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The crystal structure of harkerite
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Abstract

The lattice pararneters of harkerite from Skve (Scotlund) are: a = 18.131 A, « = 33.46°.
space group RIm. twin plane (211). The crystal structure has been solved by Patterson.
Fourier, and difference s ntheses, then refined by least-squares procedures to a conventional
R = 0.067 for the 1175 reflections with F2 > 3 o(F2): R = 0.147 for ali 2695 meusured
reflections.

The crystal structure of harkerite is comparable with that of sakhaite. The idealized cell
contents derived from the structural studies are:

harkerite  CapMey[A1Si:(0.0H)i]s (BO3)s(COs)a( H0.C1)
sakhaite  2{CupyMga[(BOy)s {BO,)sJ(COy)s( H,0).

the main difference between the structures being the replacement of the aluminosilicate group
in harkerite (similar to the tetrahedral pentamer found in zunyite) by 4(BO,) in sakhai‘e. Both
mirerals show a very marked pseudo-symmetry in the cubic space group Fd3ni (a = 14.7 A).

The crystal structure is based on an arrangement of oxygen and calcium atoms in an
incomplete cubic closest packing, with Mg in octahedral sites, Si and Al in tetrahedral sites.
and B or C in triangular holes. The Ca-coordination ranges from 8 to 10. Two carbonat~
groups are statistically placed on one of two inversion-related orientations. Some structuri
disorder follows from the mutual replacement among aluminosilicate, borate, or possibly
other atomic groups (CO;, OH, H.0). Such substitutions would be also responsible for some
discrepancies between the idealized and actual chemical composition of harkerite. The differ-
ent ordering of the replacing groups accounts for possible harkerite polymorphs in the cubic
pseudo-cell.

Introduction harkerite, and later assigned to the new species sak-
haite: CaMge(BOj;)es(CO4),6lOH)Cl,-4H, O  (Os-
trovskaya et al.. 1966). According to the latter au-
thors, harkerite and sakhaite are very similar in their
structural properties: i.e., they have the same Laue
symmetry, and the lattice parameter of sakhaite is
equal to the pseudo-repeat distance of harkerite.
Some differences are shown in the optical properties,
sakhaite being isotropic and harkerite often an-
isotropic and zoned. They made a new chemical anal-
ysis on harkerite from Skye and obtained the pseudo-

Harkerite from skarn deposit in Skye (Scotland)
was discovered and described by Tilley (1951): it is
% associated very intimately with calcite, which is a
product of its alteration. Among various data, Tilley
reports the density (2.959 at 20°C), the Laue symme-
try (m3m), the lattice parameter (a = 29.53 A, with a
marked pseudo-repeat distance a/2 = 14.76 A), and
the chemical analysis, from which the following
atomic content of the cubic psceudo-cell (¢ =
14.76 A) was derived: 20 CaCO;- Cap(MgssAly
Fed 5. Fe27)(B11.Si1s)(0.0H Cl)y. The complex crys- ¢l content:
tal chemistry was considered tentative by Tilley. who Mg ALL(SiO,)1a(BO3)us(CO4 )l OH)Cla+ TH-O.
wrote: **a further chemical analysis of selected mate-
rial is much to be desired.” Further crystal-chemical studies on harkerite and

Pertsev (1961) found at Tas-Haiatah (Polar Ya- its relations with sakhaite were carried out by Os-
kutia-Siberia) a mineral which was first regarded as  trovskaya (1969) and Davies and Machin (1970).
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21 19 17 8.3 10.9 23 19 18% 12,2  12.2 24 20 19 13.5 =11.4
22 19 17 24.8 =25.0 24 19 lo% 7.0 4,2 25 20 19 21.5  =2i.4
23 19 17+ 11.2  12.7 25 19 18 18,1 18.9 26 20 19% 2.5 10.5
24 19 17 16,3 16.3 26 19 g 0. -2.2 27 20 19 22,8 -23.7
25 19 17 20.7  18.8 27 19 18% 10,3 -4.2 £ 20 19% 7.9 -9.3
26 19 17% 6.0 =11.2 20 20 18 35.1  =30.5 21 21 19 33.2  21.3
27 19 17% 3.5 -2.4 21 20 18 16.0 =14.5 22 21 v 4.5 13,0
20020 17%  10.6 =16.0 22 20 18 4.8 20.4 23 21 10+ oL SN
21 20 17 17.8 —=18.7 23 20 18 14.3 14,3 24 Zi e 3. .
22 20 17% 7.3 —12.7 24 20 18% 9.3 3.4 25 Z1 19 EV o
23 20 17 4.6 15.6 25 20 18 20,4 16.9 2¢ 21 19 12.2 2.1
24 20 17+ 7.1 =11.5 26 20 18 94,9 90,6 27 21 19= 9.0 -£.5
25 20 17%  10.9 7.4 27 20 18 3.7 4.8 28 21 19% 5.9 =37
26 20 17% 12,0 =3.46 21 21 18 5.6 1.7 2 22 19% 5.6  —4.0
27 20 17+ 7.7 =0.7 22 21 0. =l.a 23 2 19 32.2  =36.0
21 21 17 16,5 18,3 23 21 1| 6.9 10,0 24 22 o= 2.6 11.1
22 21 17 6.0 8.2 24 21 1 6.2 4,4 25 22 19= 7.1 —13.3
23 21 17 27.0 25,4 25 21 1 6.2 =3.6 26 2 19% 7.0 -3.5
24 21 17 6.5 -2.8 26 21 1 7.4 7.1 27 2 19= 3.5 1.7
25 21 17% 7.3 5.6 27 21 1¢ 20,4 =21.0 28 22 19w 3.9 4.0
26 21 17 37.8 -37.5 22 22 1 30.6 32,2 23 23 19 9.0 -20.1
27 21 17« 12,2 =10.5 23 22 1 21.3  20.3 24 23 19 19.5  =20.3
22 22 17% 6.6  =8.9 24 22 | 106.8 105.2 25 23 19%  13.2 -=13.5
23 22 17% 3.2 =2.0 25 22 1 3.6 £.0 26 23 19% 0.5 0.9
24 22 17 15.6 =12.2 26 22 1 6.2 0.9 27 23 19% 4.7 -13.2
25 22 17 17.6 =20.0 27 22 1 9.9  -2.8 24 24 19% 8.4 -3.8&
26 22 17+ 13.0  15.5 23 23 | 6.7 =5.2 25 24 10% o. -2.72
27 22 17 16,4 —=13,2 24 23 1 2.8 0.7 26 21 19% 7.3 —d,4
23 23 17% 0. -0.0 25 23 1 19,1 =19.3 27 24 19o% 8.3 -5.1
24 23 17 27.3 =30.1 26 23 1 4.7 4.9 25 25 19% .8 =201
25 23 17%  13.3 -16.4 27 23 0. -3.6 26 25 19 16.6 =20.0
26 23 174 8.1 =2.4 24 24 0.0 14.0 27 25 19 17.1 =13.z
24 24 17 27.3  25.8 25 24 0.4  -4.8 26 26 10% 0.2 7.5
25 24 17% 1.5 -13.2 26 24 7.1 10.0 20 20 20% .1 =2.5
26 24 17+ 8.2 0.2 27 24 5.1 =3.7 21 20 20% 7.5 =5.5
25 25 17 19.4 -12.8 25 25 10,2 11.8 22 20 20 21,6 20.1
18 18 1e% 0. 6.3 26 25 3.5 ) 23 20 20% 5.1 2.0
10 18 lex 5.5  -3.3 19 19 5.7 2.1 24 20 20 130.5 132.6
20 18 18 49,6 -52.7 20 19 19% 4.9 -10.9 25 20 20% 5.0 4.2
21 18 18 14,1 =13.7 21 19 19 19.2  20.7 26 20 20 9.4 19.6
22 18 1g* 9.8  10.7 22 19 19% 0. 1.5 27 20 20% 10,5  -3.0
23 18 lI&* 4.8  -9.8 23 19 19 44,0 43,6 25 20 20 22,6 25.1
24 18 18+ 2.1 =0.6 24 19 19% 5.7 2.9 21 21 20 12.7 4.5
25 18 18% 2.8 1.8 25 19 19% 11,4 4.6 22 21 20% 8.6 1.5
26 18 18% 14,5 14,7 26 19 19 44,7  =46.0 23 21 20 21.3 -20.2
27 18 1§ 27.5 25,7 27 19 19% 14,7 =12.4 24 21 20 14,9 4.5
19 19 18 17.5  17.8 20 20 19% 5.6, =0.6 25 21 20 17.9  =20.1
20 19 18% 5,2 0.6 21 20 19w 8.1  14.5 26 21 20%  1n.5 7.1
21 19 18 27.6 =28.3 22 20 19% 5.9 7.9 27 21 20% 6.8 =2.8
22 19 18% 6.4  =3.9 23 20 19% 6.7 1.9 28 21 20% 7.5 3.2




H oK L /E0/ JEC HoOK L /E0s JECs HoKoL Fos sECy
22 22 20 124,7 125.9 28 24 21%  10.8  -6.0 25 25 23% 9.9 17.4
23 22 20% 7.7 8.4 25 25 2] 28.0 -24,2 26 5 23 16.3 —15.5
24 22 20 2001 19,8 26 25 21 19.9  19.3 27 25 23% 0. G
25 22 20% 8.0 =2.0 27 25 21% 2.8 12.0 28 25 23 17.2 19.3
26 22 20% 0. 5. 1 23 25 21% 7.2 =21 2025 23% 15,4 15.g
27 22 20% 7.1 0.2 26 26 21% 0. -3.0 26 26 23% 8.0 -7.9
23 22 20 9.0 19.6 27 26 21%  11.6  =7.5 27 26 23% : 7.0
23 23 20 28.5 -28.1 27 27 21% 8.1 3.5 28 26 23% -5.3
24 23 20% 5.1 -10.6 22 22 22%  10.6  -b.3 27 27 23 32.3
25 23 20% 8.1 4.0 23 22 22 13.6  =7.5 28 27 23% ~2.5
26 23 20% 7.2 =3.6 24 22 22%  13.1  17.0 24 24 24 18.2 =521
27 23 20% 7.2 =2.8 25 22 20% 8.0 17.6 25 24 24w 7.4 -5.0
28 23 20% 7.5 1.4 26 22 22%  13.6 6.3 26 24 24% 14,7 —7.2
24 24 20 23.7  29.4 27 22 22% 6.1 =10.1 27 24 24% 0. -6.6
25 24 20% 9.8  13.4 28 22 22 17.9 -23.8 28 24 24% 5.4 —2.0
26 24 20 22,9 19.2 23 23 20% 4.4 1.7 29 24 24% Q. -1.0
27 24 20% 7.9 5.8 24 23 20% 6.5 =2.9 25 25 24% 10,4 -7.5
20 24 20 2501 =20, 25 23 20 18.4 -20.4 26 25 24% 13,4 —13.0
25 25 20% 6.2 -10.6 26 23 20% 6.2  =3.3 27 2b 24w a7 9.0
26 25 20% 9.0  -2.4 27 23 22% 5.6 =2.3 28 25 2a% 2.1  -5.8
27 25 20% 12,1  =5.0 28 23 22% 0. 0.8 20 25 24% 7.3 1.4
26 26 20 25.3 -26.2 29 23 22%  11.8 -12.2 26 26 24w 5.9 11.5
27 26 20% 1.4 =5.0 24 24 22 36,1 35,2 27 26 24% 9.6 11.6
2121 2% 11.6  12.1 25 24 22% 6.4 .ol 28 26 24  13.0  -0.2
22 21 21 26.8 =26.7 26 24 22 32,1 -36.1 20 26 24% 8.2 7.3
23 21 2] 24,3 =26.9 27 24 22% 0. -5.4 27 27 24% 3.0 1.2
24 21, 21 27.1 =27.7 28 24 20% 8.6 8.6 25 27 24% 0.2  -5.8
25 21 21% 15,3 -16.7 25 25 22w 7.2 -0.6 25 25 25 21.7  22.4
26 21 21% 4.9 -0.8 26 25 22% 9.6 -7.6 26 25 25% 12,5 7.5
27 21 21% 7.4 =9.0 27 25 22% 12,6 =-10.9 27 25 25 25.2  24.4
28 21 21 19.8  -19,1 28 25 22% 0. 0.1 28 25 25% 5.5  -5.8
22 22 21 15.9 18,2 26 26 22% 3.5 2.2 20 25 25% 8.3 5.8
23 22 21 17.7 =16.7 27 26 22%  13.5 —=11.9 26 26 25% 3.1 —11.0
24 22 21% 0. -2.1 28 26 22% 3.0 7.3 27 26 25% 7.3 -1.3
25 22 21% 8.1 7.3 27 27 22% 8.9 5.4 28 26 25% 5.4 =0.5
26 22 21% 8.1 3.8 23 23 23 13.0 =20.4 20 26 25 15,6 —14.4
27 22 21% 3.4 -4.9 24 23 23%  10.8 -13.4 27 27 25% 7.2 -1.7
28 22 21% 5.6 4.1 25 23 23 27.1  =28.6 23 27 25 21,6 =23.1
23 23 21% 10,2  -7.5 26 23 23 28.2 29,6 28 25 25%  13.4 14.5
24 23 21% 4.7 =7.4 27 23 23%  10.1  13.a4 26 26 26 19,1 15,2
25 23 21% 4,7  -4.,9 28 23 23% 9.6  -9.8 27 26 26%  11.6  11.5
26 23 21 17.3 =13.8 29 23 23% 7.2 8.3 28 26 26 58.9  72.7
27 23 21% 7.2 -13.4 24 24 23 18,2 16.2 20 26 26% 3.7 5.3
28 23 21 30.7  31.0 25 24 23% 12,4 14.0 27 27 26% 8.1 -14.0
24 24 21% 8.4 4.8 26 24 23 6.1 =0.4 26 27 26% 0. 6.9
25 24 21% 12,0 =9.7 27 24 23% 3.9 -3.3 28 28 26 20.0  25.2
26 24 21% 11,1 10.4 28 24 23%  11.8 0.9 27 27 27 f4.4  =12.7
27 24 21%  10.0 4.6 20 24 23% 6.2 5.0 28 27 27 18.8 —17.0




