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Abstract
Galaxite (Gx:MnAl,O,) and jacobsite (Jb:MnFe,0y)-rick spinels occur together in the

metamorphosed manganese deposit near Bald Knob, North Carolina. They show limited
" mutual solubility with 12-19% Jb in Gx and 19-22% Gx in Jb. The implied solvus is

consistent with syntheses of Ishida et al. (1977) alor.g the Gx-Jb pseudobinary. Refinement
of the structure of one galaxite (GxgsJb1oSpsGhy) reveals that Mn is located on tetrahedral
sites and Al on octahedral sites and that galaxite is therefore-a normal spinel. All available
data suggest that jacobsite is also a normal spinel at low temperatures, and the solvus
between galaxite and jacobsite does not seem to be caused by differences in normality/in-
verseness. Chemical and experimental data available for (Mg,Zn,Mg,Fe**)(Fe**,Al);04
spinels suggest that the ferrites (jacobsite, franklinite, magnesioferrite and magnetite) show
extensive solid solution and are separated from aluminate solid solutions (galaxite, gahnite,
~ spinel (s.s.) and hercynite) by wide solvi at metamorphic temperatures.

Introduction

The manganese deposit near Bald Knob, North Caroli-
_na contains a wide range of unusual manganese minerals
which have equilibrated under amphibolite facies meta-
morphic conditions (Winter et al., 1981). The deposit was
originally described by Ross and Kerr (1932). We have
subsequently carried out extensive mineralogical-petro-
" logical studies of the several mineral groups occurring
there (Peacor et al., 1974; Winter et al., 1981, in prep.;
Simmons et al., 1981). The spinel group minerals (galaxite
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and jacobsite) found at Baid Knob are relatively simple in -
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composition and therefore serve as a source of insights
into the crystal-chemical and phase relations of spinels.
This paper is a description of the mineralogy and petrolo-
gy of those manganese spinels.

Only a limited amount of experimental data are avail-
able regarding the nature of solvi among spinels at low to
moderate temperatures. Turnock and Eugster (1962) ex-
perimentally determined the magnetite-hercynite solvus
showing complete soli’ solution above 870°C and a wide
miscibility gap below 600°C. These two spinels are largely
inverse and normal, respectively. The area of complete
solution probably represents a continuum of cation distri-
butions, but the occurrence of the solvus must be related
in part to ordering into the inverse versus the normal
cation distribution. Experiments on the binaries

! Contribution No. 375 from the Mineralogical Laboratory,
Department of Geological Sciences, the University of Michigan.

0303-004X/83/0304-0449502.00 449

Fe;04-Fe,TiO4 (Vincent et al., 1957; Price, 1981; Linds-
ley, 1981) and Fe;04~ZnFe;04 (Valentino- and Sclar,
1982) suggest that the solvus observed in natural materi-
als must form below 500-600°C. Experiments in the
systems MnFe,0,~MnAlLO4 (Ishida et al., 1977) and
ZnFe,04~ZnAl,04 (Carvalho, 1978) reveal extensive mis-
cibility gaps at metamorphic temperatures of 500-700°C
with the crest of the solvi located at 900-1100°C. Experi-
ments of Muan et al. (1972) on the‘te‘maries FeAl,O4
Fe,TiOsFeCr;04 and MgAl,0,~Mg,TiO~MgCr;04 show
solvi extending to more than 1300°C between the alumi-
nate and titanate species but with complete solution at T
> 1000°C. engendered with addition of 30-40% of the
chremites. There are no experiments on the join
MgAl,O4~Fe;04 and one must turn to natural occur-
rences to estimate the form of this solvus.

Surprisingly few examples exist of observaticns on
naturally occurring two-phase spinels despite the fact that
such observations may have the advantage of demon-
strating equilibrium cation distributions at relatively low
temperatures. Studies of minerals in lunar basalts have
revealed high-temperature solvi in tlhe system Mg,
Fé2+)A1304—(Mg,Fez+)Cr204—(Mg,FcZ+)zTiO4 (Hag-
gerty, 1971, 1972a,b,c; El Goresy et al., 1972, 1976;
Nehru et al., 1974). Muir and Naldrett (1973) and Berg
(1976) analyzed coexisting spinels and magnetites from
igneous rocks, finding a wide miscibility gap in the system
Fe;0,~MgAlL,O4 which contracts with increasing Cr-in
solid solution. Plaksenko (1980) describes incipient exso-
lution in chrome spinels from ultramafic rocks. Kuno
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Table 2. Structure factors for galaxite
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