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H positions in leucophoenicite, Mn7Si3O12(OH)2: A close relative of the hydrous B phases
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ABSTRACT
The proton positions in leucophoenicite, ideally Mn7Si3O12(OH)2, have been determined by neutron powder diffraction under ambient conditions on a natural sample from Franklin, New Jersey.
Refinement in the P21/a space group gave Rp = 2.0% (wRp = 2.1%), χ2 = 4.04 for 110 refined parameters. The two non-equivalent protons form a pair of hydroxyl groups and make hydrogen bonds to
the same O7 atom of the Si1 tetrahedron at distances of 1.99(1) and 2.09(1) Å. The H····H distance in
leucophoenicite is 2.16(1) Å, which is more than twice the Van der Waal’s radius of H (>2 Å) and so
no proton positional disorder is expected in leucophoenicite. A comparison of the H environments is
made between leucophoenicite and Phase B, Superhydrous B, and Phase A.

INTRODUCTION
Understanding the behavior of hydrogenous components of
mantle phases is important for interpreting the crystal chemistry and physical properties (elasticity and rheology) of these
phases and the mantle rocks in which they occur. Various densehydrous-magnesian silicate (DHMS) phases have been synthesized at high pressure and are thought to be potential storage
sites for water in the transition zone. Among these are Phase B,
Mg12[6]Si[4]Si3O19(OH)2, Superhydrous B, Mg10[6]Si[4]Si2O14(OH)4,
and Phase A, Mg7[4]Si2O8[OH]6.
Much insight into the important crystal-chemical features
of high-pressure mantle minerals has been gained by looking
at suitable analogue phases. Leucophoenicite, ideally
Mn7Si3O12(OH)2, a low-pressure mineral found in Pb-Cu-Zn
ore deposits, is one such analogue. Mackovicky (1995) pointed
out that there are strong topological similarities between the
structures of leucophoenicite and the DHMS compounds Phase
B (Finger et al. 1991) and Superhydrous B (Pacalo and Parise
1992). Most notably, the hydrous sheet of Phase B is the same
topologically as the structure of leucophoenicite. Both structures contain the serrated ribbon of [Mg,Mn] octahedra that is
also characteristic of olivine and humites. Adjacent ribbons are
linked by SiO4 tetrahedra. The hydrous sheets of Phase B and
Superhydrous B are shown in Figure 1 along with their characteristic SiO 4 (OH) 2 cluster. The hydrous B phases and
leucophoenicite have close-packed structures that lead to a welldeveloped layering of polyhedral sheets; only octahedra and
tetrahedra are present. Superhydrous B has a straight, unserrated
octahedral ribbon. All three phases share the same unusual H
configuration in which the H atoms from two neighboring hydroxyl groups form hydrogen bonds ~2 Å in length to the same
O atom of an SiO4 tetrahedron. A similar hydrogen-bonding
arrangement occurs in Phase A (Kagi et al. 2000). The distor* E-mail: mdw@nhm.ac.uk
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tions of cation octahedra in leucophoenicite are like those of
the hydrous sheet of Phase B. The leucophoenicite structure
consists of two polyhedral sheets which, in the centrosymmetric structure (see below), are related by inversion centers. In
Phase B there is an alternation of a leucophoenicite-type double
sheet of composition Mg7Si3O12(OH)2 comprising Mg octahedra and Si tetrahedra, and a single anhydrous sheet of Mg and
Si octahedra of composition Mg5SiO7 (Finger et al. 1991).
Leucophoenicite provides a rare opportunity to study H interactions relevant to the hydrous B phases. Ribbeite (Peacor et
al. 1987; Freed et al. 1993), ideally Mn5Si2O8(OH)2, is another
member of the leucophoenicite group that also includes
jerrygibbsite, ideally Mn9Si4O16(OH)2. All three minerals contain an SiO4(OH)2 group. No Mg-analogues of ribbeite or
jerrygibbsite are known as yet. A comparison between the H
environments in leucophoenicite and ribbeite is made later.

LEUCOPHOENICITE: THE P21/a STRUCTURE
The structure of leucophoenicite, without protons, was determined by Moore (1970) in space group P21/a and was shown
to be made up of polyhedral sheets stacked along b with a repeat distance of 4.9 Å. Centers of symmetry are located at the
Mn1 cation, at the midpoint of the O7-O7 tetrahedral edge,
and between the two Si2 tetrahedra, giving a hydrous double
sheet that is also present in Phase B. In the P21/a structure the
O7-O7 edge is shared by a pair of SiO4 tetrahedra (Si1) with
half occupancy of each tetrahedron. However, on a local scale
only one tetrahedron of the Si1 pair is occupied, and the other
is occupied by a pair of H atoms forming O-H bonds to O4 and
O5 (Moore 1970). Thus, in the real local structure the O7-O7
inversion centers are absent. The actual positions of the two
protons and the details of their associated hydrogen bonding
are unknown. As pointed out by Mackovicky (1995), orientational long-range ordering of SiO4(OH)2 clusters in the hydrous
B phases is required to preserve the motif of the octahedral
[Mg,Si] layer in these structures. This constraint does not exist

