4673(13) YVa 0.45(12)
02 0.9662(10) 0.2983(8) 0.0524(9) 0.47(8)

) MgSiOs ilmenite, having space group R3 [82H1].

Atom Site Symmetry x y z B [A%]
Mg 2g 3 0 0 0.35970(12) 0.59
Si 2g 3 0 0 0.15768(10) 0.42
0) 6l 1 0.3214(5) 0.0361(4) 0.24077(11) 0.48

h) Omphacite (Cas16Nagag4)(Mgo30:Fe™ 0.077F€> .137A10.308 Tio 005)(Si1.018Al0.082)O6, having space group P2/n
[75M2].

Atom x y z B [A%] Site occupancy

Ol11 0.3634(4) 0.3382(5) 0.1232(7) 0.73(7) 1.0 forall O

012 0.3621(4) 0.1767(5) 0.6475(8) 0.74(6)

021 0.6138(4) 0.5090(5) 0.3091(8) 0.76(7)

022 0.6063(4) 0.9974(5) 0.8054(8) 0.80(7)

031 0.6057(4) 0.2663(4) 0.0037(8) 0.65(6)

032 0.5981(4) 0.2398(4) 0.4984(8) 0.70(7)

Sil 0.5393(2) 0.3465(2) 0.2273(3) 0.37(3) 1 for all Si

Si2 0.5376(2) 0.1621(2) 0.7310(3) 0.36(3)

M1l 0.2500 0.3480(2) 0.7500 0.32(5) Al 0.868(9), Fe 0.132
M1 0.2500 0.1580(3) 0.2500 0.43(5) Mg 0.815(9), Fe 0.185
M2 0.2500 0.5521(3) 0.2500 0.86(6) Ca 0.314(13), Na 0.686
M21 0.2500 0.9502(2) 0.7500 0.82(5) Ca 0.716, Na 0.284
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Table 2 (cont.)

1) LiAlISi,O¢-11, having tetragonal structure P452,2 or its enantiomorph P4,2,2 [68L2].

Atom x y z By [A%]
Sil 0.3324(3) 0.1221(3) 0.2384(3) 0.26(3)
Si2 0.4182(3) 0.4182 0 0.23(4)
0Ol 0.4436(10) 0.119009) 0.3926(7) 1.50(10)
02 0.1254(8) 0.1154(8) 0.2999(7) 1.08(9)
03 0.3628(9) 0.3024(10) 0.1454(8) 2.01(11)
Li 0.0644(38) 0.1880(38) 0.4964(31) 1.79(37)
j) LiAIS1,04-111, having hexagonal structure, space group P6,22 (or P6422) [68L1].
Atom X y B [A%]
Si, Al 12 0 0.29(5)
o 0.2055(8) (0.4110) 172 1.65(10)
Li 0 0 0 1.45(88)
Table 3. Crystal structure and lattice parameters.
Silicate T Space Lattice parameters Refs.
K] group alA] b[A] c[A] B
Mg,Si,06 (OEn) RT Pbca 18.210(10)  8.812(5)  5.178(4) 69M 1
RT Pbca 18.225(1)  8.815(1)  5.175(1) 6652
RT Pbca 18.216(2)  8.813(1)  5.179(1) 77H2
RT Pbca 18223030)  8.8190(6)  5.1812(13) 79G1
RT Pbca 18.227(4)  8.819(2)  5.179(1) 8251
RT Pbca 18.225(2)  8.8128(6)  5.180(1) 8401
RT Pbca 18225(2)  8818(1)  5.178(1) 86H3
296 Pbca 18.2353)  8818(1)  5.179(1) 86G3
298 Pbca 18.227(1)  8818(1)  5.181(0) 9571
MgSiOs (PEn) RT Pben 9.250(5) 8.740(5)  5.320(5) 5951
1353 Pben 9.306(6) 8.892(7)  5.349(4) 82MS5,
84M3
1533 9.302(6) 8.914(6)  5.362(4) 84M3
1633 9.349(6) 8.929(6)  5.361(4) 84M3
MgSiO; (natural sample) 1373 P2icn 9.304(4) 8.902(2) 5.351(5) 7183
MgSiO; (LCEn) RT P2//c 9.606(1) 8.8131(7) 5.170(2) 108.35(1)° 8401
RT P2//c 9.620(5) 8.835(5)  5.188(5) 108°20(10)°  60M1
Mg,Si,06 (LCEn) RT 9.609(2) 8.814(2)  5.175(2) 108.37(2)°  77H2
RT 9.607(1) 8.815(1)  5.169(1) 108.34(1)° 6682
MgSiO; (HPCEn) RT C2/c 9.201(3) 8.621(1)  4.908(1) 101.503)°  92Al
(p=17.93 GPa)
MgSiO; (ilmenite) RT R3 or 4.7284(4) 13.5591(16) 7712,
R3 82H1
4.722(3) 13.560(12) 96R2
MgSiOs (perovskite) s.c. RT 4.774(1) 4.928(2)  6.893(2) 87K3
s.c. RT 4.7786(9)  4.9293(9)  6.9003(8) 89R2
s.c. RT Pbnm 4.7787(4)  4.9313(4)  6.9083(8) 87H6
powder RT Pbnm 4.7754(4)  4.9292(4)  6.8969(5) 7811

Landolt-Bérnstein
New Series I11/27 1 4



88 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions [Ref. p. 187
Table 3 (cont.)
Silicate T Space Lattice parameters Refs.
K] group a[A] b[A] c[A] Yij
MgSiO; (perovskite) (cont.)
powder RT 4780(1)  4.933(1)  6.902(1) 78Y1
powder RT 4783(7)  4.953(8)  6.886(7) 86K4
powder RT 4790(4)  4.943(4)  6.897(6) 76L2
RT 477720 4.927(1)  6.89772(9) 90R3
(p=1.0GPa) RT 4.768(3)  4.922(2)  6.8898(15) 90R3
(»p =2.2 GPa) 4.762(1) 4.918(1) 6.8767(9) 90R3
(p = 3.0 GPa) 47582)  4911(3)  6.8680(14) 90R3
(p = 3.5 GPa) 4754(6)  4911(2)  6.8653(12) 90R3
(p = 5.0 GPa) 4746(2)  4.899(3)  6.8538(16) 90R3
MgSiOs (garnet) RT 14//a 11.501(1) 11.480(2) 89A1
MnMg[Si>O¢] 473 P2./c 9.758(3)  8.897(1)  5.283(1) 108.742)°  97A2
543 C2/c 9.796(5)  8.880(8)  5.315(3) 109.26(4°  97A2
Enstatite
[Mg(x-12)3S¢s][Lia/3Six-4y3]Ox
x = 124 (En-IV-10) RT P2/a 9.429(2) 8.748(2)  27.038(8) 93.25(2)° 77T1,
x = 112 (En-IV- 9) RT 2/a 9.432(2)  8756(1)  48.792(14)  92.25(2)° 84T1
x =100 (En-1V-8) RT P2/a 9.429(2) 8.741(1) 21.808(6) 91.20(2)°
[Mg=x7.5y3Sc=3][Mg23Six4y3]Ox
x = 124 (En-1V’-10) RT P2/a 9.424(2) 8.738(2) 27.021(8) 93.24(2)° 84T2
x = 112 (En-IV’-9) RT 12/a 9.424(1) 8.740(1)  48.808(6)  92.38(1)°
x = 100 (En-IV’-8) RT P2/a 9.434(1) 8731(1)  21.791(4)  91.30(1)°
FesSir05 RT Pbca 18.427(4)  9.076(2)  5.237(1) 8251
FeSiO; 297 Pbca 18.418(2)  9.078(1)  5.2366(4) 76S1
673 Pbca 18.484(1)  9.124(1)  5.2593(3) 76S1
873 Pbca 18.527(1)  9.145(1)  5.2756(4) 76S1
1073 Pbca 18.569(1)  9.160(1)  5.2974(4) 76S1
1173 Pbca 18.596(1)  9.1685(5)  5.3113(3) 76S1
P2//c 9.7075(5)  9.0807(4)  5.2347(5) 108.46(1)°  97H3
(p = 1.87 GPa) C2/c 9.540(1) 8.996(3)  5.008(1) 103.01(1)°  97H3
1323 C2/c 9.928(1) 9.179(1)  5.338(1) 110.20(1)°  84S4
(Mg s6Feq.44):S1:06 RT Pbca 18312(4)  8917(2)  5.217(1) 93H1
Mgo30sFe0.6sCa0.015S10;3 293 Pbca 18.363(5) 8.990(3) 5.232(4) 73S1
Mgo.613Fe0 3575103 RT P2./c 9.6519(7)  8.9075(7)  5.2004(3) 108.590(1)°  98A3
Mgo31Feo.67Ca0015Si0s 293 P2,/c 9.691(3) 8.993(3)  5.231(2) 108.61(2°  74S1
Mg1.425Cros11Si1.96406 RT P2i/c 9.7132)  8.910Q2)  5.238(2) 109.412)°  89A2
Mg 79Fe021Si0;5 (akimotoite) R3 478(5) 13.6(1) 99T2
C0,S1,06 RT Pbca 18.296(4)  8.923(1)  5.204(1) 8251
Mgo.776C00.224Si05 293 Pbca 18.233(7)  8.836(6)  5.188(3) 78H1
Mg(Cup ssMgo 44)Si206 RT Pbca 18.221(4)  8.890(1)  5.2260(7) 97T1
Mgo7C00.1Li0.1S¢0.1S103 298 9.253(1) 8.7716(9)  5.3350(5) 85M2
(protopyroxene)
1413 9.320(4) 8.898(5) 5.346(3) 85M2
MnSiO; (CPx) RT 9.864(2) 9.179(2) 5.298(1) 71°47(1y 72A2
MnSiO; (Rhd) RT Pl 7.616(1) 11.8532)  6.706(1) 0=92.44(2)°  89RI
£-94.40(2)°
7105.70(1)°
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Table 3 (cont.)

Silicate T Space Lattice parameters Refs.
K] group a[A] b[A] c[A] Yij

MnSiOs (Rhd) RT P1 7.633(5) 11.868(9)  6.716(5) 0=92°41(6)  85T2
[=94°38(6)y
7= 105°40(4y

RT P1 7.614 11.848 6.699 =923 7212
9424
7105°41°

RT 7.614(3) 11.856(6) 6.703(2) 0=9240(4)°  86H3
[=9425(4)°
7=105.73(4)°

RT 7.616(3) 11.851(5) 6.707(2) =92°33(6  72A2
[F94°21(6)
7=105°40(6)

MnSiO; (Pxm) RT 6.717(2) 7.601(2) 17.429(11) o=113.79(3)° 86H3
[=8235(5)°
794.73(5)°

RT 6.721(2) 7.603(3) 17.455(6) o=113°10(6)  72A2
[=82°16(6)
7= 94°08(6)°

MnSiOs (garnet) RT 4/a 11.774(1) 11.636(2) 86F2

MgSiOs (garnet) RT 11.769(3) 11.624(3) 72A2

Mg .925Mng 0755103 293 Pbca 18.270(6) 8.833(6) 5.195(3) 78H1

Mg 41Mnyg 56Ca 0351206 RT Pbca 18.384(11)  8.878(7) 5.226(3) 84P2

(donpeacorite)

Mg, 43Mnyg 54Cay 0351206 RT Pbca 18.3668(3)  8.8725(2) 5.2289(1) 05S1

(donpeacorite)

Mg 562Mnyg.175Ca0.26351206 RT Pbca 18.246(3) 8.839(2) 5.196(1) 77H2

Mny,143Mgo 8575103 (OPx) RT 18.290(3) 8.849(1) 5.206(1) 86H3

Mng286Mgo.714Si03 (OPx) RT 18.350(2) 8.879(1) 5.221(1) 86H3

Mng 714Mgo.286S103 (Pxm) RT 6.672(2) 7.528(2) 17.350(3) o=113.77(2°  86H3
F=81.96(2)°
7294.63(2)°

Mny.428Mgo.5725103 (Kan) RT 9.724(3) 8.911(2) 5.247(2) 108.60(3)° 86H3

Mnyg 50Mgo.50S103 (Kan) RT 9.732(2) 8.934(1) 5.245(2) 108.52(2)° 86H3

Co13Ni13Zn;3Si03 RT Pbca 18.209(1) 8.915(1) 5.2182(4) 90T2

Kanoite" RT P2/c 9.739 8.939 5.260 108.56° 77K1

Kanoite, MnMg[Si,O5] 473 P2,/c 9.758(3) 8.897(1) 5.283(1) 108.74(2)° 97A2

543 C2/c 9.796(5) 8.880(8) 5.315(3) 109.26(4)° 97A2

Pyroxferroite RT Tricl. 6.62 7.54 17.35 o=114.4° 70C2

(Feo.84Cag.13Mg0.02Mng,02)SiO03 £=82.7°
7=94.5°

CaSiO; RT c1 6.853(3) 11.895(5)  19.674(13) =90.12(3)° 81Y1

(pseudowollastonite 4-layers) £90.55(3)°
#=90.00(3)°

CaSiO; RT triclinic 6.856(12) 11.901(8)  19.672(22) 0=90.06(9)° 98R3

(pseudowollastonite) -90.36(14)°
789.93(14)°

CaSiO; RT C2/c 6.8394(5) 11.87049)  19.6313(7) 90.667(6)° 99Y2

(pseudowollastonite 4-layers)
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Table 3 (cont.)

Silicate T Space Lattice parameters Refs.
K] group a[A] b[A] c[A] Yij
CaSiO; RT C2/c 11.8322(6) 6.8624(8)  10.5297(5) 111.245(8)°  99Y3
(pseudowollastonite 2-layers)
CaSiO; RT P1 6.695(5) 9.257(7) 6.666(6) 0=86"38(3)" 69T1
(high pressure) [F=76°08(3)
#=70°23(3)
Wollastonite 3T RT 23.2(1) 7.30(3) 7.06(3) o=90° 83H1
£=95.5(2)°
7294.6(2)°
Wollastonite 4T RT 31.2(11) 7.30(3) 7.06(3) 0=90° 83H1
£95.5(2)°
7296.8(2)°
Wollastonite 5T RT 38.6(1) 7.30(3) 7.06(3) =90° 83H1
£95.5(2)°
7298.0(2)°
Ca;[Si309]-wollastonite 2M RT P2i/c 15.409(3)  7.332(1) 7.063(1) 95.30(2)° 84H2
CaSiO; (perovskite) RT P4/m32m  3.567(1) 86M2
CaTigs51S10.49053 (perovskite) RT 5.225(5) 7.389(2) 5.225(3) 98S3
CaTi77S10.2305 (perovskite) RT 5.322(5) 7.556(2) 5.366(4) 98S3
€-CaSiO; RT 9.485(8) 75L3
8-CaSiOs RT P1 6.695(5) 9.257(7) 6.666(6) 0=86.63(5)° 69Tl
[F76.13(5)°
7=70.38(5)°
0-SrSiOs RT C2 12.323(5)  7.139(2) 10.873(5) 111.58(4)° 82M1
8-SrSiOs RT P1 6.874(2) 6.894(2) 9.717(3) 0=85.01(3)° 82M1
F110.57(3)°
7104.01(2)°
&°-SrSiO; RT P2i/c 7.452(4) 6.066(2) 13.497(7) 117.094)° 82M1
SrSi0;: Eu’, Bi*" RT hex 7.123(5) 10.005(5) 120° 93L2

(sintering at atm. pressure)

(high T, high p) 8.532(5) 10.792(5)  36.364(5) 90.326° 93L2
SrSiO; (perovskite) RT P6;/mmec  5.0688(3) 12.4175(7) 05Y1
(at 35 GPa and 1450(50) K)

BaSiO;  (high-T form) RT 4.54 5.56 12.27 60L1
CaMgSi;06 RT C2/c 9.748(1) 8.924(1) 5.251(1) 105°40.4° 63N,
69G1
RT C2/c 9.746(4) 8.899(5) 5.251(6) 105.63(6)° 69Cl1,
7902
Diopside” RT 9.7456(7)  8.9198(8) 5.2516(5) 105.86(1)° 81L1
Diopside” (p=5.3 GPa) RT 9.612(2) 8.765(1) 5.1793(2) 105.32(1)° 81L1
Diopside” RT C2/c 9.719(2) 8.838(2) 5.287(1) 106.05(2)° 02D1
CaFeSi,06 RT 9.844 9.028 5.246 104.8° 70V1
RT 9.845 9.024 5.245 104.8° 73C1
RT 9.845 9.021 5.246 104.7° 88K1
RT C2/c 9.841 9.027 5.247 104.8° 69N1
RT C2/c 9.838 9.038 5.244 105.0° 88G2
Hedenbergite” RT 9.840 9.024 5.250 104.2° 91K2
Mgo39Fep.52Cap 008103 RT P2,/c 9.706(2) 8.950(1) 5.246(1) 108.59(1)° 70M2
Mgo33Feo.s7Ca. 108103 RT 9.731(5) 8.953(5) 5.256(5) 108.5(2)° 69M2
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Table 3 (cont.)

Silicate T Space Lattice parameters Refs.
K] group a[A] b[A] c[A] Yij
Cag.15Mg1 8551205 RT P2,/c 9.651(2) 8.846(2) 5.202(1) 108.38(2)° 02T1
(clinopyroxene)
Cag.0Mg1.20811.9906 RT C2/c 9.727(3) 8.912(1) 5.245(1) 106.36(3)° 90B1
Cap g2Feg.1sMng 035103 RT Al 7.862 7.253 13.967 o=89°44’ 77Y2
(Fs0.18Wo0o.52) £=95°28’
7=103°29°
Fs0.6sW00 35 RT C2/c 9.812(1) 9.049(1) 5.233(1) 105.34(1)° 7501
Fs07sW 0025 RT C2/c 9.781(2) 9.072(2) 5.246(2) 106.55(2)° 7501
Fs0.50W 0020 RT C2/c 9.760(6) 9.057(8) 5.234(3) 106.28(5)° 7501
Fso.ssW0oq.15 RT C2/c 9.779(1) 9.088(1) 5.285(1) 107.39(1)° 7501
Eng39Fs0.52W00.09 RT C2/c 9.858(4) 9.053(2) 5.329(3) 109.42(1)° 72B1
CaFeysMgo.2Si,06 RT C2/c 9.815(1) 8.977(1) 5.2416(6) 104.910(9)° 86W3
Caz_goMno_10F60_025i2_9909 RT CT 10121(2) 11070(1) 7312(1) 05:9951(1)0 7803
(Mn-Wo) F-100.51(1)°
7=83.43(1)°
Caz_goMgo_03Mn0_ozFeo_11Si2_9709 RT CT 10104(1) 11054(1) 7305(1) 05:9953(1)0 7803
(Fe-Wo) /-100.56(1)°
7=83.44(1)°
Cag7:Mgoo16Fe€0100Al1 38481153406 RT C2/c 9.719(1) 8.814(2) 5.305(1) 106.04(1)° 9801
Mg 475Fe0.475Cag,0sS10;3 RT 9.696(1) 8.942(1) 5.227(1) 108.75(1)° 69M2
CaMnSi,Og RT 9.978(9) 9.156(9) 5.293(5) 105.5° 67F1
CaCoSi,04 RT C2/c 9.806(1) 8.950(1) 5.243(1) 105.45(1)° 75G3,
87G1
RT 9.797(1) 8.954(1) 5.243(1) 105.40(2)° 77S2
CaNiSi,0O4 RT 9.737(2) 8.899(2) 5.231(1) 105.92(1)° 7782
RT C2/c 9.734(2) 8.891(2) 5.228(1) 105.87(2)° 75G3,
87G1
RT 9.728(2) 8.891(2) 5.228(1) 105.83(2)° 8801
CaZnSi,05 (2 GPa, 900°C) RT C2/c 9.803(6) 8.975(7) 5.243(7) 105.75(7)° 87E1
CaAlSiOg (CaTs) RT C2 9.609(3) 8.652(2) 5.274(2) 106.06(2)° 7401
CaAlLSiOg RT P3cl or 9.943(2) 8.228(3) 73K1
P3cl
CaFeAlSiOg RT C2/c 9.781(2) 8.782(1) 5.365(1) 105.80(3)° 83A2
RT C2/c 9.7797(16)  8.7819(14)  5.3685(5) 105.78(1)° 86G2
Esseneite” RT C2/c 9.79(1) 8.822(9) 5.37(1) 105.81(9)° 87C3
Ca; 490Mgo.03Mn; 11Fe 3651309 RT 11 9.864(3) 10.790(5)  7.139(5) 0=99.53(4)° 7803
(bustamite) £-99.71(3)°
7=83.83(3)°
Cao_94Mgo_13Mn1_79F60_13Si309 RT IT 9807(4) 10680(4) 7091(2) 05:9958(2)0 7803
(Mn-bustamite) -99.99(3)°
7=83.79(3)°
Caz33Mgo.06Mnyg 36F€922S1309 RT 11 9.994(3) 10.946(3)  7.231(3) 0=99.30(3)° 7803
(Ca-bustamite) £-100.56(3)°
7=83.29(2)°
Ferrobustamite® RT 9.777 8.940 5.260 104.8° 89K1
ZnSi0; RT C2/c 9.787(3) 9.161(2) 5.296(1) 111.42(3)° 75M3
ZnSiO; (clinopyroxene) RT C2/c 9.7891(18)  9.1785(8)  5.3006(6) 111°28° 7184
RT C2/c 9.781(1) 9.179(1) 5.2933(9) 111°27° 89L1
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Table 3 (cont.)

Silicate T Space Lattice parameters Refs.
K] group a[A] b[A] c[A] Yij
ZnSiO; (orth.) RT Pbca 18.204(5)  9.087(3) 5.278(2) 75M3
ZnSiO; (ilmenite) RT 4.746(1) 13.755(2) 7412
RT 4.7469(2) 13.7536(8) 89L1
ZnMgSi,Os RT Pbca 18.201(5)  8.916(2)  5.209(2) 75M3
CaZnSi,Os RT C2/c 9.803(7)  8.975(7)  5.243(7) 105.75(7)°  87El
Petedunnite” RT C2/c 9.82(3) 9.00(1) 5.27(2) 105.6(2)° 87E1
CaScAlSiOg RT C2/c 9.884(2) 8.988(1) 5.446(1) 105.86(1)° 7801,
7804
RT C2/c 9.887(3)  8.996(2)  5.446(1) 105.893)° 7802,
8302
Ca1 00Sco.54Tio27Al 168107306 RT C2/c 9.925(5)  8.949(2)  5.460(1) 105.77(4° 7903
0.9CaScAlSiO¢— RT C2/c 9.900(3) 8.977(2) 5.452(2) 105.86(3)° 8302
0.1CaTiAlSi,06
0.8CaScAISiOs RT C2/c 9.894(2)  8.947(1)  5.453(1) 105.812)° 8302
0.2CaTiAlLSi,0¢
0.7CaScAlSiO¢— RT C2/c 9.889(4)  8.913(2)  5.450(2) 105.732)° 8302
0.3CaTiAlSi;O
0.9CaFeGaSiOs0.1CaGa,Si0s  RT C2/c 9.903(2) 8.821(2) 5.410(1) 105.441(8)°  97Al
BaCuSi,0¢ RT 14m2 7.042(3) 11.133(3) 89F2
Na,SiO3 RT Cmc2; 10.482 6.064 4.826 67M1
RT orth. 10.43 6.02 4.81 52Gl1
RT orth. 10.52 6.075 4.825 56S1
340 10.506(2)  6.065(1)  4.821(1) 96R3
568 10.543(5)  6.088(3)  4.845(3) 96R3
712 10.566(5)  6.102(3)  4.862(3) 96R3
955 10.578(5)  6.1093)  4.894(3) 96R3
1158 10.586(7)  6.112(4)  4.928(4) 96R3
1290 10.599(4)  6.118(2) 4.942(3) 96R3
NaScSi,06 298 C2/c 9.8372(10)  9.0550(5)  5.3488(6) 107.175(5)° 9401
RT C2/c 9.8438(4)  9.0439(4)  5.3540(2) 107.215(2)°  73H2
NaTiSi,06 RT C2/c 9.692(2) 8.874(2) 5.301(2) 106.85(1)° 8202
100 6.627(1) 8.845(2) 5.2895(4) 0=90.180(1)°  03NI1
SA102.230(1)°
7=47.034(1)°
300 C2/c 9.6955(3)  8.8851(2) 5.2968(2) 106.720(2)°  03N1
NaVSi;Og RT C2/c 9.6339(4)  8.7413(2)  5.2960(3) 109.905(2)° 04Vl
NaCrSi,06 RT C2/c 9.550(16)  8.712(7) 5.273(8) 107.44(16)° 7902
RT 9.579 8.722 5.267 107.4° 73C1
NaMnSi,06 302 C2/c 9.513(1) 8.621(1) 5.354(1) 105.14(1)° 8703
NaFeSi;Os RT 9.666(3) 8.804(2) 5.305(1) 107.44(2)° 97B1
295 C2/c 9.658(1) 8.795(1) 5.294(1) 107.42° 69C1
14 C2/c 9.68(1) 8.83(1) 5.30(1) 107.3(2)° 89B1
NaAlISi>Op RT 9.423 8.564 5.223 107.6° 73C1,
77R1
RT C2/c 9.418(1) 8.562(2) 5.219(1) 107.58(1)° 66P2
NalnSi,Og RT C2/c 9.8997(5)  9.1310(3)  5.3656(3) 107.226(2)° 9001
RT 9.902 9.131 5.359 107.2° 77R1
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Table 3 (cont.)

Silicate T Space Lattice parameters Refs.
K] group a[A] b[A] c[A] Yij
NaGaSi,04 RT C2lc 9.557(5) 8.679(4)  5.260(1) 107.68(2)° 9502
NaCryS¢o5S81,06 RT C2/c 9.776(3) 8.988(2)  5.324(2) 107.13(4)° 7901
NaCro 5Sco.5S1,06 RT C2/c 9.690(5) 8.878(4)  5.304(2) 107.17(5)° 7901
(p=5GPa) RT C2/c 9.699(2) 8.873(4)  5.310(1) 107.302)° 8101
NaCro 6S¢0481,06 RT C2/c 9.677(3) 8.848(2)  5.299(2) 107.27(3)° 7901
(p=5GPa) RT C2/c 9.674(3) 8.840(4)  5.302(2) 107.343)° 8101
Nalng §S¢0 251,06 RT C2/c 9.8907(5)  9.1164(2)  5.3623(3) 107.2042° 9001
Nalng 65S¢03551,06 RT C2/c 9.8811(5)  9.1043(2)  5.3592(3) 107.188(2)° 9001
Nalng 60S¢o.4051206 RT C2/c 9.8782(5)  9.1008(3)  5.3582(3) 107.1912)° 9001
Nalny 558¢0.4551206 RT C2/c 9.8734(5)  9.0947(2)  5.3570(3) 107.187(2° 9001
Naln50S¢050S1206 RT C2/c 9.8701(4)  9.0901(2)  5.3559(2) 107.1792)° 9001
Nalng 40S¢0.60S1206 RT C2lc 9.8659(5)  9.0848(2)  5.3553(3) 107.1782)° 9001
Nalng20S¢080S1206 RT C2lc 9.8516(5)  9.0698(2)  5.3521(3) 107.1752)° 9001
NaMgo sSi05S1206 RT P2/n 9.418(1) 8.647(1)  5.274(1) 108.13(2)°  88Al
Na,BaSi,0¢ RT P2, 11.440(5)  4.758(2)  5.670(2) 91.42(4)° 73G2
Na,ZnSi,05 (chkalovite) RT Fdd2 21.54 7.139 7.413 80S3
Na,BeSi,0¢ RT Fdd2 21.129 6.881 21.188 7582
Na,Cr,8i,06 RT C2/c 9.560(16)  8.746(8)  5.270(6) 107.38(10)°  65F1
(Nap s6Cap36Mgoos)Sio27Mgo -  RT C2/c 9.5792(13)  8.7588(12)  5.2610(6) 107.1993)°  05Y2
Si,06 (CPX)
(NaPx,6Eng4)
Nag.20Ca0.50Cr0.20Mgo 5051206 RT C2lc 9.705(2) 8.895(1)  5.252(1) 106.102)° 8301
Nag.25Ca0.75Cr0.25Mg0.7551:06 RT C2lc 9.691(3) 8.868(2)  5.249(1) 106.132)° 7902
Nag45Cag.55Cro.4sMgo.5581:06 RT C2/c 9.645(3) 8.821(3)  5.254(2) 106.47(2)° 8702
Nag,50Ca0.50Cr0.50Mgo.5081:06 RT C2/c 9.633(4) 8.808(2)  5.254(2) 106.45(4)° 7902
Nag75Ca0.25Cr0.75Mgo.2581,06 RT C2/c 9.594(3) 8.748(3)  5.256(2) 106.94(2)° 7902
Nao_ggcao_o1F60_99Mg0_01si206 RT 9()58(2) 8795(2) 5294(1) 107.42(2)0 63N1
Nag.70Ca0.30Fe0 84Mgo. 165106 RT 9.698 8.848 5.284 106.78° 69N 1
(Nagg6Capoo)(Fe Fe™)osTigos- RT 9.664 8.813 5277 107.61° 04S1
Mno_ogsizoﬁs) (aegirine)
(NaggsCapor)(Fe*",Fe"), ¢SL,0g” 9.658 8.811 5.285 107.62° 04S1
Nao_4cao_6SC()_zCI‘()_zMgo_6Si206 RT 9725(3) 8922(2) 5271(2) 106.29(3)0 8301
Nao_écao_4SCo_4CI‘0_2Mg0_4Si206 RT 9751(3) 8942(2) 5290(2) 106.50(3)0 8301
Nag §Cag2S¢06CroaMgo2Si:0s  RT 9.758(3) 8.966(3)  5.311(3) 106.85(4)° 8301
Omphacite'” RT P2/n 9.585(3) 8.776(3)  5.260(3) 106.85(3°  75Ml
Omphacite'" RT P2/n 9.596(5) 8.771(4)  5.265(6) 106.93(8)°  66Cl,
68C1
Cao_52Mgo_39A10_40Feo_21Si206 RT P2/n 9585(3) 8776(3) 5260(3) 106.85(3)0 72M1
Omphacite'” RT C2/c 9.646(6) 8.824(5)  5.270(6) 106.59(8°  69C1
DipgoJdo20" RT 9.680(1) 8.859(1)  5.250(1) 106.25(2°  80W1
Dio.sJdo.40 RT 9.610(1) 8.790(1)  5.248(1) 106.60(2)°  80W1
Dio.s0Jdo.s0 RT 9.570(1) 8.749(1)  5.246(1) 106.79(2)°  80W1
Aey o0 (synthetic) RT 9.666(3) 8.804(2)  5.305(1) 107.442°  97BI1
Aego9Dig o) (natural) RT 9.658(2) 8.795(2)  5.294(1) 107.42(2°  63N1
Aeg70Hdo,14Dip 16 (synthetic) RT 9.698 8.848 5.284 106.78° 69N1
AeqssHdg11Dip 190thg 05 RT 9.681(5) 8.811(4)  5.306(9) 107.38(5°  97BI

(natural) *¥
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Table 3 (cont.)

Silicate T Space Lattice parameters Refs.
K] group a[A] b[A] c[A] Yij
Hdo84Dig.12J00.04 (natural) > RT 9.826(3) 9.0103)  5.252(1) 105.00(3)°  97BI
Dig.75Eng 10CaTso,s RT 9.707(1) 8.863(1)  5.267(1) 106.27(1)°  94T2
Dig.65sEn920CaTso s RT 9.700(1) 8.861(1)  5.258(1) 106.47(1)°  94T2
Dio.70CaTs0.30 RT 9.687(1) 8.832(1)  5.268(1) 106.18(1)°  94T2
Jervisite'? RT C2/c 9.853(11)  9.042(10)  5.312(7) 106°37(7°  82M4
Joesmithite'” RT P2/a 9.88(2) 17.87(2)  5.97(5) 105°40(10  68M2,
68M3
Natalyite'® RT C2/c 9.58(1) 8.72(1) 5.27(1) 107.16° 85R1,
87H1
Vinogradovite'” RT 2/c 24242(4)  8.691(7)  5.219(1) 92.4° 90MI1,
84R1
RT A2/a 5.219(1) 8.691(7)  25.01(4) 104.43(8)°  84RI
Paravinogradovite'® RT Pl 5.246(1) 8.734(3)  12.968(5) =7032(1° 03Kl
B=79.01(1)°
7=80.90(2)°
NayTis[Si206]206 RT Pben 8.7128(10)  5.2327(5)  14.487(2) 8754
PbSiO; RT P2/n 11.23 7.08 12.26 113°15° 68B1
CssCoSiOs RT P2i/n 6.7057(7)  10.808(2)  16.461(2) 94.89(1)° 01HI
KHSiO; RT Cmca 11.537(7)  9.694(6)  11.245(9) 84D2
(H,D)AISi,0¢ 298 P4;2.20r  7.586(5) 8.402(5) 90V1
P4,2,2
Li,SiO; 302 9.381(6) 5399(3)  4.667(3) 96R3
665 9.460(4) 54452)  4.677(Q2) 96R3
1062 9.544(4) 5496(2)  4.704(2) 96R3
1284 9.595(6) 5.5203)  4.720(3) 96R3
1474 9.623(14)  5.553(9)  4.747(7) 96R3
(LiSiO3), RT Cmc2, 9.392(2) 5397(2)  4.660(1) 77H3
LiScSi,06 RT 9.8033(7)  8.9581(7) 5.3515(4) 110.281(4)°  77H1
LiTiSi,0¢ RT 9.688(1) 8.797(2)  5.317(1) 108.99(2)° 8802
LiVSi,Og RT 9.642(13)  8.581(8)  5.314(9) 109.73(11°  71B2
RT C2/c 9.634(4) 8.586(2)  5.304(2) 109.693)°  04V1
RT A2/a 5.219(1) 8.691(7)  25.01(4) 104.43(8)°  84RI
LiCrSi,O¢ RT 9.546(3) 8.583(1)  5.255(1) 110.043)°  71B2
LiFeSi,0¢ RT 9.666 8.669 5.294 110.2° 69C1
RT P2/c 9.6655(2)  8.6611(2)  5.2933(1) 110.18(1)°  98LI
RT 9.682(1) 8.679(1)  5.299(1) 110.14(1)°  71B2
1.4 P2/c 9.6329(6)  8.6857(6)  5.2672(3) 109.90(3)°  98LI
35 P2//c 9.6221(2)  8.6730(1)  5.2663(1) 109.98(1)°  98LI
213 P2/c 9.642 8.694 5.281 110.03° 84B4
295 C2/c 9.675 8.668 5.297 110.22° 84B4
Lio.ssMgoooFe” 0 06Fe’ 0 55- RT P2/c 9.638(3) 8.709(2)  5.258(2) 109.83(3)°  03CI
Mg0.155i206
(ferrian magnesian spodumene)
LiNiSi,0¢ RT 9.423(1) 8.847(1)  5.251(1) 110.52(2)° 8802
LiAlSi,0¢ RT C2 9.449(3) 8.386(1)  5.215(1) 110.102)°  66Al,
69C1
LiAlSi,0¢-1I (B-spodumene) RT P42, 20r  7.541(1) 9.156(2) 68L2
P4,2,2

Landolt-Bornstein
New Series I11/27 1 4



Ref. p. 187] 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions 95

Table 3 (cont.)

Silicate T Space Lattice parameters Refs.
K] group a[A] b[A] c[A] Yij

LiAlSi,0¢-II (B-spodumene) RT 7.534(5) 9.158(9) 69C2

LiAlSi,O6-111 RT P6,22 or  5.217(1) 5.464(2) 68L1
P6422

Li,ALSi;5010 RT P6,22 or  5.238(1) 5.472(1) 70L1
P6422

LiGaSi,0¢ RT C2/c 9.561(1) 8.569(1)  5.268(1) 110.244(3)°  94S1

273 P2/c 9.5394(4)  8.5756(2)  5.2508(3) 110.124(2)° 9581

LiInSi,04 RT 9.805 9.051 5.376 110.47° 83G2

Lig.91Na09GaSi,06 RT C2/c 9.5519(8)  8.5847(4)  5.2678(5) 109.950(4)° 9601

Lio.7sNap25GaSi>Og RT C2/c 9.5468(7)  8.5995(3)  5.2689(4) 109.678(3)° 9601

Lio.6sNag 36GaSi,O¢ RT C2/c 9.5467(6)  8.6217(3)  5.2698(3) 109.338(3)° 9601

LigsNag 75GaSi,0s RT C2/c 9.5492(5)  8.6753(3)  5.2698(3) 108.152(3)° 9601

Lig.10Nag.90GaSi,06 RT C2/c 9.5512(5)  8.6890(2)  5.2686(3) 107.824(2° 9601

Virgilite RT P6,22 or  5.132(1) 5.454(1) 78F2

Lio.61(Si2.37A10.60F€0.02P0.01)Os P6422

Lintisite RT C2/c 28.583(4)  8.600(1)  5.219(1) 91.03(2)° 90MI

NasLiTiy[Si,04],0,-2H,0

Mineral X'? RT 1 24.066 8.720 5.128 92.6° 86K 1

Mn”*,8i03(OH), - H,0 RT Pca2, 12.672(9)  72173)  5.341(2) 95N1

(Nchwaningite)

Lorenzenite (Ramsayite)>”® RT Pnca 14.487(2)  8.7128(10) 5.2327(5) 8754

Aerinite®" RT Mono- 14.690(15)  16.872(15)  5.170(15) 94°45 88A4
clinic

)
2)

M, 040Mgo ss5F€™ 0. 087F € 0.012Ca0,024811 97305 ;

) C30499Mg0.98Feo.02Nao.022élo.o1S;L%Oé; ‘ '

N (Cag9sNag.03)(Mgo.ssFe™ 0.07Fe™ 0.03Al0.16Ti0.04)(S11.77A10.23) O

5 Cao498F60499Mg0.031yao.02A10.o151206;. . )

6 (Cay01Nag 1) (Fe™ .72Mgo.16Al0.04Tig 03Fe 0:02)(SII.I9A10.81)06;

7 Cao493Feo461Mn0.34Mgo.08Nao.0|Zno.oz;’}lo.oos%?oﬁ; ]
(Cag.92Nag gsMny 02)(Zng 37Mng 15Fe” g 190Fe™ 6.12Mgo.14)(Si1.04A10.06)Os;

® Including V002, Mgo.006, Alo.0o7;

9 Including Vo,()()z;

1(1); (CaOS16Na0A484Mg0.392£ez+007§fe3+0‘137Al().A398Ti0A5)05)(Si1‘918A10A082)06;

b (Cags51Nag 4sMgp 44Fe 021+()Fe oA130+A10A39T10401)(.Sll.96Alp.04)06;

) (Cay s53Nap 32sMgo ss2Fe™ 0 116F €™ 0.123A10.233Ti0,002)(Si1 995A1,005) O
3 Ae - aegirine, Di - diopside, Jd - jadeite, Hd - hedenbergite, CaTs - Calcium-Tschermak, Jo - johannsenite,
En - enstatite;

Sz)) {Nao.sscggu}[Fe3+0464F62+0.11'Mg0419A10404Ti0.01](Si1.98A10.01)06-

" Caggo[Fe 0484NZI+g0.12MnO.04]81206;2+ .
(Nag43Cag31Fe™ 0.1400.12)(Scoe6F €™ 0.1sM0.19)S1,06;

12 (Pboécao‘éBao‘1MnoA8)Ca4AoFe3+240(Mg6A'3Fe3+144Fez+0.8A10A3)(Sil3A8BeoA1)(OH)1449039A7;

) (Naoyzcaom)(Vp.54Cf0.36Mg0A0‘7A10AO3)S¥19906;

© (Nay 64Ca 36)(Ti7 3Nbo 7)O5[S1206]a[(Siz 78Al1 22)O10 L[ (H20)5 34K 3815

1 (Na203Ko.169)(Ti3 386F €0.471Nb0.034M€0.020)(Sis 626 Al1.008B€0.276) O 22( OH)4(H,0) 1 125
NazKy, Tiz ;Nby ;Fe 1 Alg§Si40,5.6-H,0;

20 Na,Tis[Si,04],06; * In original paper space group Pbca was considered, related to Pncaby a — b, b — ¢,
c—a

2D Cay(Al, Fe, Mg),0Si1,034(OH);,CO5-H,0.

o o =
=
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96 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions [Ref. p. 187
Table 4. Elastic properties.
a) Bulk moduli, K, and shear moduli, G, as well as their derivatives.
Silicate" K, K, G, p Method Refs.
[GPa] [GPa] [GPa]
MgSiO; (OEn) 102.8(2) 10.2(1.2) Diamond anvil 9571
MgSiO; (OEn) 107.6(1.5) 76.8(7) Brillouin 99J1
MgSiO; (OEn) 107.8 75.7 Brillouin 78W1
MgSiO; (OEn) 109(2) 7.0(4) 74.9 10.0 ultrasonic 98F1
MgSiO; (OEn) 102.3(1.2) 9.2(6) 8.5 X-ray 94A1,
02A1

MgSiO; (OEn) 105.8(5) 8.5(3) 9.0 X-ray 02A1
MgSiO; (OPx) 104(2) > =10905) G,=74.8(1.5) 10.0 Shear wave 98F1

K" = o = 1.4(1)

~1.6(2) GPa!
Orthopyroxene (natural) 105 10.9(3) 8.5 Shear wave 86W2
MgSiO; —P2;/c LCEn 111.1(3.3) 6.6(1.1) X-ray 94A1
MgSiO; —P2,/c CEn 108.5(6.4) 4.5(1.3) 12 Diamond anvil 99S1
MgSiO; —C2/c HPCEn 106.4(17.4) 5.4(2.7) 12 Diamond anvil 99S1
MgSiO; (HPCEn) 106.9(25.9) 5.3(3.0) 12 Diamond anvil 99S1
MgSiO; (HPCEn) 104.1(5.7) 6.6 9.0 X-ray 94A1
MgSiOj; (perovskite) s.c. 246 90Y1
MgSiOj(perovskite) s.c. 247 4 87K3
MgSiOs(perovskite) s.c. 254 4 90R3
MgSiOs(perovskite) p. 258 4 82Y1
MgSiOs(perovskite) 265 4? 8671
MgSiO;(perovskite) 264 177 98S3
MgSiOs(perovskite) 260 (predicted) 87TM2
Mg oFe(1Si0; 266 3.9 87K2
(perovskite) p.
(Fe,Mg)SiO; (perovskite) 272 4 89M2
MgSiOj;(ilmenite) 212 43 132 Brillouin 85W1
MgSiO;(ilmenite) 212 5.6(1.0) 96R2
FeSiO; (OFs) 95.1(3.0) 10.6(1.1) 5.4 X-ray 97H2
FeSiO; (OFs) 98 9.1(4) Brillouin 84B2
Mg sFeq,Si03 103.5 74.8 72F2
Mgy sFe(2Si0; 109.4(8) K,'=10.808) G,=752(4) 93W2

K" = G, =2.06(7)

-1.6(2)GPa’ G."=

—0.12(0) GPa™!

Mg s0Fe41S10; 98.0(1.8) 10.0(8) 7.5 X-ray 97H2
Mg 20Feg 715103 102.2(1.3) 8.0(5) 7.3 X-ray 97H2
Orthopyroxene® 109.2(2.3) 9.05(1.0) 6 X-ray 97H2
Orthopyroxene” 112.4(1.1) 7.4(4) 8.6 X-ray 97H2
CaSiO; (PWo) 86(1) 3.8(4) 9.94 X-ray 99Y3

Landolt-Bornstein
New Series I11/27 1 4



Ref. p. 187] 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions 97
Table 4a (cont.)
Silicate K, K, G, p Method Refs.
[GPa] [GPa] [GPa]
CaSiO; (perovskite) 281(4) 4.012) 134 89M1,
39M2
CaSiOj; (perovskite) 232(8) 4.8(3) 13 Multianvil cell 96W1
CaSiO; (perovskite) 212(7) 112(5) Predicted 98S3
CaSig49Tiy 505 188(2) 109(1) Ultrasound 98S3
CaSij,3Tig77,0; 182(3) 107(1) Ultrasound 98S3
Diopside s.c. 112 Brillouin 61A1
Diopside s.c.” 113 67 Brillouin 79L1
Diopside s.c. 122.2 4.0” 6.0 X-ray 89M3
Diopside s.c. 104.1(9) 6.2(3) 10 X-ray 9771
Diopside 105.19) 6.8(1) 40.8 X-ray 00T3
Diopside 105 6.2 5 Simulation 84M1
Chrome-diopside® 116.5(9)" 72.8(4)" Resonant 0311
ultrasound
spectroscopy
DipHdoJd;KosMgTs,”  117.2(7) 72.2(2)" Impulsive 98C4
stimulated
scattering
Cag sMg; 251,06 107.3(1.4) 5.7(3) 1.51 X-ray 00T3
Hedenbergite s.c. 120 61 Brillouin 88K1
Hedenbergite s.c. 117(1) 4.3(4) 10 X-ray 9771
Hedenbergite p. 119(2) 4.0” 10 X-ray 8971,
9271
Hdy 60Dig .40 82.7(1) 4 9271
Mg 5419 235¢02351,04 130(3) 4 10 X-ray 99Y1
(Pbcn)
Mg 54L1923S¢0.2351,04 111(1) 4 10 X-ray 99Y1
(P2cn)

1

2)
3)
4)
5)
6)
7
8)
9)

OEn — orthoenstatite, Hd — hedenbergite, OFs — orthoferrosilite, Di — diopside, Jd — jadeite, Ko —
Kosmochlor, MgTs — Magnesium Tschermak’s, PWo — pseudowollastonite, s.c. — single crystal, p. — powder;
Fixed value;

(Mg ssFeq.13Cag.02)(Sig.06Al0.04)O3;

(Mg 33Feq.12Cag.006Al0.04)(Sig.97Al0 03)O3;

Cag.99Nag 0Mgo 0gAly 01Fe€0.02511.9906;

(Cag.956Na9.026K0.0002) (Mg0.928F €0.032C10.024A10.010Ti0.0010Mn0,0014)Si206;

Isotropic bulk modulus;

isotropic shear modulus;

Cap.7506Na0.1050M0.8513Mn0,0026F€0.0007CT0.0275 Ti0.0120A 102833511 87566
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98 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions [Ref. p. 187

Table 4 (cont.)

b) Linear compressibilities and pressure derivatives of axial ratios.

Silicate Linear compressibilities [GPa']-10° Pressure derivatives ~ Refs.
[GPa']-10°

B By B By d/dp(b/a)  d/dp(c/a)
MgSiO;(perovskite) 131 120 156 90Y1
s.C.
MgSiOs(perovskite) 141 107 157 35 =23 87K3
s.C.
MgSiOs(perovskite)  130(5) 104(4) 124(4) 90R3
s.C.
MgSiOs(perovskite) 158 119 110 40 70 82Y1
p.
MgSiOs(perovskite) 123 118 153 13 43 87M2
(predicted)
(Fe,Mg)SiO; p. 129 105 133 89M2
CaMgSi,0O¢ 2.22(8) 330(10) 260(10) 9271
CaMgSi,0¢ 236(4) 317(4) 250(4) 9771
CaFeSi)Oq 193(5) 338(6) 242(8) 9771
CaFeSi)0O4 258(3) 327.4(7) 259.7(3) 9271
Hdg¢Dig 4 190(20) 310(20) 220(20) 9271
CaSiO; (two layers) 11.8320—  6.8621 — 10.5300—-  111.25- 99Y3

(pseudowollastonite) 0.0560p +  0.0341p+  0.0221p+  0.0444p +
0.000885p>  0.000615p*  0.000488p>  0.000671p"
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100 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions [Ref. p. 187

Table 5. Thermal expansivities.

Silicate Tem- Thermal expansivities z[10°K™"] Refs.
crature 1
fange K] &' % % %
MgSiO; (OEn) 36 62S1
MgSiO5(OEn) 24 66S1
MgSiO; (OEn) 16.4 14.5 16.8 47.7 72F2
MgSiO; (OEn) 5.5 9.6 8.2 23.5 94Y1
MgSiO; (OEn) 300...900 8.0(5) 13.06) 10.96)  32.2(1.1) 97HI1
MgSiO; (OEn) 298...1000 28.6(2.9) +0.72(10) 9571
1072 T[K?]
FeSiOs (OFs) 11.2 10.9 16.8 39.3 76S1
FeSiO; (OFs) 6.7 13.9 6.1 29.0 94Y1,
94Y2
FeSiO; (OFs) 300...900 10.4(1.0) 6.8(1.5) 10.1(1.4) 27.5(1.3) 97HI
Mg, ssFeo 158105 (OPx) 20.8 82D2
Mg 30sFe0.6sCao.015S105 13.5 14.5 15.4 43.8 7381
(OPx)
MgSiO; (CEn) 40.5 6251
MgSiO; (CEn) 22 66S1
MgSiO; (CPx) 300...900 7.6(6) 16.6(5)  5.2(7) 29.9(1.1) 97H1
FeSiO; (CPx) 300...900 2.7(0.9)  7.5(1.3) 10.2(1.2)  20.3(1.5) 97HI
Mgy.9sFe0 0sSi05 (CPx) 8.2 13.4 11.5 33.3 84P1
Mg 30sFe0.6sCag.015S105 8.3 10.4 13.8 32.7 74S1
Fe5Cag,15Si0; 8.9 13.3 15.2 37.6 7301
MgSiO; —C2/c HPCPx 20.1(4.4) +2.10(1.1)  99S1
1072 T[K?
MgSiO; (ilmenite) 298...876 7.07 9.96 24.4 88A3
MgSiO; (perovskite)” 77...298  8.4(9) =0 5.9(5) 14.5(9) 89R2
298...381 22(8)
Mg oFeg 1Si05 (perovskite)  300...1300 48 86K4
Diopside (natural) 293...1098 5.5 159 5.1 33K1
673...1273 6.97 17.5 6.4
Diopside (natural) 473...1073 7.4 48 42R1
Diopside (natural) 298...1098 7.7 17.3 7.0 73D1
Diopside” 10°%0= 10°x%= 10°0= 10°0=9.263 98R3
0.186 13.880  -2.152
100a=  100s= 10°;q=  10°0q4=42.70
11.49 4.29 21.04
10%;,= 10%;=10°as= 1020, = -7.215
-0.810  3.795 —6.094
(cont.)
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Ref. p. 187] 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions 101
Table 5 (cont.)
Silicate Tem- Thermal expansivities z[10°K™"] Refs.
crature
fange K] &' % % %
Pseudowollastonite™ 10°%= 10%p=  10%=  10%%=2.051 98R3
1.112 5.771 2.722
10°0,= 1000;= 10°0,=  10°0q=41.012
13.27 8.89 3.09
10%0,= 10%0,=10%0m,=  1020,=-2.290
0276  —0.189  5.753
Dig1sEng ss 440...1040 1.08(12)” 1.34(15)” 0.46(16) ¢, =2.7(4)°, 03T3
05=3.0(5)"
Dig 5:Eng 46CaTso.02 440...1040 0.92(16)7 1.359)” 0.72(11)7  ¢,=2.8(4)°, 03T3
op=3.5(1.7)
Dig ¢0Eng 49 440...1040 1.07(1)®  1.35(6)” 0.86(2)” & =3.12)%, 03T3
op=4.24(8)"”
Dig.70Eng 30 440...1440 1.06(2)” 1.56(7)” 0.89(1)”  g=327(11)°, 03T3

op=4.83(17)”

Y For clinopyroxenes (CPx) the ¢ represents the thermal expansion coefficients between (100) planes;

2)

There are some theoretical models which predicted thermal expansion coefficients of MgSiO; perovskite

(values in 10° K™') namely [87H4]: 13 at 298 K and 21 at 1000 K; [87W3]: 18 at 300 K and 29 at 800 K;

[87C2]: 11 at 298...400 K and 13 at 1000 K; [89H3]: 23 at 298 K and 33 at 1000 K;
Along a*;
Average value;

3)
4)

Voa=at a7+ o T*[K ']

6)

Table 6. Atomic charges.

a) Net atomic charges of ions in some pyroxenes.

Thermal coefficients ¢, = (l/aaio)(aai/aT) where g is the initial lattice parameter or volume.

Atom Mg28i206 FCzSizOG COzSizOG L1A181206 CaMg81206 Mgo‘ggFeo‘lzsiO3
[80ST1] [82S1] [82S1] [80ST1] [80ST1] [96C1]

M1 +1.84(4) H41(12) 12911 +2.4(1) +1.44(1) +2.78 (Fe)

M2 +1.79(4) +1.10(13)  +0.61(12)  +0.7(1) +1.39(2) +2.07 (Fe)

SiA +2.20(4) +221(11)  +1.799) 2 4(1) 2.56(1)

SiB +2.36(4) +2.16(11)  +2.76(9)

OIA  -151 ~1.04 ~1.10 13 13

O1B -1.37 -1.19 -1.14

02A -1.36 -1.09 -1.12 14 198

0O2B -1.43 -1.20 -1.16

O34 -131 -0.92 -0.84 13 135

03B -1.22 -1.18 -1.10
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Table 6 (cont.)

b) Charges of oxygens in LiAISi,O¢ spodumene calculated from [03P1] by application of various models (see
references).

Method [40P1] [73B2] [89H4] [94B1]
01 -2.17 -2.00 -1.97 -1.75
02 -1.67 -1.89 -1.92 -1.74
03 -2.17 -2.15 -2.11 -1.73

Table 7. The site occupancies of some pyroxenes.

Sample Site Site occupancy Kp Refs.

Fe, 73:Mgg 265S1,05" M1 0.76Fe + 0.24Mg 0.10 69S2
M2 0.97Fe + 0.03Mg

Fe, 516Mgo 45451,0" M1 0.56Fe + 0.44Mg 0.053 69S2
M2 0.96F¢ + 0.04Mg

Feo1sMg; 2,S1,04" M1 0.07Fe + 0.93Mg 0.03 69S2
M2 0.72Fe + 0.28Mg

Feo s1Mg; 45651,05" M1 0.04Fe + 0.96Mg 0.04 69S2
M2 0.51Fe + 0.49Mg

Fe, 06aMg0 036S1,06™ M1 0.16Fe + 0.84Mg 0.02 67E2
M2 0.91Fe + 0.09Mg

Fe 1 06aMg0.03651,06" M1 0.29Fe + 0.71Mg 0.116 67E2
M2 0.78Fe + 0.22Mg

Fe 1 06aMg0.03651,06~") M1 0.31Fe + 0.69Mg 0.142 67E2
M2 0.76Fe + 0.24Mg

Feg7oMg; 211,04 M1 0.190Fe + 0.810Mg 0.154 74G1,
M2 0.604Fc + 0.396Mg 75G2

Fe, 70Mgg26Cag 04S1,06 M1 0.25Mg”" + 0.75Fe*" 0.126 71B3
M2 0.96Fe™ + 0.04Ca>"

Fei 70Mgo26Cag,0451,06 M1 0.24Mg + 0.76Fe 87R1
M2 0.94Fe + 0.02Mg + 0.04Ca

Mg ;5oMg; 55051206 M1 0.023(4)Mn + 0.977Mg 0.162 78H1

(Pbca) M2 0.127Mn + 0.873Mg

Mg 0oMg; 16Si>06 M1 0.118Mn + 0.882Mg 0.037 74G1
M2 0.782Mn + 0.218Mg

C00.44sMg, 55251,04 M1 0.129(3)Co + 0.871Mg 0.316 78H1

(Pbca) M2 0.319Co + 0.681Mg

C0.74Mg; 251,04 M1 0.265Co + 0.735Mg 0.398 74G1,
M2 0.475Co + 0.525Mg 75G2

Ni3sMg; 251,06 M1 0.211Ni + 0.789Mg 1.32 74G1,
M2 0.169Ni + 0.831Mg 75G2

Zno.4sMg; 55S1,0¢ M1 0.067Zn + 0.933Mg 0.116 74G1,
M2 0.383Zn + 0.617Mg 75G2

Zn, Mg, 4Si>0¢ M1 0.36Zn + 0.64Mg 0.316 75M3
M2 0.64Zn + 0.36Mg

Co,3Ni; 5Zn,5Si0; M1 0.273(14)Co + 0.530(18)Ni + 0.197(12)Zn 0.398 90T2

(Pbca) M2 0.394(14)Co + 0.137(18)Ni + 0.469(12)Zn
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Table 7 (cont.)
Sample Site Site occupancy Kp Refs.
Orthopyroxene® M1 0.993(2)Mg + 0.003(2)Fe** + 0.003Fe™ + 0.001Cr 9285
M2 0.862(2)Mg + 0.130(2)Fe** + 0.005Mn + 0.003Ca
T 1.996Si + 0.004Al
Orthopyroxene” M1 0.922(3)Mg + 0.055(2)Fe*" + 0.006F¢’ + 0.014Al + 9285
0.001Ti + 0.002Mn
M2 0.212(3)Mg+0.740(3)Fe*+0.026Mn+0.022Ca
T 1.978Si + 0.022Al1
Orthopyroxene” M1 0.818(2)Mg + 0.097(2)Fe*" + 0.012Fe*"+ 0.066A1 + 9285
0.004Ti + 0.001Cr + 0.002Mn
M2 0.139(3)Mg + 0.831(3)Fe*" + 0.021Mn + 0.009Ca
T 1.913Si + 0.087Al
Orthopyroxene” M1 0.847(3)Mg + 0.138(3)Fe** + 0.008 Al + 0.004Ti + 9285
0.003Mn
M2 0.079(3)Mg + 0.864(3)Fe*" + 0.020Mn + 0.037Ca
T 1.984Si + 0.016Al
Esseneite'” (C2/c) M1 0.58(3)Fe + 0.42(3)Al 87C3
M2 0.97Ca + 0.03Fe
T 0.54(3)Si + 0.46(3)Al
Ferrian spodumene Ml 0.15Mg + 0.85Fe™" 03Cl1
Lig_ssFeqo1Mgg 481,06 M2 0.85Li + 0.09Mg + 0.06Fe*"
Cay 00SCo4Tig Al 168107305 M1 0.84Sc + 0.16Ti 7903
(C2/c) M2 1.00Ca
T 0.11Ti + 1.16Al + 0.73Si
CaFey010Aly500Si0.50006 M1 0.179(1)Al + 0.821F¢’* 86G2
M2 1.00Ca
T 0.500Si + 0.411A1 + 0.089Fe®
CaNiSi,05'" M1 1.00Ni 90R1
M2 1.00Ca
CaNipsMgy,Si,06' " M1 0.26(1)Mg + 0.74(1)Ni 90R1
M2 1.00(1)Ca
CaNipsMgy 551,06 " M1 0.55(1) Mg + 0.45(1) Ni 90R1
M2 1.00(1)Ca
CaNig»sMgo 75S1,06'" M1 0.78(1) Mg + 0.22(1) Ni 90R1
M2 1.00(1)Ca
CaMgSi,04'"” M1 1.00 Mg 90R1
M2 0.89(2) Ca +0.11(2) Mg
Cag7Fe100ME0016Al 35~ M1 0.016Mg + 0.888A1 + 0.075Fe* + 0.0210 9801
Si; 53406 M2 0.742Ca + 0.087(2)Fe* + 0.17100
(C2/c) T 0.500A1 + 1.500Si
Ca-rich clinopyroxene'” 76M2

Thermal treated at:
1350°C 3GPa 3.75h
1250°C 2GPa 7.0 h

927°C 152.25h
927°C 152.25h
802°C 96 h
802°C disordered from 675 °C
675°C 302.5h
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Table 7 (cont.)
Sample Site Site occupancy Kp Refs.
Rhodonites:
MnSiOs Ml 1.0Mn 88P1
M2 1.0Mn
M3 1.0Mn
M4 1.0Mn
M5 1.0Mn
Mnyg1Feo07Mgo06Cap0sSi0; M1 0.93Mn + 0.07(1)Mg 88P1
M2 0.93Mn + 0.07(1)Mg
M3 0.91Mn + 0.09(1)Mg
M4 0.78Mn+ 0.22(1)Mg
M5 0.83Mn + 0.17Mg
Mnyg 75sMgo.15Cag 105103 Ml 0.89Mn + 0.11(1)Mg 88P1
M2 0.86Mn+ 0.14(1)Mg
M3 0.86Mn + 0.14(1)Mg
M4 0.53Mn + 0.47(1)Mg
M5 0.40Mn + 0.60Mg
Mng 685sM 03155103 Ml 0.696Mn + 0.304(6)Mg 88P1
M2 0.746Mn + 0.254(6)Mg
M3 0.634Mn + 0.366(6)Mg
M4 0.481Mn + 0.519(6)Mg
M5 0.868Mn + 0.132Mg
Mng 2Mg03:S10; M1 0.615Mn + 0.385(5)Mg 88P1
M2 0.687Mn + 0.313(5)Mg
M3 0.572Mn + 0.428(5)Mg
M4 0.350Mn + 0.650(5)Mg
M5 0.876Mn + 0.124Mg
Mn; 73Mgo7CagsiFegosSisOis M1 0.89(1)Mn + 0.11Mg 78P1
(CI) M2 0.86(1)Mn+ 0.14Mg
M3 0.86(1)Mn + 0.14Mg
M4 0.53(1)Mn + 0.47Mg
M35 0.40(1)Mn + 0.60Mg
Pyroxmangites:
Mng 9;Mgo.02Ca01S10; Ml 0.973Mn + 0.027(2)Mg 88P1
M2 0.952Mn + 0.048(7)Mg
M3 0.962Mn + 0.038(7)Mg
M4 0.967Mn + 0.033(7)Mg
M5 0.999Mn + 0.001(7)Mg
M6 0.921Mn + 0.079(7)Mg
M7 1.000Mn + 0.0Mg
Mny g,Fep0/Mgog9CagpSi0; M1 0.97Mn + 0.03(1)Mg 88P1
M2 0.81Mn + 0.19(1)Mg
M3 0.83Mn + 0.17(1)Mg
M4 0.89Mn + 0.11(1)Mg
M5 0.88Mn + 0.12(1)Mg
M6 0.81Mn + 0.19(1)Mg
M7 0.91Mn + 0.09Mg
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Table 7 (cont.)
Sample Site Site occupancy Kp Refs.
Mng s; Mgy 405105 M1 0.516Mn + 0.484(5)Mg 88P1
M2 0.351Mn + 0.649(6)Mg
M3 0.451Mn + 0.549(5)Mg
M4 0.452Mn + 0.548(5)Mg
M5 0.788Mn + 0.212(5)Mg
M6 0.253Mn + 0.747(5)Mg
M7 0.777Mn + 0.223Mg
Mng,;sMgj 555105 M1 0.04Mn + 0.96(1)Mg 88P1
M2 0.00Mn + 1.00(1)Mg
M3 0.05Mn + 0.95(1)Mg
M4 0.03Mn + 0.97(1)Mg
M5 0.30Mn + 0.70(1)Mg
M6 -0.02Mn + 1.02(1)Mg
M7 0.27Mn + 0.73Mg
Cag43Mng Mg $,S1,0¢ M1 0.06Mn + 0.94Mg 81G2
(Mn-diopside C2/c) M2 0.87(2)Ca + 0.13Mn
Cag43Mng Mg $,S1,0¢ M1 0.10(1)Mn + 0.90Mg 81G2
(Kanoite P2,/c) M2 0.86(1)Mn + 0.14Mg
Cag024sMng 5415sMg) 4325- M1 0.9882Mg + 0.0103Mn + 0.0015Ti 05S1
Tio.0015A10.0030S11 996906 M2 0.4443Mg + 0.5312Mn + 0.0245Ca
(Donpeacorite, untreated)
Cag004sMng 5415sMg) 4325- M1 0.9371Mg + 0.0614Mn + 0.0015Ti 05S1
Tio.0015A10.0030S11 996906 M2 0.4955Mg + 0.4480Mn + 0.0245Ti
(treated at 904 °C)
Omphacites P2/n:
NaMgj sSig5Si,04 Ml Mg 88A1
M1l Si
M2 Na
M2l  Na
Tl Si
T2 Si
Omphacite' Ml 0.815(9)Mg + 0.185Fe 75M2
M1l 0.868(9)Al + 0.132Fe
M2 0.314(3)Ca + 0.686Na
M2l 0.716Ca + 0.284Na
Augite-jadeite'” Ml 0.867Mg + 0.071A1 + 0.062Fe** 98B1
MIl  0.251Mg+ 0.688A1 + 0.061Fe*"
M2 0.500Ca + 0.500Na
M21  0.740Ca + 0.260Na
Augite-jadeite"” Ml 0.903Mg + 0.012A1 + 0.085F¢** 98BI
MIl  0.075Mg + 0.880A1 + 0.041Fe’" + 0.004F¢’*
M2 0.336Ca + 0.664Na
M2l 0.767Ca+0.233Na
Augite-jadeite'” M1 0.824Mg + 0.089Al1 + 0.087Fe™* 98B1
MIl  0.010Mg+ 0.973A1+ 0.011Fe*" + 0.006F¢**
M2 0.236Ca + 0.764Na
M21  0.697Ca+0.303Na
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Table 7 (cont.)
Sample Site Site occupancy Kp Refs.
Augite-jadeite'” M1 0.552Mg + 0.401A1 + 0.045F¢” + 0.002Fe™ 98B1

MI1  0.266Mg + 0.669Al + 0.053Fe>" + 0.012F¢*"

M2 0.402Ca + 0.598Na

M21 0.514Ca + 0.486Na
Augite-jadeite'” M1 0.764Mg + 0.126A1 + 0.110Fe** 98B1

Other compositions'

M1l 0.972Al+ 0.028Fe*"
M2 0.211Ca + 0.789Na

M21 0.691Ca + 0.309Na
)

b]
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)

Very slow cooled;

Natural samples;

Impurities as Al, Si, Ca were observed, in addition to Mg;
Thermal treated at 1000° C;

Thermal trated at 1100° C.

Cay.003Mng gosFeo.134Mg1 857CT0.001Alp005S11.99606;

Cay.022Mny g28F€0.802Mg1.134Al0.036 Ti0.001S11 978065

Cayg.000Mny 023F €0.941M0.962Cr0.001 Aly,153Ti0.004511 913063
Cayg.037Mny g23F €1 00ME0.929CT0.001 Alp.024Tip.00451) 984065

(Cay 0iNag1)(Fe’ 0 72Mgo 16AL0.04 Tio.03Fe™ 002)(Si119Al081)O6;
Synthetic clinopyroxenes, at 7= 1350°C;

Cap 534N 003M 0 555 Ti0.023C10 00sMng 00sF e 0 134F € 0 0asA L 350811 20065
Cay 516N 45sM o 30:F €™ 0 077F € 0.1 37A1) 308 T 005Si1.915AL0 08205
(Nao.3socao.szo)(FeHQ%1A10.380Mg0.559)5i206;
(Nao.44xcao.552)(F93+04002F‘32+04063A10.446Mg0.489)Sizosé
(NaO.534caO.466)(Fea+04003Fez+04049A10.53lMg0.417)Si206;
(Nao.54zcao.458)(F93+04007F‘32+04049A10.535Mg0.409)Sizosé
(Nao.549cao.451)(F92+04069A10.549Mg0.382)Sizos;

For Mg-Fe ordering in orthopyroxenes see: [70V2, 89S2, 93H1, 93S6, 97K2, 01V1], in Mg(Cu,Mg)Si,04
orthopyroxene [97T1], in Woy43Eng4Esq 11 clinopyroxene [01B1] and (Mg,Fe)SiO; clinopyroxene [97K2,

97W2], in ferrobustamite [79Y2] etc.

Landolt-Bornstein
New Series I11/27 1 4



Ref. p. 187] 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions 107

Table 8. Data obtained from neutron diffraction studies.

Sample T Magnetic structure N, Refs.
(K] K]
Fe,Si,04 1.5  Ferromagnetic within octahedral band and 38 88G2

antiferromagnetically coupled to neighbouring bands:
Pre(M1) =4.3(1) pg; pre(M2) = 3.3(1) up (values
extrapolated to 0 K);
T <8 K: pr(M2) deviates slightly from b-axis;
Pre(M1) || b-axis;
8 K < T < Ty: pre(M1), pre(M2) || b-axis
Fe,S1,04 4.2 Ferromagnetic within octahedral band and 45 86W3
antiferromagnetically coupled to neighbouring bands:
DPre(M1), pre(M2) || b-axis; pre(M1) = 4.2 g,
pFC(MZ) =33 Us
Fe(s7Mgo.13S10; 4.2 Ferromagnetic within octahedral band and 26 86W3
antiferromagnetically coupled to neighbouring bands
(PreMD) =(p.(M2)) =3.70(25) 5",
ch(Ml)a ch(Mz) ” b'aXiS;
CaFeSi,Oq 1.5  The spins are ferromagnetically coupled within one 38 88G2
chain and antiferromagnetically coupled to those of
adjacent chains;
Pre(M1) = 4.33(4) ug (values extrapolated to 0 K).
The moments are in the (ac)-plane, 132° away from the
c-axis in (ac)-plane
CaFeysMg(,S1,0¢ 3 Collinear antiferromagnetic ordering 35 86W3
Ppe=3.17(10) fg; p, = 2.64(7) is; po= 3.36(10) s
making 45° with a-axis

CaCoSi1,04 2 Px = 1.91(23) ug; p,=-2.23(12) ug; pco=3.30(15) Ug; 9.75  96D3
p and a make an angle of 41°
NaFeSi,Oq Antiferromagnetic ordering 8 89B1

1.5  p=3.59(5) up; o= 14.0(4)°

2.0 p=23.16(5) up; o= 14.0(4)°

4.0 p=3.40(5) up; o= 18.4(7)°.
The moments lie within planes parallel to (ac)-plane.
They make an angle ¢ with c-axis

LiFeSi,O4 1.4 p|| c-axis with a small component along a, which 19.5 98L1

indicates a spin canting in (ac)-plane;
e =0.76(9) is; p, = 4.88(3) s

D Only mean value per site <pFe (M1)> = %[0-76171% (M1)+0.94 pr,(M2)]=3.22 Up was obtained which

corresponds to an average moment < Pre (Ml)> = < Pre (M2)> =3.70(25) up similar as the average moment in

ferrosilite.
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Table 9. Magnetic properties.
Sample T T (Tc) v O C Defi Refs.
K]  [K] K] [K] [Kom® [up/atom]
mol ']
MnSiO; (triclinic) —45 5.91 64S2
FeSiOs (OPx) ¥ 42 38(1) 40(1) 27.4(5.0) 36 54 86W3,
86W4
FeSiO3(OPx) 37.0(5) 69S2
FeSiO3(OPx) 40 (Ty) 30 (50 K < T< 190 K) 88G2
8 (Tk) 138 (190 K < T< 300 K)
FeSiOs(OPx) 39(1) ("Fe NGR)? 86R 1
41(1) (magnetic)
FeSiOs(CPx) 38(1) 9.4 (T=50K) 4.09(18)  OIEl
Mg .09F€0.018i03 (CPx) " 32(2) —38.8 (T'=200 K) 3.05(13)  OlEIl
Mgo 13Feq578i0; (CPx) 26(2) ~145.5 (T2 200 K) 3.59(16)  O1EIl
Mg 13Feq 278103 (OPx) 27(1) 87R1
Mgo.15Fe0575i0; (OPx) ¥ 42 26(1) (magnetic) 29(1) 34(5) (T'= 200 K) 34 524(13)  86W3,
27(1) ("Fe NGR)" 86W4
Mgo 134Fe0 8668105 (OPx) 18(1) 69S2
Mg 20Feq 208103 (OPx) 28 93L1
Mg 2,Feq 758103 (CPx) 21(4) -57.7 (T2 190 K) 01EI
Mgo242Fe0.75s8i03 (OPx) 11(1) 69S2
Mg 30Feq 618103 -80.6 (T=190 K) 01E1
Mgo s0Fe0.20Si03 (OEn) 35.8 (77 K < T< 400 K) 5.31...5.57 01V1
Mgo ssFeq.128i0; (OEn) 36.5 (77 K < T< 400 K) 5.26...5.53 01V1
Mgo 0Feq.108i03 (OEn) <5(2) 92P1
Mgy oFe(1Si0; (perovskite) 5 92J1
CaFeSi,Os 38 35(3) (T'> 100 K) 4.98 85C2,
88G2
CaFeosMgo2Si,06 (C2/c) 35 86W3
HdgDijpJos” 31(1) 21(1) (T < 80 K) 3.05 494 97B1
Hedenbergite® 33(1) 03El
Hedenbergite” 27(1) 03E1
Ca.9sMgo.19F€0.8:Mng,02S1,06 29(2) ("FeNGR)" 21 5.43 88R1
23(1) (magnetic)
Cag.06Mgo.31Fe0.66Mno.02Al0.06311.9906.02 29(1) 86S3
Cag.97Mgo.06Fe0.79Mnyg.17Al0,0181206.01 28(1) 86S3
CaCoSi,04 9.75 -28 3.82 96D3
CaCoy75Nip 258106 13.2 -3 2.68 96D3
CaCoy.50Nip 508106 15.6 4 2.14 96D3
CaCoy.25Nip 758106 183 12 1.52 96D3
CaNiSi,O4 21.7 31 0.96 96D3
NaFeSi,O4 5.0(3) -39 (T'> 60 K) 436 59 88B1
NaFeSi,0g (synthetic) 8 —46 44 5.93 89B1
Natural acmite® (aegirine) =22 3.8 89B1
LiFeSi,O4 19.5(5) —33(T>40K) 460 6.1 88B1
LiFeSi,O4 17.5 -25.8 (T>100K) 5.81 00R2
LiTiSi,06 210 (TSP)” 0211
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Table 9 (cont.)

Sample T Tn(Tc) Y O C Defi Refs.
K] [K] K] [K] [Kom® [up/atom]
mol ']

NaTiSi,06 230 (Tsp)” 186 255 0.375 0211,

0411
LiVSi,04 22 115 0411
LiVSi,O¢ 21.6 110 -290 04V1
NaVSi,04 19 53 0411
NaVSi,04 17.4 48 -78 04V1
LiCrSi,Os 11 18 -28.7 0411,

05Y1
NaCrSi,Os 3 36  -03 05V1
NaCrSi,Os 3.4 <3  —1.8(T>10K) 1.73 0411
AcgiDio 15(1) -36(2) 6.12 88D1
AeesHd) Di;oOths'” 7.5(5) -19(1) (T < 60 K) 334 5.17 97B1

" Magnetization in a field g,H = 14 T is o = 1.45(5)-10* emu/g for FeSiO; and 1.49(5)-10* emu/g for
Mgy 09Feg.018i0; at 40 K;
Temperature for maximum susceptibility;
Critical field for magnetic transition to a parallel spin alignment uoH.= 5.0(5) T for FeSiO; and 3.5(3) T for
Mgy 13Feg 875103.
Ty determined from *’Fe NGR data and magnetic measurements;
2 Cao.99[Fﬁz+o.s4Mgo.12Mn0.o4]5i2063;+ .
7 Cal.0F€2+0,74Mg0.16Mﬂ0.03A10.03Fe3+0.025}2.006;
Cay oFe™ . 6sMgo.20Mny 15Alg osFe™ 00451 9206;
® (Nag sCag.oMng o1 ){Fe’ o 74 Tip 03Aly 15F e 07} Si1.99Al,01]06;
9 Tep— Spin Peierls transition;
"9 [Nag 65Cag 34} [Fe™ o aFe™ 0.11Mg0 19AL0.04Tio 01](Si1 98Aly 01) .

2)
3)

4
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Ref. p. 187] 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions 119

Table 11. Data obtained from NMR spectroscopy: Isotropic chemical shift, ¢ ;, the principal values of the
chemical shielding tensor, &1, 02, 33, the shielding anisotropy AJ = J3; — 1/2(51; + d2,) and the asymmetry
parameter 77 = (85 — 011)( 833 — J;) ' [83S1].

Silicate Site Chemical shift [ppm]" AQ n DH Relative Refs.
MHz [ppm] intensity
& & & & A5 [MHZ] 4 %]
»Si
MgSiO; (synthetic) 81 40 70 —132 77 0.59 83S1
Enstatite 83 41 76 —133 74 0.70 83S1
CaSiO; (wollastonite) -89 24 -85 158 104 0.88 8381
CaMgSi,0y (synthetic) -84 31 73  -148 96 0.66 8381
CaMgSi,Og (crystal) -84.7 <1 86K3
CaAl,SiO4 ~179.0 6.0 86K3
—88.1
Diopside Si(OAD[OAI][+ —84.4 45 100  02F1
Si(1AD[1A1]
DiosCaTsg s Si(IAD[OAL+ —80.7 717 2 02F1
Si2AD[1A1]
Si(OAD[OAI[+ —84.5 592 95
Si(1AD[1A]]
Si(OAD[1Al] —88.7 79%
Dig-sCaTsgos  SiRAD[OAI] -78.1 717 2 02F1
Si(IAD[0AI[+ —81.0 952 21
Si2AD[1A]]
Si(OAD[OAI[+ —84.6 1067 67
Si(1AD[1A1]
Si(OAD[1Al] —88.8 1117 10
DigsoCaTsoso  SiRAD[0AI] —78.3 86” 6 02F1
Si(IAD[0AI[+ —81.3 1177 37
Si2AD[1A]]
Si(OAD[OAI+ —85.0 143?46
Si(1AD[1A1]
Si(OAD[1AI] —89.0 1377 11
Dij,sCaTsg s SiQAD[0Al] —78.3 70 11 02F1
Si(IAD[0AI[+ —81.6 1157 41
Si2AD[1A]]
Si(OAD[OAI[+ —85.2 1477 41
Si(1AD[1A1]
Si(OAD[1Al] —89.2 1202 7
CaTs; g Si(IAD[0AI[+ —81.9 94> 70 82F1
Si2AD[1A1]
Si(OAD[OAI[+ —85.6 154 25
Si(1AD[1A1]
Si(OAD[1Al] —89.7 81 5
Diopside (glass) -81.1 17.1 86K3

Landolt-Bérnstein
New Series I11/27 1 4



120 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions

[Ref. p. 187

Table 11 (cont.)

Silicate Site Chemical shift [ppm]" n DH Relative Refs.
mtenst
& & & & AS (ppm] 7 [%]ty
Dig99CaTsy 10 (glass) -81.0 13.9 86K3
Dij 50CaTsy 9 (glass) -81.1 14.7 86K3
Dig0CaTsy 40 (glass) -81.1 12.7 86K3
Dig49CaTs ¢ (glass) -81.4 11.2 86K3
Dig,0CaTsy g0 (glass) -83 11.1 86K3
CaAl,SiOg (glass) -83.5 11.2 86K3
CaSiO; -89 -24 85 -158 -104 0.88 83S1
CaSiO; -87.7 90S2
in1:1:1ratio] —98:9
-89.3
SrSiO; (synthetic) -85 -30 71 -154 -104 0.59 83S1
BaSiO; (synthetic) -80 29 71 -140 90 0.70 83S1
Na,SiO; -76.8 93X1
Na,BaSi,0 _778 93X1
- 75.2}
NaAlSi,O¢ (jadeite) natural -91.8 93X1
LiAlSi,0y (natural) -92 -53 81 -142 75 0.56 83S1
CdSiO; -83.7 00C4
-79.9
Cd,[GasSi]0y -74.1 00C4
-76.2
-79.4
27Al
CaAl,SiOg (crystal) 60.5 86K3
CaTs (glass) 64 86K3
Dig,0CaTsy g0 (glass) 64 86K3
Dig49CaTsg ¢ (glass) 61 86K3
Dij 40CaTsy 49 (glass) 62 86K3
DiggoCaTsg 0 (glass) 59 86K3
Dig99CaTsy 10 (glass) 56 86K3
23Na
Na,SiO, 23(3)" 93X1
NaAlSi,Og 11(D) 330(10) 0.25(5) 93X1
Na,BaSi,0 Nal- 210(10) 0.75(5) 1.0 93X1
25(1)
Na2- 296(10) 0.10(5) 1.5 93X1
54(1.0)
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8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions

Table 11 (cont.)

ZSM g

CaMgSi,04 ” 8.0(5)

0.75(10) 18.0(5)

00K1

D §for ¥Si relative to TMS; for *’Al relative to 1M AICl; solution; for **Na relative to dilute aqueous NaCl;

2)

*) Relative to 1M aqueous Mg(NO3),.

Table 12. Debye temperatures and enthalpies of ordering.

a) Debye temperature.

inHz; ¥ Two peaks of equal intensity; * Probably contains multiple Na sites, average value estimated;

Samples 6 [K] Refs.
Thermal Elastic Heat >’Fe NGR data"
expansion constant capacity (lattice temperature)
MgSiO; (OPx) 812 729...753 94Y1
FeSiO; (OPx) 562 539...581 94Y1
Feg.0sMg1.95sAlg 058119606 380(20) (M2) 93V1
360(20) (M1)
Feg27Mgi 65Alg 038120206 330 (M2)
310 (M1)
Fey,MgsSi05 (OPx) 775 700...724 94Y1
F604Mg06SlO3 (OPX) 721 94Y1
FeysMgsSiO; (OPx) 686 654 94Y1
Feo'75Mg0AzssiO3 (OPX) 641 94Y1
Feo'83Mg0A17SiO3 (OPX) 618 94Y1
M¢gSiOj; (perovskite) 980(15) 93A1
1030(20)
Feo'05Mg0AgssiO3 365(52) (Fez+) 98M1
(perovskite) 476(90) (Fe’™)
Feo'05Mg0AgssiO3 392(15) (Fez+) 94F2
(perovskite) 1441(336) (Fe’")
Hedenbergite'"” 330(20) (T < 600 K) 03E1
440(10) (T> 600 K)
Hedenbergite''” 370(20) (T < 600 K) 03E1
490(20) (T'> 600 K)
CaAl,SiOq 820(50) 84H1
NaTiSi,04 450 0211
LiVSi,O¢ 532 04V1
NaVSi,Oq 482 04V1
*  Compositions given in Table 10; " See also [91D1]
b) Enthalpies of Mg-Fe ordering in orthopyroxenes.
Reference  82Gl 83Cl1 88A2 89S1 9283 94Y2 96G1 97K2 00Cl1
o
[kJ :1(21171] 12986  31.49 10.005  7.892 11.773  7.751 22.778 17.5(7)  18.0(4)

Landolt-Bérnstein
New Series I11/27 1 4



122 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions [Ref. p. 187

Table 13. Dielectric constants.

Silicate £, tand &y tand £, tand = <&> v Refs.
[MHz]
LiAlSi,O¢ 8.142(4)  0.0007 8.463(20) 0.0002 1 9281
(o-spodumene) £11="1.70(5) £y = 8.463(20) £33 =11.12(5) 896 1 9251
8.05 0.001 7.82 0.0004 9.31 0.003 839 1 72W1
8.30  (undefined 1 8102
orientation)
7.8 (undefined 1 8102
orientation)
(natural)
7.25 0.0002 7.25 300 88C2
(powder)
8.45 (powder) 845 0.5 53Tl
LiAlSi,O¢ 6.4 0.004 6.4 1 63L1
(B-spodumene) 6.3...6.5 6.4 1 81K1
57..59 0.012 5.8 9.37-10° 72M2
5.65 5.65 8803
LiAlISi,O¢ 8.07 0.047 8.07 1 92S1
(amorphous)
CaMgSi,0¢ 8.741(20) 0.0016  7.31(10) 0.0007 7.664(60) 0.0019 1 9281
(crystalline) £11=9.69 Exn=1731 £33,=1729 810 1 9281
7.90 0.5 53Tl
8.60 (undefined 1 8102
orientation)
7.9 0.0256 1 8102
(undefined
orientation)
CaMgSi,0¢ 8.893 0.0021 8.893 1 92S1
(amorphous)
Table 14. Luminescence properties for the polymorph: CaSiO; and SrSiO; doped crystals.
Phase Ama” A2 19 Tso® Refs.
[nm] [hm]  [%] K]
a-CaSiOs: Pb™ (5 at %) light-blue broad 6 82M2
B-CaSiOs: Pb*" (5 at %) 346 45 329 430
8-CaSiO;: Pb** (5 at %) 341 37 26° 440
0-SrSiOs: Pb*" (5 at %) light-blue broad  weak
8-SrSi0;: Pb** (5 at %) 337 37 119 330
8°-SrSi05: Pb** (5 at %) 331 37 6% 320
B-Ca;_Pb,SiO;
x=0.01 336 33 219
x =0.03 337 34 319
x=0.05 346 45 329
x =0.07 348, 355 54 299
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Ref. p. 187] 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions 123
Table 14. (cont.)
Phase A YT R Tso® Refs.
[nm] [nm] [70] (K]
B-Ca,_«Pb,SiO; (cont.) 82M2
x=0.10 349, 356 54 24°
x=0.20 350, 359 55 169
0-CaSiOs: Eu** (1 at %) 507 70...80 = 420 83A1
8-CaSiOs: Eu*' (1 at %) 472 83 22 420
(4.5 GPa, 1000°C)
0-SrSi0s: Eu?* (1 at %) 498 75...80 <1 380
8-SrSi0;: Eu** (1 at %) 503 63 6 300
(3.5 GPa, 1000°C)
8’-SrSi0;: Eu*' (1 at %) 466 58 37 360
(6 GPa, 1000°C)
SrSiO;: Eu**,Bi** (sol-gel) 16260" 428" 82 93L2
SrSi0;: Eu’',Bi*” 16260" 428" 40
(sintering at atmospheric pressure)
SrSiOs: Eu®',Bi*" 15504 24207 10
(high pressure, high temperature)
Y Amax: peak position of the emission band at 300 K;
b 2/2: half-width of emission band;
[ relative emission intensity;
9 T quenched temperature at which the intensity of luminescence is half of that at 77 K
® Excitation at 254 nm and 300 K; Dinem™.
Table 15. Refractive indices.
Silicate e n n 21" Refs.
Exp. Calc.
Kanoite", P2,/c at 1.699(1)  1.702(1) 1.724(5) 545 39.7 97A2
25°C
Kanoite?, P2,/c 1.7152)  1.717(2) 1.728(2)  40...42 biaxial, positive ~ 77K1
Pyroxferroite 1.748 1.750 1.768 34...40 biaxial, positive 70C2
(Feq.34Cag.13Mgo.02-
Mny (,)Si0;
Donpeacorite” 1.677(2) 1.684(2) 1.692(2) 88 biaxial, negative ~ 84P2
Petedunnite” 1.68(1) 1.69(1)  1.70(1) 80(5) 87E1
Esseneite” 1.795(5) 1.815(5) 1.825(5) 77(5) biaxial, negative ~ 87C3
CaAl,SiOg 1.597(2) (o) 1.603(2) () uniaxial, positive ~ 73K1
Diopside® 1.747(5)  1.750(5) 1.762(5) 73D2
Diopside” 1.6902)  1.7002) 1.712(2) 02D1
NaCrSi,04 1.740(1)  1.756(1) 1.762(1)  60...70 biaxial, negative  65F1
Natalyite® 1.741(2) 1.762(3) 1.762(3)  8-12 biaxial, negative ~ 85R1,
87H1
Joesmithite” 1.747(5) 1.765(5)  1.78(1) biaxial, positive 68M2,
68M3
Aérinite'® 1.510(5) 1.560(5)  1.580(5) 63 biaxial, negative ~ 88A4
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124 8.1.4.1 Pyroxenes, pyroxenoids and silicates with related compositions [Ref. p. 187

Table 15 (cont.)

Silicate g, ng ny 2/ Refs.
Exp. Calc.

Vinogradovite'" 1.745 1.770 1.775 41 biaxial, negative  56S2

Paravinogradovite'? 1.707(2) 1.741(2) 1.755(2)  64(1) 64 biaxial, negative ~ 03K1

Nchwaningite'” 1.681(2) 1.688(2) 1.690(2)  54.4(4) biaxial, negative ~ 95N1

b MnMgSi,Og;

j) MnlA040Mg0A885Fez+04(')87Fe3+0.012ca0A024Si14993O6;

4; Mg, 41Mnyg 56Cag 0351,0¢; ” " .

5 (Cao492Nao406Mn030+2)(ZnoA37M110A18FC_ 0A19F§ OAIZMgOA14)(SIIA94A10A06)O6;

N (Cf:ll4011\1&10401_)(Fe 0.72Mg0416A.10404T10.O3Fe 0.02)(Si1.19Al9 31)O;

) CaLOMgO‘}TlOASAlO‘13(A2£0474SIL32+6)06; . _

N (Cag.9sNag 03)(Mgo.ssFe™ g 07F e 0.03A10..16T10404)(Sl1.77A]0.23)O6;

) (Nao.92C30407)(V0.54Cf0.36Mg0.%7+A10.03)Sl1.9936; . .

10) (Pb046caO46BaO4anO.S)ZgaOAFe 20(MggsFe 144F33+0.8A10.3.)(Sl13.8Beo.1)(0H)1449039.7;

(Cay 04Nag 16K o.02)(Fe™ .01Mng 0sMg; 47)(Als 36F€™ 1 72)(S111.50P0.19)O03621(0H)12.11(CO2)0.99'12.11H,0;
1 Composition: Si0,-40.70, Ti0,-33.60; Al,0;-6.20, Mg0-0.36, CaO-1.00, Na,0-12.00, K,0-1.8, H,0-4.80;
12 (Nay 203K .160(Ti3 336F €0 471Nb0 034ME0.020)(Sis 626Al1.008B€0.276)O22( OH) 4 (H0) 112
) Mn**,Si05(0H),'H,0.

Landolt-Bornstein
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