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INTRODUCTION

The Pnmn amphibole structure was first identified in syn-
thetic Li-, F-, Mg-bearing and Li-, F-, Fe-, Mn-bearing speci-
mens, and the crystal structure was refined (Gibbs et al. 1960;
Gibbs 1969 and personal communication). It is structurally re-
lated to orthoamphibole in the same way that protoenstatite
(Smith 1959) is related to enstatite, as predicted by Gibbs et al.
(1960), who called it protoamphibole. Octahedral layers in
amphibole, like in other pyriboles, have two orientations re-
lated by a half-rotation about the b-axis. A cross (X) refers to a
half-rotation between successive octahedral layers whereas a
dot (•) refers to no rotation (Thompson 1970, 1981). Pnmn
amphibole, like protoenstatite, has an (X) configuration whereas
Pnma amphibole, like enstatite, has a (•X) configuration. Hence,
the terms proto and ortho refer to (X) and (•X) configurations,
respectively.

The first natural protoamphiboles (Sueno et al. 1998) were
not reported until almost 40 years later than the paper by Gibbs
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et al. (1960). Fe-species (protoferro-anthophyllite) occurs in
pegmatites, and Fe-, Mn-species (protomangano-ferro-
anthophyllite) occurs in both pegmatites and a metamorphosed
manganese deposit. Subsequently, we discovered the Mg-, Fe-
species of protoamphibole (protoanthophyllite) from three
metamorphosed serpentinites in Japan (Konishi et al. 2002).
Here, we present the results of the structural refinement of proto-
anthophyllite from the Takase ultramafic complex.

The mineral and mineral name of protoanthophyllite have
been approved by the Commission on New Minerals and Min-
eral Names of the International Mineralogical Association (no.
2001-065). The mineral is named after the proto-type analogue
of anthophyllite, following the report of amphibole nomencla-
ture by Leake et al. (1997). Type material is preserved at the
National Science Museum, Tokyo, Japan, and the Smithsonian
Institution, Washington, D.C.

EXPERIMENTAL METHODS

Single-crystal X-ray intensity data were collected using a Bruker SMART
APEX CCD diffractometer at Arizona State University. A crystal fragment, free
of {100} and {010} lamellae, was selected and cut from a petrographic thin
section for the X-ray measurement. We used the SMART V5.622 system of
programs for unit-cell determination and X-ray data collection, SAINT V6.02A

ABSTRACT

Protoanthophyllite, (Mg, Fe)7Si8O22(OH)2, is a newly discovered amphibole species from the
Takase ultramafic complex in Japan. It occurs as prismatic crystals up to 5 mm in length in a ther-
mally altered serpentinite that experienced contact metamorphism. The protoanthophyllite is asso-
ciated with forsterite, talc, serpentine minerals, chlorite, chromian spinel, magnetite, pentlandite,
and calcite. Some protoanthophyllite crystals contain minute lamellae of anthophyllite, other pyriboles,
or both. Protoanthophyllite is biaxial negative, with refractive indices na = 1.593(2), nb (calc.) =
1.609, ng = 1.615(2), and 2Vx = 64(5)∞. Electron microprobe analyses give an empirical formula of
(Mg6.31Fe0.61Na0.06Mn0.01Ni0.01)S7.00(Si7.90Al0.14)S8.04O22(OH)2. It is orthorhombic with space group Pnmn.
The unit-cell dimensions are a = 9.3553(8), b = 17.9308(15), and c = 5.3117(4) Å: with V = 891.0(3)
Å3 and Z = 2. A single-crystal X-ray structure determination shows that, following the convention of
Thompson (1981), protoanthophyllite has an (X) configuration. The topology of the silicate tetrahe-
dral chains is similar to that of the anthophyllite A-chains. Silicate tetrahedral chains are O-rotated
in protoanthophyllite, whereas those in protoferro-anthophyllite are S-rotated. Iron atoms are con-
centrated in the 4-coordinated M4 sites. The unit-cell volume is ~1.5% larger than the equivalent
volume of anthophyllite with Mg/(Mg + Fe) = 0.885, suggesting a high-temperature or low-pressure
stability relative to anthophyllite, assuming that protoanthophyllite is not metastable.




