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Laffittite, AgHgAsS3:crystal structure and secondoccurrence
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Abstract
Laffittite was found in a museum specimenlabelled getchellite, from the Getchell mine,
Humboldt County, Nevada. The mineral occurs in grains about I mm in maximum length
as dark red crystals associatedwith orpiment, getchellite and realgar.
c =
Laffittite, AgHgAsS3,is monoclinic, spacegronpAa, a = 7.732(3),b: 11.285(7'),
:
powder
pattern
are
115.16(3)",Z:4.
The strongestlines in the X-ray
6.643(4)4,F
3.512(100)(200),3.202(78)(03r,13r),3.015(69X002),2.68s(67)83D, 1.898(29)(T33,233,
2 .1 3 6 ( 1 8 X 1
2 ,33 3l ) , 3 . 6 3 3 ( 1 6 )l (l l) , 1 . 8 8 9 ( l 4 x 4l )l .
Single crystals were hydrothermally synthesizedat 350"Cunder 10,000psi pressurefor
140 hours. The starting material was a fused mixture of Ag2S, HgS and As2S3having a
molar ratio of 1:2:1.
The crystal structure of laffittite is a superstructurebasedupon the PbS structure. Metalsulfur bonds form a hexagonalring ofone formula unit. The hexagonalrings link to each
other by sharingall edgesforming a sheetparallel to (100).The sheetslink up and down by
Hg-S and Ag-S bonds to form a three-dimensionalnetwork. As has the usual trigonal
coordinationQV35 (As-S : 2.264, avg.).Ag has(3 + 1)Scoordination:Ag-S :2.51,2.52,
2.60and 2.894 The Hg coordinationgroup is a distortedtetrahedron:Hg-$ : 2.42,2.51,
2.71, and 2.734. The structure is closely related to that of marrite, PbAgAsS3.

Mineralogy

Description and synthesis
Introduction
The rare mineral laffttite, AgHgAsSr, was first
describedby Johan et al. (1974)from the Jas Roux
mine, Hautes Alpes, France. As far as we know,
lafrttite has not been reported from any other
locality, and their work is the only report which has
appearedon this mineral. They reported that la"ffittite occurred in grains up to 0.2 mm in dolomitic
rock associatedwith routhierite, realgar, stibnite,
pierrotite, smithite, sphalerite and pyrite.
During an investigation of a museum specimen
from Nevada, the authors recognized a small dark
red grain among getchellite crystals, and subsequent X-ray diffraction study and chemical analysis
revealed it to be laffittite. We present here some
mineralogicaldata, a method of synthesis,and new
crystal data including a complete structure analysis.
rPresentaddress:Departmentof Chemistry, The University of
Tsukuba, Ibaraki 305, Japan.

Laffttite was found in a Smithsonian Museum of
Natural History specimen (#134796) labelled getchellite, from the Getchell mine, Humboldt County,
Nevada. The specimen,about 12 x 9 x 6 cm, is a
large massof orpiment, in which getchellite veinlets
are prominent. Laffittite occurs in anhedral grains
about 1 mm in maximum length. The grains are
usually surrounded by getchellite and/or orpiment.
Other associatedminerals include realgar, stibnite
which is commonly observed as inclusions in orpiment, and rarely sphalerite. The typical mineral
assemblagecan be seen in Figure l.
Laffittite is dark red in color and is darker than
getchellite. The mineral has adamantineluster and
the streak is brownish red. In reflected light in air,
lafrttite is clearly bireflectant, from light bluish gray
with an olive tint resembling tetrahedrite, to dark
bluish gray with an olive tint. Although the mineral
is strongly anisotropic, this is obscuredby its strong
brilliant red internal reflection. These optical properties resemble those reported for lafrttite in the
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7.732(3), b : 11.285(7),s : 6.643@)4, B :
115.16(3f (see Crystal Structure). X-ray powder
diffraction data were obtained with the diffractometer method using Ni-filtered CuKa radiation with a
Si standard, and are given in Table I together with
those for synthetic laffittite and those given in the
original description. The indexing was accomplished with the aid of single crystal intensity data.
The three X-ray powder data sets are essentially
identical, although there are apparent slight differencesin intensities.
Fig. l. Lafrttite in polished section; (a) parallel polarizers, (b)
crossed polarizers, L: laffittite, G: getchellite, R: realgar, O:
orpiment.

original description (Johan et al., 1974). Figure I
shows a reflection microscope photograph of laffittite associatedwith orpiment, getchellite and realgar. Polishinghardnessshows that lafrttite is slightly harder than getchellite. Among the above four
minerals, lafrttite shows the best polishing condition, next is orpiment followed by getchellite, then
realgar.The texture of this mineral assemblagedoes
not appear to give any positive information about
the formation order of these minerals. To date. no
silver or mercury minerals have been found in this
specimen,and the source of mercury and silver in
lafittite remains in question.
Crystallography
In the original description of laffittite , Johanet al.
(1974) reported that laffittite was monoclinic with
space group PTtlc; however, we have found a
different symmetry. Precessionphotographs of laffittite crystals show monoclinic symmetry with systematic absences of ft + I : 2n + | for (hkl)
reflections, and h : 2n I I for (hDI)reflections; thus
the possible space group is A2la or Aa, and the
latter is establishedby the crystal structure analysis.
Unit cell dimensions were first determined from
precession photographs of single crystals. An attempt was made to refine theseparametersby leastsquaresanalysisof the X-ray powder data, but, as
will be discussedin the section on crystal structure
in this paper, the presenceof a pseudocubiclattice
prevented derivation of the correct cell dimensions
from the powder data. The final cell parameters
have been determined by single crystal measurement with the four-circle diffractometer: a :

Synthesis
The reagents employed were CP grade Ag2S,
HgS and As2S3.Starting materials for single crystal
growth were synthesized by reacting a powder
mixture of the above reagentshaving a composition
ratio Ag2S:HgS:As2S3: l:2:l in an evacuated
sealedsilica tube; the mixture was held at 900'C for
12 hours and cooled slowly to 500'C and air
quenched. The product is a crystalline massive
material having a brownish red color. X-ray powder
diffraction patterns showed that it included laffittite
and cinnabar as major components and minor unidentified phases.The product was ground into fine
powder in an agate motor and used as a starting
material for single crystal growth.
Twenty milligrams of the starting material and
0.06 ml of either l% Na2S solution or lVo Na2BaOT
solution were sealed in a gold tube (length 30 mm,
inner diameter2.7 mm). Syntheseswere conducted
using stellite bombs of the test tube type in the
temperature range from 3fi)"C to 400oC,10,000psi
pressurefor 140 hours.
The crystallization of laffittite was observed at
any temperature between 300'C and 400"C, however syntheses at 350'C gave the best result among
our experiments. Crystals synthesizedare flattened
hexagonalplates about 80 x 60 x 30 pm (Fig. 2).
They are transparentwith dark red color resembling
natural laffittite. The X-ray powder diffraction patterns of the synthetic crystals agreewell with that of
natural laffittite; the powder data obtained by the
diffractometer method are given in Table 1.
The nature of the solvent Na2S solution or
Na2BaOTsolution, did not affect the crystallization
of laffittite very much. The effect of temperature
seemsto be more serious: crystal growth was very
slow at 300'C and only fine crystals were observed,
while the crystallization of laffittite seems to be
restricted above 400"C where crystallization of an
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Table l. X-ray powder diffraction data for laffittite

Laffittite
hkL

020
111
120
111
211
200
031
igr
o02
122
2t't
140
211
322
320
iaz
113
231
331
202

iss
2tz
4'tt

160
033

3:s
400
JJ

I

431
204
260

7az
062
262

*
**
+

from

,-+
d carc

Getchell

I

5.642
5.291
4.393
3.624
3.609
3.499
3. 189
3.186
3.006
2.862
2.677
2.617
2.519
2.211
2.156

Synthetic

mine*

d obs

5.665
5.298
4.407
3.633
3.512
3.202
3.015
2.870
2.685

d obs

I/Io

5.665
5.298
4.407
3.633
3.625
3.506
3.197
3.011
2.867
2.681
2.623

7
13
13
15
100
ta

69
D/

d obs

!/ to

5.31
4.41

tru

J

10
6
5
4
100
28
28
9

23
2

3.520
3.505
3.198
3.005
2.87'l
2.682

1.919
't.9't1

10

1.916

i.898
1.889
1.823

29

1.769
1.764
1.750
1. 7 0 8
1.705

1.774
1. 7 5 6
1.709

12

1.661
1.657
1.637
1.595
1.593

1. 6 6 5

6

2.158
2.136

4
10

10
10

2.133

50

1.905
1. 8 9 1

50
50

J

3
t1
4

method, 0.5o
diffractometer
cu/Ni radiation,
Johan et aL. 119741.
data.
crystal
from the single
Calculated

1. 8 9 2
1. 8 8 6
1.822

14
22
f,

1.822

20

1. 7 7 2
1. 7 5 3
1. 7 0 8

5

1. 7 7 1

30

12
3

1.706

40

3

1. 6 6 3

30

2

1.597

20

1. 6 6 2
1.640
1.598

1.600
min

20
70
80
80
10
100

z

11
14
10

30

2.214

z.)z)

18

1.905
1.892
1.890
1. 8 8 5
1.816

t / to

2.218
2.163
2.154
2.145
2.135

2. 150
2.149
2.130
2.125
1.913

from
Laffittite
Jas Roux mine**

laffittite*

in 2e.

Natural laffittite from the Getchell mine as well as
synthetic laffttite have compositions practically
identical with values reported by Johan et al.
(1974). The only significant difference is the presChemistry
ence of antimony in appreciable amounts in our
Laffittite and synthetic lafrttite were analyzed
natural specimen.This fact may bear on the differwith an ARL-SEMeelectron microprobe using an
ence of the color between natural and synthetic
operating voltage of 20 kV and a sample current of
crystals; the former are somewhat darker because
0.15 pA. Wavelength scan of natural laffittite disof the presenceof antimony impurity.
closed only Hg, Ag, As, and S in major amounts,
Laffittite is not readily soluble in HCI (1:1),
and a minor amount of Sb. No other elementswere
(1:1)or NaOH (l0Vo).
HNO3
presentat levels detectableby microprobe analysis.
Crystal structure
Standardsof marrite and livingstonite were used for
quantitative analysis. The data were corrected using the MAGIc-4computer program. The results are Introduction
given in Table 2, together with the data given in the
Laffittite, AgHgAsSr, is classified among the
(Johan
sulfosalt minerals. Among the many known sulfoet al., 1974).
original description

unknown Ag-Hg-As-S
served.

phase was usually ob-
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were corrected for fluctuations using the computer
program DATcos (Stewart et al., 1976).A total of
1509reflections were observed. of which 937 reflections have a criteria l.F'"l= 3 o(lI'"l) and were used
for subsequentcrystal structureanalysis.The intensities were corrected for Lorentz and polarization
factors. An absorption correction was made in a
late stageof structure determination.
Subst ruct ure relationship
The diffraction pattern of laffittite clearly indicated the presenceof strong reflections when / : 2p, k
: 6 q a n dh : 2 r ; l : 2 p + l , k : 6 q + 3 a n d h : 2 r ,
where p, q, and r are integers. These subcell
reflections implied the presence of a face centered
Fig.2. Scanning
subcellwith a' : 5.394,b' : 5.394,c'
electron
micrograph
of synthetic
laffittite(80 pseudo-cubic
x 60x 30,rm).
: 6J024, a' : 82.97,F' : 82.97,andy' : 88.44".
The transformation matrix from the true cell is
given by:
salts, only a few are sulfosalts of mercury: for
a':Vza-V3b,
example livingstonite, HgSbaSs, christite,
b':Vza+Y3b,
TlHgAsS3 and vrbaite, Hg3TlaAssSbzSzo.
A purc
':Vzalc
poseof this study is to elucidatethe crystal chemistry of this rare sulfosalt of mercury. Another interSimilar substructurerelationshipshave been obest is to clarify the structural relationship with served in structures of many sulfosalts such as
marrite, PbAgAsS3,with a chemical formula analo- marrite, PbAgAsS3(Wuensch and Nowacki, 1967),
gous to that of laffittite, AgHgAsS3.
miargyrite, AgSbS2(Knowles, 1964)and smithite
AgAsS2 (Hellner and Burzlaff, 1964),where those
Experimental
structures are superstructuresbased upon the PbS
A small single crystal with overall dimensions90 (or rocksalt) structure type. Although the subcell of
x 50 x 70 pm was isolated from the Museum laffttite is significantly deformed compared with
specimen(#134796). The shape of the crystal was the true PbS structure (a : 5.964,), the above
irregular; however the extremely limited amount of observation implied that the structure of laffittite is
material available precluded an attempt to grind a closely related to the PbS structure type.
sphericalspecimen.
The unit cell parameters were refined by a least Structure determination and refi,nement
squarestreatment of the setting anglesof 15 reflecNormalized structure factors were calculated ustions centered automatically on the Syntex P21 ing uonvrsn (Stewart et al., 1972).Sincethe statisautomatic diffractometer using monochromated tics of the E's did not indicateclearly the absenceof
MoKa radiation (\ : 0.70926A).Crystal data are as a center of symmetry, the centrosymmetricspace
follows: AgHgAsS3FW : 479.56,spacegro-upAa,
a : 7 . 7 3 2 ( 3 ) , b : 1 1 . 2 8 5 ( 7c):,6 . 6 4 3 ( 4 ) A , B :
Table 2. Electron microprobe chemical analysesof laffittite
115.16(3)",
Z : 4, D(calc.): 6.071glcm3.
The intensitieswere measuredon the Syntex P21
automatic diffractometer by the 2F0 method using
2 1. 8
2 1. 9
22.5
MoKa radiation (X : 0.709264), graphite mono- Ag
H9
43.'1
43.6
41.0
41.8
AS
1
4
.
8
1
5
.
6
15.5
chrometer, variable scan rate: slowest 2.02"1min., sb
0.8
2
0
.
3
2 0. 1
fastest 29.30'lmin. and scan time/total background
1 0 3. 0
time ratio : 2. The intensities of three standard
102.9
9 8. 8
reflections were measured every 60 reflections. 1 . L a f f i t t i t e
fron cet'chell nine,
2.
Although there was no large fluctuation of the 3 . LSayfnf ti thtei ttei c l af frfoi tmt l t eJ.a s R o u x m i n e ( J o h a n e t a f . , 1 9 7 4 1 .
intensitiesof standardreflections, the intensitv data 4 . T h e o r e t i c a l A g H g A s S a .
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grotrpAzla was assumedfor the structure analysis.
A three dimensional Patterson synthesis clearly
indicated the cubic closest packing nature of the
structure, i.e., a PbS type structure. The space
groupA2la with Z : 4 restricts the metal atoms to
specialpositions,amongwhich the "e" position of
the Wyckoff notation was found to be suitable for
metal atoms according to the Patterson maps. Thus
metal atoms were considered to be located at
(Vo,y,0).They coordinatesof the metal atoms were
obtained from the Harker section of the a glide
plane. This revealedthree most probablepositions
for the metal atoms. Becauseof the PbS-like nature
of the structure, distribution of the three metal
atoms among these three positions could not be
determinedfrom the Pattersonmaps.
A total of 6 models was consideredto represent
probablesetsof the metal distributions.Determination of the correct configuration was achieved by
systematicexamination of all these possible sets.
Several cycles of full-matrix least-square refinement (cnvrsq, Stewart et al.,1972) with the isotropic temperature factors were carried out using a
limited number of reflections (sin0/), < 0.7, 609
reflections). The result indicated that one model
seemedto be correct becauseit gave the lowest
conventionalR factor (R : >llF"l - tF'"ll/>tF"t)of
0.25 and reasonablevalues of the temperature factors; the highest R factor was 0.32 among the 6
models.Fourier and differencesyntheseswere performed using this model to find the positions of the
sulfur atoms. Although the Fourier maps showed
severalpeaks which might correspond to the sulfur
electron density, those positions were found to be
unsatisfactory for the assumed space group A2la,
becausetheir distribution did not support the presence of a 2-fold axis. This indicated that the structure was in fact acentric; hencethe true spacegroup
has been taken to be Aa.
Introducing the new spacegroup Aa, a systemat-

ic examinationof the distribution of the metal atoms
was again repeated by the full-matrix least-squares
program.In this examination,the original6 models
were reconsidered for those metal positions had
been located at four-fold sites in the former space
group and the changeofthe spacegroupfrom AZla
to Aa did not affect the multiplicity of the sites. The
result showed that the first model was wrong, and a
different model was chosen for its reasonabletemperature factor and the lowest R factor of 0.20; the
R factors of the other models varied from 0.22 to
0.27. SubsequentFourier and differencesyntheses
gave severalelectron density peaks. Consideration
of coordination environment around the metal atoms aided by bond distance calculation led to three
appropriatepositions for sulfur atoms. Three cycles
of the full-matrix least-squaresrefinement of metal
and sulfur coordinates with isotropic temperature
factorsreducedthe R to 0.12.Two additionalcycles
of refinement with anisotropic temperature factors
reducedR to 0.10.
The high absorption coefficient of laffittite (prnroro
: 401.5cm-r) necessitatedan accuratecorrection
for X-ray absorption;however, the correction was
difficult becauseof the complex shape of the crystal. This was approximated by a collection of eight
plane faces. The absorption correction program
ABSoRB(Stewart et al., 1972) was applied: the
number of sampling points was 1000; absorption
correction factors A*: maximum 30.99 for (020),
minimum 6.39 for (1.18.4).Two further cycles of
the full-matrix least-squaresrefinement with anisotropic temperaturefactors convergedto R : 0.072.
The absorption correction remarkably improved the
agreementbetween F" and F. for the (0ft0) reflections, but the correction is still only approximate
becauseof the complex shape of the crystal.
All the scattering factors used in the structure
factor calculation were taken from Cromer and
Mann (1968),and anomalousdispersionfrom the

Table 3. Atomic parametersand thermal parameterswith estimated standard deviations in parentheses
uzz

B*

As
Hs
As
s(I)
s(2)
s(3)

o.25
0.789I( 5)
0 . 2 8 7 4( r r )
0.4214(1s)
0.9828(rs)
0.4369(r6)

o.o22l( 4',
0.3166(2)
0 . 3 5 2 3( 3 )
0.0089(9)
0.2841( e)
0.3722(L0l

Isotropic
tenperature
temperature
factors,
Form of the ilisotropic

factors

0
0.0249(9)
0 . 0 1 9 5( 1 2 )
0.4318(18)
0.4697(18)
0.3e47(18)
are

temperature

from

2.so( 9)
2,09( 3)
r.1r ( 5)
r . 1 9( 1 4 )
r,15(14)
1,28(15)
the

factor:

last

cycle

29L(22)
303( 8)
1 3 7( 1 4 )
L 9 7( 3 7 1
r78(37)
2L4(43''
of

3 9 0( 2 1 )
2 8 0( 8 )
1 7 s( r 6 )
168(40)
185(40)
235(441

refinenent

e:<p[(-2t2)ttO-411Ur

Urg

U gs

3 2 6( 2 3 1
2 9 2( 8 \
L62(L7l
17r(36)
116(33)
109(35)

before

1h2a*2 +

Uzg

9 2 ( L 7 ' , ) L s 2( 2 L l - 4 7 ( 1 8 )
-46 (11) r6s ( 7)
52(r0)
-45(25)
7 9( 1 3 ) - 1 3 9 ( 2 1 )
0(31)
6(321 128(32)
-1(3r)
-11(32)
73(30)
-30(35)
24(32)
93(34)

changing
- +

to

anisotroPic

2lJz3klb*c*cosa*)],
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Table 5. Interatomic distancestAt and bond angles(') with estimated standarddeviations in parentheses
(A)

Distaces

A9-

s(3)
s(3')
s(1)
s(2)
s(2')
ctt

rl

2.s10(r3)
2 .5L6 (r2')
2 . 6 0 2( 1 r )
2.894(I2',,
3.342 (L2',,
3 . s 6 0( 1 0 )

Hs-

147.3(3)
r00.7(3)
92.4(41
8 1 . 7( 4 )
82.8(3)
r 0 8 . 2( 4 )
100.r(4)
82. 4 (3',)
55.4(3)
94.6(3)
9r.9(3)
r 6 4 . 3( 4 )
L 7 2 . O( 3 ' )
r 0 0 . 7( 3 )
7 3 . 3( 3 )

s(I) -Hs-s(2)
s(1) - H9- s(2')
s(r) - Hs- s(3)
s(1) -ng-s(r')
s(1) - Irs- s(3')
s(2) - H9- s(2')
s(2) - Hg- s(3)
s(2) - Hs- s(r')
s(2) -ns-s(3')
s(2') -Hs-s(3)
s(2')-Hs-s(l')
s(2')-Hg-s(3')
s(3) - Hg- s(1')
s(3) -H9-s(3')
s(1') - Hg- s(3')

s(r)
s(2)
s(2')
s(3)

- s(r')
- s(3')

Angles

s(3) -As-s(3')
s(3) -ag-s(1)
s(3) -As-s(2)
s(3) -A9-s(2')
s(3) -A9-s(1')
s(3') -ls-s(I)
s(3') - Ag- s(2)
s(3') - As - s(zr)
s(3') - As - s(r')
s(r) -ag-s(2)
s(I) -As-s(2')
s(1) -As-s(1')
s(2) - A9- s(2')
s(2) -A9-s(1')
s(2')-Aq-s(1')

2 .4L7 (L3',t
2.509(r2l
2.7L0 (L2l
2 - 7 2 7( L 3 )
3 . 4 1 8( 1 2 )
3.955(11)

As - S(t)
- s(3)
- s(2)
- s(I')
- s(2')
- s(3,)

r43.8(4)
107.0(3)
r06.0(5)
8I.2 (3)
77.0(3)
98.s(4)
9s.5(4)
55.4(3)
7 4 . 6( 3 )
9 7. 4 ( 3 1
108.4(4)
L7t.2 (4)
rs0.2(3)
8 8 . 9( 3 )
54.0(3)

s(t)
s(1)
s(I)
s(r)
s(t)
s(3)
s(3)
s(3)
s(3)
s(2)
s(2)
s(2)
s(I')
s(r')
s(2')

2 . 2 4 7( L 4 l
2.269(r3l
2 . 2 7 7( L 4 l
3.066(r4)
3 . 4 8 8( r 2 )
3 . s 4 1( 1 3 )

(o)

-As-S(3)
-As-s(2)
-As-S(t')
-As-s(2')
-As-s(3')
- As - s(2)
-As-s(I')
-As-s(2')
- As - s(3')
- As - s(l')
-As-s(2t)
- As - s(3')
- As - s(2')
- As - s(3')
- As - s(3')

9 7 .s ( 5 )
95.0(6)
9 2. 2 ( 4 1
9 4 . 7( 4 1
rs3.3(4)
99.6(5)
9 9 . 0( 5 )
r 6 6 . 9( 6 )
1 0 8 .1 ( 5 )
1se.0(4)
8 3 . 9( 4 )
88.4(4)
7 s . 9( 3 )
7 6 . 6( 3 )
5 9 . 2( 3 )

International Tables for X-ray Crystallography to each other by the metal sulfur bonds in the [001]
(1974). Computer programs of the x-RAy sysrEM direction. The figure also indicates the stacking
were used throughout the calculations (Stewart et manner of the hexagonalAgHgAsS3 rings.
al., 1972 and 1976). Final atomic parameters are
given in Table 3. The observed and calculated
OAsOHsoAsQS
structure factors are deposited as Table 4.2
Descriptionof the structure
A projection of the structure down the ax axis is
presentedin Figure 3. Metal and sulfur atoms form
a puckered hexagonalring of AgHgAsS3. The hexagonalrings link to each other by sharing all edges,
forming a sheetparallel to (100).Those sheetslink
up and down by Hg-S and Ag-S bonds. The distribution of metal and sulfur atoms is closely related to
the PbS structure. Although the distortion from the
true PbS structure is large, the metal atoms are
basically located in octahedral sites formed by
cubic close-packingJike arrangement of the sulfur
atoms (Table 5). The (200)plane correspondsto the
(111)plane of the PbS structure.
Figure 4 is a projection of the structure viewed
along the c* axis. The laffittite structure can now be
described in another way. The figure shows two
kinds of rings: one is a six membered ring of
AgzHgSr and the other is a zig-zag ten membered
ring of AgHg2As2S5.A combination of the two rings
composesa sheetparallel to (001).The sheetslink
zTable4 may be obtained by ordering Document AM-82-210
from the Business Office, Mineralogical Society of America,
2000Florida Ave., N.W., Washington,D. C. 20009.Pleaseremit
$1.00in advancefor the microfiche.

Fig. 3. A view ofthe laffittite structure projected along the a*
a)os.
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ur

OAgOt-tsoAsOS

Fig, 4. Projection of the laffittite structure viewed along the c* axis. Atoms near z : l/2 are drawn by larger symbolsthan those near
z = 0. The hexagonalring ofAgHgAsS3 observed in Fig. I is marked by the shadedlines for companson.

As we observe here, the structure of hmttite is in
fact a three dimensional network. The AsS3 pyramids are isolated from each other in the structure:

hence the structure is classified into the category
IIal of the sulfosalt classification suggested by
Nowacki (1969,1970).

Fig. 5. Coordination about the metal atoms with selectedbond
lengfts and angles(bond anglesare marked by arrows).

Bond distancesand angles
Interatomic distances and bond angles are given
in Table 5. Selected bond lengths and angles are
illustrated in Figure 5. Coordination around the
metal atoms is typical for sulfosalt structures. The
As atom exhibits the usual three-fold coordination
by S, with As situated at one vertex of a trigonal
pyrar_nid.As-S bond distancesrange from 2.247 to
i.zliAwith an averageof 2.264. Thesevaluesare
comparable"with those of marrite, PbAgAsS3:
2.259-2.279A (Wuensch and-Nowacki, 1967); christite, HgTlAs S7:2.232-2.258A(Brown and Dickson^,
1976\; and trechmannite, AgAsS2: 2.218-2.3084
(Matsumoto and Nowac^ki, 1969).The averageAsS bond distance of.2.264 agf,eesvery well with the
non-bridgingbond distanceof 2.264 for the AsS3
pyramid given by Takeuchi and Sadanaga(1969).
The three As-S bonds are nearly orthogonal and
range from 95.0 to 99.6" indicating the p-orbital
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Hg

b
Fig. 6. Linkage in (001)of the coordination polyhedra formed by the arrangementof sulfur atoms about metal atoms: (a) laffittite,
O) marrite.
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natureofthe bonds.The additionalneighborsofthe
As atom are three S atoms at significantly larger
distancefrom 3.066 to 3.5414. As a result. the S
atoms exhibit a distorted octahedral coordination
about the As atoms. This configuration leaves a
cavity for the unshared electron pair of arsenic.
The Ag atom has three nearest S neighbors at
distances2.510,2.516,and2.6024,and one farther
at2.894A. The three nearest S atoms form a nearly
planar trigonal coordination; the sum of the three
anglesis 356.5".This (3 + 1)Scoordinationof Ag is
widely observed in other sulfosalts of silver such as
smithite,AgAsS2(Ag-S : 2.51, 2.56, 2.68, 2.84;
2.52,2.55,2.65,2.90A; Hellner and Burzlaff, 1964),
miargyrite, AgSbS2 (Ag-S
2.44, 2.50, 2.59,
2.724; Knowles, 1964), hatchite, pbTlAgAs2S5
(Ag-S : 2.48, 2.52, 2.54, 2.%A; Marumo and
Nowacki, 1969)and freieslebenite, PbAgSbSr (AgS : 2.522,2.575, 2.687,2.928A; Ito and Nowacki.
197$.
The Hg atom exhibits a distorted tetrahedral
coordination by S, with two S atoms at 2.417 and
2.5094, and two farther at 2.710 and 2.7274. The
most common coordination of Hg atoms by S atoms
is an approximately linear linkage of closest neighbors. This kind of configurat^ionis observed in
cinnabar, HgS (Hg-S : 2.364, S-Hg-S : l'72",
Aurivillius, 1950),in livingstonite, HgSbaSs(Hg-S
: 1.90A,S-Hg-S :179.1";Hg'-S :2.524,S-Hg,S : 180.0'; Srikrishnan and Nowacki, 1975),in
(Hg-S : 2.38A, S-Hg-S
vrbaite Hg3TlaAssSb2S2e
: 166.0";Ohmasaand Nowacki, 1971)and many
other mercury compounds. Some mercury compounds are known to have tetrahedral coordination
of Hg by S, in which there are two kinds of
configurations:one is Hg surroundedby 45 at about
equal distances, while the other is Hg surrounded
by 25 at short distancesand 25 at long distances,
i.e. (2+2)S coordination.The former examplesincludemetacinnabarite,
HgS (Hg-S :2.554; Buckley and Vernon, 1925),vrbaite (Hg-S : 2.570 and
2.581A;Ohmasaand Nowacki,l97l) and galkhaite,
Hg12Tl(AsSr)s(Hg-S : 2.503A; Divjakovii and
Nowacki, 1975), while the latter is seen in the
structure of christite HgTlAsS3 (Hg-S : 2.460,
2.471, 2.646, and 2.661A; Brown and Dickson,
1976). Laffittite belongs to the latter group. The
average tetrahedral Hg-S bond distances in both
groups are about equal: metacinnabarite 2.55,
vrbaite 2.58, galkhzite 2.50, christite 2.56, and
laffittite 2.594. The observed (2 + 2)S coordination
may be explained as a result of distortion from the

ideal tetrahedral coordination of sp3 type due to
stereochemicaleffects of neighboring atoms.
Structural relationship with marrite, PbAgAsS3
Lafrttite is compositionally related to marrite;
the Pb atom can be tentatively considered to be
substituted by the Hg atom in laffittite. The crystal
structure of marrite is also a superstructure based
upon the PbS structure type (Wuensch and
Nowacki, 1967).Therefore it is interestingto look
for a structural relationship between the two minerals.
Figure 6 shows the linkage in (001)of the coordination polyhedra formed by the arrangement of S
atoms about (a) metal atoms near z : 0 in laffittite
and (b) metal atoms near z : 3/tin marrite. The
linkage of polyhedra appears to be topologically
different because of the difference of coordination
around Hg and Pb atoms; i.e., Hg forms a tetrahedral coordination polyhedron, while Pb forms an
octahedral one. However, the distribution of metal
atoms is found to be similar between the two
structures if we consider the Hg atom to be equivalent to the Pb atom. Lafrttite belongs to space
group Aa, marrite to P2rla. Both structures have
the samea glide plane, and the translation by the Acentered cell in laffittite is substituted by the twofold screw axis in marrite. Thus we see the structure of laffittite is closely related to that of marrite.
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