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Ruthena.rsenile is a new mineral with the idealized
formula Rufu. The mineral is orthorhombic with
a 5.623, b 3.239, c 6.1844. The strongest lines on
the powder pattern are 2710(7)" 2.124(5),2078(10),
1.795(4), 1.750(4), 1.354(4), l.S0(4). The mineral
occurs as irregular inclusions up to l@ microns in
diameter in a matrix of nrtheniridosmine associated
with irarsite and iridancnite, In rellected light rmder
oil immersion, the colour is pale orange-brown to
brownish grey. Bireflectance is distinct with strong
anisotropism varying from orange-brown to light steel
grey. Reflectanc3 measruernents in air at 470, 546,
589 and 650 nm gave (max.-min.) 48.6-46.1, 49.5-
47,5, 50.9-49.3, 52.+51.170, respectively. Micro-in-
dentation hardness gave for twq grains 743 and 933
kg/msz for a 100 g load.

Iriilarsmite is a new mineral with the idealized
formula IrA9.- The min:ral is monoclinic with o 6.05,
b 6.06, c 6.184, B 113' l7'. The strongest lines on the
pc\tder pattern are 3.90(10), 2.U(7), 261(5),
2.069(6), 1.910(5). The mineral occurs as irregular
inclusions up to 60 microrx in diameter in a matrix
of ruthenirid:smine. In reflected light under oil im-
mersion, tlle colour is medium grey with a brownish
tint. Bireflectance is weak to nil, with weak but dis-
tinct anisotropism varying from medium grey to pa:e
orange-brown, similar to that of ruthenarsenite. Re-
flectance m?asurements in air at 470, W 589 and
650 nm gave (max. -min.) 46.9-4?.2, 46.145.4 46.6
M9, 4.0-4I.4%, respective-y. Micro-indentation hard-
ness gave for two grains 488 and 606 kg/mmz ior
100 g load.

Additional microprobe analyses are presented for
asscciated iranite, laurite and cubic iron-bearing plati-
num.

hrrnopucrrow

During a study of natural Os-Ir-Ru alloys
from world-wide occurrences, which led to a
revision of the nomenclature (Harris & Cabri
1973), numerous inclusions of arsenides, sul-
pharsenides, and sulphides of iridium and ru-
thenium were noted. This paper reports on the
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inclusions that were identified in the alloys frorn
the Territory of Papua and New Guinea. Two
of the inclusions are new mineral species, iridar-
senite (IrAs2) and ruthenarsenite (RuAs). The
new minerals and mineral names have been
accepted by the Intemational Mineralogical
Association (IMA) Commission on New Minerals
and Minsal Names.

Polished sections of the rutheniridosmine nug-
gets containing the new minerals are catalogued
in the National Mineral Collection, Ottawa.

Marrnrer, aND METHoD or hqrysrrcerrow

The natural alloys of Os-Ir-Ru from the Ter-
ritory of Papua and New Guinea were discll.sed
in detail by Harris & Cabri (1973). The alloys
were found to have a wide range of composition,
with the majority of the microprobe analyses
giving compositions that correspond to the min-
eral rutheniridosmine.

The inclusions identified in the alloys con-
sist of the new minerals ruthenarsenite and
iridarsenite as well as laurite, irarsite, and cubic
iron-bearing platinum. More than 75 nuggets or
fragments were cxamined. harsite was the most
colnmon of the inclusions occurring in six of tlre
75 nuggests ; laurite was found in one nugget and
two contained the new minerals. Cubic iron-
bearing platinum is more widespread.

The samples were mounted in cold-setting
plastiq polished on lead laps and lightly buffed
on a cloth lap using minus 0.05-tr1 alumina. The
reflectance values were obtained with reference
to a silicon standard calibrated by the National
Physical Laboratory, Great Britain. The micro'
indentation hardness was measured with a Leitz
Druimet tester.

The compositions were determined using a
Materials Analysis Company (MAC) microprobe,
operated at 25kv. The following x-ray lines and
standards were usd: Ir.La, Oslq,, RuLq,, NiKo
(pure metals) ; PtLs, (a PtsoRhs alloy) ; AsKo
(InAs) ; '516q, FeKo(FeSz). The corections to

n0



the r-ray data were applied with the EMPADR
\1II computer prograln (Rucklidge & Gasparrini
1969).

Oprrcar" Pnr$ca4 AND CHEMrcAr. Pnopnnrrns

Ruthenarsenite

The mineral occurs as irregular inclusions
(Fig. 1) up to 100 microns in diameter in a

Fre. 1. Photomicrograph of the largest inclusion of
ruthenarsenite (light grey) associated with irarsite
inclusions (dark grey) in a rutheniridosmine ma-
trix.
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matrix of rutheniridosmine which alrc contains
inclusions of irarsite and iridarsenite. In reflected
light under oil immersion, the colour is pale
orange-brown to brownish grey. Bireflectance is
distinct with strong anisotropism varying from
orange-brown to light steel-grey. Reflectance
measurements in air on four grains arg given
in Table l. Micro-indentation hardness gave for
two grains 743 and 933 kglmm, for a 100 g load.

Microprobe analyses for three of tJle largest
grains are given in Table2. The average formula
derived from the analyses is (Ru.srNi.rzRh.oo
Ir,oaPd.osOs.or)>r.ozAst.oo idealized as RuAs.

The x-ray powder pattern from a 57.3 mm
Debye-Scherrer camera, was spotty, but distinct
(Table 3). Heyding & Calvert (1961) reported
that two binary compounds are formed in the
ruthenium-arsenic system: RuAs and RuAsz.
RuAs is orthorhombic, MnP type structure, space
group Pnma with o 5.70, b 3.25, c 6.274, By
means of a least-squares refinement program
PARAM (Stewart et al. L972) our pattern gave
a 5.628, b 3.239, c 6.1844. With Z:4, for a
composition Ru.ssNi.rrfur.00, the calculated den-
sity is 10.0.

TABLE 1. REFTECTANCES OF RIJITIEMRSENI]E, IRIDAR5ENI]E, IRARS1TE
AND LAURITE

t,{avelength 470 nn 546 nin 589 nm 650 nn

RUT}IENARSENTTE AND IRIDARSENTIE. NEw. MINERAIJ

x .
48 .6  49 .5  50 .9  52 .4

4 grains Min. 44.r-49.5 4s.34g.7 46.4-s2.1 46.6-s4.1
46 .1  47 .5  49 .3  5 l . l

senJte 46.9 46.1 46.6 44.V
4 gralns Mrn.  44.6-48.6 42.5-46.a q.446.7 gt .s+z.q

47.2 45.4 44.9 4r.4

48.3 44.6 42.9 41.6
L-ui1te ,;;; .
l in" t .  z  e I  sr . t ,s .b 4 ' l  .6,41 .8 39.4,41.1 38.3,40.7

TABTT 2. EITCTRO{ I'TTCROPROBE AIIALYSSS OF RUTHEIIARSENITE, IRIDARSENITE, IAURITE, ND CIJBIC IRON-BEARING PLATINUI'I

4.0 44.6
5 .5  43 .4
2,1 44.7

Ru
98.6  .84
97.9  ,78

1 . 8  - -  4 . 4
2 . 1
5 .4

N J I r R h P d 0 s :
.  f4  .04  .04  ,03  .02  x .12  1 .00
.12  .05  ,04  .03  - - -  1 .02  1 .00
. l t  . 0 2  . t o  . 0 3  - - -  l . 1 7  1 . 0 0

Jr ldaEenlte , ee.e .lt .15 .3: ll ,.L ,50
51.4  1 .5  0 .4  1 .5  0 .6  0 .5  - -  43 .9  0 .2  100.0  .90  .05  .03  .s8  2 .00
52,1  1 .7  0 .2  1 .3  0 .4  - -  44 .4  0 .2  100,3  .90  .C6 - - -  .02  ,s8  2 .00
53.1  1 .5  0 .3  0 .7  - -  44 .2  0 .3  100.1  ,92  .07  - - -  - - -  .9s  2 .00
52.2 2.0 0.5 0.8 -- 43.6 0.3 99,4 .92 .07 --- --- .es 2.00

l ra6l t€
0,4  3 .2
0 . 6  4 . 7
0 , 4  1 . 6
0 .9  5 .1
0 . 6  l l . 4
0.3 14,2
0 . 5  l 2 . s
0 . 5  9 . 2
0 .6  7 .4
0 . 5  1 0 . 7

-- 26.9
- -  26 .9

-- 27.0

-- 27.3

0 .1
0 . 5

0 .9
0 .9
1 , 2

't.2

60.3  0 .4

59.3  0 .8
61.7 0.8
57.4 0.8
53.4 't.2

43.4 3.2

5?.4  5 .5
40.9  7 .4

9 . 0

9 . 2
9 . 2

9 .2

l  l . 0't0.6
1 l . B

l r R u P t R h t A s S
99.8  .93  - -  .05  - - -  1 ,x3  1 .12  .88

t00 .1  .97  - -  ,05  - - -  1 ,12  1 .12  .88
101.6  ,96  - -  .07  - - -  r . J3  l . l0  .90
100.9  l .0 l  ,02  ,02  .03  1 .08  1 ,10  .90' f00 .7  .93  - -  ,08  - - -  1 .1x  l . l0  .90
t03 .4  .88  .04  .18  ,04  1 ,14  1 ,15  .85
101.2  .73  ,17  .24  .05  1 ,19  1 .06  .94
97.9  .73  , lC  .21  .05  1 ,0s  1 .07  .93

103.0  .76  .10  .13  ,06  1 .05  1 .02  .98
101.6  .84  .17  .12  .04  1 ,17  .98  1 .02
99.6  .60  .21  .16  .08  1 .05  .96  1 ,04

Ru Ir 0s I As S
9 9 . 3  , 7 6  .  l 0  . 0 2  . 8 8  . 0 2  1 . 9 8

' 11 .4  46 .7  1 .8  - - - -laurlte

cubl c.l mn:leafl ng
pl at lnm

. . . . . i i

7 7 . 1  1 , 7
- - -  B5.4  1 .5

0 .2  0 ,2  74 .9  1 .6
0 . 2  7 9 . 6  t . 4

4 .5  0 .8  74 .2  3 .8
0 .7  - - -  83 .6  1 .3

Cu l t l  !
.04 . '19 4,00
.04 ,06 4.00
. 0 8  . 2 7  4 . 0 0
. 0 ?  . 1 2  4 , 0 0
. 0 5  , 1 8  4 , 0 0

---  4.00

.04

.04

.09

.08

.06

8 . 4

8 . 8
6 . 8
4 . 6
3 . 6

0.6

1 . 2
1 . 9

Pt lr Ru Rh Fe
99. . l  2 .38  ,26  - -  .10  1 .03
99.1  2 .77  . l l  - -  .09  .93
9. .4  2 .24  .27  - -  .09  1 .05
9, r .5  2 .49  .2 t  - -  .08  1 .03

10c.4  2 .20  . t4  ,25  ,21  ,97
98.6  2 ,7q  .12  .44  .08  1 .06
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The name ruthenarsenite is derived from its
composition, the analyzed material is a nickelian
ruthenarsenite.

bidarsenite
The mineral occurs as irregular inclusions up

to 60 microns in diameter associated with irarsite
and ruthenarsenite in a matrix of rutheniridos-
mine (Fig.2). In reflected light under oil immer-
sion, the colour is medium grey with a brownish
tint. Bireflectance is weak to nil, with rveak but
distinct anisotropism varying from medium grey
to pale orange.brown, similar to that of ru-
thenarsenite. Reflectance measurements in air on
four grains are given in Table 1. Micro-indenta-
tion hardness gave for two grains 488 and 606
kg/mm2 for a 100 g load.

Microprobe analyses for four grains of similar
composition and for another that gave higher
rutherrium values are given in Table 2. The
average formula of the four analyses is (Ir.ea
Ru.oo Os.or Rh.o:. Pt.oz Cu.os) zr.or (Asr.ez S.oe)>r.oo
whereas the higher ruthenium grain corresponds
to (h.osR.u.aaOs.ozRh.oePt.orCu.or)>r.osA&.oo ide-
alized as hAsz.

The r-ray powder pattern (Table 3) of a
single fragrrent obtained from a 57.3 mm Gan-
dolfi camera is identical to synthetic hA& (pre-

TABLE 3. X-MY POWDER DIFFMCTION DATA OF ilTTHENARSENIIE

1 t 2
1
4
4

2
1

1/2
1

I
1 1 2

z

3.322
3.075
?.891
2 .811
2 EOA

2.124
2.061
1.931
1.780
1.750
t.662
1 ,619
1.478
I . 4 J J

1.374
1.343
r.302
r.27t

r.206
1  1 A O

1 .138
7.124
1.090
1.071
I  n60

1.028
1 .013
0.992
0.968
0.925
0.916
0.885
0.876
n aEt

0.832

2r0
ttz
103
301
212
203
020
) 1 a

022
401
114
410
J I J

214
105
4t2
322
314

215
502
006
106
231,
125
? 1 t

, Z I
522
514
603
505

3.092
2.869
2.8t4
2..7r0

2.r24
2.078
I  O ? q

t . n5
1.750
1.663
1.619
1.479
1.434
1.371
1.354
1.290

1.250
r.208
1 .191
1.139
1 .119
1.093
1.069
1.057
1.030
1 .013
0.994
0.968
n ozq
0 . 9 1 4
0.885
0.876
0.853
0.832

I
I
2
1
2
2
1,
1

4 . 1 6
1 0 n

3 .07
2.840
2.610
2.549
2.531

2.200
2.t54
2.069
1.943
1.910
1.875
1.807
1,766
1.732
1.682
1.645
t,599
1.304
r.262
1 .185
1.165
1. 144
L.I2L
1 ,073

4.14
? o n

2.439
Z . O U O

2.553
2.526
2.353
2.200
2.155
2.071

1.908
1.878
1.806
1.769
1.731
1..681
1.646
1 . 6 0 5
1.302
T.Z6L
1.185
f. i64
1,.1,44
1.120
1.072

i extra l ines are dG to lnDurit les
of lrarsite.

Frc. 3. Irarsite (dark grey) rimming and as inclusions
in rutheniridosmine (white) with other inclusions
of ruthenarsenite (indistinct),
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pared in our laboratory by L. I. Cabri) and the
data -listed in JCPDS l4,4ll. Quensel & Heyding
(1962) reported that the structure of hlisz is
monoclinic with a 6.060, 0 6.071, c 6.158A, 0 113"
16'. By means of a least-squares refinement pro-
gram PARAM (Stewart et al. 1972) the mineral
gaye a 6.05, b 6.06, c 6.184, 0 113.12,. With
Z: 4 the calculated density for hAsz is 10.9.

The name iridarsenite is derived from its com-
position. The grain with higher ruthenium values
is a ruthenian iridarsenite.

Irarsite
harsite, a sulpharsenide of iridium, ruthenium

a1d platinum was first described by Gerjr:in et at.
(1966). The qynthetic equivalent or end member
is-hAsS, but, as pornted out by Cabri (1g?2),
other elements such as Rh, Pd, Os, Ni and Co
have been reported to replaoe Ir. In this study,
irarsite occurs rimming the rutheniridosmine
nuggets and as inclusions which generally de.
crease in size and abundance towards the centre
of the individual grains (Figs. 3 and 4). Several
of the irarsite inclusions showed variations in
composition. Analyses of eleven areas selected for

gajls oI more uniform composition are given in
Table 2. The most significant feature of the
analyses is the variation in platinum values
which range from 3.0 to 14.2 wt% ana in the
inverse correlation between h and (Ru*Pt).
Reflectance measurements of irarsite for which
compositions 7 and 8 were obtained are given in
Table 1.

Inurite
Laurite was identified in only one nugget, a!

a rim and as inclusions (Fig. 5) in rutheniridos-
mine. The electron microprobe analysis (Table 2)
represents the average of analyses of several spots.
Reflectance measurements are listed in Table L

Cubic iron-bearing platinurn
Cubic iron-bearing platinum was observed in

several nuggets. The mineral occnrs as rounded
to euhedral inclusions between 50 and 200 mi-
crons in size. Its colour, in contrast to the white
of rutheniridosmine, appears creamy-white. Elec-
tron microprobe analyses of six of the larger
inclusions are given in Table 2. T\e formulae
are calculated on the basis of 4 formula weights
per unit cell.

Frc. 4.- Irarsite (gey) rimming and partly replacing a
rutheniridosmine nugget (white).

Frc. 5. Laurite (grey) rimming and partly replacing
a nugget of rutheniridosmine (white).
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The compositions of the cubic iron-bearing
platinum, though showing a small spread, cor-
respond to the general formula (Pt,Ir,Ru,Rh)a
(Fe,Ni,Cu) or PtsFe. Cabri et al. (1973) reported
similar compositions and showed that the x-ray
powder diffraction data for these alloys are the
same as for pure platinum, but different from
the cubic diffraction pattern of synthetic PtsFe.
Although r-ray studies were not made of thc
inclusions in this study, their compositions sug-
gest that they are the cubic iron-bearing plati-
num alloy type.
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