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Otwayite, a new nickel mineral from Western Australia
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Abstract

Otwayite, found in the Nullagine region of Western Austral ia, occurs as f ibrous veinlets in a
nickel-r ich assemblage. The composit ion of otwayite corresponds to (Ni,Mg)r(OH),
COa.HrO. Fiber-rotat ion and powder X-ray dif fract ion patterns can be indexed on an
o r t h o r h o m b i c u n i t c e l l  w i t h a : 1 0 .  l 8 b = 2 7 . 4 , a n d c : 3 . 2 2 A . M e a s u r e d G i s 3 . 4 l ; c a l c u l a t e d
G, assuming Z : 8, is 3.346. Otwayite is green in hand specimen, pale green and weakly
pleochroic in transmitted l ight, has paral lel ext inct ion, is length-fast, and has j  :  1.72,a =

1 . 6 5 .

Introduction

The mineral described in this paper was found in
three samples f rom the Otway prospect  ( la t .  2 l '39 'S;
long.  120"06' )  in  the Nul lagine region of  Western
Austra l ia ,  23 km nor th of  the town of  Nul lagine.  An
ultramafic body is cut by numerous shears that con-
ta in an unusual  mineral  assemblage inc luding apat i te ,
chlorite, magnesite, gaspeite, pecoraite, mil lerite,
polydymite,  and another  new basic n ickel  carbonate
that wil l be described elsewhere. A brief description
of the gaspeite and pecoraite has been published
(Nickel ,  1973),  and a more complete descr ipt ion of
the entire occurrence is currently in preparation.

The mineral is named after Mr. Charles Otway,
Gosnells, Western Australia, who has been very help-
ful in providing access to, and samples from, his
mineral lease. Both mineral and name have been
approved by the IMA Commission on New Minerals
and Mineral Names. Type specimens are preserved in
the mineral collection of the Division of Mineralogy,
CSIRO. Perth.  Western Austra l ia  under cata losue
numbers 10016,  10027,  and 10740.

Occurrence

Otwayite has so far been found only in narrow
veinlets between 0.5 and I mm in width. The veinlets
appear to represent late-stage fracture fi l l ing, and

t.ransect nickeloan serpentine, millerite, polydymite,
and apatite. Associated with the otwayite in the vein-
lets are magnesite, gaspeite, and pecoraite.

The otwayite has a pronounced fibrous habit, with
the fibers usually arranged in rosette-l ike aggregates
(Fig.  l )  more or  less normal  to the vein let  wal ls .
Electron transmission micrographs (Fig. 2) indicate
that  ind iv idual  f ibers are about  0.05rrm in width.
Fiber  bundles,  as observed under e lect ron-scanning
and optical microscopes, are seen to be several hun-
dred microns in  length.

Chemical composition

A sample weighing 23 mg was hand-picked f rom
one of the veinlets in sample 10027 . A chemical anal-
ysis, in which NiO, MgO, and SiOz were determined
by atomic absorption and colorimetric procedures,
and CO, and H2O were determined as C and H by a
microanalytical procedure (MacDon ald, 197 4), gave
the resul ts  shown in Table 1,  co l .  2 .  No e lements
other than Ni, Mg, and Si were detected by electron-
microprobe analyses. Assuming that the 0.28 percent
SiOz is due to admixed pecoraite, the analysis was
recalculated as shown in column 3.  The atomic pro-
portions (col. 6) are close to whole numbers if their
sum is  taken as 6.  Recalculat ion of  the analys is  on
th is  basis  g ives Ni ,  ,onMgo.our(OH) ' .nro(COr) '  006.  1.102
HrO, or  near ly  Ni r (OH)rCO' .HrO.
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Fig.  I  ( top lef t ) .  Electron scanning micrograph of  a broken surface,  showing typical  otwayi te morphology
Fig.  2 ( top r ight)  Electron t ransmission micrograph, showing dispersed otwayi te f ibers.
Fig.  3 (bot tom).  Fiber-rotat ion X-ray di f f ract ion pat tern of  otwayi te.

Table l  Chemical  composi t ion of  otwayi te

Weight  Percent Aton ic  Propor t ions

( s )( 1 )

Analys is

( 2 )

Idea l
N i2  (oH)  

2co3 
.  H2o

( 4 )

Otway i te

( 6 )

Idea l
N i 2 ( o H ) 2 c 0 3  .  H 2 o

( 7 )

R e c a l c .

( 3 )

Ni0

Mgo

sio2

co2*

H  n * *" 2 -

6 2 . 2 0

L  . 1 2

0 ,  2 8

1 9  . 2 4

1 6 . t 7

6 2 . 8 7

1 . 1 4

1 9  . 5 7

L 6  . 4 2

6 5 . 1 2

1 9 .  1 8

1 5 . 7 0

N i

Mg

OH

co-
J

Hzo

1 . 9 0 4

0 .  064

L . 9 2 4

I  . 006

1 . 1 0 2

2

2

I

1

9 9 . 0 1 1 0 0 . 0 0 1 0 0 . 0 0 6 . 0 0 0

* Deteynined as C.
x* Determined as H,
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Optical and physical properties

Otwayite is bright green with a silky luster in hand
specimen. In transmitted l ight it is pale green and
weakly pleochroic, with the deepest color normal to
the fiber axis. Extinction is parallel. Refractive in-
dices are 1.65 parallel to the fiber length, and 1.72
normal to it; the mineral is therefore length-fast. The
mean ref ract ive index n is  [2( l  .72)  + 1.65] /3:  1.70.
Calculated i, using the Gladstone-Date relationship
and the values for specific refractive energies recently
proposed by Mandar ino (1976),  is  1.719.

Specific gravity, determined by suspension in Cle-
r ic i  so lut ion,  is  3.41.  Calculated densi ty ,  us ing the
corrected analysis in Table 1, col. 3, a unit-cell vol-
ume of  898.243 (see below),  and assuming Z :  8 ,  is
3.346. The theoretical density for Ni,(OH)2CO,.H,O,
using the same cel l  vo lume, is  3.393.

Indentat ion hardness,  us ing a 5-gram load,  was
found to be VHN 247, with a standard deviation of
l l4  for  ten determinat ions.

Otwayi te d issolves s lowly in  cold l :  I  HCI;  at
100'C i t  d issolves rapid ly ,  wi th v is ib le evolut ion of
CO, bubbles.

X-ray diffraction analysis

The X-ray powder diffraction data for otwayite are
given in Table 2. Unfortunately it was not possible to
isolate single crystals for X-ray diffraction, and
thereby to index the powder pattern unequivocally.
However, the parallel optical extinction suggests that
the mineral has orthorhombic or higher symmetry.
Fiber-rotation patterns (Fig. 3) provided some addi-
tional information that assisted the indexing. The
fiber axis was arbitrari ly taken as the c axis, which
therefore makes all the equatorial reflections ft/<0.
The lowest-angle l ine (6.84) was taken as an 0ft0
reflection, and it was necessary to designate it as 040
to enable some of the higher-angle l ines to be in-
dexed. Complete indexing of the powder pattern on
an orthorhombic cell was possible when a wa's given a
value of 10.24. The final cell parameters, refined by
leas t - squa res  ca l cu la t i ons ,  a re  4  :  10 .  18 ,  b :27 .4 ,
and c : 3.22A. The calculated d-values (Table 2)
show reasonable agreement with the measured ones.
The cell parameters give a unit-cell volume of
898.243, which can accommodate 8 formula units
when the formula weight and measured density are
taken into account.

Discussion

No mineral of otwayite composition appears in
Isaac's (1963) review of nickel carbonates. and we
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Table 2. X-ray powder diffraction pattern of otwayite

d * d t t * h k l
o o s  c a l  c  e s f

n + T *- c a l c  _ e s t

l00l

hkl

0 4 0  6 . 8 4
1 4 0  5 , 6 7
zoo I
z r o J  ) ' u q
060 4  .588

240 4 .0a7
1 7 0  3 . 6 5 1
o 8 o  1  1  t . j ^
260 l
0 0 1  3 . 2 2 7

0 2 1  I  a  t a l
270 l
0 3 1  3 . 0 2 2
1 9 0  2 , 9 2 2
2 8 0  2 , 8 3 5
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2 2 1  2 . 6 6 4
3 7 0  2 . 5 6 2
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f s .oso  l
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2 2 2  t . 5 2 3
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5 . 1 3 . 1  1 . 3 3 3

1 , 5 2 5  2
r , 4 8 4  4
| . 4 5 2  I
I . 4 3 6  I
L 4 1 6  1
r , 3 3 3  2

l 0
8

2

1

1
I

2

2

I

5
< l
< I

6
2

< l
5
3
2

2 . 3 8 6
2 , 3 0 2
2  . 2 3 7
2 , t 6 2
2 . 0 8 7

2 . 0 3 0
1  . 9 4 7
1  . 8 9 4
r . 8 5 3
I  . 8 0 6

1  . 7 3 8
r  .692
|  , 6 4 7
t . 6 2 1 .
I  . 5 6 5

< 1
5
2
2
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I
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* do6" in A ard. IpsT (uiswlly estimated) are fTon L^14.6nn
Debge-Seherner pattem' n@de uith CoKdrad. (x = 1.7904);
cut-aff 184.

+  dcaLc  in  A  @e f ron  a  =  10 .18 ,  b  =  27 .4 ,  e  =  3 .22 .

have not found an existing mineral group to which
otwayite might belong. Furthermore, no chemical
compound of this sort seems to have been reported in
the l iterature. The otwayite unit cell appears to
be geometrically related to that of aurichalcite,
(Zn,Cu)u(CO,)r (OH). ,  which has a :  27.1,  b :  6 .40,
and c :  5 .294 (Jambor and Poul io t ,  1965),  and of
gerhardtite, Cur(NOr)(OH)r, which has a : 5.59, b :

6.07,  and c :  13.81A (Oswald,  l96 l ) .  However,  both
these minerals have quite different chemical composi-
tions from otwayite, and the diffraction patterns are
also dissimilar, except for the positions of the strong
low-angle refl ections (6.8-6.9,A ).

Not much can safely be said about the stabil ity
relations or mode of formation of otwayite, since it
has not yet been synthesized. Its paragenesis, as in-
dicated by its occurrence as late veinlets cutting
across virtually all other minerals in the assemblage,
and its association with gaspeite and pecoraite, sug-
gests a late-stage, relatively low-temperature origin,
possibly at ambient temperatures. The preferential
alignment of f ibers approximately normal to the vein-
let walls suggests that directional pressure may be a
significant factor in the formation of otwayite.
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