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STUDIES OF THE SULFOSALTS OF COPPER. II. THE
CRYSTALLOGRAPHY AND COMPOSITION OF

SINNERITE, Cu6AsaSe.

Eurl, MerovrcKy AND BnreN J. SrruNnn, Department of Geologg and
GeophEsics, YaIe Uniuersity, New Hauen, Conn.06520

.Asstnect

Synthetic sinnerite has the composition CuoAs*Se; it is triclinic, space group Pl.

with cell dimensions a - 9.06 A', b = LSg A, c - 9.08 A' a = 90'00, p =

109"3ry, 7 - 107"48' and a pronounced pseudocubic /-centered subcell (a =

5.25 a). The crystals are twinned so that each composite prism contains six in-

dividuals twinned on ihe planes (010) and (110). The other twin laws, the twin
plane (410) and threefold axis parallel to t0011, are secondary and derived by a

multiple application of the two primary ones.

INrnopucrrox

Sinnerite was described as a new mineral by Marumo and Nowacki

(1964) from a highly twinned crystal found in the Lengenbach Quarry'
Binnenthal, Switzerland. The authors were able to establish a compo-
sition by electron microprobe analysis, the X-ray powder diffraction
pattern, a possible symmetry, and a specific gravity of' 5.2'

During a study of the phase relations of the system Cu-As-S,
Maske and Skinner (1971) prepared a phase on t"he join Cuz$-AszSe
which, on the basis of X-ray powder diffraction patterns and compo-
sition, they identified as sinnerite.

Coruposruor

Marumo and Nowacki reported analyses of their crystal by two
,lifferent electron microprobes without stating the uncertainties. Be-
cause the difference in copper contents between the two sets of data
exceeds 2 percent by weight, we tend to accept the average of the
elements present.

The analytical results are close to, but not identical with, the
composition determined by Maske and Skinner (see Table 1)' The

synthetic composition was determined by complete reaction of care-
fully weighed charges of Cu * As * S, and is accurate to :L0.2 percent
by weight of eaeh element. Within the limits of weighing accuracy'
the composition of the synthetic compound coincides exactly with
3CuzS'2AsrSg, or CueAs+Sg. Thus, within the presumed uneertainties
of Marumo and Nowackis' analyses, the composition of natural and
synthetic phases are identical. Although no evidence was found in
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SINNERITE

Tab le  1 .  Compos i t ion  o f  s inner i te  j .n  we igh t  percent .  Ana lyses

of the Lengenbach cryslal from Marmo and Nowacki (1964).

Synthetic marerlal fron a smple prepared at 450.C by Maske

and-Sk inner  (1971) .  The fomula  der ived  f ron  the  svn the t ic

s a n p l e  l s  C u , A s , S ^ .
0  4 9

825

Sanple

Lengenbach

Lengenbach

Mean

Synthetic

Cu

4L.3"/.

39  . 1

40 .2

s

to a"/

28.7

29 .3

29 .74

Total

1 0 0 . 3

9 7  . 5

o o n

r.00 .00

As

to to/

29 .7

30  . 93

synthetic samples to indicate a compositionar variation for sinnerite,
the possibility must still be entertained for natural samples.

Sreerl,rry AND SyNTHESTs oF STNNDRTTE

compose betweerr 25oc and 800'c and we therefore believe that it is
a stable phase from room temperature to 4gg.C.

The effect of pressure on the stabilitv of sinnerite has not been
systematically investigated. In an attempt to grow untwinned crystals
for X-ra)' diffraction studies, *. t".ry.tulrized a finely grouni sin-
nerite powder'in the presence of a 2 molar NH+cl solution at 4b0"c

The stability observations suggest that suitable chemical environ-
ments, rather than temperature and pressure, are likely to be the
limiting factors in the occurrence of sinnerite in nature.
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Crystals of sinnerite for the present study were prepared by re-

actin! appropriate amounts of spectrographically pure Cu, As, and S

in seatea, evacuated silica glass tubes at 450"C for a period of three

weeks. The crystals always grow in mutually parallel groups of com-

posite prisms nucleated on u lurg" sinnerite grain below. cross-sections

of tn" composite prisms range from roughly rectangular to hexagonal'

but with re-entrant angles, reflecting the complexity of growth twins

(Fig. 1). In polished sections twins have coarse, irregular and inter-

lockirrg boundaries whereas no fine-scaled polysynthet'ic twinning has

been observed. This, together with a lack of any thermal anomaly on

a heating curve of sinnerite as well as with the complete optical and

X-ray idlntity of sinnerite quenched from 30OoC with the material

qou".h"d from temperatures just below the melting point, suggests

that the twinning of sinnerite is a growth phenomenon'

X-n.lv Dtrrnecrrox

Weissenberg photographs of the composite crystals reveal (1) a

very strong spfrate.ite'type subcell (a feat"ure also observed by Ma-

rumo and Nowacki) and-(2) very weak additional spots arranged in

mutually inconsistent rows and peculiar clusters (Figs' 2, 5) ' If sharp

differences in the intensities of adjacent geometrically identical groups

of spots are not taken into aceount, the reciprocal lattice of each

F r c . l . C o r n p o s i t e p r i s m o f s y n t h e t i c s i n n e r i t e g r o w n a b 4 S 0 . C w i t h r e - e n t r a n t
angles. Length 0.1 mm.
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Frc. 2. Zero-level Weissenberg photograph of a sinnerite composite twin
strong reflections belong to six closely overlapping pseudocubic subcells and weak
reflections to six triclinic sinnerite lattices. The relationships mav be traced with
a help of Figure 3.

composite prism displays rhombohedral holohedry. The intensity of
different clusters and of individual reflections in each cluster vades
between different composite prismatic crystals. This suggests that
each set of reflections connected by the rhombohedral symmetry rep-
resents the same reflection from six differently sized individuals in a
composite twin. The, multiple character of the strong subcell spots
shows that they also represent several overlapping orientations of a
slightly deformed sphalerite-type subcell.

Detailed tracing of the Weissenberg photographs reveals that
sinnerite has a primitive trielinic lattice with a unit cell as follows:

a : 9.064 + 0.00s a
b : 9.330 + 0.008 a
c : 9.078 + 0.008 A
a :  90000'+ 20'
0 : 1 0 9 o 3 0 ' + 2 0 '
t  :  l07o48'+20'

The subcell indicates that the crystal structure of sinnerite is built
on a sphalerite-type substructure and, consequently, that the non-
centrosymmetric group Pl must be assumed for the mineral. The
F-eentered subcell is only slightly deformed against the ideal cubic
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srtuatron:

a : 5 . 2 5 \  c u : 8 9 0 5 9 '

i::Z:'"Zk :::ZZ:1Z:'
The unit cell of sinnerite is given in terms of the F-centered subcell by

the matrix

- 1  - 1  1
3/2 -1 -r /2

1 1

The o and c-axes of sinnerite are perpendicular to two different sets

of sphalerite-type layers of tetrahedra, and their lengths are almost

2  l s va l

Frc. 3. Zero and first levels of the reciprocal lattice of sinnerite. Nodes of the

cubic sublattice are denoted by circles. Reciprocal cell of sinnerite (in a projec-

tion on the o+'b* plane) and edges of the cubic reciprocal subcell are given in

heavy outlines at the origin.



SINNERITE

Frc. 4. Unit cell, edges of the F-centered cubic subcell and four observed twin
laws of synthetic sinnerite on a background of the cubic substructure of sinnerite.
Projection along the c-axis, perpendicular Lo the ABC layer stack of tetrahedra
of the cubic sphalerite-like substructure with the tetrahedra of the ,4 layer
shaded. A and B indicate the position of the ends of the unit cell vector.s with
respect to the layers when the origin is situated in the ,{. layer.

equal because they correspond to the height of 3 layers of tetrahedra.
In this respect, sinnerite is similar to the 3 layer c-axis repeat in
nowackiite, a Cu(Zn)-As sulfosalt also based on the sphalerite sub-
structure (Marumo, 1967). The difference between sinnerite and
nowackiite may best be illustrated by comparing the matrices relating
their unit cells to the smallest hexagonal cell possible in the sphalerite-
type substructure with the c-axis parallel to those of the two minerals:

I r/3
I

0

for sinnerite, and

s29

-1 r/3 -1/3
30
01

4 t0
- r30

00 r
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for nowackiite. The c-axis of sinnerite is parallel to the elongation of
the prismatic twins and common to all individuals of a twin.

Three-dimensional considerations show that sinnerite contains 20
MeS tetrahedra of the sphalerite-type substructure in one unit cell.
Total cell volume being 721.19 As, the frqction of the cell volume per
one tetrahedron is almost exactly the same as in an ideal sphalerite
structure rrith dimensions reduced to fit the equation

Ull ] " 'b i "  :  [001]" i "o. . ; , "  or  [001]" .wacrr i i te

The empirical chemical formula of sinnerite recalculated for 20 metal
atoms per unit cell is then almost exactly CuuAsnSn wllh Z : 2.

The pseudoeubic subcell of sinnerite found by us is practically identical
with that described by Marumo and Nowacki (1964). Their orthor-
hombic subctll as well as two of the three twinning planes suggested
tentatively by them were not confirmed by our results and the same
holds consequently for their tentative unit cell. some of the submultiples
in the sections of the reciprocal lattice of sinnerite given by Marumo
and Nowacki indicate that the natural and synthetic material have the
same reciprbcal lattices and these authors used the reciprocal direction

12121 oI sinnerite as their c direction.
The powder diffraction pattern of sinnerit'e conta,ins a very pro-

nounced system of subcell reflections forming strong, broad lines
(Table 2) which become finely split at high angles. True-cell reflec-

m  l l  ( O l O )  m  l l  ( 4 l O )

Frc. 5. Manifestation of the twinning on planes (010) and (410) in the re-

ciprocal space. Zero and first levels of the recilprocal lattice of sinnerite are
given. subcell nodes denoted by circles, true-cell by the intersections of the

reciprocal-lattice grid. Reciprocal unit, cells of the two twin individuals (in pro-
jection on the a+.b* plane) and overlapping rows of the reciprocal lat'tices of

them are indicated by heavy solid Iines for both levels.
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Table 2: X-ray powder diffraction data for synthetic sinnerlte coupared to natural
sinnerlte frm Lengenbach after Marwo and Nowackl (1964). CuKa radiation (I=1.54181)
Ni f i l ter. Relative lntenslties (I) estinated vlsually on a scale of 10. B indicates
a broad 1ine. Indices calculated from the slngle crystal data.

Present work M & N Indices in tems of the unlt cel1 of Sinnerlte

d(i) I d(i.) Subcell reflections The strongest true-cell reflections

3 . 3 4 3  2  2 h

3 . O 2 4  1 0  3 . 0 4 1  r 2 1 , 1 5 1 , 5 1 1 , T 0 3

2.6LL 4  2 .634 212,h2 ,2r2  013

2 . 5 3 8  0 . 5

2 . 2 3 7 b  t

2 , 1 7 7 R  0 . 5

2 . t 4 9 8  0 . 5

2 . r o 9  0 . 5

2 . 0 5 4  1

1 . 9 1 5 8  0 . 5

1 . 8 5 2  8  1 . 8 s 9  4 4 0 , 4 1 0 , 0 s 0 , a l 4 , 0 3 4 , 0 2 4

L . 6 6 7  0 . 5

1 . 6 4 0  0 . 5

1 .  6 1 4  0 .  5

1 .s81  7  1 .584  sz r , 541 ,5q1 ,313 , l s3 , s -43  l zS
:ss ,52s,  us

r .  ) J b  z

1. sr .4 0.5 1.516 242,622,262,106

L .329  0 .5

5:r  ,  g l r ,  iz : ,  iZ:

24L,42L

114  , 321 ,133
34L,142

I42,333

320, 140,  132,  322,342,304,t24

24:, z3s , r5r, r+r

4Eo,42o ,o44 ,o34
541,,L44,L25

5 0 0 ,  1 - 5 1 , 1 6 1 ,  2 6 1  , 1 4 4

43r,13t,s3t,4s:,4Is, rZs,255,r0s

47  0 ,440 ,631 ,47  1 ,653 ,453 ,363 ,  054
064,126

37 0,  67 2,  582,392,622,266,236

1.312 2 1.313 424,464,4-44 106,556
r.2e7 0.s 434,554
1.288 0 .s  1 t t ,7z t ,Szr r ,5+o,1 tz
1 .2O5 3  r .206 7sr ,70r ,s7r ,sg1,171,18-1

725,t6s,745,5L7,r37,r27
7.L72 0 .5  7 . r74  652,602,672,652,2_82,272

246 ,646,216 ,616 ,rs6 ,2:s6
7,072 2  7 .073 850,460,490,434,474F j54  l ia ,1 tZ

o84 ,O7 4  ,804 ,428,018,438

1 . 0 6 0  0 . 5

1 .0108  I  r .O10  733 , t 33 , s93 ,393 ,353 ,563  257
55s  ,  7  35 ,  505 ,  38  5  , 77  5 ,37  5
327 ,s47 ,361,30s
Subcell reflections only (CuKc, and or):

0.928 0 .5  e -go ,ezo,o . ro .o ,e -zg ,o6e,o+e
0.8878 1  er r ,sGr ,7 . ro . r ,5 .u . r ,3 t1 ,75 t ,9 i t , t z t , td t , 'eg , I . Io . : ,1 . r0 . : ,

957 ,9O7 ,337 ,37 7 ,L87 ,L71 ,rL9 ,L49 , 359 , 359 ,719, 749
0 . 8 8 4  &  r o . o . z , r o . r . z , o . r o . z , e s z , z . i . 2 , 2 g 2 , 1 o . 3 . 6 , 6 3 o , z 6 o , E g o , E 6 e ,
0 2  0 . 8 8 7  2 6 6

o.83oB r  86+,4 . r r .a ,e . : .0 .4 ,8  4 ,4 t4 ,4 :s8 ,408,578,478,658,488
o.8028 o .s  1 . I r .5 ,195,s81,2 ,2 . r0 ,6 . r . r0 , I - : - . rO
0.800 & sss , f f .6 .5 , I f ,1 .5 ,5 ,10 .s ,5 .12 .1 , r f .+ . r ,662, r0 .+- .2 ,6 . r2 .2 .
c2  0 ,802 626,666,T6.2 .6 ,10 ' .8 .6 , t .10 .6 ,2 .10 .6
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Table 3.

MAKOVICKY AND SKINNER

Detai led analysls of two subcel l  l ines frcm

the Dwder iatierri of sinn'Ciite

o meas

(A)

Cmponeits and their  d-spacings

( A )

contr ibut lon to the l ine
uidth fron the spread of
d values lo = omar 4nin

7sc (r .zoos),72s (r .2ol2) ,  701 ( l .2ol7) ,  5 i l

(1.2020),  517 (r .2o2l) ,  i37 ( ' t .20261, i27

(r .2o2e),  r65 (1.2034),  s3l  I l .204l) ,  l4s

(1.204s),  rdr  ( r .2060),  r7 l  (1.206e)

830 (r .0os0),  dsa ( t .ooe+),  Eo+ ( t .oess),

474 (r .o6es),  o is ( r .oeso),  i :e ( t .oroo),

izs (1.o ioz) ,434 (r .07ro),  4go ( t .ozt l l ,

064 ( l .o7z4),  024 (r .0730),  460 (1.0731)

Z3s (r .o7zo),  773 (r .0754)

tions are weak and very few of them are measurable. Due to the
small amount of material Marumo and Nowacki (1964) obtained only
the lines of the strong subcell reflections. The presence in sinnerite of
the typical subcell with dimensions and consequently d-spacings
definitely different from the subcells of the other phases of the Cu-As-S
system (Maske and Skinner, 1971) makes the identity of the natural
and synthetic phases well established. We have indexed the powder
pattern of sinnerite using the single-crystal data, both the interplanar
distances and the X-ray intensiiies. The subcell lines which are always
broad, clearly result from a sizable set of overlapping lines with

slightly different d-values (Table 2, 3). The ratio of subcell to true-
cell intensities from a single crystal is about 500:1 for the small values
of d. while this ratio drops to 10: 1 for the reflections vrith the highest
d angles, the drop is offset by an increasing number of reflections con-
tributing to a given line in this region. Multiplicity of reflections makes
it impossible to index them by standard indexing procedures'

Table 4. TwlnnlnE of the lat t lce of synthet lc slnneri te

I  -205

twrn  taw

m/ / (010)

m/ / ( l l0 )

nll(410)

3//[00r]

Note overlaDpinq lat t ice spots-

for the lat t ice: ident lcal  with h = 4n + r .
2 J- (010)

l den t ica l  w i th  2 I ( l l0 )

ldentical with 2I(410)

rctation of 
'120'and 2400

! + ! = s n - z !

subcel l  spots only

subcel l  spots only
for both rotat lons
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Twin operations between the six lattice orientations of a

s inner i te  tw in

833

^ - l'  t4 lo

3- l  r  3  r i to

^  ^ - lJ  r  '  no lo

f r o m  t w i n  i n d i v i d u a l  n u n b e r

1 2 3

miro

t4l o

noto

tolo tito

n4lo tolo

t i to t4 lo

e s- l

t 3

3-I  r

t4to

h to

n l  t o

to io  I

t i to  3 - I

t4ro 3

Note: 3 is a posit ive rotai lon of 120. around [001]

3- l  is a posit ive rotat ion of 240" around [OOl]

n h k l  i s  a  m i r r o r  p a r a l l e l  t o  ( h k l )

TwrNxruc

Due to the small size and insufficient morphological quality of the
crystals of synthetic sinnerite only the X-ray information on twinning
is available. Every composite prism contains six lattice individuals with
sizes varying from substantial to almost imperceptible in X-ray photo-
graph. If we pick up anyone of them the remaining b individuals are
related to it by the operations of symmetry given in Table 4. The
overlapping of certain spots of the reciprocar lattice, resulting from the
twinning, is perfect for the ideal cubic sublattice and but slightly
imperfect for the real sublattice. All the twin operations compretely
restore the sphalerite-type sublattice, representing thus a twinning by
reticular pseudomerohedry (Donnay, written communication, lg7l) of
a triclinic lattice based on a highly symmetrical pseudocubic sublattice
(Fig. a). In two cases overlapping goes beyond the strong sublattice
spots and influences parallel rows of the sinnerite lattice (Table 4, Fig. 5).
rf the contact planes of the individuals of the twin follow the twin
planes (010), (r10), (410) the fit of the two individual lattices is perfect.
The individuals related by the three-fold axis, however, have not only
unit cells without a real contact but also the largest possible misfit of
the lattices in any contact plane. Therefore, this twin law is only secon-
dary to the preceeding laws in the Table 4, and has been generated by
a subsequent application of several minor operations to the first
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individual lattice (Table 5). The same appar€ntly holds for the twinning
on the (410) twin plane which fails to restore the nodes of the sinnerite
lattice. Thus the twin planes (010) and (T10) connect one individual
with two others and each of these is again connected by such a reflection
operation with another individual etc., finally resulting in an intergrowth
of six lattices (Table 5). NeedleJike composite crystals of sinnerite
exhibited. only the above described modes of twinning of all the modes
which can be constructed from the cubic character of the sublattice.
Angular imperfections of a random nature in the twin orientations were
observed. in some cases but they do not exceed the value of 30'' The

crystal structure determination is in an advanced stage and will b€

reported separately.
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