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co-exists with no sulphide other than pentlandite. It is sparsely dis-
tributed, never exceeding 0.25 per cent in amount. It is thought to
have formed as a result of reaction between sulphur and nickel in the
silicates of the peridotite. This problem, together with the implications
that this and other data obtained in this study of nickel deposits of the
Porcupine have on the genesis of the deposits are the subject of a
forthcoming paper.
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X-RAY CRYSTALLOGRAPHY OF AURICHALCITE AND HYDROZINCITE

J. L. JeunoR AND G. Pour-rot
Geohgi,cal' Swvey of Canaila, Ottawa

Although both aurichalcite, (Zn,Cu)r(COr)r(OH)u, and hydrozin-
cite, Zns(COa)z(OH)0, contain zinc as the dominant cation and are
otherwise chemically similar, they do not form a solid solution series.
The range of copper substitution in aurichalcite is rather limited, and
the composition does not closely approach that of a theoretically
possible zinc end-member. On the other hand, hydrozincite, which is
crystallographically and mineralogically distinct from aurichalcite, does
not contain significant amounts of copper (Palache et a1,., 195I, p.247).

Aur.i,chalcite, (Zn, Cu) r(CO B) r(OH) 6
Frondel & Wolfe (Palache et al'., I95I, p. 250) tentatively assigned

to aurichalcite from Magdalena, New Mexico, an orthorhombic
,4.-centered cell with a : 6.40, b : 27.78, c : 5.25 kX. Shimazaki
(1957), on the basis of c-axis Weissenberg photographs of material
also from Magdalena, New Mexico, reported cell dimensions of a :

6.45,b : 13.60, c : 5.27 A, 
"pac" 

group Prnrna. However, all lines of the
powder pattern cannot be satisfactorily indexed with this cell and space
group.

In the present study, Weissenberg and precession examination of
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aurichalcites from Magdalena, New Mexico, Hayden, Arizona, and
Mapimi, Durango, Mexico has confirmed the :4.-centered cell es-
tablished by Frondel & Wolfe. However, in order to facilitate com-
parison and emphasize the similarity to hydrozincite, a and D have been
interchanged. The newly determined cell dimensions are:

a : 2 7 . 2 + 0 . 1  A
b : 6 . 4 L t 0 . 0 2  V : 9 2 L A g
c : 5.29 t 0.03 Space group 82212

X-ray powder data for aurichalcite from Mapimi, Mexico are given
in Table L. The cell dimensions given in Table 1, and a Zn:Cu ratio of
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2.4:I determined by x-ray spectrography, yield a calculated specific
gravity of 3.94 assuming Z : 4, The measured value, obtained by
suspension in Clerici solution, is 3.96 + 0.03.

Examination of fine lathJike aurichalcite crystals from Mapimi
with the optical goniometer indicates that the prominent {fOO} form
is associated with {hPO} and {nOl which, on the basis of the measured
angles, are presumabty {+to} ana {sot} respectively. Minute {nA\ or

i0&l) faces are. also present but are much too small to be clearly ob-
served. The i100i zone of many crystals has fine, closely-spaced,
parallel striations parallel to the trace of (001); in some crystals these
are combined with striations parallel to the trace of (010), yielding an
extremely fine grid pattern which corresponds to very good (010) and
(100) cleavages. The reported perfect (100) cleavage could not be
verified.

Hy d,r o zi,nci,te, Zn a(CO ), (OH ) o
Ramsdell's (1947) examination of hydrozl,ncl.te crystals from

Goodsprings, Nevada by the Weissenberg method established that the
mineral is monoclinic, with a : L3,452, b : 6.307, c : 5.355 kX,
0 : 95o30', space group C2/m, Cm, or C2. Ghose's (1964) structure

determination has shown the space group to be C2/m.

+u2.

-  ( l o O )

Frc. 1. Dot copy of zero level D-axis precession photo-
graph of hydrozincite from Goodsprings, Nevada. Main
crystal is no. 1 (full lines); twin crystal is no. 2 (dashed
lines).
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Tesr,p 2. X-nay PowosR DATAFoR HyDRozrNcrrE FRoM Gooosrnrrcs, NBveoe

Nickel-filtered copperradiation; 114 mm. camera. Indexing based on a : 13.581., b : 6.28,
c : 5.4L, € : 95'35', space group C2/m
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The present study of hydrozincite crystals from Goodsprings,
Nevada by Weissenberg and precession methods has confirmed the
unit cell dimensions and space group established by Ramsdell. However,
all four crystals studied yielded single crystal photographs with several
spots additional to those required by the diffraction symmetry. These
spots, which also appear on the Weissenberg films made available to
us by Ghose, are particularly evident on b-axis precession photographs
where they occur on most rows of spots where I is not 0, 4, 8, etc. When
trying to index the photographs, these anomalous spots introduce
extra extinctions in the 200 type of reflections and lead to (1) replace-
ment of the recognized C-centering by a pronounced pseudo B-centering,
(2) doubling of the o-axis to 274, as in aurichalcite.

The anomalous spots can be explained as due to the twinning about
(100) of the normal, C-centered hydrozincite cell (figure 1). The
twinning brings out the "dimensional specialization" (Buerger, 1960,
p. 54) of the hydrozincite cell : lc* sin ( p* - 90") : l,(a* /4) , so that with
I : 4, 8, etc., twinning on (100) brings about a perfect registry of
spots from the twinned crystal onto the main crystal.



AURICHALCITE AND HYDROZINCITE 389

Because of the prominent blade-like habit of hydrozincite and the

fact that the XZ optic plane almost coincides with the thin (100) plane
("blade plane") of the crystals, it is not possible to observe the twinning

under the petrographic microscope. However, the twinning interpreta-

tion is though to be well supported bV (1) the variation in intensities

of the reflections from the two individuals from specimen to specimen,
(2) the excellent specialization of the lattice as explained above, (3)

the fact that the relative intensity of corresponding reflections from the

main lattice and twin lattice is constant for any one crystal, and (4)

the fact that al,l, the anomalous spots can be related to the C-centered

lattice by reflection across (100).
Dimensions of the C-centered cell and indexed powder data are

given in Table 2. Clerici suspension of the Goodsprings crystals gave

a specific gravity of 4.00 + 0.03, in good agreement with the cal-

culated value of 3.97 based on Z : 2,
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