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INTRODUCTION

Hollandite and isostructural phases contain a large open
tunnel site in their crystal structure and are repositories of large-
ion-lithophile (LIL) elements and H2O under P-T conditions of
terrestrial crust. Strontium-bearing hollandite-cryptomelane
compounds (simply denoted hereafter as hollandite) with up to
4 wt% SrO have been reported from Mn deposits (Perseil 1988;
Cabella et al. 1995) and a piemontite quartzose schist
(metachert) (Banno 1996). Strontiomelane, a Sr-analogue of
hollandite, was recently reported from the Praborna Mn de-
posit, Italy (Meisser et al. 1999). This occurrence shows that,
in addition to epidote-group minerals, hollandite-type phases
may also act as Sr-reservoirs under crustal conditions. A min-
eral with composition KAlSi3O8 and a hollandite-type struc-
ture is stable under mantle P-T conditions (Ringwood et al.
1967; Irifune et al. 1994; Schmidt and Poli 1998). The
“hollandite-type aluminosilicate (Hol-AS)” is, therefore, an
additional candidate for storage of LIL elements and H2O in
the mantle.

A small nodule consisting of an abswurmbachite/braunite
rich core (simply denoted hereafter as abswurmbachite) and a
hollandite-rich mantle occurs in a piemontite quartzose schist
from the high-P/T type Sanbagawa metamorphic belt.
Abswurmbachite, a Cu-analogue of braunite, has to date been
reported only from its type localities at Mili, Evvia (Euböa)
and at Apikia, Andros island, Greece (Reinecke et al. 1991).
Noélbensonite, a BaMn analogue of lawsonite, occurs as a small

inclusion in the abswurmbachite-rich core, and is the second
report following the type crystal from Woods mine, Australia
(Kawachi et al. 1996). Aggregates of hollandite and piemontite-
group minerals with variable SrO contents, 0.04–5.5 wt% and
0.05–13.1 wt%, respectively, occur sporadically in the
hollandite-rich mantle. In this paper, we: (1) discuss Sr distri-
bution between the coexisting hollandite and piemontite-group
minerals in the nodule; (2) show that a hollandite-type struc-
ture more easily accommodates Sr than an epidote structure;
and (3) emphasize the petrological and geochemical signifi-
cance of Hol-AS as a reservoir for LIL elements in the mantle.

MODE OF OCCURRENCE AND SAMPLE DESCRIPTION

The piemontite quartzose schist studied (registered speci-
men of the Geological Survey of Japan, GSJM31217) was col-
lected from the albite-biotite zone of the Sanbagawa
metamorphic belt along the Saruta-gawa (River Saruta), cen-
tral Shikoku, Japan (latitude 33°53'43''N, longitude
133°29'24''E). The metamorphic grade of the albite-biotite zone
is equivalent to that of the albite-epidote amphibolite facies,
and T-P conditions have been estimated at 480–580 °C and
0.7–1.0 GPa, respectively (Enami et al. 1994). The petrogra-
phy of the sample was described briefly by Banno (1996). The
quartzose schist occurs as a layer (1.9 m in width) within basic
schist that consists mainly of hornblende, epidote, chlorite, mus-
covite, albite, quartz, rutile, and ilmenite. Dark reddish
piemontite-rich lenses (up to 80 cm in length and 17 cm in
width) occur sporadically in the schist layer (Fig. 1a). The
piemontite-rich lenses are mainly composed of piemontite,* E-mail address: enami@eps.nagoya-u.ac.jp
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 ABSTRACT

 Coexisting minerals of the hollandite-cryptomelane series, piemontite-group, and
abswurmbachite-braunite series occur as a small nodule in a quartzose schist (metachert) from the
epidote-amphibolite facies area of the Sanbagawa metamorphic belt, central Shikoku, Japan. Stron-
tium, Ba, K, and Pb contents of the hollandite-cryptomelane minerals are 0.00–0.42, 0.07–0.99,
0.00–0.75 and 0.00–0.05 apfu (atoms per formula unit: O = 16), respectively. The piemontite–group
minerals can be divided into common piemontite (Ca > Sr in the ten-coordinated A2-site) and
strontiopiemontite (Sr > Ca). Strontium, Ba and Pb contents of the strontiopiemontite reach 0.71,
0.26 and 0.20 apfu (O = 12.5), respectively, suggesting the existence of two possible new end-
members for epidote-group minerals: “Ba-piemontite [BaCa(Mn3+, Fe3+, Al)3Si3O12(OH)]” and “Pb-
piemontite [PbCa(Mn3+, Fe3+, Al)3Si3O12(OH)].” The abswurmbachite-braunite series minerals (Cu
= 0.30–0.53 apfu: O = 12) contain up to 0.34 apfu Mg, indicating the exchange Mg(Mn2+, Cu)–1.
Distribution coefficients for Sr between the hollandite-cryptomelane series and the piemontite-group
minerals are up to 20, implying that the hollandite-type structure with its large open tunnel is more
suitable for incorporation of Sr than the A2-site of the piemontite-group minerals. A synthetic alumi-
nosilicate analogue of the hollandite-cryptomelane compound is stable under P > 8–10 GPa, and
suggests the hollandite-type aluminosilicate may be a reservoir of Sr and other large-ion-lithophile
elements in the upper mantle.


