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INTRODUCTION

Birnessite is a hydrous-layered Mn oxide (phyllomanganate). 
Its layers consist of edge-sharing MnO6 octahedra and these 
layers are separated from each other by hydrated interlayer 
cations. These cations compensate for a layer charge deÞ cit 
arising either from the presence of vacant layer sites or from the 
coexistence of heterovalent Mn cations in the octahedral layer. 
Birnessite interlayers incorporate a single sheet of interlayer H2O 
molecules, and exhibit a minimum periodicity along the c* axis 
of ~7 Å (Giovanoli et al. 1970a, 1970b; Burns and Burns 1977; 
Chukhrov et al. 1978; Post and Veblen 1990). In the following, 
the term �birnessite� will be used to describe all natural and syn-
thetic materials with such a layer structure, whatever the origin 
of the layer charge, and the actual conÞ guration and chemical 
composition of the interlayers.

Over the last few decades, birnessite has attracted a wide 

interest for several reasons. First, it is ubiquitous in geological 
environments in spite of the low abundance of Mn. It is, for 
example, a major component of Mn nodules, which cover huge 
areas of the ocean ß oor and the bottom of some lakes. It is also 
present in soils, sediments, and Mn-rich ore deposits (Burns and 
Burns 1977, 1978; Chukhrov et al. 1978, 1985; Drits et al. 1985; 
Golden et al. 1986; Cornell and Giovanoli 1988; Manceau et al. 
2000c). It was recently shown that bacteria play a major role in 
the formation of birnessite in most of these environments (Tebo 
and He 1999; Tebo et al. 2004; and references therein). Second, 
this mineral plays an essential role in different ion-exchange 
and redox processes because of its unique surface charge, and 
adsorption and redox properties (Manceau and Charlet 1992; 
Manceau et al. 1992a, 1992b; Paterson et al. 1994; Stone et al. 
1994; Tu et al. 1994; Le Goff et al. 1996; Silvester et al. 1997). 
In particular, birnessite plays a pivotal role in the fate of heavy 
metals and other pollutants in contaminated water systems and 
soils (Chao and Theobald 1976; Manceau et al. 1997, 1999, 
2000a, 2000b). Despite its low abundance, birnessite controls * E-mail: bruno.lanson@obs.ujf-grenoble.fr
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ABSTRACT

The polytypes of birnessite with a periodic stacking along the c* axis of one-, two-, and three-
layers are derived in terms of an anion close-packing formalism. Birnessite layers may be stacked so 
as to build two types of interlayers: P-type in which basal O atoms from adjacent layers coincide in 
projection along the c* axis, thus forming interlayer prisms; and, O-type in which these O atoms form 
interlayer octahedra. The polytypes can be categorized into three groups that depend on the type of 
interlayers: polytypes consisting of homogeneous interlayers of O- or P-type, and polytypes in which 
both interlayer types alternate. Ideal birnessite layers can be described by a hexagonal unit cell (ah = 
bh ≈ 2.85 Å and γ = 120°) or by an orthogonal C-centered cell (a = √3 b, bh ≈ 2.85 Å, and γ = 90°); 
and, hexagonal birnessite polytypes (1H, 2H1, 2H2, 3R1, 3R2, 3H1, and 3H2) have orthogonal analogs 
(1O, 2O1, 2O2, 1M1, 1M2, 3O1, and 3O2).

X-ray diffraction (XRD) patterns from different polytypes having the same layer symmetry and 
the same number of layers per unit cell exhibit hkl reß ections at identical 2θ positions. XRD patterns 
corresponding to such polytypes differ only by their hkl intensity distributions, thus leading to possible 
ambiguities in polytype identiÞ cation. In addition, the characteristics of the birnessite XRD patterns 
depend not only on the layer stacking but also on the presence of vacant layer sites, and on the type, 
location, and local environment of interlayer cations.

Several structure models are described for birnessite consisting of orthogonal vacancy-free or of 
hexagonal vacancy-bearing layers. These models differ by their stacking modes and by their interlayer 
structures, which contain mono-, di-, or trivalent cations. Calculated XRD patterns for these models 
show that the hkl intensity distributions are determined by the polytype, with limited inß uence of 
the interlayer structure. Actual structures of phyllomanganates can thus be approximated by ideal-
ized models for polytype identiÞ cation purpose. General rules for this identiÞ cation are formulated. 
Finally, the occurrence of the different polytypes among natural and synthetic birnessite described in 
the literature is considered with special attention given to poorly understood structural and crystal-
chemical features.
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