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abstract

The crystal structure of glaucodot, (Co,Fe)AsS, an important member of the FeAsS-CoAsS-NiAsS 
system, was determined with single-crystal X-ray diffraction. It is orthorhombic with space group 
Pn21m and unit-cell parameters a = 14.158(1), b = 5.6462(4), c = 3.3196(2) Å, and V = 265.37(5) Å3. 
The structure is closely related to that of arsenopyrite or alloclasite, and represents a new derivative 
of the marcasite-type structure. The As and S atoms in glaucodot, which are ordered into six distinct 
sites (As1, As2, As3, S1, S2, and S3), form three types of layers [S, As, and mixed (S + As) layers] that 
are stacked along a in the sequence of (S + As)-(S + As)-S-(S + As)-(S + As)-As-(S + As)-(S + As)... 
In contrast, arsenopyrite contains the mixed (S + As) layers only and alloclasite consists of isolated 
S and As layers only. There are no As-As or S-S bonds in glaucodot; all dianion units are formed be-
tween S and As, like those in arsenopyrite and alloclasite. The (Co + Fe) cations in glaucodot occupy 
three nonequivalent octahedral sites (M1, M2, and M3), with M1(As5S), M2(As3S3), and M3(AsS5), 
which form three distinct edge-shared octahedral chains, A, B, and C, parallel to c, respectively. These 
chains are arranged along a in the sequence of A-A-B-C-C-B-A-A.... Whereas the configurations of 
the A and C chains are analogous to those in safflorite and marcasite, respectively, the configuration 
of the B chain matches that in alloclasite, leading us to propose that the M1, M2, and M3 sites are 
predominately occupied by Co, (Co + Fe), and Fe, respectively. Our study, together with previous 
observations, suggests that glaucodot is likely to have an ideal stoichiometry of (Co0.5Fe0.5)AsS, with 
a limited tolerance for the variation of the Co/Fe ratio.
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introduction

The ternary FeAsS-CoAsS-NiAsS system contains several 
important sulfarsenides, including arsenopyrite FeAsS, cobal-
tite CoAsS, gersdorffite NiAsS, alloclasite (Co,Fe)AsS, and 
glaucodot (Co,Fe)AsS. These minerals are commonly found 
in complex Co-Ni-As deposits, such as Håkansboda, Sweden 
(Carlon and Bleeker 1988), the Cobalt District, Ontario (Petruk 
et al. 1971), Bou-Azzer, Morocco (Ennaciri et al. 1995), Modum, 
Norway (Grorud 1997), and Spessart, Germany (Wagner and 
Lorenz 2002). When precipitated from hydrothermal solutions, 
these sulfarsenides, along with pyrite/marcasite (FeS2), can incor-
porate considerable amounts of trace metals, especially so-called 
“invisible” gold (e.g., Palenik et al. 2004). Under oxidizing con-
ditions, however, they can release significant amounts of arsenic 
into natural water and soils, in some cases producing serious 
arsenic poisoning and contamination (O’Day 2006). Therefore, 
the crystal structures and bonding models of sulfarsenides have 
been the subject of extensive experimental and theoretical studies 
(e.g., Vaughan and Rosso 2006; Makovicky 2006)

The crystal structures of all minerals, except glaucodot, in the 
FeAsS-CoAsS-NiAsS system have been determined. Topologi-
cally, each can be categorized into either a modified pyrite- or 

marcasite-type structure (Hem et al. 2001; Makovicky 2006). A 
common structural feature of these minerals is that each cation 
(M = Fe, Co, and/or Ni) is octahedrally coordinated by six 
anions (X = As and S), and each anion is tetrahedrally bonded 
to another anion plus three cations. The diversity of structural 
symmetries is attributed primarily to the octahedral linkage and 
the order-disorder of As and S anions. 

By analogy to marcasite, de Jong (1926) first derived an 
orthorhombic cell (a = 6.67, b = 3.21, and c = 5.73 Å) for glau-
codot from X-ray powder diffraction data. Using rotating crystal 
and Weissenberg methods, Ferguson (1947) also obtained an 
orthorhombic cell for the glaucodot sample from Håkansboda, 
Sweden, but with a0 = 6.64, b0 = 28.39, and c0 = 5.64 Å, and 
space group Cmmm. Nevertheless, Ferguson (1947) noticed 
numerous systematically missing reflections that were not due 
to space-group extinctions and suggested that the whole pattern 
of reflections can be referred, without abnormal extinctions, to 
two congruous subcells: Subcell I corresponding to the strong 
reflections with a P-lattice and a1 = a0/2, b1 = b0/2, and c1 = 
c0, and subcell II corresponding to the weak reflections with a 
C-lattice and a2 = a0, b2 = b0/3, and c2 = c0. The subcell II actu-
ally matches the pseudo-orthorhombic lattice of arsenopyrite 
(Buerger 1936; Morimoto and Clark 1961; Fuess et al. 1987). 
The powder diffraction data given by Ferguson (1947), which * E-mail: hyang@u.arizona.edu


