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Bamfordite, Fe31Mo2O6(OH)3·H2O, a new hydrated iron molybdenum oxyhydroxide from
Queensland, Australia: Description and crystal chemistry
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ABSTRACT

Bamfordite from the abandoned W-Mo-Bi mines at Bamford, Queensland, Australia, is
a new hydrated iron molybdate with a unique structure. This mineral formed by oxidation
of molybdenite, MoS2, in the presence of strongly acidic solutions. It occurs as micro-
crystalline aggregates of tabular triclinic crystals between 0.005 and 0.05 mm long. The
aggregates are apple-green with an earthy luster and greenish yellow streak. Crystals are
transparent, with pale to moderate yellow-green pleochroism. They show principal forms
{001}, {100}, {010}, {110}, {110}, and prominent (100) cleavage traces. The Mohs hard-
ness is 2–3 and the measured density is 3.620 g/cm3 (calculated density is 3.616 g/cm3).
Crystals are biaxial negative and length slow, with RIs of a 5 1.91, b 5 2.03, and g 5
2.11, and 2V ø 908. Chemical analysis yielded an empirical formula of Fe Mo2.01W0.03

31
1.00

P0.02O10H4.62, calculated on the basis of ten O atoms. The simplified formula is Fe31Mo2O6

(OH)3·H2O, chosen on the basis of crystal-structure determination and Mössbauer spec-
troscopy results. Unit-cell parameters calculated both from the X-ray powder and single-
crystal diffraction data are a 5 5.889(5), b 5 7.545(5), c 5 9.419(5) Å; a 5 71.46(4)8, b
5 83.42(4)8, g 5 72.78(4)8; V 5 378.9(4) Å3; Z 5 2; P1 or P1. The crystal structure was
solved in P1 using direct methods and Fourier techniques. The final refinement based on
1486 observed reflections [I . 2.00 sI] converged to R 5 0.05 and Rw 5 0.038. The
bamfordite crystal structure contains groups of four MoO6 octahedra, linked by edge-
sharing, which in turn are linked through corner-sharing to pairs of FeO6 octahedra thereby
forming infinite sheets parallel to (100). These sheets are stepped and linked by hydrogen
bonding. No other molybdenum oxides have this or a similar structure, instead molybdates
such as wulfenite, PbMoO4, are based on tetrahedrally coordinated molybdenum.

INTRODUCTION

Despite the widespread occurrence of the sulphide min-
eral molybdenite, MoS2, and its susceptibility to weath-
ering processes, there are few common secondary min-
erals containing essential molybdenum. Existing
molybdenum minerals can be subdivided into three
groups. (1) Molybdenum oxides such as ferrimolybdite
Fe31

2(MoO4)3·8H2O, molybdite MoO3, and sidwillite
MoO3·2H2O, which are direct alteration products of mo-
lybdenite. (2) Molybdates such as wulfenite PbMoO4,
powellite CaMoO4, lindgrenite Cu3(MoO4)2(OH)2, and
molybdofornacite Pb2Cu[(As,P)O4][(Mo,Cr)O4](OH),
which are formed by the transport of molybdenum in di-
lute aqueous solutions. (3) U-bearing species such as cou-
sinite MgU2Mo2O13·6H2O? and iriginite (UO2)(Mo2O7)
·3H2O, which are, in general, poorly characterized and
found only in very small amounts.

The new species bamfordite is only the second iron
molybdate to be described. It is named for its locality,

Bamford Hill, in northern Queensland, Australia. The
mineral data and name were approved by the Commission
for New Minerals and Mineral Names before publication.
The type specimen is in the Museum of Victoria collec-
tion (M7424).

OCCURRENCE

The Bamford Hill W-Mo-Bi deposits are situated about
85 km WSW of Cairns, at latitude 178 199 S, longitude
1448 569 E. Although they were first worked for wolfram-
ite in about 1893, the most intense mining activity took
place during World War 1. A State Battery operated be-
tween 1917 and 1949, but by 1958 the field had been
abandoned. The mineralization at Bamford occurred in
about 70 quartz pipes distributed in a zone, about 2.5 long
and 0.5 km wide, of greisenized granite close to its con-
tact with volcanic rocks (the Featherbed Volcanics; De
Keyser and Wolff 1964). The main ore minerals were
wolframite, molybdenite, and bismuth, with smaller quan-


