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Fe,Mg,Mn-bearing phosphates in the GRA 95209 meteorite:
Occurrences and mineral chemistry
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INTRODUCTION

GRA 95209 belongs to a small group of unusual meteor-
ites with primitive compositions but highly equilibrated tex-
tures, known as acapulcoites–lodranites. Petrographic and
geochemical evidence indicates that these meteorites formed
on a common parent body that underwent variable degrees of
local partial melting, ranging from low degrees of Fe,Ni metal–
FeS cotectic melting in acapulcoites to the formation and re-
moval of silicate partial melts in lodranites (McCoy et al. 1996,
1997a, 1997b). In addition to typical silicate minerals (oliv-
ine, ortho- and clino-pyroxene, plagioclase), these meteorites
generally contain Fe,Ni metal, troilite, chromite, schreibersite,
and the Ca-phosphates, apatite, and merrillite. However, McCoy
and Carlson (1998) noted the presence of chladniite in GRA
95209, a mineral that had been observed previously only as a
single grain in the Carlton IIICD iron meteorite (McCoy et al.
1994). This paper reports on the occurrence of two distinct
Fe,Mg,Mn-bearing phosphates in GRA 95209: (1) an Fe- and
Mn-rich form of chladniite and (2) an orthophosphate compo-
sitionally intermediate between farringtonite and graftonite/
sarcopside (Buchwald 1984; Rubin 1997).

PHOSPHATE OCCURRENCES

GRA 95209 appears to consist of three lithologies, described
by McCoy and Carlson (1998): relatively metal-rich matrix,
metal-poor regions, and a metal-rich sheet on the surface of the
meteorite that extends into the interior (Carlson and McCoy
1998). The thin section analyzed here (,39) is representative
of the matrix and consists of equigranular olivine and
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orthopyroxene, with abundant metal and minor clinopyroxene,
plagioclase, and troilite. Rare chromite grains are present, but
Ca-phosphates are not observed in this section, although they
have been reported in this meteorite (McCoy and Carlson 1998).
Of particular interest in the section studied are two large re-
gions of Fe,Mg,Mn-bearing phosphate grains associated with
the metal. These areas, termed I (600 × 1100 µm) and II (500 ×
700 µm), are shown in Figure 1. Energy dispersive X-ray analy-
ses revealed that each region consists of two distinct phosphates:
chladniite, and an Fe,Mg,Mn-rich, Ca-free phosphate, that is
compositionally intermediate between farringtonite and
graftonite/sarcopside and is hereafter referred to as Mg-
graftonite. It should be noted, however, that these designations
are based only on mineral chemistry; structural determinations
have not been made in this study.

Both areas are associated with silicate minerals (primarily
olivine and orthopyroxene, but also minor plagioclase) as well
as Fe,Ni metal. Contacts between the minerals are typically
smooth and rounded, with many of the silicate grains partially
or entirely surrounded by metal and/or phosphate. In addition,
many of the silicates contain veins or regions of alteration prod-
ucts together with minor Fe,Ni metal and troilite. Composi-
tionally, these alteration phases resemble orthopyroxene and
olivine, but are enriched in FeO and depleted in MgO com-
pared to their counterparts in the meteorite. Many of the alter-
ation phases, especially those associated with olivine, also
contain excess Si above that required for stoichiometric min-
eral compositions. Textures within the phosphates are com-
plex (Fig. 1). Mg-graftonite is found in both regions as
individual grains up to ~200 µm in size. Chladniite occurs pri-
marily as thin rims partially surrounding Mg-graftonite or along
boundaries between metal and silicate grains. It is commonly,*E-mail: floss@howdy.wustl.edu


