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THE CRVSTAL STRUCTURE OF DEANESMITHITE, Hgl*2Hg2*3crtuOsSz
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ABSTRACT

The crystal structure of deanesmithite, Hg1*2IIg2*3CFOsSz, a 8.1287(8), b 9.4916(7), c 6.894O(4) A, cl 100.356(6), F
110.163(7), T 82.981(8)", V 490.13(7) A3, spa"e group PT, Z = 2,bu been solved by dtuect methods and refined to an R index
of 2.9Vo onthebasis of 2808 unique reflections measrned with MoKa radiation. There arc six distinct Hg sites; two are at special
positions on centers of symmetry. Hg(l) and Hg(2) form a diatomic Hgl+-Hgl+ bond and are coordinated to additional S and O
atons. Hg(3) is in planar rhomb coordination with two S and two O atoms. The remaining three Hg sites are each coordinated
to six anions, forming distorted octahedra. The octahedra share edges to form comrgated sheets parallel to (010), with one vacancy
for every five occupied octahedrally coordinated sites. The sheets are decorated on both sides by CrOa tetrahedra that share faces
with the vacant polyhedra and project in (approximately) the (010) direction. The heteropolyhedral sheets are held together by
four-coordinated Hg(4) atoms and the Hg(llHg(2) dimers. There are numerous similarities between the structures of deane-
smithite and wafiersite, another Hg-beming mineral from the Qlesr Qrceft glaim.

Keyvvords: deanesmithite, crystal structure, mercury, chromate, Clear Creek claim, San Benito County, Califomia-

Solruans

Nous avons affin6la structure cristalline de la deanesmithite, Hglt2Hg2+3CFOsSz, a8,1287(8), b 9.4916(7), c 6.8%0(4) A,
cr 100.356(6), B 110.163(7), y82.981(8)", V 490.13Q) A3, groupe spatial PT, Z= 2, par m€thodes directesjusqu'i un rdsiduR
de 2.9%o;1'affinement a port6 sur 2808 r6flexions mesur6es avec rayonnement MoKtr. La structure contient six sites distincts
occup6s par le Hg; deux de ces sites occupent une position sp&iale, sur centres de sym6trie. Hg(l) et Hg(2) forment une liaison
diatomique Hg1+-Hg1+, et sont de plus coordonn6s i des atomes S et O. Hg(3) est en liaison avec deux atomes S et deux atomes
O en plan rhombique. Les trois autres sites Hg sont entour6s de six anions en coordinence octa6drique difforme. Lqs octaddres
partagent des ar€tes, ce qui donne des feuillets ondulants paralleles n (010), qui contiennent une lacune pour chaque cinq sites
octaddriques occup6s. Les feuillets sont d6sor6s de chaque c6t6 par des t€traidres CrOa partageant des faces avec des polyddres
vides, et qui sont orient€s sensiblement dans la direction (010). Les feuillets de h6t6ropoly0dres sont interli6s par des atones
Hg(4) tr coordinence 4 et par les dimbres Hg(l)-Hg(2). n y a de nombreux points communs entre la structure de la deanesmithite
et celle de la wattersite. autre mineral de 6s1gure du slaim Clem Creek

(Iraduit par la R6daction)

Mots-cl6s: deanesmithite, structure cdstalline, mercure, cbromate, claim de Clear Creek, comtd de San Benito, Califomie.

IllrR.oDUcnoN

Deanesmithite was described by Robrts et aL (1993}
It is a rare constituent in a small prospect pit near the
abandoned Clear Creek mercury mine, San Benito
County, California. Deanesmithite is most closd asso-
ciated with cinnabar and edoylerite @rd et al. 1993) in
a host rock composed principally of quartz and magne-
site. Other mercury-bearing minerals identified from
the Clear Creek claim include calomel, edgarbaileyile

@oberts et al. l99}u Angel et al. 1990), eglestonile,
gianellaite, hanawaltite (Roberts a aL 1996), native mer-
cury, melacinnabar, montroydite, mosesite, peterbaylis-
site (Roberts et al. 1995), schuetteite, szymadskiite
(Roberts etal. 1990b, S4anafski & Roberts 1990),
terlinguaite, wattersite @oberts et aI. L99l,Ctroat et aL
1995) and eight identified mercury-bearing phases that
are currently under investigation. Deanesmithite is most
likely formed as a re,sult of the reaction between a Cr-rich
hydrothermal solution and pre-existing mercury-bearing

t E-mail addre ss: jan-szymanski @cc2smtp.nrcan.gc.ca, groat@eos.ubc.ca
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minerals such as cinnabar @obefis et al. 1993). As part
of a general study of the crystal chemistry of the mercury
oxysalt minerals, the crystal structure of deanesmithite
was detennined. heliminary details of the crystal struc-
ture were reported in Roberts et aL (1993).

E:ernnrmtral,

The crystal studied was taken from the sample
described by Roberts et al. (1993). A large tablet was
examined under polarized light and was found to consist
of at least four areas which extinguish individually. The
tablet was cut into the individual optically homogene-
ous domains with a scalpel. The crystal used for the
structure is a small flake, tabular (010), 0.08 mm across
and 0.014 mm tlick. X-ray-diffraction data were
collected on an Enraf-Nonius CAD-4 single-crystal
diffractometer with graphite-monochromated MoKcr

TABLE 1. CRTSTAL DATA: DEANESMrHm

X-radiation using the NRC-modified data-collection
software with capabilities for line-profile analysis.
The cell dimensions quoted in Table 1 were obtained
from the least-squares fit of 50 reflections in the range
45' < 2g < 60o using the routine TRUANG, which
measures and averages the angles of the four equiva-
lences of each reflection GH. +20; +H" -2Q; -H, +20:'
-E -29; where If represents the h,lc,l indices, ard 20
indicates the positive or negative side of 2$-zero). Data
were collected for the whole sphere of reflection to a
limit of 20 = 60" at a speed of 1'(20/minute. Tbree
standard reflections were measured every 100 reflections,
and the minor variation in these was used in scaling the
data. An empirical Y-scan absorption correction (North
etal.7968) was applied to the intensity data, in con-
junction with an average correction for the mean thick-
ness of the crystal. The maximum: minimum vmiafionin
the Y-scan correction was 5:1. The software for the
processing of all raw data was the NRCVAX system of
programs (Crab, et aL 1989). Of the 2802 unique reflec-
tions measure4 1748 were classified as ooobseryed" on
the criterion that Io6, > 2.5o(Io6). The atomic scat-
tering curves in this software are calculated from the
coefficients given by Cromer & Mann (1968), and use
the anomalous scattering components given by Cromer
& Liberman (1970).

Anisotropic therrnal parameters were used for Hg,
Cr and S atoms; O atoms were refined isotropically
as anisotropic refinements were unstable. The two S
atoms were identified by having a scafiering factor about
double that of oxygen. Preliminary electron-microprobe
analyses at the Geological Survey of Canada had failed
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TABLE 2. ATOMIC PAMMETERS FOR DEANESMMITE

uq

Hg(1) 0.55e57(8)

Hse) 0.27861(e)

Hs(3) 0

Hs(4) 1t2

Hs(s) 0.16981(8)

Hs(6) 0.11631(10)

Cr 0.37608(32)

s(1) 0.04370(s0)

s(2) 0.19375(53)

o(1) o.49763(7n

o(zt 0.5102e(143)

o(3) 0.m885(f64)

o(4) 0.81307(134

o(5) 0.231e3(173)

0.08546(7)

0.97327(8)

0

1t2

0.65337(4

0.66011(4

0.2996e(26)

0.81653(43)

o.48557(44'

0.30035(140)

o.3o784(112)

0.14737(130)

0.15391(108)

0.441 1 3(13S)

0.18197(10) 238(3)

0.66080(10) 357(4)

296(3) 211(3)

333(4) 176(3)

0.85556(10) 191(3) 301(3) 279(3)

0.61713(11) 203(3) 443(4) 310(4)

o 18s(4) 223(4) 190(4)

0 160(4) 352(5) 391(6)

{(2) -72(2)

€(3) -e6(3)

12(3) 1(3)

58 (4) 1(4)

71(2) €3(2)

35(3) -37(3)

-2(s) -15(e) 18s(11)

13(14) 4(14) 21e(1s)

55(15) 44(15) 237(1s'

336(2e)

1e8(21)

287(25)

174(2o)

325(28)

83 (2)

s (3)

37 (3)

41 (4)

21(2)

35 (2)

36 (e)

14(14)

37 (15)

270(4')

343(4)

213(4)

313(5)

248Q)

301(4)

0.40189(38) 140(11) 190(11) 1s4(12)

0.40826(61) 146(18) 267(19) 208(18)

0.88088(65) 175(18) 267(20) 2a2(2o)

0.2560s(207)

0.05049(168)

0.3302't(195)

0.03067(160)

0.38588(205)

'UnandUvafuesareffsledxloa. Dlsphcsmentiadors--23'tltJulf(*)2+...+2Uehka'lf +..:I
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to reveal the presence of sulfur, and the crystal was
submitted for X-ray aualysis as a 'lnixed mercury--chro-
mium oxide". It was during site-occupancy refinement
of the light atom siles that two ligands were shown to
be tvdce as heavy as the remaining atoms of oxygen.
These sites were interpreted as S atoms; the presence of
S was later confirmed by more accurate electron-micro-
probe analyses. The S peak had been neady buried
under the Hg peak in the energy-dispersion specta. A
secondary extinction parameter was used in the final
stages of the full-matrix least-squares refinement,
which converged to an R index of 29Vo (defrned. n
Table 1). The maximum final fractional shift (A/o) was
about0.LVo. Positional coordinates and anisotropic and
isofropic displacement factors are grven in Table 2.
Selected interatonic distances and angl$ are given in
Table 3. Structure factors may be obtained from the
Depository of Unpublished Data, CISTI, National
Research Council, Ottawa Canada KIA 0S2.

DsscRrrfloN or rIG STRUcIIRE

Coordination polyhedra of cations in the deane-
smithite sffucture are shown in Figure 1. There are six
distinct Hg positions in the sffucture.Hg(1) and Hg(2),
both in the general 2i position, form a diatomic
Hgl+-Hgl* bo;d rypigal ofmercurous compounds. The
bond length (2.536 A) is similar to those reported for
hanawaltite (2.526 and 256 L, Roberts et aI. 1996),
wattersite (2.526 L, Crroat et al. 1995), eglestonile
(2.516 L, Mereiter et al. 1992), kuznetsovite (2.64 L,
Solov'^eva et al. 1.991), edgarbaileyite (2.522 and
2.524 A, Angel et aL 1990), szymariskiite (2.494 and
2.51,3 A^, Szymarlski & Roberts 1990), terlinguaite
(2.703 A, Brodersen etal. 1989), Tagolite (2.53 4,,
Grice 1989), shakhovite (2.543 ̂4, Tillmans et al.
1982), synthetic chursinite (2.535 A, Kamenar & Kait-
ner 1973), calorlel (2.53 A, Wyckoff 1965), synthetic
mosesite (2.54 A, Wyckoff 1965), and other synthetic
compounds (see list in Liao & Ztang 1995). Hg(l) is
also coordinated by three O atoms at distances of.2.LL,
2.66 and2.82 A. The one Hg and tlree O atoms form
an extremely distorted tetrahedral coordination polyhe-
dron around Hg(l). Bond-valence analysis (Iable 4)
shows that Hg(l) is underbonded (O.78 vu: valence
units) with this ̂ a:rangement. There is an additional
O(1) atom 3.T7 Aftom Hg(1), which may bond to the
Hg atom, contributing 0.025 vu. Horvever, tlis is
unlikely, as there is an Hg atom even closer to Hg(1) (at
3.227 A). Two additional O atoms. at distances of
3.66 and 3.68 A from Hg(l), ffs unlikely to form bonds
wi& the Hg atom.

The Hg(2) position is coordinated by Hg(l), one S
and two O atoms. The Hg(2)-S(1), -q(1), and -O(3)
distances are 2.442, 3.06 and 2.77 A,^ respectively.
There is an additionat S(1) atom 3.067 A from Hg(2).
pess this atom form a bond with the Hg atom? Most of
the Hg-S bonds in the structure are considerably

shorter, with an average length of 2.38(3) A @ased on
seven distances). However, this S(1) atom contributes
0.L33 vu to Hg(2), without which the Hg(2) position

TABLE 3. SELECTED TNIERATOMTC D|STANCES (A) AND ANGI-ES (s) FOR
DEANESMTHrrE

Hs(rFls€)q
-o{2)
-q3)b
-o(4ts

Hg(2Hls(1)d
-€(1)

-q1)e

-o(1)t

-o(3)d

-o(4x

Hs(3F(3) x2

-o(4)s x 2

<Hg(3)-O>

Hg(4Fs(z)h x2

-o(1) x 2

4(4n \2

<Hs(4P

Hs(5)-€(1)

-s(2)h

-s(2)l

-o(2x
-o(4)

-o(5)

<Hs(6)-{>

Hs(oF\s(r)
-s(2)

-o(1r
-o(4x
-o(6)

-o(5)l

<Hs(6H>

C'{(1)

-o(2)

-o(3)

-o(6)

<Cr-o>

2.636(1)

2.66(r)

2.4()

2.11(1'

2.538(r)

2.442(41

3.0€(4)

3.08(1)

2.n(',

3.23(r)

2.U(1'

2.01(r)

2.4

2.382(41

2.8211'

2.n(')

2.393(4)

2.357(4)

3.eQ)

2.500)

2.58(1)

2.60(1)

2.61

2.&1(4)

2.38s(41

3.06(1)

2.45(1t

2.85(1)

2.es(1)

2.68

1.64(1)

1.68(1)

1.6e(1)

1.66(r)

1.A7

o(3!-Hs(3rc(4)s x2 s2.E(4')
q3FHs(3P{a)k x 2 872(1)

O-Hs(3Fo 90.0

s(2)h-Hs(4rc(1) x2 83.1(3)

S(2)h-Hs(a)-ql)J x 2 s8.s{3)
q2)h-Hs(arce)h x2 8e.0(3)

s(2)h-Hs(,lrcel x2 91.0(3)
qlFHs(4rce)r x2 81.7(4,

O(lFHs(arc(2)h x2 s8.3(4)
<O-Hg(4)-O> m.0

s(1Frrs(s)-s(2)r 74.4')

s0FHs(6)-q2I 1e.43)

s(1FHq(5H4) 94.6(3)

s(lFHs(5rc(6) s.5(3)

q2)F-Hs(5Fs(2)l 8741',

s(2)h-Hs(6)-o€)r 9o.s(3)

s(2)h-Hs(5rc(4) 84.q3)

q2)FHs(6F(4),1 12,.s(2)

s@h-Hs(6)-o(5) 87.s(3)

s@l-Hs(6rc(5) 70.1(3)

o(2f-Hs(5)-q4)J 81.e(3)

o(2x-Hs(6)O(6) 86.0(4)

<Hg(6)-O> S0.6

s(lHlgGFo(ll 83.3(3)

s(1)-Hs(o)-o(4r 88.8(3)

s(1FHs(0)-O(6) 8e.e(3)

s('lFHs(6P(5)l rm2(3)

s(2)-Hs(6rc(1)t e0.8(3)

s(2)-Hs(0Fo(a[ 88.6(3)

s(2FHs(6rc(ql 77.1(3,

s(2FHs(6)-o(6) 84.4(3)

q1)r-Hs(0F(4)t nsg')

o(1r-Hs(0)-o(5) n.oH',

o(4f-Hs(0p(6)l llxt.if(4)

o(6FHs(6)-o(6)l 101.1(4)

<O.Hg(6)O> &.7

q1rcr-o(2) 107.E0)

q1rcr-o(3) 1r0.0c4

O('lFcr-o(q lll.6f4

o(2Fr-O(3) 109.8(6)

O(2rcr-o(g) 108.a0)

oprcr-o(6) 109.0(0)

<@f-O> 10S.6

NdE: <\,1-{> dond6 tho m@ m€tal-[ged dham (A). EqulEtsni p@ffons: a . r
y - 1, z; b E 1 - x, y, 1 - z; c e x, y, 1 + z; d E x, 1 + y, z; o - 7, 1 - y 1'1, 1 - z: | - 1
- x, 1 - y, 1 - z; g - x - I, y, z; h - x, y, z - 1i I e X, 1 - y, 1 - z; | - 1 - x, 1 - y, a k
a 1 - x , Y , 2 .
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Hg(1) Hg(2)

L t ^ l q t

Fro. I . Coordination polyhedra of Hg positions in the stnrcture of deanesmithite. Hg atoms are
shade4 O atoms are shadowed spheres, and S atoms axe open lmger spheres. Hg-O
bonds are solid lines, Hg-S bonds are open lines, and Hg-S bonds over 3.0 A are broken
opetr lines. In this and succeeding figures, the assumption is made that there are
Hg(2)$(1)e andHg(2)-O(4) bonds, but no Hg(3)-S bonds (see text).

TABLE 4. BONDVALENCP ARRANGEITiENT IN DEANESMTTHM

?:+*
6

H9(4)

I+
I

Hg(3)

1
ffi

I
H9(6)

Y
n

i
n

s(2)

o(1)

o(2)

o(3)

o(4)

o(5)

Total

0.128(3)

0.08:r(2)

0.87(2)

0.719(8)

0.133(1)

o.z5a1o;',"r

0.044(1) o.1o1(2)'. ' 0.061(1)

o.'n+r.1"2! o.mP'1

o.oeqal o.oez1zy,.1
0.0267C0 o.o2(3),21 o.1si(5) o.2,$(n

0.190(6) 0.095(2)

0.069(2)

0.78(2) 1.018(9) 2.6(/r) 1.e4(1J 2.'t9\1') 1.98(1)

0.0e2(6) 0.735(6)

0.688(8) 0.713(6)

0.'t535(9)

2,28(1)

2.u{1)

1.4e(5) 1.70(0
't.31(4) 1.n@

1.27(4) 1.65(4)

1.98(4)

1.40(4) 1,75(4\

8.47(s')

'CahrHsd from tha dN6 ot Brese & O'f@fs (1991) dd B|m (1981); Elus In w.

would be underbonded. Although this contributes to the
overbonding at S(1) (2.28 vu), the assumption is made
that there is a weak bond between these two atoms.

There is also an O(4) atom 3.n A from Hg(2),
which may form a bond with the Hg atom. If O(4) is
included, the coordination polyhedron around Hg(2)
becomes a distorted octahedron. In addition, the closest
non-bonded cation to Hg(2) is an Hg atom at a distance
of 3.496 A. However. the bond-valence contribution is
only 0.O2i7 va and each O(4) atom is already bonded to
four Hg atoms. Despite this, the assumption is made
that there is a weak Hg(2)-O(4) bond, based largely on
the geometrical argument.

Relative to other Hg-<p (rp: unspecified anion) bond
lengths in the deanesmithite structure, tle Hg(1)-O(4)
and Hg(2)-S(1) distances are very short. Together with
the Hg(l)-Hg(2) dimer, they form an almost linear

Q-Hg-Hg-{ group, similar to those reeort€d from other
Hg1* compounds. The deviafion from linearity is illus-
trated by o( )-Hg(1)-Hg(2) and s(1)-Hg(2)-Hg(1)
angles of 17L.3 and 167.6".

The rest of the Hg atoms in the sfructure are divalenl
Two of these Hg atoms, Hg(3) and Hg(4), are at centers
of symmetry; this accounts for the five Hg atoms in the
fonnula unit. Hg(3), in the special position la, is
bonded to two O(3) and two O(4) atoms in a planar
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rhombic coordination. The Hg(3)-Q(3) and
Hg(3)-o( ) distances are 2.84 and 2.01 A, respec-
tively, and the G-Hg-O angles are 87.2 alid 92.8".
There are two S(1) atams 3.4U A away from Hg(3).
Do these atoms form bonds with the Hg atom? The
bond-valence contribution would be considerable
(0.109 va), but would confribute to overbonding at
Hg(3) and at S(1). The assumption is that these atoms
do not form bonds with Hg(3).

Hg in four-coordination is relatively common,
although usually in a distorted tetrahedral arrangement,
such as that seen in pinchite (Hawthorne et al.1994).
However, in hanawaltite @oberts^eral. 1996), one of the
Hg aloms is bonded to two o (1.9 A) and nvo Cl (2.994 A)
atoms in a similar planar rhombic configuration.

Hg(4), at the special position le, is coordinated by
two S and four O atoms (in rrazs arrangement), forming
a slightly distorted octahedron. The degrees of distor-
tion (mean-square relative deviation from the average:
Brown & Shannon 1973) for the bond lengths (A) and

angles (o2) are 0.0063 and39.2, respectively. The dis-
tances between Hg(4) and the S-(2), O(1) and O(2)
atoms are 2.352, 2.82 and 2.77 A, respectively. The
S-Hg-O angles range from 83.1 to 96.9o, and the
G-Hg-O angles are 81.7 and 98.3'. The O atoms atthe
equaiorial comers of the octahedron are shared q/ith

adjacent Cro4tefiahedra. Because of the short Hg-S
distances, the Hg(4) octahedron is slightly compressed
in the S-Hg-S direction.

Hg(5), at the general position 2i, is coordinated by
two S and tbree O aroms at distances of 2 -3g3 ta2.58 L
There is a third S atom at a distance of. 3.234 A. If this
atom is included in tle Hg(5) coordination sphere, the
resulting geomety is a distorfedocahedron (with g-Hg-{

angles ranging from 70.1 'ta 122.3", and A = 0.0L22, & =
166.4). Note also that the closest non-bonded Hg atom
is 3.4069 A away from Hg(5). However, the bond-
valence conffibution of the S atom is 0.1535 valence
units, which confributes to overbonding at both the
Hg(5) and S(2) sites. Nevertheless, the assumption is

1
C

I

{a}
Frc. 2. The sheet ofheteropolyhedra in deanesmithite, projected onto (010). Hg(4)' Hg(5),

and Hg(6) octahedra ue denoted by regular dots, crosses, and random dots' raspectively.

769
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made that there is a weak bond between these two
atoms, largely on the basis of the geomeftical argumenl

Hg(6), at the general position 2i is coordinated by
two S and four O atoms in a distorted octahedrat coordi-
nation (A = 0.0120, o2 = 105.5). The Hg(6)-S distances
arc 2.359 alid 2.364 A, and the Hg(6)-O distances
range from 2.45 ro 3.05 A. The q-Hg-g angtes vary from
73.0 to 106.4". The closest non-bon{ed O and Hg atoms
are at distances of 3.44 and3.464 A, respectively.

The Cr atom is tefrahedrally coordinated by four O
atoms at distances of I.& to 1.69(1) A, forming a
typical tetrahedral [CrO+]L group. The .<Cr-O> dis-
tance is 1.67 A, and the O-Cr-O angles vary from
107 .6 to 1 1 1.6". The lengths of the tetrahedron edges
range from 2.67 to 2.75 A.

The Hg(4), Hg(5), and Hg(6) octahedra share edges
to form comrgated sheets parallel to (010), with one
vacancy for every five occupied octahedral sites
@ig. 2). This part of the structure may also be described
as being composed of ribbons of edge-sharing Hg(4)
and Hg(6) octahedra (parallel to [101]) linked by pairs
of (edge-sharing) Hg(5) octahedra. The Hg(4) octahe-
dra have four shared and eieht unshared edees. with
lengths of 3.66 to 3.88 A *O f .+S to 4.23 X,..rp""-
tively. The Hg(5) and Hg(6) octahedra have five shared
and seven unshared edges; the lengths are 3.38 to

3.93 .4. (shared) and 3.33 to 3.81 A (unshared) for
Hg(5), and 3.36 to 4.51A lstrareC; arLd3.47 to 438 A
(unshared) for Hg(6). The lengths of the edges of the
vacant site are3.45,3.51 and 3.66 A (each X 2).

The sheets of octahedra are decorated on each side
by CrOatetrahedra that share O(1), O(2), and O(5)
atoms with the six octahedra surrounding each vacant
octahedral site Gig. 3). In etrect, each vacant site shares
two (opposite) faces with CrO4 letrahedra. The tetrahe-
dra project from the sheets in approximately the [010]
direction, and are offset because of the modulation of
the sheel

The sheets ofheteropolyhedra are held together by
the four-coordinated Hg(3) atoms and the Hg(1)-Hg(2)
dimers. Each Hg(3) polyhedron shares O(3) atoms with
CrOatetrahedra, and O(4) atoms with Hg(5) and Hg(6)
octahedra. The O(3) and O(4) atoms also form bonds
with Hg(l)-Hg(2) dimers, as do the S(1), O(1), and
O(2) atoms. Note that this part of the structure is very
similar to that of hanawaltite @oberts et al. 1996).

Dtscussror.t

The results of the structural analysis confirm the
formula of deanesmithite as Hg1+2Hg2*3CreO5S2. It is
the second reported mercury cbromate sulfide (after

b

FIc. 3. The structue of deanesmithite viewed down t00ll, with shading as in Figure 2.
Hg(3) and Crpolyhedra are denoted by parallel lines, and Hg(l) and Hg(2) atoms are
shown as soheres.
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edoylerite, Hg2*3Ct'"o4S2: Erd et al. 1993) and the
third reported mercury chromate (after edoylerite and
wattersite, Hgl+y'Ig2*CfO6: Roberts et al. L997,Groat
et al. 1995). The crystal structure of edoylerite has not
been published. However, according to Erd et al.
(1993), a preliminary structure refinement shows three
Hg2* atoms in octahedral coordination, two S'atoms
in tetrahedrat coordination, and one Ct'+ atom in tetra-
hedral coordination. This suggests that the structures of
edoylerite and deanesmithite are similar, although there
is no Hgl*-Hgl* dimer in the sfructure of edoylerite.

There are numerous similarities between the struc-
tures of deanesmithite and wattersite. In wattersite,
there are three distinct Hg positions, one of which is
divalent and in distorted octahedral coordination with O
(<IIg-o> 2.50 A, A = 0.0155). Adjacent octahedra
share edges and are linked to neighboring Croatetrahe-
dr4 forming chains (rather than sheets) that extend
parallel to [001]. The units of heteropolyhedra are
linked by G-Hg bonds to an Hgr+-Hgl* dimer. How-
ever, there is no equivalentto the deanesmithite Hg2*(3)
position in wattersite.

According to Roberts et aL (1993), deanesmithite
has been identified from the type specimen of
edoylerite. Wattersite is most closely associated with
cinnabar and native mercury at the Clear Creek deposit
@.oberts e/ al. 1991). Although it is not generally found
in close association with deanesmithite and edoylerite,
the chemical and sffuctural similarities are inniguing.
Unlike deanesmithite and edoylerite, wattersite con-
tains no S, but has a highel Hgl+6192+ ratio and a less
polymerized structure than deanesmithite.

Deanesmithite is thought to have formed as a result
of the reaction between a Cr-rich hydrothermal solution
and pre-existing Hg-bearing minerals such as cinnabar
@oberts et al. 1993). Edoylerite is considered to be a
primary alteration product of cinnabar (Erd et aL.1,993).
However, it is important to note that cinnabar is extre-
mely insoluble. This raises the possibility that deane-
smithite, edoylerite, and wattersite are primary phases.
If so, the concentration of Hg in solution becomes an
important factor (J.D. Grice, pers. comm.). An excess
of Hg(liquid) readily reduces Hg2* to Glg)x [and the
addition of 52- to (flg)z* in solution gives Hg(l) +
HgSl. If there is no excess Hg(l), oxidation proceeds
entirely to Hg2*. Excess HgQ) would therefore result in
Hg(l) + HgS + wattersite (mog6y Hgz*, no S); a defi-
ciency in Hg(l) would produce HgS + deanesmithite +
(with more oxidation) edoylerite (both with S, and Hgl*
in deanesmithite).
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