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Abstract

Crystal structures of gillespite, BaFeSisO;9, which has a reversible first-order phase
transition at 18 kbar, were refined from data collected at 1 bar and 9, 21, and 45 kbar.
Silicate-layer topology is constant through the transition, but coordination of barium
increases from 8 to 10. The almost perfect square-planar coordination group of iron in
gillespite L{Fe-O = 1.98A) changes to a flattened tetrahedron wit* ‘wo additional long Fe—
O bonds (~34) in giilespite II. The volume discontinuity at the gi. spite I-I™ transition is
best described as a consequence of the increased coordination of Larium ana . 'n.

Unit-cell parameters of gillespite were measured ::nder nine high-pressure and fourteen
combined high-pressure, high-temperature (PT) cond:iions. The Clausius-Clapeyron slope
of the transition is 27+9 bar/°C, which is similar to tie slope of gillespite-I isochores. On
the basis of these observations, the behavior of the gillespite I-II transition is consistent
with a geometrically controlled phase transformation, in whicls the size of the barium site is

e

the critical dimensional factor.

Introduction

The barium-iron silicate gillespite (BaFeSisO,o),
though a rare mineral, has been the subject of much
research, due to both an unusual square-planar coordina-
tion of ferrous iron and to a high-pressure phase transi-
tion, the latter characterized by a striking red-to-blue
color change. Strens (1966) first described the transition,
which was subsequently examined by absorption spec-
troscopy (Abu-Eid et al., 1973) and Méssbauer spectros-
copy (Huggins et al., 1975, 1976). Hazen and Burnham
(1974, 1975) and Hazen (1977), employing high-pressure,
single-crystal X-ray diffraction techniques, were success-
ful in identifying a change from tetragonal to ort..orhom-
bic symmetry at the phase transition and an associated
distortion of the iron site from ideal square-planar coordi-
nation. Hazen (1977) also discussed mechanisms of the
first-order transition (AV = 1%) and modes of twinning
induced by the reduction of symmetry at high pressure.

Gillespite 1 is tetragonal, P4/ncc, a = 7.516, ¢ =
16.076A, Z = 4. The structure (Fig. 1) has an 8A subcell
parallel to ¢, but alternate left- and right-handed rotations
of four-membered silicate tetrahedral rings cause the c-
dimension to be doubled to 16A (Hazen and Burnham,
1974). Four nonbridging oxygen (O3) atoms surround
each ferrous iron in almost perfect square-planar coordi-
nation. The layers of tetrahedrally coordinated silicon are
linked by barium atoms in eight-fold distorted cubic
coordination.
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“Gillespite II'*! is orthorhombic, P2,2,2,a = b = 7.4A,
¢ = 79A, Z = 2, and differs from the room-pressure
phase in that all four-membered rings in adjacent silicate
layers have the same rotational sense. One consequence
of the change in relative layer orientation is that the
coordination polyhedra of both iron and barium are
altered. Details of these changes were poorly resolved i
the previous study of the structure at high pressure, due
to the low precision of the refinement.

Several questions regarding the gillespite I-II transition
remain unresolved. Mazen and Burnham’s single high-
pressure refinement of gillespite II, which was the first
silicate structure to be determined from single-crystal,
high-pressure data, is inadequate both in precision and in
the number of pressures studied for calculation of polyhe-
dral distortions and compressibilities. The pressure of the
natural gillespite transition was uncertain, because inter-
nal pressure standards were not available to them. All
previous experiments were performed at room tempera-
ture; thus the Clausius—Clapeyron slope of the gillespite
I-II transition is also unknown. Other unresolved aspects
of gillespite at high pressure are the origin of an extra
absorption doublet in Mossbauer spectra of synthetic

! “Gillespite 1I,”" the high-pressure form of BaFeSi O, has
not been observed in nature and thus'is not a proper mineral
name. This name has been used for convenience only.




STHUCTURE FACTORS FOR GILLESPITE 1 AT 1| BAR AND 29 C FACTOR = 10. 00

L OBS  CALC L 0BS CALC L OBS CALC L 0BS  CALC L 083  CALC L 0BS  CALC L 08BS CALC
0 0 L 13 L 3 4 L a s L s 6 L 6 7 L 6 8 L
(] 0 8720 0 1228 1233 6 2i4 219 17 123 127 9 102 115 1 233 234 4 179 133
2 1325 1361 1393 3a1 a 9 va 18 as 50 10 17¢ 170 2 332 348 6 393 616
4 1163 1143 2 1300 1328 9 314 319 19 151 134 11 298 291 4 Bz 46 7 139 127
61328 1481 3 st 68 10 392 2e3 20 174 171 12 94 L) s 237 238 8 3534 349 H
8 2364 2273 4 1712 1743 11 40d 410 13110 117 6 138 147 9 134 112 |
10 490  S16 S w09 497 12 92 s1 s s L 14 314 252 7 206 199 10 402  39% |
12 2464 2481 6 2078 2062 184 386 330 13 146 151 9 169 161
14 1603 133y 7 289 298 15 238 - 239 2 913 411 16 144 129 10 112 79 7 8 L
20 1571 1423 8 1380 1349 17 100 28 4 1334 13546 17 161 134 11 296 303
22 691 379 9 367 262 1B 427 413 & 782 777 12 74 31 1 19T 213
2a 717 373 10 739 712 19 133 139 8 874 879 6 6 L 13 89 60 3 74 38
11 121 128 21 147 1% 10 843 867 14 218 212 4 284 287
7 0 L 12 904 63 12 340 328 0 326 333 s 219 221
13 139 139 4 a4 L 14 331 s18 2 1025 1032 7 7 L 7 100 83
16 122 75 14 1105 1109 16 1102 1064 4 914 932 8 348 347
1s 83 77 0 1718 1748 18 602 377 B 343 376 o 1378 380
9 0 L 16 991 1036 2 1091 1117 10 1239 1227 2 344 360 8 8 L
17 &7 7 4 B80a 8O2 10 5 L 12 624 413 4 768 779
10 1235 134 18 900 918 6 637 Bba 14 276 284 6 534 340 0 495 501
19 190 190 8 1272 1264 3 77 39 16 348 333 1 340 337 2 649 472
0 1 L 20 378 616 10 960 933 10 483 477
22 393 396 12 961 922 o & L o 7 L 12 333 361 0 9 L
2 267 2%a 23 127 133 14 823 823
4 1439 1373 16 661 663 0 1471 1483 2 814 809 0o 8 L 2 237 247
6 238 224 2 3 L 18 417 397 2 1398 1388 6 305 298 4 398 393
8 1420 1447 20 623 649 4 731 732 8 39 44 0 1331 1284 & 9% 59
10 463 443 1 537 349 6 63 643 10 307 302 2 1047 1035 8 493 495 i
12 703 713 2 364 %62 e s v 8 8235 787 18 327 316 4 489 491 12 279 283 i
14 365 367 3 272 273 10 1314 1284 18 401 397 6 232 228 14 192 194 H
16 173 o1 4°1120 1138 2 347 330 12 1120 1091 8 800 800 ;
18 117 109 s 107 109 4 1148 1126 14 33 713 T 7 ik 10 1080 1069 19 L
20 233 247 6 173 167 6 348 342 16 599 39 12 772 772
24 192 209 7 71 62 8 1401 1373 18 528 344 o 726 734 14 307  s10 o 174 182 :
8 1310 1304 12 748 742 20 %63 386 1 243 234 16 422 407 1 405 394
1 1L 10 39 12 14 97 36 2 731 744 2 531 355
11 324 321 18 143 200 16 L 3 334 332 1 8 L 3 313 314
0 820 816 12 se1 374 20 368 333 4 1014 1019 4 1014 1017
2 1499 1928 13 227 221 1 169 167 s 1748 17 1 211 219 &6 894 893
4 2378 2430 15 230 227 105 L 2 668 689 6 1320 1336 2 243 245 7 391 396
6 2312 2293 16 - 98 112 3 432 4s> 7 463 4SS 3 228 239 8 6135 633
8 1570 1535 17 172 169 0 338 343 4 211 214 e es2 872 4 333 342 9 248 263
10 841 6% 18 148 137 1 180 183 S 134 164 9 493 477 S 203 203 10 391 389
12 733 763 19 128 116 2 1019 1018 6 293 296 10 429 423 7 1% 1% 11 119 110
10 1101 1127 20 433 47 3 738 744 7 94 104 12 ses 371 8 442 429 12 298 293
15 12%0 1310 21 143 14s 4 1809 1813 8 213 207 13 397 403 9 173 131 13 330 331
18 939 982 2 123 99 3 336 330 9 143 134 14 788 771 10 192 192 14 339 s19
20 591 394 6 1228 1337 10 133 121 15 262 251 11 240 23t
22 447 483 3L 7 8% 832 11 87 70 16 723 713 12 252 248 z 9 L
24 497 510 8 1126 1120 14 276 271 17 237 220 13 151 139
2 1102 1133 9 337 938 15 138 191 18 637 661 14 234 233 1 134 131
° 1 L 4 2148 2197 10 761 726 16 95 130 19 364 384 15 284 273 2 310 310
6 1387 1630 11 387 393 18 233 204 17 299 239 4 199 196
s 97 74 8 1307 1320 12 538 s18 20 179 j6s 2 7 ¢ 5 157 152
10 B8O 848 13 376 377 2 8 L & 97 93
0o 2 L 12 394 383 14 847 830 2 6 L 1 284 282 7 67 84
14 838 8a2 16 1128 1130 2 = 10 0 1336 1349 8 220 219
0o 223 232 16 1358 %391 17 178 182 0 1158 1165 3 89 a2 2 820 @18 9 108 106
2 2839 2793 18 7es8 808 18 737 782 1 %0 7 4 431 a40 3 211 214 10 144 148
a4 2077 2012 20 387 401 19 282 283 2 1217 1226 s 217 217 4 33 3ss 11152 127
&6 689 403 22 431 480 20 430 443 3 139 136 7 116  10Q 5 184 180 12 9s 91
8 1133 1081t 21 103 39 4 1028 1103 8 339  3s0 6 719 711 13 s1 10
10 2632 2612 o 4 L s 197 200 9 101 102 7 261 269 12 224 22
12 676 680 2 s ¢ 6 383 377 11 288 247 8 703 7053
14 697 718 0 3384 3282 7 =230 232 12 314 299 9 221 210 3 9 L
16 1165 1216 2 1203 1199 1 449  ass e 823 813 13 e8 a2 10 663 661
18 680 692 4 309 308 2 1314 1327 ? 170 167 13 202 17% 11 147 135 0 599 394
20 387 279 6 1248 1235 3 223 223 10 1316 1298 17 143 133 12 870 @59 1 329 343
22 1110 1122 8 1686 1639 4 12 103 11 130 143 18 <8 &9 13 1235 127 2 480 483
10 791 754 s 211 211 12 1074 1064 14 667 o4t 3 423 425
1 2 L 12 1515 1488 6 377 S84 13 @1 69 3 7 L 16 246 230 4 607 612
14 1088 1119 8 218 220 14 306 482 5 9 100
1 560 547 16 383 39 10 318 312 16 528 303 0 117 113 3 8 L 6 1011 998
2 1276 1299 18 431 440 11 316 2308 17 o4 10 1 286 257 7 340 327
3 193 190 20 919  9ea 12 200 190 18 sz 531 2 7635  77s 2 238 ss 8 se2  s80
4 s0 2s 22 623 643 13 163 164 20 616 615 3 397 403 4 206 207 9 136 171
6 636 620 14 662 640 4 1372 1381 3 ez 65 10 238 235
7 102 83 1 4 L 15 235 233 3 6 L s sS4 37 6 65 61 11 117 109 !
a8 75 35 16 170 149 6 882 888 7 153 143 12 436 463
10 145 126 1 605 606 17 173 144 1 102 26 7 304 307 8 2323 233 13 256 248
11 309 307 2 212 223 18 520 343 2 412 397 8 B34 B43 ° 93 as
12 108 92 4+ 7L0 773 19 109 103 3 231 179 9 290 289 10 172 170 4 9 L
13 198 211 s 338 335 20 sR 19 4 438 127 10 647 483 11 98 8t
14 390 406 6 107 97 21 151 139 s s0 26 12 261 267 12 145 130 1 234 233
15 181 181 8 893 907 6 163 1% 13 299 284 14 228 224 2 2313 308
16 166 174 @ 423 431 3 s L 8 s19 523 14 57, 533 15 98 %9 4 120 44
17 143 141 10 319 318 9 108 87 1s 177 178 s 293 203
18 338 325 11 368 357 0 1100 1141 11193 184 16 1036 1010 4 8 L 6 126 11:
19 88 101 12 497 487 1 2848 290 12 234 242 17 186 180 7 119 127
20 154 142 14 208 309 2 817 833 13 116 108 18 333 555 0 813 839 8 71 86
21 136 140 15 138 153 3 sas 537 14123 148 1 108 St 9 242 23%
22 90 84 16 b sa 4 1001 1017 15 133 1 4 7 L 2 921 939 10 125 123
18 116 124 s %8 a0 16 87 52 3 294 Q294 11 213 198
2 2 L 19 101 22 6 1757 1803 17 111 72 1 438 4ss 4 587 g9 12 st 23
20 179 17s 7 %29 333 18 7 57 2 seo0 577 S 142 101
0 z946 3136 21 118 127 8 95 970 3 105 105 6 127 114 s 9 L
2 1439 1449 22 86 17 9 231 249 a & L a4 372 asc 7 286 301
4 1359 1330 10 330 320 s 427 a22 8 649 643 o 167
&6 930 959 2 a4 L 11 =27 27 0 1723 1734 &6 186 183 9 217 213 1133
8 1156 1134 12 843 832 2 16049 1067 7 172 169 10 1039 1036 2 ag2
10 1135 1133 0 1725 1730 12 232 232 3 166 139 8 412 1s 11110 117 3 184
12 2238 2215 1103 20 14 1016 994 4 310 311 9 273 224 12 se8  saa 4 813
14 884 873 o 1963 1978 16 693 432 s 133 124 10 231 230 13 169 168 s 88
16 129 113 2 gov  e2s 17 194 =2 & 675 663 11 38: 389 14 401 395 6 sTe
18 738 786 * 137 131 18 802 795 T =213 211 12 203 150 15 104 88 7 134
20 1107 1144 6 3i4 430 19 119 119 8 735 72a 14 334 364 8 ao2
22 407 396 7§77 101 20 %38 sBa 9 120 130 15 2%8 237 s B L ° a8
8 982 960 10 520 918 17 130 124 10 398
3 2 ¢ @ a9 84 4 s L 11 113 118 1 218 219
10 1898 1893 12 1194 1146 5 7 oL 2 274 275 6 9 L
14 Pp3 22 11 54 &8 1 639 639 13 84 &7 3 11s 97
23 63 54 12 1137 112 2 182 197 14 725 693 0 953 2ea a 225 231 1148 126
13 39 25 3 244 231 13 7 11 2 as7  a72 S 141 133 4 400 405
o 3 L 14 /73 730 a4 488 301 16 169 12 4 734 750 & 70 51 s 191 187
16 587 57 S 434 ass 17 &5 2 & 1379 1380 8 299 304 7 136 144
2 702 73 18 330 369 6 173 189 18 470 462 8 676 690 ¢ 13% 123
4 384 361 20 547 385 7 s 76 9 104 104 10 170 170 010 L
& 246 263 22 B29 862 6 665 663 5 & L 10 140 108 1119 o1
g a2 a07 9 as2 201 11 143 128 12 193 170 0 837 828
10 432 449 3 4 L 10 91 101 1 28 12 831 4as 2 638 6%0
12 156 163 11 432 a3t 2 s89 13 71 72 6 8 L 4 420 a2
14 675 704 1487 694 2 393 388 a 27 14 742 728 & 379  28s
16 7 8 2 708 72 13 &3 s s 170 13 188 180 0 1198 1201 8 494  aTs
18 575 S66 3 200 204 14 E a9 I 239 1114 100 10 662 637
20 168 167 4 127 130 15 322 312 7 114 2 541 349
22 145 134 s 392 397 16 71 71 8 z? 3 180 17 !




STRUCTURE FACTORS FOR GILLESPITE I AT 1 BAR AND 25 C. FACTOR = 10. 00

L O0BS CALC L 0BS caLC L OBS CALC L 0BS CALC L O0BS CALC L 0BS CALC L 0BS CALC
1 10 L 2 10 L 4 10 L 111 L
1 455 459 S 110 111 0 825 822 0 338 3653
2 313 322 b6 134 139 1 176 190 1 71 35
3 223 214 7 243 243 2 540 539 2 379 384
4 176 173 8 47 434 3 333 343 4 330 538
S 561 . 583 9 204 190 4 297 302
& 142 137 10 797 816 & 396 386 2 i1 L
7 224 233 7 304 291
8 200 196 310 L 2 338 333
9 275 271 S5 10 L 3 a9 27
11 391 364 1 229 242 4 192 196
2 292 291 2 213 211
2 10 L 4 216 208 4 164 132
S 384 393
0 741 753 & 114 105 0o 11 L
1 88 73 7 206 204
2 734 745 8 273 257 2 140 142
3 240 238 9 259 2s8 a4 68 68
4 445 443 ] 71 &9
STRUCTURE FACTORS FOR GILLESPITE I AT 9@ KBAR AND 25 C. FACTOR = 10. 00
H OBS CALC H 0BS CALC H OBS CALC H 08S CALC H 0BS CALC H O0OBS CALC H O0BS CALC
H O O H 1 1 H 1 2 H 6 2 H 0 4 H 3 4 H 7 S
0 0 8720 7 261 2354 1 1423 1476 & 950 944 3 324 520 7 729 682 8 213 233
2 227 233 B8 226 185 2 1285 1263 7 341 330 4 283 288 8 219 219
4 3200 3203 g 378 385 3 1318 1298 8 502 308 S 068 1083 @ 779 731 H O &
6 1423 1437 10 432 436 4 204 212 @ 111 22 & L79 620 10 166 143
8 1150 1165 S 934 960 8 431 466 7 278 2867
10 793 793 H 2 1 & 6232 632 H 7 2 9 343 348 H & 4 8 24t 189
7 678 699 10 331 2346
H 1 O S B3I 537 8 238 223 7 488 488 11 181 83 & 837 838 H 1t &
S 418 419 9 S0t 499 8 123 113
1 873 813 7 273 248 10 283 301 H 1 3 H 1 4 9 330 366 & 250 269
3 1229 1201 ? 123 103 11 284 327 7 1210 1233
5 319 345 2 186 174 3 1390 163%9 H 7 4
7 683 681 H 3 1 H 2 2 3 692 697 4 726 738 H 2 6
e 133 1467 & 437 4446 S 1738 1732 7 729 701
11 201 304 4 691 &85 2 1425 1425 7 Si14 314 6 223 234 8 288 260 & 337 367
S 289 284 3 S8t 549 8 212 209 7 965 42 8 615 620
H 2 © 6 117 106 4 1881 1910 9 496 509 8 311 317 H 1 3
7 256 236 S 1286 13035 10 226 203 ? 887 ?19 H 3 &
4 1663 1638 % 308 321 6 1130 1167 10 181 172 4 321 330
& 1110 1129 10 244 235 8 737 765 H 2 3 11 431 72 S 277 309 5 1728 1703
8 1257 1272 e 316 316 6 139 157 & 124 119
10 4677 651 H 4 1 10 676 669 3 302 73 H 2 4 7 136 149 7 82% 805
11 281 281 3 221 217 8 187 189 8 ?9 50
H 3 © S 632 622 & 116 120 2 1260 1234 10 497 509
7 424 416 H 3 2 7 123 72 3 1134 11414 H 4 6
3 190 105 ? 206 209 8 176 209 4 835 819 H 2 5
5 1082 1086 3 1084 1077 10 242 226 S5 122 ?0 4 784 787
9 551 544 H 5 1 4 711 713 & 1024 1035 4 121 130 5 197 225
S 799 803 H 3 3 7 449 437 S 187 221 6 584 585
H 4 O & 231 272 & 391 371 8 326 321 & 214 214 7 189 186
8 214 214 7 720 717 4 200 215 9 178 177 7 213 220
4 1795 1752 ¢ 112 144 8 237 243 S5 S42 523 10 417 408 8 173 175 H S5 &
6 1604 1608 ? 409 423 & 183 130 9 121 140
8 754 786 H & 1 10 262 259 7 392 388 H 3 4 2 540 564
10 729 737 ¥ 404 416 H 3 5 S 708 719
7 235 238 H 4 2 3 2205 2132 & 227 225
H S5 O 9 138 130 H 4 3 4 13@ 136 4 4413 4038 7 1267 1264
4 1091 1088 3 el7 921 10 322 346
5 219 105 H 7 1 5 219 199 5 221 239 & 440 412 H & 6
7 527 523 6 1033 1013 &6 146 135 7 1283 1299 H 4 3
8 210 219 7 3539 543 7 137 113 8 233 208 0 338 43
H &6 © 8 8%2 862 8 305 =283 @ 548 331 S 481 462
H 0 2 9 301t 278 10 321 323 10 148 189 6 176 127 H @ &
6 529 318 10 433 482 7 412 420
8 1094 1094 2 2662 2638 H 3 3 H 4 4 8 136 124 2 132 @4
3 ¢é88 &6 H 3 2 ? 262 274 3 <907 Q08
H 7 O 4 1163 1188 8 0 1014 4 743 736 10 101 46 4 100 72
S 335 336 5 8352 833 9 187 184 3 499 484
7 208 313 6 1320 1334 & 594 333 & 342 306 H 3 S
7 738 777 7 44t 437 H & 3 7 343 344
H 1 1 8 927 {70 8 271 260 8 3533 528 6 171 189
? 202 206 9 408 423 8 1946 179 10 208 239 8 1357 145
2 589 558 10 571 586 10 216 187
3 353 349 H 7 3 H 5 4 H &6 3
4 3592 394
s 197 199 8 113 33 3 1437 1448 7 217 239
6 137 148 . 6 297 260 9 140 188




STRUCTURE FACTORS FOR GILLESPITE II AT 21 KBAR AND 25 cC.
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STRUCTURE FACTORS FOR GILLESPITE 11 AT 45 KBAR AND 25 0. FACTOR = 16. 0G

H OBS cALC H 035 caLc H OBS  cALC H O0BS cALC H 0BS caLc H 085 calc H OB5 cac
H 0 o H & 0 H 2 1 H 7 1 H 3 2 H 8 2 H 5 3
o 0 8720 0 868 884 0 1384 1422 1 440  4ss 0 350 31 5 188 1@0 S 8407  41s
2 239 227 2 592  s02 1 747  7s4 2 102 102 1 978 10i3 6 121 322 i 743 780
4 1547 1588 3 215 198 2 768 784 3 431 430 2 378 375 2 592 &00
6 916 922 4 930 941 3 476 471 4 208 211 3 923 934 H 9 2 3 871 @gis
8 448 444 & 382 373 4 961 935 5 259 250 4 323 313 4 357  37;
10 719  72% 7 114 108 5 814 786 7 365 340 5 774 7&3 C 124 1:3 S 425 303
8 562 559 &6 652 451 & 73 74 1 473 374 & 324  3ig
H 1 o 7 151 143 H 8 1 7 5352 s 2 193 igs 8 267 307
H 7 o 8 443 450 9 384 3gg 3 309 3p1
1 421 39 9 173 159 0 572 574 4 182 171 Ho6 3
2 183 178 1 249 253 10 404 411 1 237 247 H a4 2
3 859 843 2 297 305 2 392 139 H 10 2 0 181 16
5 92 81 4 278 291 403 1 3 333 330 0 174  1&s 1 257 pa1
6 352 13ss S 171 178 4 500 so1 1 573 78 C 286 229 2 223 o239
7 520 s07 6 309 311 0 128 108 5 182 173 2 609 42 3 3is  a5s
8 201 183 7 171 179 1 657 634 6 323 313 3 420 434 H o 3 4 228 pa3p
10 297 281 2 113 99 4 427 433 5 139 cs
H 8 o 3 686 660 H 9 1 S5 430 421 5 739 747 &6 193  1g9
H 2 o 4 164 134 6 263 253 6 377 372 7 137 12
0 572 575 S 424 402 0 147 131 7 326 318 8 &5 19
0 144 135 1 124 102 6 91 101 1 424 414 8 403 412 9 151 1ss H 7 13
1 526 529 2 615 623 7 493  49g 2 157 166 9 226 253 10 277 273
2 1585 1627 4 369 38 9 292 286 3 317 332 0 197 17s
3 507 509 6 584 403 4 94 96 H 5 2 H 1 3 1 559 s34
4 864 879 H 4 1 2 333 533
S 174 170 H 9 o H 10 1 0 190 142 S 659 57 3 4z0  azs
6 671 671 0 699 493 1 802 @822 6 420 409 4 207 D97
7 84 96 1 177 201 1 348 342 0 293 290 2 419 412 7 647 4sg 5 531 s
8 728 721 2 189 200 2 912 gog 1 179 185 3 491 454 8 324 33> & 334 5a3s
10 326 327 3 235 218 3 685 649 4 274 246 9 438 429 7 290 301
4 331 308 4 692 465 H 0o 2 S 642 433 10 231 pso
H 3 o 5 105 96 " 6 169 185 H B 3
H 10 o 6 545 530 3 181 207 7 348 382 H 2 3
1474 461 7 427  a3s 4 402 409 8 119 &8 € 113 tio
2 281 280 0 352 406 8 5:7 509 S 914 897 4. 151 1s4 1175 204
3 44 24 1 264 2sg 9 253 247 6 140 148 H 6 2 6 75 119 2 213 209
4 200 183 8 440 437 7 280 259 4 105 &0
5 555 527 H 0 1 H 5 1 9 415 420 0 538 s34 8 335 324 5 254 57
8 44 79 1 403 390 9 255 0ss
9 392 394 2 1305 1390 1 571 881 H 1 2 2 23 236 H 3 3
10 119 109 3 752 771 2 493 4pg 3 336 319 H 3 3
4 693 479 3 399 406 2 481 a70 4 231 229 0 317 312
H 4 o 5 305 289 5 S00 514 3 715 778 5 380 391 3 701 704 1 433 343
6 677 659 6 168 149 4 307 295 6 346 340 4 474 apy 2 296 zeo
0 1600 1622 7 607 405 7 292 288 5 894 @geg 7 138 122 S 778 735 3 379 402
1 552 s 8 542 544 8 162 182 6 117 94 8 181 1sg 6 303 2g7
2 855 @883 9 219 212 9 3865 377 7 512 498 7 418 422
3 520 s29 10 317 324 9 492 499 H 7 2 8 276 287
4 797 791 H &6 1 10 109 114 9 483 395
5 244 234 H 1 1 . 1 631 619
& 901 910 0 598 402 H 2 2 2 148 144 H 4 3
8 387 394 o 45 44 1 406 399 3 671 672
9 133 88 1 761 780 2 656 439 1 431 433 4 194 199 1 416 399
2 462 474 3 249 227 2 587 o4 5 496 s02 2 123 123
H 5 o 3 695 492 4 507 507 3 731 73 7 376 391 3 187 17
4 109 91 S 379 a3gg 4 335 332 4 231 2339
1 274 274 5 605 583 6 522 517 5 179 157 H 8 2 5 480 ast
2 388 390 6 160 13t 7 231 220 6 564 S35 & 277 288
3 725 727 7 392 401 8 358 372 7 491 490 0 119 132 7 107 °7
4 497 513 8 155 148 8 22 243 1 276 284 9 80 g1
& 246 230 9 363 391 9 206 175 2 331 335
7 463 474 10 92 74 10 284 300 3 307 310
8 245 217 4 285 282



