[ Oa

American Mineralogist, Volume 64, pages 993-1001, 1979

The crystal structure of wairakite

YOosHIO TAKEUCHI

Mineralogical Institute, Faculty of Science
University of Tokyo, Hongo, Tokyo 113, Japan

FIORENZO MAZZI

C.N.R. Centro di Studio per la Cristallografia Strutturale
c/o Istituto di Mineralogia dell’Universitd, Pavia, Italy

NOBUHIKO HAGA

Mineralogical Instit:ute, Faculiy of Science - j
University of Tokyo, Hongo, Tokyo 113, Japan

AND ERMANO GALLI

Istituto di Mzneralogta e Petrologia dell’Umversxta
Modena, ItaIy i

Abstract

The crystal structure of wairakite has been determined and refined to R = 3.6%, using a
~crystal from Onikobe, Miyagi Prefecture, Japan: 12/a, a = 13.692(3), b = 13.643(3), c =
13.560(3)A, B = 90.5(1)°, Z = Ca,,sNa,, |2chg(Sl3259AI|538)096 16H,0. The locauon of Ca
atoms is fixed to a set of elghtfold positions among four distinct sets of positions available for -
cations, the eightfold positions being occupied by 0.899 Ca and 0. 059 Na. The Na atoms are
nearly evenly distributed over the available cation positions with occuparicies of 0.05-0.07.
The Al atoms are preferentially concentrated in two sets of tetrahedral positions associated to
Ca; the Al fraction in the tetrahedral posmons are the same. The ratio of Ca fraction in the
Ca site to Al fraction in the tetrahedra is almost unity. These structural feaiures characterize
the monoclinic symmetry of wairakite. The occurrence of twinning on (1 10) characteristic of
wairakite can be explained in terms of the structure. However, to elucidate structurally the
nature of the wairakite-analcime sok solution, further structural study is reqmred particu-
larly of crystals with intermediate compcsitions.

istence of a tetragonal disordered phase at ‘temper-
atures ranging from 300 to 460°C; the transformation
from. the disordered phase to ordered wairakite is
gradual and sluggish. L

In a recent paper, Mazzi and Galli (1978) reported

Introduction.

Wairakite, Ca[ALSiO,,}-2H,0 (Stemer, 1955),
the calcium  analogue of = analcime,
Na,[Al,;S1,0,,] - 2H,0, is a zeolite which occurs
widely in low-grade metamorphic rocks. The first X-

ray studies by Coombs (1955} showed that the min-

eral was a distortion derivative of analcime and had ,

" a monoclinic body-centered cell. A marked feature of
wairakite crystals is the presence of complex, fine la-
mellar twinnings which presumably originated in
trans’ormation during crystal formation (Coombs,
1955). Synthetic work by Liou (1970) showed the ex-
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the existence of various non-cubic structures for
analcime, primarily due to the difference in Al order-
ing in the analcime framework, which was ongmally.
reported as cubic with a space group Ja3d (Taylor,

1930). It is thus of pamcula: interest to determine the
mode of distribution of Al and Ca underlying the
distortion of the analcime framework to yield the:
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Table 3. Anisotropic temperature factor coefficients (X103)

(standard errors in parentheses)

Atom 811 Baa Bag 12 R13 Bas
M2 2.55(9)  2.34(9)  2.29(9) =-2.15(7) -1.17(7) 1.06(7)
T11A 0.53(8)  0.71(8)  0.70(8) 0.24(7) =-0.05(6) 0.08(6)
T11B 0.45(8) 0.92(8)  0.80(8) 0.11(6) 0.02(6) =-0.16(6)
T12A 0.62(8) 0.63(8)  0.88(9) =-C.14(7) 0.14(6) 0.11(6)
T12B 0.82(8)  0.70(8)  0.94(9) -0.16(7) =-0.18(6) =-0.00(7)
T2A 0.62(9) 0.70(9)  0.84(9) 0.08(7) 0.11(7) =-0.36(7)
728 0.59(9)  0.59(9)  0.95(9> 0.03(7) 0.06(7) 0.22(7)
011A 1.6(2)  2.3(3) 1.1(2)  -0.1(2)  0.5(2) =0.1(1)
011B 2.2(2)  2.0(2) 0.6(2) =0.6(2) =-0.1(1)  0.3(2)
0124 2.1(2)  1.7(2) 0.8(2) =0.1(2) -0.0(1) =-0.2(2)
0128 1.4(2)  1.7(2) 1.0(2) -0.7(2)  0.0¢1) ~-0.0(1)
021A 0.8(2)  2.9(3) 2.5(3)  0.6(2)  0.5(1) -0.8(2)
021B n.5(2)  2.3(2) 2.9(3)  0.8(2) -0.0(2)  0.6(2)
022A 2.4(3)  0.8(2) 2.5(3)  -0.6(2) =-0.7(2) -0.2(2)
022B 1.6(2)  1.2(2)  2.6(3) -0.9(2)  0.1(2)  0.3(2)
031A 3.0(3)  1.0(%) 2.1(3)  .0.6(2) -0.1(2)  0.5(2)
031B 3.2(3)  0.9(2) 2.2(3)  0.2(2)  0.1(2) -0.6(2)
032A 1.0(2)  3.0(3) 2.7(3)  -0.5(2) -1.2(2) = 0.2(2)
0328 0.7(2)  3.4(2) 1.9(3) -0.1(2)  0.3(2)  0.7(2)
WA 5.7(4)  4.7(4)  10.0¢6)  1.8(4)  2.1(4)  0.7(4)
W B 6.0(4)  6.0(4) 5.8(5)  1.2(3) -0.3(3) -0.7(3)
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