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abstract

The crystal chemistry of eosphorite from Chamachhu (Skardu District, Baltistan, Pakistan) 
[(Mn2+

0.94Fe2+
0.06Al0.01)Σ1.01AlPO4(OH1.90F0.10)Σ2·H2O, a = 6.9263(4), b = 10.4356(8), c = 13.5234(10) Å, V 

= 977.5(1) Å3, space group Cmca, Z = 8], has been reinvestigated by means of electron microprobe 
analysis in wavelength-dispersive mode and single-crystal neutron diffraction at 20 K. The anisotro-
pic structural refinement has been performed with final agreement index R1 = 0.0381 for 82 refined 
parameters and 860 unique reflections with Fo > 4σ(Fo). The analysis of the difference-Fourier maps 
of the nuclear density allowed an unambiguous location of the H sites, the description of the H2O 
molecule and the OH-group configuration, along with the hydrogen-bonding scheme. We can now 
describe the structure of eosphorite as built by (Mn,Fe)O4(OH,H2O)2 and AlO2(OH)2(OH,H2O)2 
octahedra, which both form chains running along [100]. The two types of chains are connected, via 
shared corners, to form a set of (100) sheets held together by P-tetrahedra (and hydrogen bonds) to 
form a three-dimensional framework. This material provides the rare opportunity to investigate the 
H-bond configuration of coexisting hydroxyl groups and H2O molecules in minerals by single-crystal 
neutron diffraction.
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iNtroDuctioN

Minerals belonging to the eosphorite [MnAl(PO4)
(OH)2·H2O]-childrenite [FeAl(PO4)(OH)2·H2O] series, with 
the ideal chemical formula M2+Al(PO4)(OH)2·H2O, where M2+ 
= Fe2+, Mn2+ (Hurlbut 1950; Fransolet 1980), are widespread 
secondary phosphates occurring in medium to strongly evolved 
rare-element granitic pegmatites ranging from the beryl- to the 
petalite-subtype in the classification of Černý and Ercit (2005). 
Eosphorite, in particular, is a low-temperature metasomatic 
mineral in lithium-cesium-tantalum (LCT) granitic pegmatites, 
where it usually crystallizes in open cavities of pegmatitic dikes 
(Simmons et al. 2003). Eosphorite is one of the low-T alteration 
products of primary phosphates, mainly lithiophilite. It forms 
prismatic elongated crystals (up to 10 cm), frequently grouped 
in divergent clusters of pale-brown or pale-pinkish color.

The unit-cell constants and the possible space groups of 
childrenite (Bbam or Bba2) were first reported by Barnes 
(1949). The crystal structure of childrenite was later solved by 
Giuseppetti and Tadini (1984) by means of X-ray single-crystal 
diffraction. The authors refined the crystal structure in the acen-
tric space group Bba2, with a = 10.395(1), b = 13.394(1), and 
c = 6.918(1) Å (Z = 8) [childrenite composition: (Mn0.11Fe0.89)
Al(PO4)(OH)2·H2O].

The crystal structure of eosphorite was first solved by 
Hanson (1960) in the centrosymmetric Bbam space group, 
with a ≈ 10.52, b ≈ 13.60, and c ≈ 6.97 Å (Z = 8), and later 

reinvestigated by Hoyos et al. (1993) by means of X-ray single-
crystal diffraction, in the Cmca space group, with a = 6.928(1), 
b = 10.445(1), and c = 13.501(2) Å [eosphorite composition: 
(Mn0.76Fe0.24)Al(PO4)(OH)2·H2O]. Hoyos et al. (1993) studied 
the optical absorption and photoluminescence of the eosphorite 
sample used for the X-ray investigation.

The crystal structure of both eosphorite and childrenite 
consists of chains parallel to the a-axis (in the Cmca space 
group) that in turn consist of distorted (Mn,Fe)-octahedra, 
sharing opposite O-O edges, and chains of Al-octahedra. The 
two types of chains are connected via shared corners to form 
a set of (100) sheets held together by [PO4] tetrahedra (and 
hydrogen bonds) to form a three-dimensional network, as 
shown in Figure 1.

Although the general structural model of Hoyos et al. 
(1993) for eosphorite is correct, as shown by bond distances 
and angles, the quality of the X-ray diffraction data at that 
time did not allow the authors to provide: (1) a non-ambiguous 
picture about the Fe/Mn-ordering in the octahedral sites (as-
suming a fully disordered configuration with one independent 
Fe/Mn-octahedral site) and (2) the localization of all the pro-
ton sites, leaving open questions concerning the topological 
configuration of the H2O molecule and of the OH– groups, 
their displacement regime along with the role played by the 
H-bonds. The location of the proton sites and the nature of the 
H-bond in this material are important, as the total amount of 
H2O is ∼16 wt%. In addition, this material provides the rare 
opportunity to investigate by single-crystal neutron diffraction * E-mail: diego.gatta@unimi.it


