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e This is the high temperature monoclinic structure of BiosMoOg, stable above 896°C. Below that it transforms to the
room-temperature koechlinite structure (Villars, 2018).

Simple Monoclinic primitive vectors

ay; = aX
az = by

ag = ccosfBX+csinfz

Basis vectors

B, =

Bs =
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By =
BlO =
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B =

Bis =
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Bz =
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By =
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Lattice
coordinates

ria; +yiaz + z1as

—zia; + (y1 + %) az —
(51— 3)

—ri1a1 —Yiaz2 —z1ag

zra;—(y1 —3) az+ (21 + 3) as

Toai +yz2az + 22 a3

—zpa; + (Y2 + 3) az —
(2 —3) &

—T2Qa1 —Y2a2 — 2243

paan— (1o~ 1) mat (4 ) g

Tzay +yszag + 23a3
—Tza; + (y3+%) ag —
2’37%) as

—T3a; —Ysaz —zzag

xsal—(y —%) az+(23+%) as

T4a1 +Ysaz + 24 a3
—zgar+ (ya+ 3) az —
Z4—%) as

—T4a1 —Ysgaz —2z4ag

raa—(ga—3) aact (244 3) g

Tsay + Ysaz + z5as

—zsa;+ (Y5 + 3) az —
(25— 3) a3

—Tsa1 —Ysaz — 25a3

1’531—(315 - %) 32+(Z5 + %) as

Cartesian
coordinates

(axy +czicosB) X+ by1 §+cz18infz
— (azy +c (21— 1) cos B) X+
b(y1—|—%) &—c(zl—%)sinﬁi

—(ax1 +cz1c080) X —by1§ —cz1sin Bz
(az1 + ¢ (21 + 5) cos B) % —
b(yi—3) y+c(z+3)sinB2

(axg + czacosB) X+ by2§ + czosin 5
f(ax2+c(fo%)cos6) X+
b(ngr%) yfc(ZQf%)sinﬂﬁ

—(azg 4+ czocosB) X —bya § — czosin Bz
(amg—i—c(zg + %) cosﬁ) X —
b(yg—%) §f—|—c(z2+%)sinﬁi

(ax3 + czzcos B) X+ bys § + cz3sin S 2
f(a:c3+c(23f%)cosﬂ) X+
b(ys+3) 9 —c(z3—3)sinBz

—(azs 4+ czgcosB) X —bysy — czzsin Bz
(GIIJ3+C(23+ %) COSB) X —
b(ys —3) ¥ +e(es+3)sinfz

(axy + czacosB) X+ bys§ + cz4sin 5z
—(am—l—c(z;;—%)cosﬂ) X+
b(ya+3) 9 —c(za—3)sinBz

—(azg +czgco8fB) X —bys § — czqsin Bz
(aa:4—|—c(24—|— %) COS,B) X —
b(ya—3) ¥ +c(aat3)sinfz

(axs + cz5c08 8) X+ bys § + cz58in S Z
—(am—l—c(%—%)cosﬁ) X+
b(ys+3) ¥ —c(25— 3)sinB2

—(axs + cz5cosB) X —bys § — cz5sin B Z
(axs +c (25 + 3) cos B) X —
b(ys—%) y+c(z5+%)sinﬁi
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position
(4e)
(4e)
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type
Bil
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B21
B22
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B25
B26
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B29
B3O

Bs;
Bs2

Bss
Bsy

B36

Bsr
Bss

Byo

B4
Byo

B43

B4

Bys
Bue

Bus

Tear + Ys a2 + 26 a3
—Zeai + (y6 + %) az —
(%6 —3) a3

—Tedl —YeaA2 — 26 A3

xsal—(yﬁ - %) az+(Z6 + %) ag

r7a; +yraz + z7ag
—zrar + (yr + 3) az —
27—%) as

—T7ap —Yraz — 2ras

13731—(317— %) 32+(Z7+ %) as

Tgar + Yysaz + zgas
—zga; + (ys + 3) az —
z5 — 3) as

—Xga] —Ysay — zgas

xgal—(yg - %) 32+(Zs+ %) ag

Tgai + Yo az + 29 ag

—xg9aj + (yg + %) az —
(20 = 3) s

—Tgal —Ygaz — Zgag

Cﬂgal*(yg - %) a2+(z9+ %) ag

T10a1 + Yo a2 + 210 a3
1
—ZTpar + (ylo + 5) az —
1
(210 — 3) a3

—Ti1p0aA1 — Yi0a2 — 210 A3

Tipar — (ylo - %) az +
(210 + %) ag
Ti1a1 +yiaz +zn1a3
—rjpa; + (yn =+ %) ag —
(211 = 3) as

—T11a1 —Yi1a2 — 21133

Tirag — (yu - %) az +
(211 + %) ag
Ti2a1 +Yi2@2 + 21243
—z12a1 + (y12+ 5) az —
(212 = 3) a3

—Ti12a1 —Yi12a2 — 21243

Tiza; — (y12 - %) az +
(212 + %) az

(axe + czgcos B) X+ bys ¥ + cz6sin 5 2
—(amﬁ—l—c(z(;—%)cosﬂ) X+
b(ys+3) ¥ —c(z—3)sinB2

—(azg + czgcosB) X —bygy — czsin Bz
(aa:6—|—c(z6+ %) cos,B) X —

b(y —%) y+c(z6+%)sinﬁ2
(ax7 + czrcos B) X+ byr § + czrsin Sz
—(cww—l—c(m—%)cosﬁ) X+
b(yr+3)y—c(zr—3)sinBz
—(ax7 + czrcosB) X —byr § — cz7sin B Z
(axr +c (27 + 3) cos B) X —
b(yr—3) §+c(zr+3)sinfz
(axg + czgcos B) X+ bys § + czgsin S 2
—(ax8+c(28—%)cosﬁ) X+
b(yg—i—%) &—c(zg—%)sinﬁi
— (axg + czgcos B) X —bys§ — czgsin B Z
(a:z:8+c(28+%) cosﬁ) X —
b(ygf%) y+c(zs+%)sinﬂ2
(axg + czgcos B) X+ byg § + czgsin 5z
—(axg—l—c(zQ—%)cosﬁ) X+
b(yg—i—%) y—c(zg—%)sinﬁi
— (axg + czgcos B) X —bygy — czgsin B Z
(ax9+c(29+%) cosﬁ) X —
b(yo—2) §+c(z0+3)sinB2

(ax10 + cz10c08 B) X+ by10§ + cz10sin 5 Z

- (axlo +c (z10 - %) cosﬁ) X+
b(y10+ %) S’—C(Zjo— %)SIDBZ
—(az19 +czi0cos B) X —by10y —

cz19sin Bz
(axlo +c (210 + %) cos B) X —
b(ylo— %) §f+c(210—|—%) sin Bz

(ax11 + cz11c088) X +by11 ¥+ cz118in 52

— (azn +c (2’11 — %) COSﬁ) 5(+
b(y11+%) yfc(zll — %)smﬁi
—(az11 +cz11c088) X —by11 § —

cz118in Bz
(axn +c (211 + %) cos 6) X —
b(y11 — %) y—l—c(zu —|—%)Sinﬁi

(a:clg + cz19 COS ﬂ) b'e + by12 y + cz12 sinﬂ Z

- (axu +c (212 - %) cosﬂ) X+
b(yiz+3) §—c(z212— 3)sinfz
— (axz12 + cz12cos B) X — by12§ —

CZ12 sinﬁi
(al’lg +c (2’12 + %) COS ﬂ) X —
b(ylgf %) erc(zngr%)sinBZ
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Bs2

Bss
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Bss

B56

Be1
Be2

B63

Bea

B65
B66

Begr

B68

Beg
Bro

B

B2

Bry

T13a1 + Y132 + 213 a3
1
—ziz3a; + (y13 + 5) ag —
1
(213 - 5) asg

—T13a41 —Yi13a2 — 213a3

Tizar — (y13 - %) ag +
(213 +3) a3
T14a1 + Y1422 + 214 a3
—Ti4a; + (y14 + %) as —
(214 — 1) a3

—T14A1 —Y14A2 — 214 A3

Tigaar — (y14 - %) az +
(214 + %) ag
T15a1 + Y152 + 215 a3
—Tisai + (y15 + %) az —
(215 — 3) as

—Ti15aA1 — Yip a2 — 21543

Tisag — (y15 - %) az +
(215 + %) ag
T16 a1 + Y16 A2 + 216 A3
—Zie a1 + (y16 + %) as —
(216 = 3) as

—T16 A1 — Y16 A2 — 216 A3

Tie a1 — (y16 - %) ag +
(216 + 3) a3
Ti7ar +Yiraz + z17a3
—zi7a; + (y17 + %) az —
(17— 3) a3

—Zi17aA1 —Yi7az2 — Z17aA3

Ti7ar — (y17 - %) ag +
(217 +3) a3
T1ga1 + yisaz + 215 a3
—Tigai + (y18 + %) az —
(218 - %) asg

—T18aA1 — Yiga2 — 218 A3

1
rigap — <y18 - 5) az +
1
(218 + 5) ag
T19a1 + Y19z + 219 a3

—Zigap + (y19 + %) ag —
(210 = 3) a3

(CL{E13 + cz13 cos ﬂ) X+ by13 y + cz13 sinﬁi
— (axlg +c (213 — %) cosﬂ) X+
b(yis+3) §—c(zi3—3)sinpz

— (ax13 + cz13c088) X — by13§ —
CzZ13 sin 6 Z

(al‘lg +c (213 —+ %) COSs ﬂ) )A( —
b(ylgf %) erc(zngr%)sinBi
(ax14 + cz14c08 8) X+ by14§ + cz148in 5 2
— (aa:14 +c (214 - %) cosﬁ) X+
b(yiat+3) 9§ —c(z14 — 3)sinfz

— (ax14 + CZ14 COS 6) X — by14 5’ —
cz148in Bz

(ax14 +c (z14 + %) cos B) X —
b(yia—3) §+c(za+3)sinpz
(az15 + cz15c08 B) X+ by15 ¥ + cz158in S 2
- (aa:15 +c (2’15 — %) COSﬁ) X+
b(yis+3) §—c(z15 — 3)sin B2

—(az15 + cz15c088) X — by15 Y —
cz158in B2

(ax15 +c (215 + %) Cos 6) X —
b(yis —3) §+c(z15+3)sinfz
(ax16 + cz16 €08 B) X+ by16 ¥ + cz168in 5 2
— (axlﬁ +c (216 — %) Cosﬂ) X+
b(y16+%) yfc(zlg,f %)sinﬂi

— (az16 + cz16co8 B) X — by16 Y —
CZ16 sin B Z

(aw16 + ¢ (216 + 3) cos B) & —
b(yie—3) §+c(z16+ 3)sinBz
(ax17 + cz17c08 B) X+ by17§ + cz17sin 5 2
- (axn +c (217 - %) cosﬂ) X+
b(yir+3) §—c(zir—3)sinfz
—(az17 + czi7cos B) X —byir § —
cz178in Bz
(a:c17 +c (217 + %) cos ﬂ) X —
b(y17— %) y—i—c(zn—i—%)sinﬂi
(ax1g + cz18cos B) X+ by1s§ + cz18sin S
— (axlg +c (z18 — %) cosﬁ) X+
b(yis+3) ¥ —c(z18—3)sinf2

— (axls + Cz18 COS 6) )A{ — bylg y —
cz188in B2

((111718 +c (218 + %) cos 6) X —
b(yis—3) §+c(z1s+3)sinfz
(ax19 + cz19 €08 B) X+ by19§ + cz198in 5 2
— (a:l?lg +c (2’19 — %) COSﬂ) )A(+
b(yio+3) §—c(z1i9— 3)sinpz
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Brs

Brs

Bs:
Bso

Bss

Bsy

B85

Bsr

B88

Bso
Bogo

B91

Bo2

B94

B95

Bos

Bor
Bgs

BlOO

—Ti19a1 —Yi9az2 — Z19aA3

Tigar — (y19 - %) az +
(219 + %) ag
To0 @1 + Y20 a2 + 220 A3
—x0a1 + (Y20 + 5) Az —
(220 = 3) a3

—T20a1 — Y20a2 — 22043

Tooay — (y20 - %) az +
(Z20 + %) as
To1 a1 + Yo1 a2 + 221 A3
—xa1a1 + (Y21 + 3) az —
(221 - %) as

—T21A1 —Y21A2 — 221a3

Toray — (y21 - %) az +
(221 + %) as
Tog A1 + Y22 a2 + 222 A3
—Ta; + (y22 + %) az —
(222 —3) a3

—T22a1 — Yz2a2 — 22243

Togar — (y22 - %) az +
(222 + %) ag
To3 @y + Yoz az + 223 a3
—T23ai + (y23 + %) az —
(225 — 3) a3

—T23 a1 — Y23 a2 — 223A3

Tozay — (y23 - %) az +
(323 + %) ag
To4 @1 + Y24 22 + 224 A3
—Tgsay + (y24 + %) az —
(220 = 3) a3

—T24 A1 — Y24 A2 — 224 A3

Togay — (y24 - %) az +
(224 + %) as
Tas A1 + Y25 A2 + 225 A3
—ZTgsa; + (y25 + %) as —
(225 — 1) a3

—T25aA1 — Yzp A2 — 225 A3

Tosay — (y25 - %) ag +
(225 + %) az

— (axlg + CZzZ19 COS 5) )A( — by19 y —
cz198in Bz

((1.7}19 +c (219 + %) cos B) X —
b(yio—3) §+c(z19+3)sinfz
(awap + 290 €08 B) X + byag ¥ + 220 sin 52
— (al‘go +c (2’20 — %) COSﬁ) 5(+
b(y20+%) yfc(ZQ()f %)smﬂi

— (azap + czogcos B) X — byap § —
czo0Sin Bz

(axgo +c (220 + %) Cos 6) X —
b(yo—3) §+c(z20+3)sinfz
(CLSCQl + cz91 COS ﬂ) b'e + by21 y + cz91 sinﬂ Z
- (ale +c (221 - %) cosﬂ) X+
b(ya +3) §—c(z1 — 3)sinpz
— (ax21 +czo1co88) X —bya1 § —

CZ91 sinﬁi
(al’gl +c (2’21 + %) COS ﬂ) X —
b(y21 — %) erc(leJr%)sinﬁZ
(amas + cz92 €08 B) X + by § + czo0sin 5 Z
- (aatgg +c (222 - %) cos,é’) X+
b(ya2+3) §—c (222 — 3)sinfB2
— (azag + czoacos B) X — byoa § —
Cza28in B Z
(amgg +c (222 + %) cos B) X —
b(yse—3) §+c(z2+3)sinpz
(awaz + c293 €08 B) X + byas3 § + cza3sin B2
— (awas + (223 — ) cos B) X+
b(yas+3) §—c(z23 — 3)sinBz
— (a3 + czog3cos B) X — byas § —
czo3sin B2
(G,.’II23 +c (223 + %) Cos B) X —
b(yss —3) §+c(z23+3)sinfz
(awaq + cz94 €08 B) X+ by24 § + cz248in 52
- (ax24 +c (224 - %) COSB) X+
b(yaa+3) §—c (224 — 3)sinpz
— (a4 + czogcosB) X — byos § —
CZ24 sinﬁi
(aas24 +c (224 + %) COS [3) X —
b(yaa — 3) §+c(z2a+ 3)sinpz
(a5 + cz95 €08 B) X + byas § + czo5sin 5 Z
- (aa:25 +c (z25 - %) cosﬂ) X+
b(yss +3) §—c(225 — 3)sinfBz
— (azas + czo5cos B) X — byos § —
czo58in B2
(al'gg, +c (225 + %) cos B) X —
b(yss —3) §+c(z25+3)sinpz

O VII
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O VIII
O VIII

O VIII
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0 IX
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B101 -
B102 =

B103

B104

B105

B106

Bior

B108

Biog
Bi1o

Bi1s =
Bi14 =

B115

Biis

Bi17

B118 =

Bi1o

B120

B121 -

Bi22

Bi23

Bi24

Bi2s =

Bi26

Tog A1 + Y26 A2 + 226 A3
1
—ZTz6 a1 + (y26 + 5) ag —
1
(226 - 5) asg

—T26 A1 — Y26 A2 — 226 A3

Toe a1 — (y26 - %) ag +
(226 + 3) a3
To7 a1 + Y27 A2 + 227 a3
—zg7a; + (y27 + %) as —
(207 — 3) a3

—T27a1 — Yg7aA2 — Z27A3

Torar — (y27 - %) az +
(227 + %) ag
Tog a1 + Y2g A2 + 228 A3
—T2gai + (y28 + %) az —
(228 —3) a3

—T28 A1 — Yzg A2 — 228 A3

Togay — <y28 - %) az +
(228 + %) ag
Tog a1 + Y29 A2 + 229 A3
—ZTa9ay + (y29 + %) as —
(220 = 3) a3

—T29 A1 — Y29 A2 — 229 A3

Tag Ay — (y29 - %) ag +
(220 +3) a3
T3p a1 + Y30 A2 + 230 A3
—x3pa; + (yso + %) az —
(230 — 1) a3

—T30a1 — Y30a2 — 230 a3

T3par — (y30 - %) az +
(230 +3) a3
T31a1 +ysaz + 231 a3
—T31a + (y31 + %) az —
(231 - %) asg

—x31aA1 — Y31 a2 — 23143

1
T3 ap — (y31 - 5) az +
1
(231 + 5) ag
T32 a1 + Y32 s + 232 a3

—Z32a + (y32 + %) ag —
(230 — 3) a3

(CL{E26 + Cz9g COS ﬂ) X+ by26y + Cczo6 sinﬁi
— (ax% +c (226 — %) cosﬂ) X+
by +3) §—c(z26— 3)sinfBz

— (ax96 + cza6 cos B) X — byas § —
CZ226 sin 6 Z

(al‘gg +c (226 —+ %) COSs ﬂ) )A( —
b(yse —3) §+c(z26+3)sinpz
(ama7 + czo7c08 B) X + byar § + czo7sin 5 Z
— (aa:27 +c (227 - %) cosﬁ) X+
b(ysr +3) §—c(zer — 3)sinfBz
— (azo7 + czorcos B) X — byar § —
czo78in Bz
(ax27 +c (z27 + %) cos B) X —
b(y27— %) y—i—c(zw—l—%) sin 8 Z
(azas + cz28 oS ) X + byag ¥ + 208 sin S Z
- (aﬂigg +c (228 — %) COSﬁ) X+
b(yas+3) §—c(z28 — 3)sin B2

— (azas + czog cos B) X — byag § —
czogsin Bz

(axgg +c (228 + %) Cos 6) X —
b(yss —3) §+c(z2s+3)sinfz
(awag + cz99 €08 B) X + byag § + 229 sin 5 2
— (axgg +c (229 — %) Cosﬂ) X+
b(ygng%) yfc(zggf %)sinﬂi

— (azag + czog cos B) X — byag § —
CzZ29 sin B Z

(awag + ¢ (220 + 3) cos B) & —
b(yso —3) §+c(z20+3)sinpz
(axsp + cz30 cos B) X + bysg ¥ + cz30sin 5 2
- (axg,o +c (230 - %) cosﬂ) X+
b(yso+3) §—c(z30— 3)sinfz
— (ax3p + czzpcos B) X — byso y —
cz308in Bz
(axgo +c (230 + %) cos ﬂ) X —
b(yso—3) §+c(z30+3)sinfz
(awsy + cz31co88) X+ bys1 § + cz31sin 5z
— (a$31 +c (2:31 — %) cosﬁ) X+
b(ysi+3) ¥ —c(z31 — 3)sinf2

— (axs; + cz31cos ) X —bys1 ¥ —
cz318in B2

(aﬂcgl +c (231 + %) cos 6) X —
b(ysi —3) §+c (2314 3)sinf2
(awze + cz32 €08 B) X + bysa § + cz32 sin 5 2
— (a:lfgg +c (2’32 — %) COSﬂ) )A(+
bys2+3) §—c(z32— 3)sinpz
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O XV
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O XV

O XVI
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Bi27 = —T32a; — Y3282 — 23243
1
Bi2s = T32a1 — (Y32 — 5) az +
2
1
(232 + 5) ag
Bi2g = T33 a1 + Y33 a2 + 233 a3
1
Biso = —wgza; + (ys3 + 3) az —
1
(233 - 5) ag
Bis1 = —I33a; — Y3z a2 — 23383
1
Bis2 = zsza; — (ys3 — 3) ax +

(333 + %) ag

Bisz = T3481 + Y34 a2 + 234 A3

Bis4 = —z3a; + (Y34 + 5) az —
(234 - %) asg

Bi3s = —T3481 — Y3482 — 23483

Bise = z3aay — (ysa — 5) az +
(234 + %) as

Bisr = T35 a1 + Yss a2 + 235 a3

Biss = —x35a1 + (yss + 3) az —
(235 - %) ag

Bizg = —Z35a1 — Y35 A2 — 235 A3

Biso = T35 a1 — (yss - %) az +
(235 + %) as

Bia = T36 a1 + Y36 a2 + 236 A3

Bi42 = —z36a1 + (yYse + 1) a -
(236 — 3) a3

Biss = —T3681 — Y36 A2 — 236 A3

Bi44 = z3gar — (Yse — 5) az +
(Z36 + %) as
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