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Abstract. The crystal structure of kastningite, a new
mineral from Waidhaus, Bavaria, Germany, has been
determined. Ideal formula from X-ray structure analysis
is MnCH20)4[A!zCOHhCH20)2CP04hJ . 2 H20. Lattice
parameters are a = 10.205(1) A, b = 10.504(1) A, c =
7.010(1) A, a = 90.38(1)°, (3 = llO.lO(lt, Y = 71.82(lt
(space group pI, Z = 2).

Kastningite is isostructural to stewartite Mn(H20)4
. [Fe~+(OHhCH20h(P04h] . 2 H20. Chains of comer
sharing octahedra run in the [102] direction. Within the
chain, octahedra of composition [Al(OHhCOphCH20h]3-
alternate with others of composition [Al(OHh(Op )4]7-
(with Op designating oxygen atoms which form part of a
phosphate group). The resulting chain composition is
[Al(OpMOH)(H20)]4-. Symmetry equivalent chains are
bridged by [P04]3- tetrahedra and sheets parallel to (01O}
of composition [A!z(OH)2CH20hCP04)2f- are formed.
[Mn(H20)4COph]2- octahedra link these sheets in the di-
rection of [010] thus resulting in a three dimensional
structure. The structure is further held together by a com-
plex system of hydrogen bonds.

Chains of corner-sharing octahedra which are further
connected to [P04]3- tetrahedra are a common feature
within other aquated orthophosphate hydrate minerals. Yet
there are differences with respect to the number of sym-
metrically equivalent octahedra within the chain, their
composition as well as to the way they are connected to
the tetrahedra. A brief comparison of kastningite to these
IJtherminerals is given.

1. Introduction

The new mineral kastningite was found in Waidhaus, Ba-
varia, Germany. It occurred in a phosphate-rich assem-
blage associated with other minerals like variscite and
paravauxite in the aplite of the Waidhaus pegmatite. The
crystals attain 2 rom and are tabular on [001]. For a closer
description see [1J. The mineral was approved by the 1.

· Correspondence author (e-mail: wmbfrxxk@lg.ehu.es)

M. A. Commission on New Minerals and Mineral Names
in 1998.

The ideal formula of kastningite from X-ray structure
analysis is Mn2+(H20MAI2COHhCH20hCP04hJ . 2 H20.
It is isostructural with stewartite and polymorphic to man-
gangordonite. These minerals are closely related to other
aquated orthophosphate hydrate minerals like laueite, gor-
donite, mangangordonite, paravauxite etc.. The dominant
feature within the structures of these compounds are chains
of comer sharing octahedra with a chain repeat distance of
approximately 7 A.

We determined the crystal structure of kastningite to
gain insight about the relationship of it to other aquated
orthophosphate hydrate minerals.

2. Experimental and structure refinement

Crystal data as well as details concerning the measurement
and retlnement are given in Table 1.

Positions of the hydrogen atoms were found using dif-
ference Fourier synthesis. Their coordinates were retlned
while there isotropic displacement parameters were fixed.
Final atomic coordinates are given in Tables 2 and 3. Se-
lected bond lengths are given in Table 41.

3. Description of the structure and comparison
to other related minerals

Kastningite is isostructural with the mineral stewartite. It
is also a polymorph of mangangordonite and has close
relationship to several aquated hydroxyl orthophosphate
hydrate minerals. Lattice parameters of related compounds
are given in Table 6.

I Additional material to this paper can be ordered referring to the
no. CSO 410793, names of the authors and citation of the paper at
the Fachinformationszentrum Karlsruhe, GeseIlschaft fUr
wissenschaftlich-technische Information mbH, 0-76344 Eggenstein-
Leopoldshafen, Germany. The list of Fa/Fe-data is available from the
author up to one year after the publication has appeared.



Symmetrycode: (i) 1 - x, 1 - y, 1 - z (ii) 1 + x, y, z (iii) -x, -y, -z (iv) -1 + x, y, z, (v)
1 - x, -y, -z (vi) x, y, -1 + z (vii) -x, -y, 1 - z (viii) ] - x, -y, 1 - z (ix) ] + x, y, 1 + z,(x) x, ] + y, z
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Fig. 1. a-b-projection of the crystal structure of kastningite; octahedra
and tetrahedra around Mn, AI and P are shown. Oxygen atoms form-
ing part of water molecules appear as open circles; hydrogen atoms
are not drawn for reasons of clearness; drawn with STRUPL084
[14].

to the the {OlO} plane. These layers are comer-connected
via [Mn(Oph(HZO)4]z- octahedra in the direction of [010]
to fonn the three dimensional structure (see Fig. I).

Two water molecules are incorporated into cavities
within the structure and a complex system of hydrogen
bonds further binds the structure together. The correspond-
ing 0-0 distances are generally in good agreement with
the ones observed in stewartite (see Table 5).

The chain repeat distance of 2 x 7.113 .1\ in kastningite
compares nicely with the one observed in Mn-gordonite
(7.088.1\). In stewartite where the centers of the octahedra
are occupied by Fe3+ ions the chain repeat distance is
considerably larger (2 x 7.39.1\; see Table 6).

Table S. Hydrogen bond system: O-H... 0 distances and O-H-O
angles. Corresponding distances for stewartite are given in parenth-
esis.

0-0 distance
[A]

O-H-O-angle
n

H201 ~ HI5 . 1.82.01
OW6 ~ H13 . !73 . 02
OWl ~ H2 .2040. 03
H202 ~ HI8 .201 . 04

OH2 ~ H4 . 2.24. 04

H202 ~ HI7 .2.05.05

OW6 ~ HI4 .200 . 05
OHI ~ HI . 2.23. 06

H201 ~ HI6 .201. 07
OW4 ~ H9 . 223. 07

OW2 ~ H5 . ~oo. 08
OWl ~ H3 . ~?~ . H201
OW3 ~ H7 . !56 .H202
OW4 ~ HIO. 2.03. OW5
OW5 ~ HII .1.78. H201
OW5 ~ HI2 . !79 . H202

OW2 ~ H6 . 20~ . OW3
OW3 ~ H8 . 2.25. OW6

2.80 (2.83)

2.63 (2.64)
2.82 (2.85)
2.85 (2.90)

2.96 (2.93)

2.77 (2.82)

2.97 (2.91)
2.89 (2.77)

2.80 (2.86)
2.93 (2.88)

2.66 (2.67)
2.75 (2.84)

2.65 (2.69)

2.85 (2.94)

2.71 (2.76)
2.72 (2.76)
2.91 (2.91)

2.79 (2.93)

164.7

163.4
[71.5

170.8
157.2
[65.1

167.1
152.2

160.7

135.8

163.3
165.7

174.0

157.9

150.3
152.1

151.5
[31.4

The average bond distance within the Mn-O octahe-
dron is 2.147.1\ and agrees well with the one in mangan-
gordonite (2.155.1\). In stewartite on the other hand the
average bond distance is significantly larger (2.180.1\).
Accordingly bond valence calculations lead to the high
values of 2.3 v.U. and 2.24 v.u. for the Mnz+ ion in kast-
ningite and mangangordonite while in stewartite the value
is closer to the ideal value (2.11 v.u.) This is presumably
due to the fact that in kastningite and mangangordonite a
considerable amount of the smaller Fez+ ion is incorpo-
rated into the octahedra while in stewartite the site is fully
occupied by Mn2+.

As pointed out by Moore [2, 3] chains of edge-linked
octahedra are a dominant feature in a group of aquated
orthophosphate hydrate minerals (see Table 6, Fig. 2). Yet
there are basic differences with respect to the composition

r
(102]

Fig. 2. part of the chain of edge linked octa-
hedra in (a) pseudolaueite (b) mangangordo-
nite and (c) kastningite; only tetrahedra
Which are bonded to two octahedra of the
chain are shown; drawn with STRUPL084
[14]. @ @ @
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of the octahedra, the number of symmetrically indepen-
dent octahedra and the linkage to the [P04]3- tetrahedra.

In pseudolaueite and metavauxite there exists only one
type of symmetry independent octahedron within the chain
(see Fig. 2a). In pseudolaueite, it has composition
[Fe3+(Oph(OHh(H20)]5- while in metavauxite the center
of the octahedra is occupied by AI3+.

In laueite (and isostructural minerals Jike gordonite,
mangangordonite, paravauxite, sigloite), two different sym-
metry independent octahedra are observed (see Fig. 2b).
In laueite these octahedra have compositions
[Fe3+(OpMOH)2]7- and [Fe3+(Oph(OHh(H20h]3-. In
the isostructural minerals, the centers of the octahedra are
occupied by AI3+.

As pointed out before III kastningite and stewartite,
three different types of octahedra are found. In kastningite
two of them have composition [Al(OHh(Oph(H20h]3-
while the third has composition [Al(Op MOHh]7-, where
in stewartite the centers of the octahedra are occupied by
Fe3+.

The chain composition for all these minerals taking
into account only the octahedra thus results III
[M3+(Op)3(OH)H20]4- n (with M3+ = Fe3+, AI). The
Jinkage of the chains of octahedra in the three structure
types to the tetrahedra can be observed in Fig. 2.
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