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Refinement of the crystal structure of celsian
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Abstract

- The crystal structure of celsian from Jakobsberg, Swedcn, (Bao.0sKo.05A 1055120508, @ - =
8.622. b = 13,078, ¢ = 14411 A, B = 115.09°, space group /2/c) has been refined using 528 ‘a’-
reflections (h+k even, / even) and 272°0’, reflections (h+k odd, / odd) > 15. The ‘b’ reflections
" were measured at one-quarter the rate of ‘a’ refiections to obtain a higher level of significance
for these very much weaker ‘difference’ reflections whose intensities are related only to Al/Si

ordering in the tetrahedral framework.

The Jakobsberg celsian is very similar to a celsian from Broken Hill, Australia,
(Cn~g4Or~(g) refined by Newnham and Megaw (1960). The mean T-O distances for the
" symmetrically non-equivalent tetrahedral sites are T,0 = 1.639, T,z = 1.636; T,z = 1.719, 7,0
= 1.718 A, indicating that by comparison with fully ordered anorthite the Si-rich sites contain
~0.18 Al and the Al-rich sites ~0.79 Al In the Broken Hill celsian the Al contents are ~0.17
and ~0.76, respectively, consistent with a somewhat lower Al/(Al+Si) ratio. These partially
disordered Al/Si distributions are not in strict accord with the aluminum avoidance principle
and may result from anti-phase domain textures as previously observed in bytownite and

transitional anorthite.

Introduction

The first X-ray study of celsian (BaAl,Si;O,, sym-
‘bol: Cn) by Taylor et al., (1934) showed it to be
~ approximately isomorphous with the monoclinic K-
feldspar orthoclase. Subsequently, Gay (1956) found
that single crystal photographs of celsian showed a
_set of very weak diffraction maxima with h+k odd, /
~ odd, indicating that celsian is body-centered and that
the c-dimension of its unit cell is ~14.4 A, approxi-
mately twice that of the C2/m orthoclase. The choice
_ of the unconventional space group symbol [2/c (cf.
Fig. 1, Chiari et al., 1975) was made by Newnham
and Megaw (1960) in order to preserve the axial
orientation of celsian relative to orthoclase and other

: feldspars, some of which also have been assigned

unconventional space group symbols (albite and mi-
crocline, CT; bytownite, IT).

Newnham and Megaw (1960) solved the structure of
- acelsian (approximate formula B2y 6 Ko.18A1.00512.1108)
from Broken Hill, Australia, using intensities from
five zero-layer Weissenberg photographs taken about

1 present address: Department of Geology, Brigham Young
University, Provo, Utah 84602

the zones [100], [010], [001], [110], and [111]. They
first determined the ‘“‘average” structure, using only
the strong ‘a’-type reflections (h+k even, / even) and
refining in space group C2/m with ¢ = 7.2 A. This
symmetrized unit cell has the Ba atom and one oxygen
(042) on the mirror plane, one oxygen (O4l) on the
two-fold axis tnrough the origin, and the two tetra-
hedrally coordinated AlSi “average” atoms (T, and

'T,) and the other oxygens Os, Oc, Op in general

positions. Having refined the ‘““average’’ or sym-
metrized structure, they continued the refinement in
space group 12/c by including the weak ‘b’ reflec-
tions (h+k cdd, / odd) and doubling the c cell edge.
The Ba, O,1, and O,2 atoms were shifted slightly

" from special to general positions. The tetrahedral and

oxygen sites were ‘“split” and given a notation which
has since been simplified to T,0, T.z, T.0, Taz; 050,
Opz; 0O, Ocz; 0p0, Opz to indicate that they are
related by a pseudo-c/2 translation in the doubled
cell.? :

Newnham and Megaw found that the mean 7-O

2 This notation is modified somewhat and simplified from that
suggested by Megaw (1956). It corresponds to that used by Chiari
et al. (1975).
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2. 4 24041883  239.8243 239.8243 0.0 0.3640 = 3,8706 0.0941 1 1 72319.94
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20010 0 94 . -58.1718 - 0.0 3 3.4302 11 3734.47
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$28.2615 27.7129 . 0.3582 13435

29 mg et w00 . i)

2° 11 9.3380 LG “. 445480 0.0 T 4.7900 ¢ 3. ~1.1980 1 30.95
z 13 21.18¢€1 17. ' =17.1653 0.0 4.0209  1.9333 = 2.0798 1 374.88
4 1 14.3629 12. -12.1687 0.0 2.1941  2.3011 0.9535 1 279.12
4 3 6.3292 1. 1.6154 0.0 447138 448124 0.9795 1 5.16
4 5 18,2167 19.7746 Qa0 -1.5579 1.7693 -0.8805 1 761.67
45 7 8.0001 T. -7.3688 0.0 0.6312 4.0353 0.1564 1 98.43
4 9 10.8868 9.8 -9.8713 0.0 1.0155 3.3584 0.3024 gl 157.60
6 3 5.6399 11,4968  -11.4968 0.0 -5.8570 6.2960 -0.9303 O 226.73
6 5% 5 4.1768 8.1492 8.1492 0.0 -3.9724 8.3677 -0.4747 0. 112.69
69 10.6957 10.6492  -10.6452 0.0 0.0465 346168 0.0126 170 164441
611 10.2581 1.7916 1.7916 0.0 8.4666 ' 3.9331 2.1527 =1 4.12
6 713 6.6706 0.6067" 0.6067 0.0 6.0640 “6.7637 : 0.8965 " 17H0% 0.41
8 i 7.7252 8.4614 " Be4614 0.0 -0.7362 543029 -0.1288 1. 101.42
85515 17.9400 162641 —16.2642 0.0 1.6759 241512 0,7791 =1 383.03
8¢ 15.3912 17.2185 17.2185 0.0 -1.8273 2.6558 -0.6880 "1 1 408.94
8 9 10.2713 445951 4.5951 0.0 5:6762 3.9364 1.4420 s 26.85
8- 11 11.3277 12.6131° =12.6131 0.0 - -1.2854% 3.9271 ' -0.3273 L 182.15
-5 10.-3 15.3245 19.2169  19.2169 0.0 -3.8924 2.9373 -1.3252 1 457,03
-5 10 7 14.2348 9.0479  -9.0479 0.0 5.1870 259378 " 1.7656 T 1rwlE 96.62
c =5..107%:9 11.3554 5:3371: 5.3377 0.0 640177 . 3.8457 1.5648 “e 31.42
-4 1171 5.1922  6.2438 - 6.2438 0.0 =1.0515 . 8.,4745  -0.1241 %0 47.58
-4 11 3 14,0174  12.6222 -12.6222 0.0 1.3952 3.0835 0.4525 "1, 1 197.15
QoA 1kees 10.3525 9.9945 9.9945 B0 0.3580 441302 0.0854 1 1. 121.25
-4 9.1 7.8833 11.5330 -11.5330 0.0 -3.6498 5.0923 -0.7167 13 195.04
-4 . 9: 3 23.5919 26.0359 = 26.0399 0.0 =2.4479 1.7176 -1.4252 1 1011.88
C -4 9 7 16,6960 17.6210  -17.6210 0.0 -0.9250 2.3964 -0.3860 ! 424,80
0 -4 9 9 6.8448 9.8800 -9.8800 ‘0.0 =3.0352 6+1612 -0.4926 1 121.74
: -4 7. 1 2.9924 8.5299 -8.5299 0.0 ~5.5374 11.6155 =~0.4767 ¢ 128.63
v -4 7 3 8.6501 8.5090 85090 0.0 0.1411 3.8954 0.0362 1 130.95
- =4 0T 5 25.5246 25.6342 . -25.6342 0.C -0.1096 144683 -0.0746 1 1151.60
v -4 7 9 22.1905 23.2924 23.2924 0.0 -1.1019 1.8944 -0.5817 1 784.30
0 -4 7 11 1.5747 108701 -10.8701 0.0 -8.8954% 21,7614 -0.4088 G 149 .40
-4 7 13 21.2578 18.5931 -18.5931 0.0 2.6647 2.2413 1.1889 1 378.29
i -4 .5 3 21.1711 19.7557  -19.7557 0.0 1.4154 1.3920 1.0168 1 853.43
‘C -4 5 5 5.0616 8.0518 8.0518 0.0 -2.9902 5.6695 -0.5274 0 136.00
: -4 57 17.3738 16.3941 16.3941 0.0 0.9737 1.8131 0.540% 1 509.57
b =4 .15 .9 15.5929 18.3186 -18.3186 0.0 -2.7257 2.3998 -1.1358 1 553.99
C -4 5 11 7.5453 = 8.2025 -8.2025 0.0 -0.6573 5.2885 -0.1243 1 94.97
ko -4 5 13 3.6339 9.8120 9.8120 0.0 -6.1781 12.5118 -0.4938 0 115.43
£ b P B, | 5.1884 7.1965 7.1965 0.0 -2.0081 5.2624 -0.3816 c 128.73
G -4 3 .3 7.5381 1.6084 1.6084 0.0 5.9297 3.2883 1.8033 1 6.69
, -4 3 7 17.7791 15.3299  -15.3299 0.0 2.4492 1.5970  1.5336 1 50744
( -4 3.9 16.0942 13.3194  -13.3194 0.0 2.7748 1.9733 1.4062 1 325.06
= -4 3 :11 5.9015 10.0398 10.0398 0.0 ~4.1384 6.5822 -0.6287 6 154.60
: o S Bt 10.8932 6.1920  6.1920 0.0 4.7012 2.1442 2.1925 1 110.02
Paan e sea s 10.8469  10.6135  -10.6135 0.0 - 0.2333 2.3122 0.1009 1 303.38
Pas TR T 13.9761 14.2400 -14.2400 0.0 -0+2640 1.8908  -0.1396 1 472.57
£ =] 9 25.2217 25.6735 25.6740 0.0 -0.4522 1e3427 -0.3368 1 1280.70
sy 01 9.1668 10.9531  10.9531 0.0 -1.7862 4.0832 -0.4375 1 192.51
= -4 1 13 21.6664 245760 —24.5760 0.0 -2.9G96 1 2.0471 -1.4213 1. 802.38
A =352 0] 5.2851 2.9461 . 2.9461 0.0 2.3390 443392 0.5390 1 30.45
L C =302 3 5.1781 3.7068 = =-3.7068 0.0 1.4713 4.0885 0.3599 1 48.71
&7 =352 05 5.0402 442471 442471 0.0 0.7931 4,4579 0.1779 13 55572
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: 8.2385 S 0.0° -4.5030 648732+ -0.6552-1 0 - 16992
10.5027 9.6447 0.0 0.8579 2.8618 0.2998 - 1 136.23 1.0
3.5554 0.6440 0.0 2.9114 10.3670 0.2808 ¢ 067 1,08
7.3737 4.7999 0.0 2.5738 3.2998 0.7800" 1 6597 1490
8.4739 10.5754 0.0 -2.1014 2.6938 ~-0.7801 1 322.60 1.0
7.6393 4.9041 -4.9041 0.0 2.7353 3.1153 0.8780 1 62.79 1-0
2.9232 0.5752 0.9752 0.0 1.9481 11,0640 0.1761 o 1.74 108
15.2551 12.2518 12.2518 0.0 3.0032 2.8534 1.0525 1 187.64% 1.0
8.1756 644228 6.4228 0.0 1.7528 3,3205 0.5279 1 93.55 1-C
13.7938 ¢ 14,6660 —14.6660 0.0 ~0.8723 2.0616 -0.4231 1 457.20 /08
8.5916 9.8064 -9.806% 0.0 -1.2149 3.6645 -G.3315 1 180.556 1.0
16.0557 16.8089 16.8089 0.0 -0.7492 2.5014 -0.2995 1 454.98 1-0
847147 9.9536 9.9536 0.0 -1.2388 4.7125 ~0.2629 1 135.20 o
19.2890 15.9612 = -15.9612" 0.0 3.3277 2.3751 1.4911 1 293.82 1.0
2.8238 642225 -6.2225 C.0 -3.3987 12.1424 -0.279¢9 o 69.96 1.0
18.8121 19.2595 -19.2996 0.0 -0.4874 1.7323 ~0.2814 1 675.38 14C
"11.0687 13.7200 13.7200 0.0 -2.6513 341409 -0.8441 1 324460" 1.0
4,2040 3.1808 3.1808 0.0 1.0232 - B45553 0.1196 ¢ 15.88: Md
9.2007 B.6202 -8.6202 0.0 S5RO5 4.2487 0.1366 1 103.17 14C
9,9682 8.514¢ 845146 0.0 1.4535 4.3657 0.3329 1 87.55 . 1.0
3.2813 541857 5.1897 0.0 -1.9084  12.0316 -0.1586 0 39.44 /3y 14C
10.2639 10.1804 10.1804 0.0 0.0835 ' 3.7621 0.0222° 1 pao.wp.mmv 140
14.0777 14.8827 -14,8827 0.0 -0.8050 3.1238 -0.25T7 1 262.83 1.0
20.4565 22.6234 ¢ —22.6234 0.0 -241669 242137 -0.9789 . 1 595.87 1
3.2824 4.0951 4.,0951 0.0 -0.8127 14.2329 -0.0571 0 18.42 il
17.11C3 16.5957 -16.5957 0.0 05146 2.6086 0.1973 1 314.10 1.0
15.3663 17.926¢8 17.9268 . 0.0 -2+5605 2.8925 -0.8852 1 363,29 )
12.59173 4,5947 -4.5947 0.0 8.0026 3.4878 2.2944 1 22.917 1<
15.5040 13.5463  —-13.5463 0.C 1.9578 245421 0.7701 1 256.96 1.0f
13.3085 B.6222 8.6222 0.0 4.6863 2.8521 1.6431 1 172.93 1y
9.2689 1.9230 1.9230 0.0 7.3459 4.4526 1.6498 1 4,51 15
10.1552 13.5821 13,5821 0.0 -3.4269 4.6936 -0.7301 1 233,05 1.0
11.5752 14.5860 14.5860 0.0 -2.6067 2.8517 -0.9141 1 373.19 «u
12.8453 10.6389. -10,.6389 0.0 242064 2.5128 0.8780 1 195.53 1%
13.1257 11.3670 11.3670C 0.0 1.7588 2.1321 0.6437 1 209.37 1.0
16.9541 15.1074 15.1074 Q.0 1.8468 2.2227 0.8309 1 334,15 wu
2649523 27.2245  -27.2245 0.0 -0.2722 1.7137 -0.1588 1 956.94 1<
5.6619 3.1763 3.1763 0.0 2.4855 B.3645 0.2972 0 11.33 1.0
17.7716 18.5134 18.5134 0.0 S -0.74%18 15925 -0.4658 1 774,27 wu
13.7299 164137 = -16.4137 0.0 -2.6838 2.0357 -1.3183 - 1 595,25 1%
11.2634 9.6384 -9.6384 0.0 1.6249 2.5553 0.6359 1 187.58 1.
4,7336 7.2576% 7.25179 0.0 -2.5242 7.2197 -0.3496 o 92494 Iy
18.1480 15.7270 15.7270 0.0 24211 2.1448 1.1288 1 372.86 1+
22.9036 23.0892 = -23.0892 0.0 -0.1855 2.2099 -0.0849 1 576.40 1.
442226 8.0662 -8.0662 0.0 -3.8436 5,7208 -0.6719 0 196461 1~0
4,5535 10.5822 10,5822 0.0 -6.0286 5.0884 -1.1848 0 326460 1<6
10.1073 - 7.3217 . T7.3217 0.0 2.7856 2.4060 1.1577 1 136450 1.0
18.0077 16,3002 -16.3002 0.0 1.7075 1.5802 1.0806 1 552.31 150
" 7.8044 ‘0.7253 0.7253 0.0 7.0791 4.,4719 1.5830 1 0.91 1<0
14.1687 16.4668  -16.4668 Q0.0 -2.2981 1.5059 -1.5261 1 1140.54 1.0
14.8723  16.7793 16.7793 0.0 -1.9070 1.4117 -1.3509 1 1112.53 MUQ
7.0333 - 3.7996 3.7996 0.0 3.2337 3.0630 1.0557 1 46,04 130
3.9381 0.3037 0.3037 0.0 3.6344 6.5125 0.5581 C 0.23 1.0
5.9645 447197 -4,7197 0.0 1.2448 5.3775 0.2315 1 43.29 1-0
5.4915 5.2066 —-5.2066 0.0 0.2909 6.9874 0.0416 c 42,12 16
Y(0BS) Y{CALC) oG A B aBS-CALC mmo.ov (o- n.\mﬁm.o, IL Q EXTINC
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17.6977
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10.8325
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2.6485
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17.0875
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15.3562
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10.0446
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20.6337
8.1399
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10.C671
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13.8401
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- 16.900¢
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-8.7361
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-242914
-3.6618
~-8.8260
0.8839
43064

-4.5230

24471
2.2754
0.4774

-1.6178
0.8254
1.6742
4.7647
56435
C.2546
1.6455
4.1532
57243
863277
3.7199
27454
37423
2.3543
1.9023
1.6965

-3.0255
3.8865
0.7515

246683

-443650
0.4174

-6.1811
1.3310
0.6224
27597

-3.0604
1.2069

-1.3782
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15.9960
2.7389
0.6087
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4.,1830
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-5.,0885
0.8885
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37777
49210
12.3255
3.7097
2.7292
3.7696
243570
4.3428
3.9318
" 3.0467
i NQHOD.N
343235
245525
4.5943
2.0217
5.8270
6.5503
3.1617
3.2876
2.4170
4.5315
5.2572
3.8539
3.9113
2.6437
2.5387
10.56606
4.1797
8.7168
42347
25196
4.,6079
202577
1.5599
5.6119
1.9549
2+5994

"2+4008

1.8035
4.7262
T.4574
- 50558
2.0508

© 5.4351

3.5522
SIG(O)

—0.6478

0.4624
C.0387
-0.4361
-IH ° PWWO
042190
0.7103

 1.0972

1.4353
0.0836
0.7833
1.2496
2.2426
1.8124
1.8400
0.4718
0.5713
0.6259
0.5786
0.7019
-0.6677
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