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Guillemin) showed all these minerals to be perfectly identical, although the latter
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specimen was not pure, the two stronger
lines of mimetite being present on the
photograph.

The dark-green ‘scalenohedra’ are in
fact trillings with a common pseudo-
hexagonal lattice. As a matter of fact,
in the (oo1r) plane [o10] and 1/2[110]
are respectively equal to 5:89 and 5:87 A,
with an angle of 59° 52" between them;
in addition [103] is pseudo-orthogonal
to this plane with a 92° 12’ angle
between [103] and [100].

Examination of the reciprocal lattice
of this trilling indicated that the com-
position plane was (311), thus two
side-by-side crystals have [130] in
common in the (ooi) plane (1/2[130],
10-193 A = [100], 10152 A).

The crystals present sector twinning in thin sections perpendicular to the pseudo-
threefold axis; the orientation of one of these sectors in the (oor) plane is shown in

fig. 1.

The authors are grateful to P. G. Embrey of the British Museum (Natural
History) for providing bayldonite crystals from St, Day, Cornwall.
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Nickel hydroxides from Unst, Shetland

THE first natural occurrence of nickel hydroxide Ni(OH),, blue-green in colour, was
reported by Williams (1960). Jambor and Boyle (1964) demonstrated that natural
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nickel hydroxide could deviate from that found by Williams, and showed that their
yellow nickel hydroxide® was interlayered and very close in composition to 4Ni(OH),.
NiOOH (as adduced from X-ray data) and probably contained a low content of inter-
layered NiOOH. A similar nickel hydroxide to that featured by Jambor and Boyle,
though green, was described by Durozoy et al. (1966).

TABLE 1. X-ray powder data for nickel hydroxides

Yellow mineral 4Ni(OH), NiOOH*  Yellow mineral 4Ni(OH),.NiOOH*

d(meas.) I(est.) d(meas.) Ifest.) d(meas.) I(est.) d(meas.) I(est.)
11-03 Vs — — 1:982 VW 2:03 s
7-68 vs 77 Vs 1-945 m — —_
553 m-w — — 1-827 W — —_
3786 m 3-85 s 1-730 VW 175 W
2644 VW 263 w 1632 VW 1-66 w
2:592 m 256 s 1°540 m 1°53 S
2:505 VW — — 1-506 m 150 S
2:396 W — — 1-460 W — —
2307 m 231 s 1-424 vw 1'42 w
2199 VW — —_ 1-389 VW 132 W
2060 W 209 W

* Synthetic compound (Glemser and Einerhand, op. cit.).

In Heddle’s The Mineralogy of Scotland (1901) is noted ‘emerald nickel’ and zara-
tite, on chromitite, from Hagdale Quarry, Unst. A suite of specimens from this
locality, in the Heddle collection, are invested with clear gel-like, and ‘opaque’ blue-
green material identified by Heddle as zaratite, together with a citron-yellow en-
crustation, which Heddle called chrome ochre, doubtless in allusion to its colour and
association. The gel-like and blue-green phases occur as scaly fracture-filling or mam-
millary coatings. Occasionally, incipient rosette texture and shrinkage cracks are
evident.

Only one refractive index for each phase could be ascertained with n 1°613, 1-66,
and 1-635 being obtained for the gel-like, blue-green and yellow phases respectively;
pleochroism was not detected and all are obscurely fibrous. The blue-green phase
value is in good agreement with that obtained by Williams (1-68).

X-ray powder patterns of the gel-like and blue-green coatings are simply the lower
nickel hydroxide Ni(OH), with d-spacings in very close agreement with those of syn-
thetic Ni(OH),. Only limited two-dimensional development is shown, in contrast to
the Ni(OH), featured by Klug and Alexander (1962). Powder data are presented in
Table I for the yellow phase and compared with that of the synthetic nickel hydroxide
4Ni(OH),.NiOOH (Glemser and Einerhand, 1950). Apart from the 11-03 and 553 A
lines (00! reflections?) there is a remarkable resemblance to the 4Ni(OH), NiOOH
data, and to the data given by Jambor and Boyle (op. cit.). However, numerous small

! Compare jamborite (N. Morandi and G. Dalrio, Amer. Min. 1973, 58, 835).
Yy2
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fragments from various portions of the same sample, and different samples, consistently
produce the same pattern.

Under isothermal conditions and thirty-minute ignition period, both the blue-
green and yellow phases break down to NiO at approximately 375 °C.

Spot micro-chemical tests on the gel-like, blue-green, yellow, and synthetic Ni(OH),
phases, with dilute HCI, reveal that only the gel-like material effervesces, and in the
yellow phase Ni®* is present.

Infra-red studies of the gel-like material produce a spectrum identical to that pub-
lished by Huang and Kerr (1960) for zaratite, but with indications of a low Ni(OH),
content. The blue-green Ni(OH), I.R. data is similar to that of laboratory grade
Ni(OH), (also carbonate-bearing) but lacks the 460 cm~! band and exhibits a much
higher OH stretching frequency than laboratory grade Ni(OH),, or the material
used by Nyquist and Kagel (1971), being 3662 cm~ compared with 3650 and 3635
cm~ respectively. Indications of a possible disordered carbonate-bearing phase were
found in the blue-green Ni(OH), spectrum. The yellow mineral contains hydrogen
bonded OH, with no free OH, and again an admixed carbonate phase was detected.

In summary, from X-ray and infra-red investigations the gel-like and blue-green
materials contain Ni(OH), with differing concentrations of an X-ray-amorphous
admixed carbonate, possibly the doubtful mineral zaratite (Isaacs, 1963) and the
yellow mineral is probably a higher nickel hydroxide with an admixed carbonate.

The presence of the X-ray-amorphous admixed carbonate phase unfortunately
precludes quantitative analysis of the natural Ni(OH), material. However, the occur-
rence of the two unnamed nickel hydroxides, hitherto unrecorded from the U.K.,
seems worthy of note.

Acknowledgement, The authors are indebted to Mr. J. D. Russell of The Macaulay Institute
for Soil Research for the infrared studies.
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