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INTRODUCTION

Pumpellyite-type minerals are mixed group silicates con-
taining isolated SiO4 tetrahedra and disilicate Si2O6(OH) groups.
The general formula is given as W8X4Y8Z12O56–n(OH)n, where
W is a seven-coordinated site mostly occupied by Ca, X, and Y
are two crystallographically independent octahedral sites oc-
cupied by divalent and trivalent cations, and Z is a tetrahedral
site mostly containing Si (Passaglia and Gottardi 1973). End-
members of the pumpellyite-type mineral group are julgoldite
(Moore 1971; Allmann and Donnay 1973), shuiskite (Ivanov
et al. 1981), okhotskite (Togari and Akasaka 1987; Akasaka et
al. 1997), and V-pumpellyite (Pan and Fleet 1992). The name
pumpellyite, julgoldite, shuiskite, or okhotskite depends on
whether Al, Fe, Cr, or Mn is the prevailing cation at the Y-site.
A suffix should be added to indicate the major cation at the X-
site (Passaglia and Gottardi 1973). The structures and crystal
chemistries of pumpellyite-type minerals are closely related to
those of several silicate minerals containing disilicate (e.g.,
sursassite, macfallite) or trisilicate groups (e.g., ardennite,
orientite) and to synthetic Ca-free high-pressure phases
(Schreyer et al. 1986; Schreyer et al. 1987; Artioli et al. 1999;
Gottschalk et al. 2000).

Although the basic crystal structures of pumpellyite-Al and
julgoldite-Fe have long been known (Gottardi 1965; Galli and
Alberti 1969; Allmann and Donnay 1973; Yoshiasa and
Matsumoto 1985), the crystal-chemical role of multi-valence
elements (i.e., Fe and Mn) has only recently been investigated
(Artioli and Geiger 1994; Artioli et al. 1996; Akasaka et al.
1997). Iron, in particular, has been studied using X-ray powder
diffraction methods (Artioli and Geiger 1994), X-ray absorp-
tion spectroscopy (XAS: Artioli et al. 1991) and 57Fe Mössbauer
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ABSTRACT

The crystal structure of julgoldite-Fe3+ from Bombay, India, was investigated by 57Fe Mössbauer
spectroscopy and synchrotron X-ray powder diffraction. Only ferric iron was detected in the
Mössbauer measurements and it occurs at two different octahedral sites in the atomic ratio 20:80.
Based on Rietveld refinements, the Fe3+ cations are located at the X- and Y-octahedral sites with
atomic percentages of about 25% and 75%, respectively. The resulting chemical formula of the
Bombay julgoldite sample is Ca8(Fe3

2
+
.7Al1.1Mg0.2)(Fe3

8
+
.0)Si12O42(OH)14. The oxidation state of Fe is

not the same as that arrived at through simple crystal-chemical considerations. Such analysis cannot
give quantitative results for the valence state of mixed-valence cations in pumpellyite-type minerals
and their intracrystalline partitioning behavior. Assignments of the Mössbauer absorption doublets
and an analysis of Fe-intracrystalline partitioning behavior are discussed with reference to previous
works on different pumpellyite-type minerals.

spectroscopy (MS: Artioli and Geiger 1994; Akasaka et al.
1997). XAS proved to be unsuitable for determining the va-
lence state of Fe and its intracrystalline partitioning. Mössbauer
spectroscopy, on the other hand, has proven better in this re-
gard. All previous crystal-chemical studies were performed on
Fe-rich pumpellyite samples, and they gave different partition-
ing schemes for Fe2+ and Fe3+ over the X- and Y-sites. Artioli
and Geiger (1994), based on a complementary powder diffrac-
tion and Mössbauer spectroscopy study of Fe-rich pumpellyite-
Al samples from Keweenawan, Michigan, and Bulla, Italy,
proposed that divalent and trivalent iron cations are partitioned
in the X- and Y-octahedral sites, respectively. Akasaka et al.
(1997), based on a Mössbauer spectroscopy study of pumpellyite-
Fe samples from Tokoro and Mitsu, Japan, concluded that Fe2+

can also occur at the seven coordinated W-site, and that the X-site
may host Fe2+ and Fe3+ in different proportions.

No Mössbauer spectroscopic measurements have been made
on true julgoldite, that is on samples having Fe as the prevalent
cation on the Y-site, or on samples having a total iron content
larger than six octahedral cations per unit cell. The present study,
therefore, contributes to ongoing investigations concerning the
valence state and Fe intracrystalline behavior in pumpellyite-
type structures using synchrotron X-ray powder diffraction
(XRPD) and 57Fe Mössbauer spectroscopy (MS).

EXPERIMENTAL METHODS

Samples
To date, julgoldite has been reported from Långban, Sweden (Moore 1971),

Noril’sk, Russia (Zolotukhin et al. 1965), Ratho and Auchinstarry, Scotland
(Livingstone 1976), and Bombay, India (Ottens 2001; Wise and Moller 1990).
We tried to obtain samples from each of these localities, either from the original
authors reporting the occurrences, or from museums and dealers. The amount
of samples from Långban and Scotland that were made available to us were
much too scarce for study either by XRPD or MS. The only samples containing
julgoldite in some quantity were those from the quarries near Bombay, India.


