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BEES, B ERBEA: «{100}, 4{110}, of{111}, »{211}, r{332}, f{310}, s{321},
FEH {310} &E EFEFTT(103): (112) &KL

* 1
B AR % PRER
= A - S>FE | ERTFHK PH® T &
| 1 2 R
$i0, 35.66 36.64 0.5934 1.1868 2.8287 2.8287
Ca0 34.60 35.18 0.6199 0.6169 2.9388 2.9388
BeO 15.78 16.30 0.6309 0.6309 3.0075 3.0075
F 7.81 7.27 0.4116 0.4116 1.9621 1.9621
Li,0 5.81 5.60 0.1991 0.1991 0.9491 1.8982
ALO, 0.50 * 0.0049 0.0147 0.0234 0.0468
Fe,0; 0.22 0.06 0.0014 0.0042 0.0067 0.0134
MgO 0.18 0.17 0.0045 0.0045 0.0215 0.0215
Na,0 0.13 0.03 0.0021 0.0021 0.0100 0.0200
'K,0 0.06 0.03 0.0006 0.0006 0.0029 0.0058
BNE 1.28 0.0711 0.0711 0.3389 0.6778
MO 102.07 101.28 3.1425
O=F, 3.28 3.06 —0.2058
98.79 98.22 2.9367
* HRAQOSFERITE WS TOERFRTCRERE ML
x 2
d(&) 1/1, Bkl a(A> /1, Bk d(A) 1/1, ki
5.255 4 211 1.822 35 |710; 550: 543| 1.275 10 772
4.554 15 220 1.785 40 640 1.251 10 934
4.071 5 310 1.753 70 721; 633; 552 1.228 45 1031
. 3.719 10 222 1.721 4 642 1.206 5 774
3.443 60 321 1.691 52 730 1.196 5 1004
3.221 40 " 400 1.635 15 651; 372 1.186 2 1033
3.034 7 411 1.609 20 800 1.176 2 1042
2.879 7 420 1.586 20 811: 741; 554 1.166 40 1101
2.746 100 332 1.562 3 820: 644 1.147 40 1121
2.630 30 422 1.539 8 653 1.112 25 1053
2.527 15 510 1.517 25 822; 660 1.104 2 1006
2.352 40 521 1.497 8 831; 750 1.096 12 1141
2.209 100 530; 433 1.459 5 752 1.073 2 1200
2.090 90 611; 532 1.405 8 842 1.066 15 1211
2.036 3 620 1.389 15 921; 761; 655| 1.052 2 1152
1.988 2 514 1.373 12 644 1.025 10 1073
1.941 2 622 1.358 20 851; 754 1.011 3 1233
1.900 20 613 1.328 30 932; 763
1.857 2 444 1.301 10 7705 941: 853
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E: BRI E 1960 FAREKHEFTIRE EEEAH.
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8 MRE Ca EFRAENERHEIAF; MK FRE FEBESAKNIL T BIEN ALK
Ao
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BISH e = 13.74; 3, = 12.884;
@A FH Z = 16; z =s;
MRESRENHE T
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BEFNIHEEET .
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SLRAER 2/3 BB RFERERTFREKST. BILATEANSEREUE ST NAT
BtHALEBRIBMUERELER. 1926 FEEKEH, AABERENM KBS FREE
TG, 7E 1930 FREERMPTRETIESE, R Al #% Be FriUE, Na # (Mn, Fe, Zn) FTR
B, Clk s k¥ MMMWE T HWAKRE MrERRARARS. E7hAM 1930 FH
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BRI, (EAERERMER TR RN 9EL6, %A« #EAH, Li KT
HOEDAL R 20 4, X TRE ST BR AL 71 SiE Li 1 Be MOIRERIEA Ko REREXF
R R EROBAE TR KRR L, B B BTREE RN B S 3Gk b R AR o

(W) EMERMHXE

C BIEARE MR RE Si, Be 504K 4 INE A RINT 6 VUM M4 8 IRE B ifi RS
BREE, Mg R R ERE, A RE—REF, RERE, FNREA {110}, {211},
{100}, {310}, {321}, {111}~ o EEMUTFTHROETHR; BEMNNIEMERNLE,
R BRH [11117 F R 8 ki B3R 9 07 o

(R) GH5SHEBERNXR

BE ARHE,ANEG T AILELEFET {001} mrORARTEEME, KK
4 MEEBAFET {001} BE, FrUlBEIR(LFRAE A Ca—O0 B, X—HERERL
BRTOFER.
i1 FEBHEFLERSHK

si ¢ 24 0.175 0.397 0.128
Be ¢ 24 0.392 0.350 0.083
o, ¢ 24 0.108 0.500 0.100
o, ¢ 24 0.300 0.425 0.117
o, c 24 0.133 0.313 0.033
o, ¢ 24 0.150 0.367 0.242
Ca, b 12 0.588 0 0.250
Ca, ) 12 0.158 0 0.250
F, a 8 0.089 0.089 0.089
F, p: 8 0.339 0.339 0.339
Li, a 8 0 0 0
Li, a 8 0.250 0.250 0.250
Mi%k 2 BHEASEEKRTEE

Si—O MUk Be—O PO Ca—O—F Xk Li—O—F PUfifk

Si—O0, 1.630 Be—O, 1.570 Ca,—0, 2.490 Li,—O 1.900

Si—0, 1.690 Be—O, 1.590 Ca,—O,, 2.530 Li,—F 1.950

Si—O0, 1.710 Be—O, 1.610 Ca,—Oyy, 2.670 Li,—O 2.000

Si—0, 1.540 Be—O, 1.670 Ca,—F 2.540 Li,—F 1.950

0,—0, 2.690 0,—0, 2.620 Ca,—O, 2.520

0,—0, 2.580 0,—0, 2.600 Ca,—Oy, 2.700

0,—0, 2.570 0,—0, 2.890 Ca;—O,,, 2.420

0,—0, 2.800 0,—0, 2.730 Ca,—F 2.510

0,—0, 2.600 0,—0, 2.360

0,—0, 2.780 0,—0, 2.540
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R BHENEHUEF |Fn TRESITEAERLE
b
h kO \ LA e h kO LRAT HE4T h kO R i G
4,0, 0 174 212 || 16, 4, 0 20 41 9, 9,0 63 —109
8, 0, 0 225 239 1,5, 0 59 88 | 13, 9,0 67 9
10,0,0 | 32 — 48 3,5, 0 213 327 0, 10,0 32 48
12,0,0 |, 213 244 5, 5, 0 46 - 59 4,10, 0 142 ~139
14, 0, 0 | 74 72 7, 5, 0 195 ~205 6, 10, 0 63 62
16, 0, 0 48 58 9,5, 0 140 173 8, 10, 0 66 - 93
3, 1,0 51 -3 || 11,5, 0 140 78 | 12,10,0. 77 33
5,1, 0 70 127 2,6, 0 83 104 1,11,0 61 - 92
7,1, 0 24 67 4,6, 0 184 -216 5,11, 0 63 ~ 81
2,2,0 72 109 6, 6, 0 132 126 7,11, 0 25 - 12
4, 2,0 59 ~ 89 8, 6, 0 42 42 9, 11,0 37 44
6, 2, 0 73 8o | 10, 6, 0 109 87 | 11,11,0 14 - 33
8, 2,0 206 —-257 || 12,6, 0 158 —107 0,12,0 213 244
12, 2, 0 245 51 | 14,6, 0 56 45 2,12,0 36 42
14, 2, 0 132 121 | 1,7,0 130 130 | 4,12,0 39 69
16, 2,0 | 168 -143 3,7, 0 103 104 6,12, 0 108 = 74
,3,0 1 62 - 45 5,7,0 | 124 74 8,12, 0 191 123
3, 3,0 . 84 130 9, 7,0 | 28 45 I 10,12,0 20 54
s, 3,0 204 —259 || 11,7, 0 28 88 3,13,0 95 84
7,3, 0 | 223 —-271 || 13,7, 0 76 75 7,13,0 49 - 32
9,35,0 ' 50 s1 | 15, 7,0 121 103 9,13,0 162 115
1, 3,0 4 52 0, 8, 0 225 239 0,14, 0 74 - 72
13, 3,0 ¢ 44 —45 | 2,8,0 181 —208 2,14,0 50 55
15, 3, 0 I 53 70 1 4,80 23 35 4, 14,0 56 - 82
0, 4,0 | 174 -212 8, 8, 0 25 6 6,14, 0 52 20
2,4,0 84 -8 | 10,8, 0 127 -128 8, 14, 0 160 ~ 158
4, 4,0 ' 63 62 | 12, 8,0 249 185 3,15,0 53 25
6, 4, 0 178 —209 | 14, 8, 0 40 —50 5,15, 0 20 26
8, 4,0 | 23 74 1,9, 0 43 60 7,15,0 126 —113
10, 4, 0 145 - 98 3,9, 0 96 —98 0,16, 0 40 58
12, 4, 0 25 - 35 5,9, 0 41 — 64 2,16, 0 197 1+ —126
14, 4,0 | 108 —~113 7, 9, 0 61 | — 67 | 4,16,0 | 49 | — 51
MEs BETEHTHE
L Ca T si Be Li AT R
sz, @ — i | - I gt et _ R I e S

o } 1/8 r 14 F 14 1,4 2

O : 2%XY : 14 1,4 i 2

I ' Ixy ‘ 1/4 1
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BWE FLEAWEERK, Z2EN si—0 BRBEEZ MM T Ca Li BT HTE %
URTEKEE. L, MEREPE FRENEENS FRMKES, BEE A

BE SFHELOHLEBRRITHALAERESRS, XRRAFEAERHTERRY
WREN Ca, F R Li BT FTERE, LSBT YHOLLENS. A. C. Ilopapenusix™ i
BEEANEERNZES, MANEREERARTREEEREENIEN BAERT .
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THE CRYSTAL STRUCTURE OF HSIANGHUALITE

Section of Crystal Structure Analysis, Section of Crystal Structure Analysis,
Academy of Geological Science Academia Sinica

Abstract

China is a country with a vast territory and rich mineral resources. Ever sinee
the liberation of China, the socialist construction has been developing prosperously.
And in the field of mineralogical researches, like in other branches of geology, new
achievements have been made successively. The following is only a brief deseription
of the Hsianghualite, discovered in China.

Hsianghualite, CasLi.[Be, SiO,]:F., was discovered in 1958, in the contact zone
between granite and the Devonian limestone, Hunan, China. It occurs in white,
granular aggregates, generally < 1mm, associated with fluorite, liberite, taaffeite,
nigerite and lithium mica. The chemical composition is tabulated in table 1. It is
isometric, pentagotetartohedral, belonging to the class 7' = 23, as shown in Fig. 1. It
shows distinet piezoelectricity. Its refractive index (sodium light) N, =1.6132, D =
2.90 — 3.00, H = 6.5, space group 71° — 12,3, a, = 12.884, Z = 8,

In the analysis, use is made of a single crystal of 0.1 mm in diameter for inten-
sity measurements. Along [001] with CuKe, by the equi-inclination Weissenberg’s

Table 1
Oxides % Nos. Of* Nos. of ;ﬁg;soia?ggx Nos. of cations
1 9 molecules oxygen atoms 14 anions 1
Si0, 35.66 36.64 | 0.5934 1.1868 2.8287 | 2.8287
€20 34.60 | 35.18 0.6169 0.6169 2.9388 ' 2.9388
BeO 15.78 16.30 0.6309 0.6309 3.0075 3.0075
F 7.81 7.97 0.4116 0.4116 Loopr | 1.9621
Li:0 5.81 5.60 0.1991 0.1991 0.9491 1.8982
ALO, L 0.50 none 0.0049 0.0147 0.0234 0.0468
Fe0, 0.22 0.06 | 0.0012 0.0042 0.0067 ‘ 0.0134
MgO 0.18 0.17 ' 0.0085 0.0045 0.0215 | 0.0215
Na:0 L 0.13 0.03 |  0.0021 0.0021 0.0100 } 0.0200
K0 L 0.06 0.03 l 0.0006 0.0006 0.0029 0.0058
Toss on ignition i 1.28 I 00711 | 0.0711 0.3389 T 0.6778
Sum 102.07 | 101.28 3.1425
0=F, 3.98 3.06 | ~0.2058
98.79 98.22 | [ 2.9367 ‘

* (aleulaiton based on the analysis of 1.
Analyst: Section of Rare Elements, Chemical Laboratory, Institute of Mineral Resources,
Ministry of Geology, China, 1957.
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method, 8 sets of diffractions, hko—nk7, totally 996 diffraction spots were collected.
After indexing, the extinction rule is A + &k + I = 2n + 1, therefore the lattice is a body-
centered one. The Laue and Weissenberg patterns along the direction of [001] show that
there is no 4 (including 4; & 4) symmetrical axis. The diffraction symbol is
m3I—— and the possible space group is 73 — I23 or 7% — 12,3.

In searching the distribution of atoms, the following Pattersen functions are

caleulated: Projection P(UV), and sections P(UVO), P (UV68—0>, P(UV%), and

P (UV i—?)) After a series of analyses and reasonings, the stereo-chemical characters

into consideration, a preliminary structure model was proposed with the symmetry of
75 — 12,3 was selected.

The proposed structure was confirmed by the caleculation of the function of p(z,
y). The projections of p(z, y) and the structure are shown in Figs. 2 and 3. The
parameters of the atoms obtained from a number of refinements (progressing, itera-
tion) are given in table 2.

Table 2

Moms | Vot ol | N ot vt v :
Si c 24 0.175 0.397 0.128
Be c 24 0.392 0.350 0.083
Oy c 24 0.108 0.500 0.100
0, ¢ 24 0.300 0.425 0.117
Os e 24 0.133 0.313 0.033
Oy [ 24 0.150 0.367 0.242
Ca. b 12 0.588 0 0.250
Ca. b 12 0.158 0 0.250
i a 8 0.089 0.089 0.089
F. a - 8 0.339 0.339 0.339
Li, a 8 0 0 0
Li. a 8 0.250 0.250 0.250

The structure is shown in Fig 4. Owing to the symmetry and its consisting
of 200 atoms in the unit cell, the structure is illustrated with the corresponding
polyhedrons. The essential of the structure is that it is a framework of Si-O
and Be-O tetrahedrons, consisting of 96 oxygens, 24 silicon and 24 beryllium atoms
in addition to other atoms. Each oxygen is shared by two tetrahedrons. The Si-O
and Be~O tetrahedrons, with 2 or 3 of each kind, join alternatively to form both the
four-tetrahedron and six-tetrahedron rings respectively. This pattern is quite similar
to that of analcite as shown by W. H. Taylor. The four-membered rings, situated on
{100}, are perpendicular to the 2,; while the six-membered rings, situated on the corners
of the unit cube, are perpendicular to the 4 non-intersecting triads (3). There are 16
larger cavities formed by the 16 six-membered rings in the whole unit cell. These cavi-
ties are occupied by the 16 F' atoms, and at one side of which there are medium tetra-
hedral cavities formed by one F' and three oxygen atoms. The latter cavities are filled
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in with the 18 lithium atoms. The 24 calcium atoms are situated--in the 24 cavities
formed by the 4-membered rings. Kach calcium atom is coordinated with 6 oxygen and
two F atoms, forming a deformed cube. The balance of the electrie. charge of the
ions is achieved by-the above configuration.

The ordered arrangement of Si and Be in the structure explains the decrease of
degree of symmetry, i..e., the non-existence of 4 (or 4, & 4) and 1 in the structure.

The discovery of Hsianghualite and the study of its structure demonstrate the fact
that it i§ an analeite-analogue in nature, 7.e. a beryllium analogy of analeite. The
Al and a part of Si, Na and H,O in analcite are replaced by Be, Ca and F res-
pectively in Hsianghualite. Mineralogically the relation ship between Hsianghualite and
analcite is the similar as that between helvine and sodalite. The large and small cavi-
ties in Hsianghualite are occupied by F, Ca and Li and therefore its spécific gra-
vity and hardness are higher than those of analeite.

Hsianghualite® was discovered and described in 1958, and its preliminary struec-
ture was determined in 1959. The present paper gives a revised and more detailed
description of its structure.

* The ecrystal structure analysis was introduced in a conference on the physics of solids held
in Peking, 1960.
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