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INTRODUCTION

It has long been known that small amounts of hydrogen can
be incorporated into nominally anhydrous minerals, NAMs
(Griggs 1967; Wilkins and Sabine 1973). Whereas structurally
incorporated hydrogen can be identified by IR spectroscopy
(Beran and Putnis 1983; Aines and Rossman 1984a; Freund
and Oberheuser 1986; Rossman 1988), for most NAMs it is
not clear how the hydrogen atoms are incorporated into the
structure. This is a result of the difficult localization of the small
amounts of hydrogen incorporated into phases stable at the tem-
peratures and pressures prevalent in the mantle. In addition,
the energetics of the incorporation of hydrogen in NAMs is not
well understood, as calorimetric experiments to study these
problems are exceedingly difficult.

The changes of the structure and physical properties of
NAMs due to the incorporation of hydrogen are of great tech-
nological relevance, as it is the cause of hydrolytic weakening
in quartz (Griggs 1967). They are also of considerable interest
in the Earth sciences, as NAMs may introduce significant
amounts of “water” into the Earth’s mantle, which would sig-
nificantly change the physical properties of the mantle (Griggs
1967; Mackwell et al. 1985; O’Neill et al. 1993). Due to their
abundance, stability and chemical variability, one of the most
interesting mineral groups which may represent a possible stor-
age medium for hydrogen in the Earth’s mantle is the garnet
family. In grossular, Ca3Al2(SiO4)3, all the SiO4-tetrahedra can
be replaced by O4H4 complexes and hence it has been possible
to determine accurately the structure of hydrogrossular (katoite),
Ca3Al2(O4H4)3, and of members of the solid solution series be-
tween grossular and katoite (Cohen-Addad et al. 1967; Smrc̆ok

1987; Lager et al. 1987; Lager and von Dreele 1996).
The substitution of SiO4 by O4H4 has been called the

hydrogarnet substitution, and it has been proposed that it is an
effective mechanism of incorporating H into the garnet struc-
ture. However, in contrast to grossular, it has not yet been pos-
sible to introduce more than very small amounts of hydrogen
into garnets belonging to the pyralspite group, and the amounts
of hydrogen in natural pyralspite garnets are minute (Wilkins
and Sabine 1973; Aines and Rossman 1984b). From infrared
spectroscopic studies it now seems clear that there are several
sites which hydrogen can occupy in pyralspite garnets, and the
hydrogarnet substitution is probably only one of several pos-
sible mechanisms for hydrogen incorporation. It would there-
fore be of interest to establish why the hydrogarnet substitution
in pyrope is energetically less favorable than in grossular.

To understand the implications of the presence of hydroge-
nated garnets in the mantle, it is of interest to understand their
properties at high pressures. Olijnik et al. (1991) used energy-
dispersive X-ray diffraction to study compression of synthetic
katoite in a diamond anvil cell up to 42 GPa. A Birch-
Murnaghan fit gave a bulk modulus, KT = 66 ± 4 GPa, and its
pressure derivative, K' = 4.1 ± 0.5 (Olijnik et al. 1991). The
low bulk modulus of katoite compared with that of grossular,
KT = 168 GPa, was attributed mainly to the high compressibil-
ity of the O4H4-tetrahedra. The hydrogarnet substitution also
expands CaO8-dodecahedra and makes them more compliant,
which contributes as a “second-order” effect to the softening
of katoite (Olijnik et al. 1991).

Lager and Von Dreele (1996) refined the crystal structure
of katoite up to 9 GPa using neutron powder diffraction. Their
results, however, are not completely consistent with the earlier
observations. Interatomic distances in the structure reported
by Lager and Von Dreele (1996) at ambient conditions differ* E-mail: bjoern@min.uni-kiel.de
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ABSTRACT

The structural properties of katoite, Ca3Al2(O4H4)3, are investigated as a function of applied pres-
sure. The calculated structure at ambient pressure, the bulk modulus and its pressure derivative are
in good agreement with the available experimental data. The strength of the hydrogen bond in-
creases under pressure, accompanied by a lengthening of the O-H bonds. This conclusion agrees
with experimental spectroscopic data and casts serious doubts on the reliability of neutron diffrac-
tion results that predict strong compression of the O-H bonds. Calculations for Mg3Al2(O4H4)3 have
been used to predict the structure and relative stability of the hypothetical hydropyrope.


