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Ansrnacr
Heliyerite, NiCOB.6H2O, has been identified in samples from the old Lord Brassey

nickel mine, at Heazlewood, Tasmania. It occurs as thin, pale blue coatings, associated
'lvith zaratite, on shear planes within a body of serpentinite. In transmitted light it is pale
greenish blue in color and weakly pleochroic; its refractive indices are a:1.455, B:1.503
and.y:1 549. It is biaxial negative, with a 2V of approximately 85". Its measured specific
gravity is 1.97, and its hardness 2j.

The r-ray powder difiraction pattern of hellyerite is similar to that of synthetic nickel
carbonate hexahydrate, prepared by the method of RossettiFrangois (1952). The powder
difiraction pattern of the zaratite, however, cannot be indexed on the basis of published
unit cell measurements.

fNrnonucrroN

During a visit by one of us (K.L.W.) to the old Lord Brassey Mine,
near l{eazlewood in north-western Tasmania, specimens were collected
from a body of serpentinite containing small amounts of a pale blue
mineral and an emerald green mineral, occurring together as coatings
on shear planes. Primary sulphide mineralization within the serpentinite
consists of veins and segregations of heazlewoodite with a l itt le pent-
landite, intergrown with magnetite (Will iams, 1958). The heazlewoodite
in places is altered to millerite, and the pentlandite to violarite.

The green mineral has been described as zatatite by Petterd (1910)
and Reid (1921), but the presence of the blue mineral does not appear to
have been recorded. A study of this mineral shows that it is a new species,
which it is proposed to name hellyerite, after Henry Hellyer, who was the
first Surveyor-General of the Van Diemen's Land Company and who
conducted surveys and exploration in north-western Tasmania in the
period 1826-1830.

Hellyerite is the naturally occurring equivalent of the compound
NiCOB 6HzO, which has been prepared and described by Rossetti-
Frangois (1952). No natural occurrence of a mineral of this composition
has been recorded in any of the standard sources published up to the
time of writing.

Pnvsrcar PnopBnuns

Hellyerite is a pale blue mineral of vitreous lustre occurring as ex-
tremely fine-grained coatings up to 1.0 mm. thick, in part coating
zaratite, along shear planes in serpentinite. It has one perfect cleavage,
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and two good, but less perfect cleavages. The weaker cleavages are In-

clined at lI2" to each other and are both approximately perpendicular

to the strong cleavage (Figs. 1, 2). Rare crystal fragments have been

observed microscopically, but none has been sufficiently large for mor-

phological study.
The specific gravity of hellyerite, measured on a Berman micro-

balance, is 1.97, and its hardness is 2f.
Hellyerite is biaxial negative, with 2V approximately 85', and is

pleochroic with X very pale greenish blue, Y very pale greenish blue

and Z pale greenish blue. The refractive indices were measured in im-

mers ion  o i l s  as  a :1 .455 ,  B :1 .503  and  7 :1 .549 ,  each  +0 .002 .

The orientation of the optical directions relative to the cleavages is

shown in Figs. ! and 2. The trace of the optic plane makes an angle of

3o with the strongest cleavage on a section parallel to one of the weaker

Frc.  1 Frc.Z

Frcs 1, 2. Opticat orientation of hellyerite, relative to the cleavages. Fig. 1. Isometric

projection showing the orientation of the optic plane relative to the cleavages. The strong-

est cleavage is that cleavage almost parallel to the optic plane. Fig. 2. Position of the optic

elementsin a section parallel to the strong cleavage. X'X'and Z'Z' are the apparent posi-

tions of X andZ respectively.
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cleavages; the corresponding angle on a section parallel to the other less
perfect cleavage is 19'(Fig. 1). These angles were determined by extinc-
tion measurements on cleavage fragments. Each optic axis is approxi-
mately normal to one of the less perfect cleavages (Fig. 2).

Fine lamellar twinning occurs parallei to the perfect cleavage, indi-
vidual twin lamellae ranging from 0.002 mm. to 0.03 mm. in width.
Where the minute crystal faces are developed they commonly have a
striated appearance resulting from this twinning; the effect resembles
that produced by albite-type twinning of plagioclase felspars.

X-R,q.v Pownnn PerrnnN

The r-ray powder diffraction data for hellyerite are l isted in Table 1,
together with corresponding data for synthetic NiCOa.6H2O prepared
by one of us (A.W.H.), using the method of Rossetti-Frangois (1952),
and with the r-ray data given by Rossetti-Frangois for this compound.
The table shows the close correspondence between the data for hellyerite
and for our synthetic preparation. The only differences between these
and the data of Rossetti-Frangois are in two lines, given by her as
3.72 L (in place of 3.11 A) and 6.53 A (in place of 6.06 A), both errors
undoubtedly arising from misprints.

Crrnlrrcar, ANelvsrs

An 80 mgm. hand-picked sample of hellyerite was analyzed as follows:
COr was determined as loss on ignition after subtraction of water de-
termined by the Penfield method. NiO was determined as ignition residue
and independently by precipitation with dimethyl-glyoxime. Spectro-
graphic analysis showed the presence of strong traces of Ca and Mg and
a weak trace of Fe.

The results of the analysis (Table 2) show a composition close to
NiCOs 6HzO, which is in accordance with the agreement ol r-ray powder
diffraction data for hellyerite and synthetic NiCOs.6HzO.

The analysis of the synthetic nickel carbonate hexahydrate prepared
by the method described by Rossetti-Frangois (1952) shows a nickel
oxide content of 35.7 per cent (Table 2) , exceeding the amount in
NiCOb'6HzO by 2.7 per cent. This discrepancy is probably due to the
presence of a proportion of a "basic" nickel carbonate which, as Rossetti-
Frangois has shown, readily forms in small amounts during the prepara-
tion of nickel carbonate hexahydrate unless very careful control of
temperature and concentrations is maintained. Moreover, some decom-
position may have taken place af ter precipitation, since Rossetti-
Frangois noted that the hexahydrate which she had synthesized was un-
stable, decomposing to a poorly crystall ine carbonate whose composi-
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T.a.sra 1. Hot.lvenne NiCO3' 6HrO-X-R.A,y Po\aDan Pnrror.N
(Cu/Ni radration)

Artilicial NiCOs 6HrO
(Rossetti-Frangois,

19s2)

Hellyerite, Lord Brassey
Mine, Heazlewood, fas

CuKar;  I :1 5405 A
Camera diam. 114.6 mm,

d (A)- I  (est . )

Artihcial NiCO3 6HrO
(prep. A. W. Hounslo;v)

cuKar;  I :1.5405 A
Camera diam. 114.6 mm.

d (A). I  (est.)

9 . 3 3
6 . s 3 1

5 .33
5 . 1 2

3 . 7 2
3 6 1
3 . 3 7
3 . 1 9
3 . 7 2 1

2 . 9 5

2 . 7 5

2 . 6 5

2 . 6 0
2 . 5 4
2 . 3 5
2 . 2 8
2 . 2 3

9 . 4
6 . 0 6
5 . 6 9
5  . 3 8
5 . 1 7
4 . 9 9
4 . 8 1
4 . 6 6

J .  / O

3 .65
3 .40
J . Z L

3 . 1 1

2 . 9 8  1
2 . 9 2  0 . 2
2 . 8 4  0 . 2
2 . 7 8  4
2 . 7 3  0 . 2
2 . 6 9  1
2 . 6 2  b  2

2 . 5 7  1
2 . 5 4  0 . 2
2 . 3 8  5
2 . 3 t  4
2 . 2 6  1  . 5
2 . 2 1  0 . 5
2 . 1 7  3
2 . t r  1 . 5
2 . 0 8  0 . 2
2 . O t  1
1 . 9 8 6  0 . 5
1 . 9 6 . 5  1 . 5
| .949 1 ..5
1 .900 0  2
1 . 8 7 2  0  2
1  .845 0  .2
1  .824 3  .5
|  7 9 0  1 . 5
t . 7 2 4 b  3
1 . 7 0 0  0  2
1 .660 1
1  .634 0 .  5
r .604 1
r . 5 7 7  0 . 2
| _.).).t z
1  . s21  0  . 5
1.499 2

9 . 4  9
6 .06  10
5 . 7 t  O . 2
5 . 4 0  2
5 . 1 9  2
5 . 0 1  1
4 . 8 3  0 . 5
4 . 6 8  0 . 5
4 . 0 5  < 0 . 2
3 . 7 8  l . s
J O O  t

3 . 4 2  5
3 . 2 3  1 .  s
3 . 1 2  4
3 . 0 3  < 0 . 2
3 . 0 0  r
2 . 9 2  0 . 2
2 . 8 5  0 . 2
2 . 7 9  4
2 . 7 4  0 . 2
2 . 7 0  1
2 . 6 4  0 . s
2 . 6 2  1 . 5
2 . 5 8  1
2 . 5 4  0 . 2
2 . 3 8  5
2 . 3 2  4
2 . 2 7  1  . . 5
2 . 2 r  0 . 5
2 . 1 8  3 . 5
2 . 1 1  1  . 5
2 . 0 9  0 . 2
2 . O 2  1
1 . 9 9 2  0 . 7
1 . 9 7 3  1 . 5
1 . 9 5 3  1 . 5
1 .907 0 .5
1  . 8 7 7  0  . 5
1 . 8 4 7  0 . 2
1 . 8 3 1  3 . 5
|  . 7 9 7  1 .  s
1 . 7 2 9  b  3
1 . 7 0 4  0  2
r . 6 6 7  1 . 5
1  . 6 3 8  0  . 7
1 . 6 0 9  1 . 5
1  .580 0  .2
1 . 5 6 0  2
1 . 5 2 8  0 . 7
1 . 5 0 3  2

t0
10
0 . 2
2
L

I
0 . 5
0 . 5

z

7

A

z
8
6
J
A

4

1
5
5

I

x Interplanar spacings uncorrected for film shrinkage.
f Misnrint? See text.
b Denotes broad line.
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Tl^rl-e 2. Cnpurcu, Axervsps

J J /

Nio
COz
HrO
Ignition loss to 110" C.
Ignition loss 100" to 500o C.
Ignition loss 500'C. to 1000'C
Ignition residue (NiO)

3 3 . 0
1 9 4
+ / . o

J J I

1 9  . 8
47 .3

3 2 . 9
2 2 . 8
4 5 . 0

3 9 . 0
2 3 . 2
5 . 5

3 2 . 3

J J . /

20.0
4 + . J

40.7
2 2 . 2

t . 4
3 5 . 7

100.7  100.0 100.0  100.0

1. Theoretical NiCOB.6HrO.
2. Artificial NiCOs.6HzO; Rossetti-Frangois, 1952.
3. Hellyerite, anai. A. W. Hounslow.
4. Artificial NiCO:.6HzO; prep. and anal. A. W. Hounslow.

t ion approximated to that of a basic carbonate. A re-analysis of our syn-
thetic product six months after preparation showed it to contain 40.3
per cent nickel oxide, an increase of 4.6 per cent over the freshly prepared
material. Although clearly some further decomposition had thus oc-
curred, an n-ray powder photograph did not show evidence of any addi-
tional phases. It appears most likely that this is due to the development
of a highly disordered structure in the decomposition product. Rossetti-
Frangois, referring to the decomposition of the synthetic hexahydrate
at 38o C., states that it consists in part of " . a continuous disorgani-
zatron from the crystalline state, terminating after 188 hours . . . in a
completely disorganized state. . . ." The authors observed a similar
effect when hellyerite was held at 50o C. for one week.

The apparent rarity of hellyerite js in accordance with the instabil ity
of the synthetic preparation under atmospheric conditions, although it
is possible that the instabil ity of the synthetic material may have been
unduly accentuated by the fact that it was obtained only in very finely
divided form. The larger surface area thus obtained would aid relatively
rapid dehydration. It may be expected that the more coarsely crystall ine
natural material would be more stable; in fact a re-analysis of hellyerite
six months after the init ial examination showed no chanse in its chemical
composition.

ZenarrrB

The emerald green mineral associated with the hellyerite has a
chemical composition, determined by analysis, similar to zaratite liom
Texas, Pennsylvania (Sil l iman, 1848). However, it was found that the
r-ray powder pattern of the Heazlewood mineral could not be indexed
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on the basis of the simple cubic cell, having a.:6-15 kX, attributed to

zaratite by Fenoglio (1934, quoted by Palache, Berman and Frondel,

1 9 5 1 ,  p . 2 4 5 ) .
Specimens ol zaratite from Heazlewood and Trial Harbour, Tasmania,

and from Texas, Pennsylvania, were obtained from several museums for

comparison, and these all gave r-ray powder patterns similar to that of

the Heazlewood mineral.
The reasons for this discrepancy are not yet known, since the authors

have not had access to a copy of Fenoglio's original paper or to samples

of the European material with which he evidently worked. Steps are

being taken to obtain both and to institute a more complete examination

of the mineral.
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