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Versiliaite and apuanite: derivative structures related to schafarzikite
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Abstract

Schafarzikite, FeSb,0,, is tetragonal, space group P4,/mbc, with a = 8.59, ¢ = 5.91A. The
crystal structure is characterized by the presence of edge-sharing iron octahedra connected
with corner-sharing antimony y-tetrahedra (Fischer and Pertlik, 1975).

Versiliaite is orthorhombic, space group Pbam, a = 8.492, b = 8.326, ¢ = 11.938A. Its crys-
tal structure 1s related to that of schafarzikite in the following manner: every fourth Sb>* ion
in the Y-tetrahedral chains is substituted bv a Fe** ton and 2 <ulphide anion is added between
two Fe'* cations in adjacent chains. The corner-shasing Fe* tetrahedra connect the chains to
buiid double-chain ribbons. The charge balance, altered by the insertion of sulphide anions,
is restored by the substitution of Fe** cations in the octahedral chains by Fe** cations.

Apuanite is tetragoual, space group P4,/mbc, a = 8.372, ¢ = 17.974A. Its crystal structure
can be derived from that of schafarzikite by substituting every third Sb** ion in the Y~tetrahe-
dral chains with an Fe®* cation and adding sulphide anions which connect 2djacent chaias to
build infinite L vers. As in versiliaite the charge balance is restored by substitution of Fe*
cations in octahe . -al chains with Fe®* cations.

The crystal chemistry of these minerals is clarified and the vacancies in sulphide sites as
well as the incompleteness in cationic substitutions are explained. The lines for a sysu,matm
derivation of possible, yet unknown, related structures are developed.

Introduction duce the unique sets. In the subsequen’ structure-fac-
tor calculations, all the scattering factors for neutral
atoms and anomalous dispersion corrections were
taken from the International Tables for X-ray Crys-
tallography, or calculated from them when a hybrid
curve was used.

Versiliaite and apuanite were described by Mellini
et al. (1979); they showed the close chemical, phys-
ical, and crystallographic relationships of the two
minerals with schafarzikite, FeSb,0,, from which
versiliaite and apuanite can be derived by a con-
certed mechanism of insertion, substitution, and oxi-

dation.
The aim of this paper is to describe and discuss the The structure determination was undertaken in the

main features of their crystal structures and to de- = centrosymmetric space group Pbasm, indicated by the
velop a comprehensive crystal chemistry for the scha-  statistical averages and distribution of E,,, values; the

Versiliaite

farzikite group of minerals. choice appeared correct in the subsequent refinerient
g , o stage. A trial model was built, starting {rom the pa-

ot 138 . R | 1 5 g LT ~
tructure cetermination rameters given by Fischer and Pertlik (1975) fos

The experimental parameters characterizing the schafarzikite and taking account of the doubled ¢ pa-
intensity data collection step are summarized in  ramecter. The use of the ccatwriny f‘;w:&» of :
Table 1. Two equivalent sets were collected (o both  mony for atoms at z = 0.0 and z = 0.25 ;
crystals; the diffraciion intensities were corrected for  for an atom at z == 0.5 led to the d
the usual geometrical factors, as well 25 for absorp- translation. Morcover we used the fu
tion by the semiempirical mctiod of North inchuding the weakest oncs cz);‘rcvpem"
et al. (1968); symmetry-related reflections were there- 1. The refinement was led by Fourier synt

nl

after checked for equivalence and averaged to pro- least-squares vycles for all the three-coordi
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417 -465
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2358-2219
4L —-646
g0 117
246 ~209
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533 549
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160 137
1291-1221
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1710 1533
96 216
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H,7,12
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33 =71
888 856
47 -6
872 ~883
239 ~222
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106 =112
4,5,15

[AN;]

SIN N RN

el
L

wn

L3 DY wd O

[  ]

~J
[8;]
~J
(-2 ]
4T -
fo RS

ee]

H;5,13

0 -97
708 =745
111 -3¢
788 837
190 =152

H,0,16

3106 3120
691 ~€86

W

oy Ut

I A - D

&

o

1822 1768
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H,2,14

257 101

2018 1956
117 32

289 -277

173 -157

1369-1394
89 161

H,3,14
261 270
¢ -89
299 -349
232 ~-169
131 -200
1374-1425

H,2, 16

563 -610

£ O

LA wd L NG e

-t

[FER ST
-
0
0

o)

-~
w

-
Ui

271 199
164 ~132
542 =581
191 -236
1363 1314
258 - 186

H,3,16

1314-1378
50 47




GE

©

®

® © © © o o

CYLL LISTFC FOR
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INPUT FILE CONT
FILE LABEL -{ ¥

DATRDN LOADAT
H,0,0 4y

: 5
2536-2553 6
1616-1434 7
7117 7748 8
1606-1578 9
577 53310

11

H, 1,0

267 287
4079-u582 4
1073-1028 5

513 455 ¢

185 154 7

687 -688 8

616 654 9
2707-2656210
10 342 -28u411
171 236 205

LRI WN

H,2,0

: 5
1433 1389 6
3663 3773 .7
54 ~8 8
1402-1332 9
922 -92910
3283 3234
453 461
1335 1336
¢ 23

- N T
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6

7
H,3,0 8
9
3 3760 377010
4,0,3 7

8

€ 215 -218 9
8 131 13510
10 142 -9611

H,1,3
5220 6011 5

165 -140 6
5506-5921 7
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PC

180 158
B770G-5035
427  nug
2357-2331

200 -154
2340 2356
22 17

248e-2409

H, 4,0
3572 3665
311 ~-29n
203 =135
364 327
2064 2066
195 ~-219
1281 1258
206 191
H,5,0
419 385
o -15
451 -457
325 =354
2187-2202
59 - ~50
H,6,0
5234 Ry66
421 483
1372-1406
T8 =u7
355 257
476 -4919
0 57
216 202
411 304
274 318
H, 4,3
3694 3730
388 411
3605~3647

104 -89 8 -198 -178 1
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4,7, 0 6 126 -141 H,6,17 10
7 853 ~846 11
137 a4 8 13 38 7 133 80
373 359 9 259 -239 8 73 =7
1710-169810 55 549 432 -572
11 983 98410 47 -9 2
H,8,0 3
H,3,1 H, 7,1 4
2461 2452 5
4 3356 550 & B60 -R91 5
H, 0.1 5 34 ~38 9 G 4 7
6 194 ~187 8
0 6 7 166 175 Hy B, 1 g
309 -318 8 105  ~90 10
310 - 320 9 0 33 8 ¢ 011
108 7810 - 130 -8
238 ~26411 234 -273 H,0,2
H,1,1 Hol, 1 0 897 -772 3
2 1099 925 g
1295-1147 5 1436-1431 4 1425 1390 5
89 78 6 63 -54% 6 1161-1185 &
1148 1019 7 676 687 8 522 526 7
87 558 117 ~11810 1052 1056 8
324 347 9 Le4 uod )
158 -17710 28- 125 2,1,2 10
1283-124611 10956-1070 i1
45 =25 1 63 -85
748 805 He5, 1 2 20 ~12
191 191 3 1164 1054
6 28 50 4 0 =14 g
H,2,1 7 36 265 157 175 5
8 960 990 6 0 -62 6
556 ~566 9 44 -15 7 259 -264 7
82 B110 864 -308 8 208 155 8
1309 1283 9 692 671 9
H,Q,u H,3,4 9 71 38 5
6
1793-1656 3 1401-1319 H,7,8 7
1270 1106 4 51 -38 8
1772 1734 5. 840 763 8 ¢ -11y 9
1583-1589 6 26 =369 727 74310
609 573 7 1251 1262 11
1194 1179 8 78 111 ‘H, 8,4
9 1225-1228
He1,0 10 ¢ 47.8 157 77
11 579 639 i
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RS 33

147 -11410
36 -13511
H,2,2
441 445 5
100 86 &
289 -260 7
0 -4 8
816 765 9
0 2410
207 165
97 -110
292 -256
0 27 s
3
H,3,2 8
9
1012 -91510
86 -119
481 409
0 45
1189 '1169:7
68 87 8
953 -996 9
79 3
347 419
4, 84,2 8
53 -98
9% 106
1065 1057 2
195 =195 4
20% -189
56 38
834 803
54 -12
688 -695 7
90 131 8
88 =24 9
70 -81
613 640
5,3,5 8
. 9
286 300

T Hy0,6.

e

0.0
)
137 =99
Q SQ
H,5,2
331 307
107 55
467 -503
0 -21
682 710
73 58
H¢6,2

869 ~864
73 127
538 805
27 29
625 582

H,7,2
65 -49

29 - -68
623

64
H,8,2
110 91
H,0,3
562 399
243 =250
H,6,5
303 246
89 -13s
372 =339
H,7,5

815 -832
122 92
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P
g 6 1058 1065 9 830 793 2 11 =2 H, 4,0 & 208 -201
7 372 37810 0 -83 3 1355 (214 2 184 =188 7 167 -182 0 5252 5130
8 2719 2684 4 0 -u3 4 252 -292 0 95 89 & 55 1L 2 L85T7-5522
) 185 =102 H,5,3 5 955 31 5 422 137 6 185 184 9 2§ 106 4 24391-5590
10 2732-2670 6 66 43 6 1212 1211 3 171 -15210 43 -26 & 3087 2927
11 256 -289 6 626 -614 7 281 -254 7 130 ~15310 26 49 R
- 56 ~289 6 626 -6 281 - ~153" 5 6911 55 -68 8 3342-32u¢
w . 7 421 1098 66 77 8 334 -333 10 1323-1257
H,2,3 8 2167-2228 9 8u4 841 9 25 -5i H,1,5 H,4,5
P 9 205 -21010 210 -16110 141 -183 H,1,56
w 3 413 -BL210 1999 205211 159 ~186 2 953 -829 5 933 -822
m wwm Mwmm e H,5,4 3 128 728 6 154 -138 1 3793 2100
o 569 5,3 1,2, 4 i 552 451 7 n93 8447 2 1882-1546
@ 5} ) s 9, H, 2, i 2 igs2 113
, 6 162 =175 5 152 124 5 130 =142 8 32 0 30 3 915 =819
: 7 3470 3686 7 - 727 755 2 298 308 6 103 . 33 6 655 630 9 235 190 & 643 602
o § 54.-405 8 314 340 3 56 53 7 L4y -463 7 2210 101 32 5 £201 2379
9 998 -594 9 348 ~378 4 44T -~464 & 50 52 8 1150 6 115 -103
10 94 19010 276 ~303 5 75 -4 9 841 902 © -56 H,5,5 7 2193 2094
o 11 1521-1512 6 940 89110 114 . 8110 531 8 211 195
H,7.3 7T 46 11 48 6 215 -189 9 698 -721
H,3,3 8 131 92 H,6,U © 7198 20010 146 184
" 8 1790 1836 9 37 -88 H,2,5 8 800 82211 1951 1903
] 4 470 48C 9 148 13740 427 -394 6 1211-1207 e 9 131 131 »
5 233 107 11 106 57 37 -7 3 198 -21210 623 -531
e 6 :wm mbc@ ¢ g 8 613 669 4 132 ~133
H,?, 349 3364 4 1331 1233 8 62 20 & 215 =231 & 748 745 2 4572 4826
6 280 329 5 116 -109 9 218 182 5 268 281 7 45 -32 3 157 -102
® w wmw wqm 7 1988 1978 6 540 55310 79 73 6 31 65 & 199 -168 4 4677-4893
s 60 ~765 & 159 =127 7 82 =70 7 73 ~92 & 53 =75 5 0 -40
w MWM xwwc 9 715 =719 8 1576~1593 H,5,7 S 149 16510 138 -125 6 832 82
3528-360410 234 -289 9 84 -47 : Q 534 5t 59
- ) 9 538 Sus 7 299 273
© M Mw,u :umw . i0 892 918 6 153 -10310 150 ~177 H,5,8 8 2858 2857
54. 557  H,6,6 11 154 -122 7 132 17611 0 -56 9 47 =77
_ AN wmw -umw ¢ oied o 8 1177 1202 5306 27510 2859-2831
5 551 6 2308 2383 H,2,7 9 50 -100 H,2,8 5 53 9
11 125 =113 7 506 502 10 923 -987 7 255 -293 H,2,9
® o m NQMJQNQuA 3 231 -252 2 515 505 8 19 =11 !
,3,6 9 29 45 4 130 -148 H,6,7 3 205 205 9 556 630 3 476 =452
L 5 1393 1333 & 171 -194 4 322 335
® 3 7735 9063 n,7,6 6 42 =12 7 217 163 5 &9 7 4,6,8 5 3076-3035
4 67 18 7 1163-1152 8 176 -167 6 396 352 6 1B -184 _
_ 5 .2296-2284 7 1623 1639 8 156 41 9 389 -348 7 66 ~116 6 548 -521 7 312 .
5 2296-22 2 5 2 3121 3116
® 315 8 112 979 88 51 8 293 265 7 0 388 78 -118
w wa 145 9 9% -1,210 117 -88 H,7,7 9 29 -18 21% 263 9 935 -956
- 48 11 934 iy 10 315 =283 9 63 1610 281 218
o 2 ,Aww cmww H,8,6 § 1097-1127 -
11 1127-1181 8 651 724 Hede H,0,8 Hn3,8 Hel:8  Heded
. = g ely
® 4 295 323 8 15 427 75 93 & 473 473
H, 4,6 H,0,7 M 194 182 0 52 - 192 5 390 372 8 39 -14 5 407 49
: . 206 =156 2 2945 169 6 102 39 5 399 -377
® 4 164 93 2 278 -210 7 S8 -64 & 857 847 7 902 90& #,0,9 7 328 =342
M wmwm uwwm M NMM Nwa 8 71 -30 6 596 -588 8 23 47 8 160 21
-~ 49 67 - 728 93 - ; 5
o 7 390 =391 8 153 -14910 26 . -5210 wqw 35¢ 3 ioe) cens & 3233318 /132 150
. 82 856 3 561 =555 4 311 -30810 296 289
8 414 -37710 18
S .418.-3m B e S 10 45 51 6. 191 -136
; - . F e s le 8 158 189 H,4,9
@ | 10 396 -287  H,1,7 H,5,8 10 192 -183 o
: ; N -5 1383-1416 1 - 27 -27 5 3160 3182
i  H,5,6 2 1671-1586 6 203 =197 2 112 128 & 0 -54 H,1,9 6 360 382
@ 2 3 _mwm _wwm w 888 925 3 896 819 5 31 7 :
. ! ¢ e “

82 2 CH,,11 0 7 136 16010 271 -226 7 367 -352
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3 1374 1313 6 1132 11230 6 0 41 g -2
7 3226-3257 4 128 -141 7 103 -119 2 27% -215 &8 93 -117  u,2,12 9 1995-1857
8 191 ~195 5 217 =176 8 279 -281 3 48 59 443 382
9 810 7856 91 =24 ¢ 92 45 4 181 14§ 2 3770 2852 #,5,12
10 22 =36 7 368 -34010 240 -224 5 57 S0 H,5,11 3 745 752
- 8 151 13C 6 290 270 4 2649 2828 6
o H,5,9 9 893 896  1i,5,10 7 51 =77 5 0 155 75 21 7
10 124 =355 8 573 -565 7 0 -4 6 1067-1043 8
. 6 509 ~492 5 177 50 9 68 =33 8 460 U671 7 551 -562
e 7 62 52  H,2,1C 6 57 =910 294 3L% 9 55 -15 8 2644 25895
8 1992-2035 7 627 -615 9 384 384
9 216 ~159 2 0 uE 8 61 boH, 2,11 H,6,11 . 10 1110 1100 7 &4 -31
3 81 =30 9 858 930
H,6,9 4 396 -unt 3 357 =353 7 335 106  ©.3,12 H,0,13
. 5 86 116  H,6,10 4 117 112 8 ¢ 58
@ 7 633 638 6 941 918 5 551 563 133022 2988 2 0 -61
8 317 306 7 90 15 6 1268-1267 6 158 ~122  H,0,12 5 3727-3768 4 05
2 9 314 -278 8 0 =617 ¢ 517 227 =275 6 280 237 6 8
e 9 116 -128 8 679 770 8 49 ~2 2 1657-1632 7 189R-1848 & 2
H.7,9 10 379 -320 9 0 -60 9 356 -250 & 955 -888 8 130 -11610 6
| @ 10 31 85 6 5556 5764 9 1900 1951
i @ 8 1676 1728  H,3,10 H,7,10 8 1290-1292 Be 1,13
i H,3,171 10 SC0 411 H,a,12
H,0,10 3 1815-1763 7 87 -142 2 1503-1458
4 57 -102 8 86 =75 4 H, 1,12 4 2623 2606 3 97 .
0 1775-1659 5 893 911 5 5 197 -156 4 1369 1361
2 1090 S74 6 ¢ 12 H,0,11 6 1" 752 -822 § 199 -156 5 41 17
4 15145 1499 7 1307 1303 7 2 171 188 7 234 236 6 255 249
6 1591-1678 8 110 79 2 84 T4 § 3 ?272-3352 8 1685 1661 7 117 =153
- 8 711 7705 9 1427-1457 & 197 =229 9 #0521 -531°9 200 -186 8 1404-14383
@ 10 1131 109310 22 -4 6 169 15810 5 536 349 9 an =16
8 u7 S6 € 121 68  H,5,52 i 933 1019
® 4,1,10 H,4,10 9 69 0 H 4,11 7 587 -noy
: 10 227 =220 8 511 493 5 361 353
1 3%1 =314 4 337 -353 5 599 -635 9. 2247-2182 § o 21
® H,2,13 H, 0, 14 7 566 548 5 110 ~103  H,6,15 H,3,16 2 a2 -3¢ .
: 8 36 .S58 6 767 767 3 58 28
I 0 -24 0 172 102 9 248 -289 7. 252 272 7 580 595 3 1569-1546 & 181 =157
5 1402 1403 2 295 290 8 1891 1505 & 70 ~60 5 51 =69
6 61 -64 4 528 57 H, 4,18 9 119 -75  #,0,16 5 788 843 5 408 40&
7 1099-1129 6 277 -347 6 & -63 7 0 63
© 8 S8 66 8 238 222 4 106 137 H,2,15 0 1954-9965 7 1028 1063 8 405 =415
9 69 =60 5 136 153 2 1078 1077 8 70 105
H,1,14 6 546 553 3 303 -261 & 1315 1445 H,2,17
e H,3,13 8" 97 -80 4 185 157 5 1685-1783° H,u,16
2 180 -216 7 176 -192 5 2836-2438 8 673 738 3 150 -102
4 308 328 3 234 228 6 77 ~-91 4 379 -375 4 0 -23
e 5 0S4 112 128  y,5,14 7 2u85 2482  H,1,16 5 91 1165 172 175
’ 6 107 -110 5 278 289 . 8 120 -55 6 1066 1087 6 0 -19
7 155 142 6 0. -59 5 341 333 9 711 -67& 3 326 -293 7 89 -147 7 73 -141
) § 138 -707 126 -117 6 103 - 92 - ... 2..-93 -26 8 380 -381 8 106 68
, 9 0 258 119 77 7 238 -227 H,3,15 35011 1007
B 9 207 2258 107 -36 A 5 255 -231  H,5,16 82,3,17
© Hol,13 5 333 3015 . 63 35
. _ H,2, 14 H,6,14 5127 t26 41 325 6 ~123 & 119 . 150
5 1519-1533 . 6 323 -288 7 344 -314 6 57 13 5 116 113
© 6 75-120 2 375 346 6 276 -292 7 396 -394 3 0 -87 #67 -475 6 164 =145
: 7 967 1007 3 96 104 7 141 146 8 70 39 9 795 813 7 150 =161
‘ 8 131 -46 4 64 -55 _ : : B,6,16 8 62 13
@ S 316 280 5 119 -127 - H,0,15 CiH, 8,15 H,2,16

: . T 6279 461 R T 6 1327-1812 H5,4,17
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Hy 5,13 7 es 52 2 143 4L 5 2609 2614 2 130 =128
8 218 233 4 176 =109 6 243 238 3 50 ~57  3,0,17
6 86 559 54 ~-68 6 171 -121 7 2640-2663 & U461 -u6h
7 81 4u 8 47 62 8 0 -103 5 98 -32 2 8535 -27
8 1125 1174 H,3,18 5 930 954 & 43 21
H,1,1% H,5,75 7 60 1206 9y 52
H,6,13 3 68 98 8 0 ~134 8 130 -92
4 0 -h9 2 3162 3477 6 526 -470
, 7 11w 345 137 =157 3 80 -z8 7 113 131 S H,1,17
8 45 -83 6 22 43 1 3647-3634 8 1620-1668
Ho0,13 H,3,18 5 44 -23  H,1,20 10,22 9,0,23
6 273 232 . 5 286 225
o 0 3192 3220 3 4927 5063 7 26 -99 1 1ud S5 0 15021594 2 #3 52
2 3068-3063 4 88 13 2 133 119  H,0,21 2 787 813 & 30 -10%
. 5 2583-2530 5 1370-138L  H,2,19 3 254 274 5 1607 1052
3 6 1962 1989 & 210 172 4 iu7 =206 2 107 119 H,1,23
8 2329-2259 7 158 39 3 71 -137 5 273 22k 4 198 -193  ,1,22
L4 ~75 6 0 51 , 2 253 193
@ H,1,18 n,k,18 5 1217 1250 7 63 19 - H,1,21 1303 -313 3 87 -1
: 6 39 =10 2 198 131 8 333 -253
o 12129 2105 4 135 42 7 1053-1128  H,2,2 2 2534 2515 3 955 978
@ 2 505 -486 5 279 269 3 99 =324 70 -87 8,2,23
3 565 -576 6 1741-1688  H,3,19 2 346 341 4 2693-2683 5 323 -304
® 4 259 286 7 210 -238 3173 164 5 0 -18 .3
5 2471 2648 4 205 183 & 14 -9 & 494 439 . 5,2,22 4
6€ 57 -84 H,5,18 5 737 505 14 31 v
" 7 1328 1323 6 36 =726 173 -81 H,2.21 2143 =210
- 2 89 137 5 2176 2131 7 80 51 . 3 73 -s0
6 191 20L H, 3,20 3291 =273 4 397 =379 0
® H,2,18 H, 4,19 B 199 982 5 133 102 2
. H,0,19 3 9ShK L4 5 1B0N-1776
2 171 175 S 1272-1338 4 6% 34 6 ¥32 =120  1,3,22
® 3379 379 2 247 -83 6 118 -147.5 101 37 v
, 4454 =329 4 13 10 6 64 63 H,3,21 3 1528-1593 1 318 -231
5 363 -381 6 165 182  4,0,20 _ & 39 -67 2 82 53
& 6 2331-2317 H, 4,20 4292 296 3 1863-1790
7 52 -1%9  H, 1,19 0 674 278 5 .0 15 H,4,22
8 178 375 2 287 -25% 64 .69 H,2,20
2 1348-1364 4 104 87 5 89 =72  H,4,21 . & 363 -380
3 9C 56 6 174 138 2 1370 1853
4 1203 1270 . H:5,20 S 1864 188% . 3 333 329
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