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Abstract

Cerite, (Ce,La,Nd,Ca)g(Fe’*,Mg,Al)(Si04)¢(SiO;OH)(OH);, rhombohedral, a =
10.779(6), ¢ = 38. 061(7)A Z = 6, space group R3c, is nearly isostructural to whitlockite,
CagMg(PO,4)¢(PO;OH). R = 0. 032 for 1711 independent reflections.

~ Cerite is related to a large family of ‘‘bracelet and pinwheel’’ structures derived from
glaserite, KNa3(§C4);. Rods of two kinds run parallel to the c-axis. One rod is partly
disordered at (00z) and includes the (SiO;OH) tetrahedron and (OH)~ groups, the latter
bonded to the RE ions. The other rod at (x,y,z) which is fully occupied is based on the
corner-, edge-, and face-linkages of Si(1)O4 and Si(2)O4 tetrahedra and RE(1)O3OH,
RE(2)O3OH and RE(3)OgOH polyhedra. Omitting the bond to OH, the anhydrous REOg
group is a polyhedron of order 8 and has maximal point symmetry D2d. The OH™ ligands
bond through a rhombus-shaped window in this polyhedron. Average distances are
PIRE(1)-0 = 2.59, PIRE(2}-O0 = 2.55, PRE(3)-0 = 2.59, (Mg, Fe3*,Al}-0 = 2.07,
“ISi(1}-0 = 1.63 and “ISi(2)-0 = 1. 63A

It is suggested that cerite probably has F~ analogues, and is related to a substantial

family of rare earth silicates with rhombohedral structures such as cappelenite, okanogan-

ite and steenstrupine.

Introduction

Cerite, a silicate of the rare earths (=RE), was first
named and described by Jo6ns Jacob Berzelius. The
mineral from the Bastnds Mine, Riddari:yttan, Sweden,
provided Berzelius and his students with a source for
several new rare earth elements, including cerium
(Jorpes, 1966).
~Cerite has been suspected to be isostructural with
whitlockite, CagMg(PO,4)s(PO3;OH), just as beckelite,
Ca;RE3(Si04);(OH) is isostructural with apatite, Ca,Cas
(PO4)3(OH). In addition, térnebohmite, RE,Al(OH)
(SiOy4),, which occurs with cerite at the type locality, is
found to be isostructurel with fornacite, Pb,Cu(OH)
(AsO4)(CrOs) (Shen and Moore, 1982). Therefore, a
structure study of cerite seemed highly desirable. In
addition, a suspected kinship with equally complex RE
silicates okanoganite, cappelenite and steenstrupine war-
ranted the investigation.
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Experimental procedure

Cerites from several sources were studied. We thank
Messrs. John S. White, Jr. and Pete J. Dunn, U.S.
National Museum of Natural History, Smithsonian Insti-
tution for cerite from Bastnis, Sweden (UsNM R3925) and
Mountain Pass, San Bernardino County, California
(usNM 117769); Dr. Carl A. Francis of Harvard Mineral-
ogical Museum for Riddarhyttan, Sweden material
(HMM 86268); and Dr. John W. Adams of Lakewood,
Colorado for a related material from Jamestown, Colora-
do. The chemical investigation by Glass et al. (1958)
suggested that Mountain Pass material would be more
appropriate for study than Bastnids material. Dr. Howard
T. Evans, Jr. traced this original sample studied by Glass
et al. to the Smithsonian specimen. A nearly equant grain
measuring 0.09 X 0.11 X 0.12 mm from Mountain Pass,
California was selected for the ensuing study.

Precession photographs indicated good quality of the
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-1 12 26 85 78 -1 128 662 639 -6 14 28 189 199 -3 6 30 506 519 -8 9 31 105 107

-12 13 26 231 226 2 228 421 406 -1 3 29 59 59 O 6 30 326 334 -5 9 31 61 56
-9 13 26 188 186 -2 3 28 676 672 -3 4 29 177 178 -5 7 30 207 204 -2 9 31 a1 34
-6 13 26 242 246 -4 4 28 512 522 -2 5 29 167 173 -2 7 30 497 500 -7 10 3t €1 57
-3 13 26 227 243 -1 4 28 348 344 -4 6 29 119 122 -7 8 30 342 347 -4 10 31 87 58
-8 14 26 236 241 -3 5 28 1091 1086 -1 6 28 36 34 -4 8 30 122 129 -1 10 31 210 215
-5 14 26 135 119 O 5 28 1068. 1084 -6 7 29 186 198 -1 8 30 248 256 -9 11 31 113 111
-1 2 27 74 74 -5 6 28 259 260 -3 7 29 36 31 -9 9 30 114 106 -6 11 31 96 80
-2 4 27 43 43 -2 6 28 210 203 -5 8 29 91 93 -6 9 30 162 1B3 -3 11 31 85 89
-4 5 27 54 55 -7 7 28 638 641 -2 8 29 128 132 -3 9 30 281 294 -11 12 31 40 38
-1 5 27 101 98 -4 7 28 372 37t -7 9 29 126 123 0 9 30 58 31 -8 12 31 97 95
-3 6 27 36 32 -1 7 28 169 165 -4 9 29 136 138 -8 10 30 374 392 -5 12 31 60 55
-5 7 27 71 75 -6 8 28 676 684 -1 98 29 147 155 -5 10 30 552 580 -2 12 31 65 68
-2 7 27 136 141 -3 8 28 420 439 -9 10 28 86 g1 -2 10 30 248 256 -10 13 31 41 21
-7 8 27 136 140 O 8 28 669 678 -6 10 29 233 230 -10 11 30 152 154 -7 13 31 117 145
-4 8 27 225 230 -8 9 28 364 365 -3 10 28 69 65 -7 11 30 240 249 -4 13 31 158 168
-1 8 27 52 51 -5 9 28 131 128 -8 11 29 99 105 -4 {1 30 121 119 O 132 222 214
-6 9 27 38 25 -2 9 28 257 268 -5 11 28 157 161 -1 11 30 286 281 -2 2 32 503 495
-3 9 27 67 75 -10 10 28 726 731 -10 12 29 92 - 92 -12 12 30 181 192 -1 3 32 179 164
-8 10 27 105 {11 -7 10.28 288 294 -7 12 29 {161 158 -9 12 30 {61 167 -3 4 32 204 200
-5 10 27 50 44 -4 10 28 192 199 -4 12 29 78 86 -6 12 30 78 71 O 4 32 226 2249




OBSERVED AND CALCULATED STRUCTURE FACTORS FOR CERITE PAGE 8

H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC
-5 5 32 343 332 -7 8 33 107 119 -2 9 34 114 108 O O 36 887 893 -4 7 37 52 53
-2 5 32 223 233 -4 8 33 121 1148 -10 10 34 266 271 -1 2 36 197 191 -1 7 37 30 94
-4 6 32 73 71 -1 8 33 144 148 -7 10 34 323 328 -3 3 36 871 860 -6 8 37 111 114
-1 6 32 246 249 -6 9 33 55 60 -4 10 34 64 67 O 3 36 386 391 -3 8 37 35 31
-6 7 32 108 106 -3 9 33 90 92 -1 10 34 111 115 -2 4 36 215 215 -8 Q9 37 165 164
-3 7 32 88 77 -8 10 33 66 65 -9 11 34 146 {46 -4 5 36 260 255 -5 9 37 63 G4

O 7 32 130 14H1 -5 10 33 32 21 -6 11 34 135 130 -1 5 36 307 304 -2 9 37 121 119
-8 8 32 171 164 -2 10 33 76 83 -3 11 34 328 336 -6 6 36 277 27H1 -7 10 37 131 137
-5 8 32 388 385 -10 11 33 g2 91 O 11 34 {179 178 -3 6 36 611 615 -4 10 37 220 230
-2 8 32 230 225 -7 11 33 113 112 -8 12 34 62 67 O 6 36 598 611 -1 10 37 81 82
-7 9 32 83 83 -4 11 33 88 23 -5 12 34 200 206 -5 7 36 672 672 -9 11 37 40 23
-4 S 32 63 62 -1 11 33 120 124 -2 12 34 71 63 -2 7 36 208 209 -6 11 37 104 104
-1 9 32 147 149 -9 12 33 76 84 -7 13 34 147 144 -7 8 36 355 353 -3 11 37 53 41
-9 10 32 124 122 -6 12 33 91 74 -1+ 3 35 116 118 -4 8 36 372 371 -8 12 37 89 S3
-6 10 32 108 94 -3 12 33 63 62 -3 4 3% 35 16 -1 8 36 414 413 -5 12 37 48 26
-3 10 32 279 292 -8 13 33 38 18 -2 5 35 56 59 -9 9 36 142 139 0O 1 38 3t1 305

O 10 32 188 200 -5 13 33 33 36 -4 6 35 30 28 -6 8 36 230 230 -2 2 38 422 409

-1t 11 32 210 210 -1 1 34 323 312 -1 6 35 150 147 -3 9 36 246 258 -1 3 38 635 627
-8 11 32 185 182 O 234 726 706 -6 7 35 96 95 O 9 36 298 297 -3 4 38 241 240

-5 11 32 127 tie6 -2 3 34 385 377 -3 7 35 133 133 -8 10 36 265 257 0 4 38 133 {15

-2 11 32 88 97 -4 4 34 {66 153 -5 8 35 26 i9 -5 10 36 583 591 -5 5 38 842 847
-10 12 32 Q2 72 -1 4 34 104 100 -2 8 35 59 58 -2 10 36 588 607 -2 5 38 662 660
-7 12 32 216 216 -3 5 34 107 102 -7 9 35 59 53 -10 11 36 282 276 -4 6 38 268 271
-4 12 32 72 78 O 5 34 585 589 -4 9 35 75 73 -7 11 36 78 84 -1 6 38 264 275
-1 12 32 77 87 -5 6 34 287 286 -1 9 35 206 202 -4 11 36 109 122 -6 7 38 59 42
-9 13 32 150 141 -2 6 34 10t 97 -9 10 35 149 154 -1 11 36 172 181 -3 7 38 328 326
-6 13 32 105 104 -7 7 34 133 134 -6 10 35 45 39 -9 12 36 156 158 O 7 38 561 572
-1 2 33 57 54 -4 7 34 296 2892 -3 10 35 152 151 -6 12 36 76 80 -8 8 38 681 688
-2 4 33 39 41 -1 7 34 48 45 -8 11 3% 44 a1 -3 12 36 88 g4 -5 8 38 328 341
-4 5 33 85 98 -6 8 34 320 327 -5 11 35 41 21 -2 3 37 38 36 -2 8 38 383 3989
-1 5 33 63 59 -3 8 34 428 433 -2 11 35 146 147 -1 4 37 75 71 -7 9 38 247 248
-3 6 33 41 36 O 8 34 {10 98 -10 12 35 82 7 -3 5 37 3 87 -4 9 38 17% 177
-5 7 33 57 60 -8 9 34 100 o8 -7 12 35 32 24 -5 6 37 ° 83 81 -1 9 38 188 198
-2 7 33 61 63 -5 9 34 252 258 -4 12 35 151 153 -2 6 37 125 122 -9 1C 38 165 171
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OBSERVED AND CALCULATED STRUCTURE FACTORS FOR CERITE PAGE 10

H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC

-3 6 48 209 205 -4 7 49 90 95 -1 6 50 o8 92 -4 4 52 157 153 -3 3 54 218 215
O 6 48 341 337 -1 7 49 56 52 -6 7 50 60 47 -1 4 52 37 15 O 3 54 584 571
-5 +7 48 503 507 -6 8 49 104 104 -3 7 50 65 63 -3 5 52 249 252 -2 4 54 300 302
-2 7 48 314 315 -3 8 49 51 24 -1 2 51 44 39 O 5 52 245 254 -4 5 54 217 199
-7 8 48 96 101 O 1 50 204 198 -2 4 51 32 21 -5 6 52 94 93 -1 5 54 132 123
-4 8 48 61 58 -2 2 50 274 275 -4 5 51 54 50 -2 6 52 120 122 -2 3 55 34 34
-1 8 48 123 120 -1 3 50 49 43 -1 5 51 53 48 -1 3 53 39 32 -1 4 55 53 51
-2 3 49 73 65 -3 4 50 73 62 -5 7 51 33 16 -3 4 53 62 55 O {1 56 247 246
-1 4 49 63 57 O 4 50 226 236 -2 7 51 39 34 -2 5 53 66 72 -2 2 56 404 385
-3 5 49 60 66 -5 5 50 81 72 -1 1 52 153 148 -4 6 53 77 74 -1 3 56 265 251
-5 6 49 65 72 -2 5 50 307 312 o 2 52 88 88 O O 54 644 620 -1 2 57 47 42
-2 6 49 71 67 -4 6 50 68 43 -2 3 52 193 187 -1 2 54 162 153




