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Abstract
Single crystals of Al-free, ferromagnesian jeffbenite up to 200 µm in size have been synthesized 

at 15 GPa and 1200 °C in a 1200 tonne multi-anvil press from a starting composition in the forsterite-
fayalite-magnetite-water system. This phase has the approximate formula Mg2.62Fe2+

0.87Fe3+
1.63Si2.88O12 and 

is observed to coexist with a Ca-free clinopyroxene plus what appears to be quenched melt. The crystal 
structure has been refined from single-crystal X-ray diffraction data and is similar to that determined 
for natural Al-bearing jeffbenite, Mg3Al2Si3O12, reported from inclusions in superdeep diamonds. The 
structure is a tetragonal orthosilicate in space group I42d with a = 6.6449(4) Å, c = 18.4823(14) Å, 
and is structurally more closely related to zircon than to garnet. The T2 site is larger than T1, shares an 
edge with the M2 octahedron, and incorporates significant Fe3+. Because of the tetrahedral incorporation 
of trivalent cations, jeffbenite appears to be compositionally distinct from garnet. Previous specula-
tions that the phase may only occur as a retrograde decompression product from bridgmanite are not 
supported by its direct synthesis under transition zone conditions. The phase has a calculated density 
of 3.93 g/cm3, which is indistinguishable from a garnet of comparable composition, and is a possible 
component in the mantle transition zone under oxidizing conditions or with Al-rich compositions.
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Introduction
Jeffbenite is a new mineral recently named and described 

as inclusions in diamonds thought to be of superdeep origin in 
the transition zone or lower mantle (Nestola et al. 2016). Previ-
ously termed TAPP, for tetragonal almandine-pyrope phase, the 
composition closely resembles that of Al-rich garnet. Armstrong 
and Walter (2012) reported the occurrence of this phase in 
laser-heated diamond-anvil cell experiments at pressures of 6 
to 10 GPa and 1300 to 1700 °C, but it has not previously been 
synthesized in multi-anvil experiments. Recovery of large, syn-
thetic single crystals will facilitate further study of the crystal 
chemistry and physical properties of jeffbenite.

The synthesis experiment was not designed to produce this 
phase. Woodland and Angel (1998) reported the crystal structure 
of a spinelloid III phase isostructural to wadsleyite existing on 
the fayalite-magnetite join at 6 GPa. This phase has the tetra-
hedral site half occupied by ferric iron and the other half by 
Si. Exploratory multi-anvil experiments were conducted in the 
forsterite-fayalite-magnetite field under hydrous conditions to 
test for solid solutions between wadsleyite and spinelloid III. 
Bolfan-Casanova et al. (2012) and Smyth et al. (2014) noted that 
wadsleyite synthesized under oxidizing and hydrous conditions 
may incorporate up to 25% ferric iron in the tetrahedral site. 

This raises the question of whether there might be complete 
solid solution between the wadsleyite field at 13–18 GPa and the 
ferric-iron-rich spinelloid III from Woodland and Angel (1998) 
on the fayalite-magnetite join at 6 GPa.

One such experiment in our exploration of the forsterite-
fayalite-magnetite system at 15 GPa and 1200 °C produced 
an unrecognized Fe-rich silicate phase coexisting with what 
appeared to be a quenched liquid and Ca-free clinopyroxene. 
Single-crystal X-ray diffraction experiments were carried out 
to characterize the iron silicate phase. Examination of three 
crystals all show a body-centered tetragonal unit cell with lattice 
parameters of about a = 6.6 Å and c = 18.4 Å, consistent with 
the recently discovered jeffbenite phase, ideally Mg3Al2Si3O12 
in space group I42d (Nestola et al. 2016). Here, we report the 
synthesis of ferric-iron-rich, Al-free jeffbenite at transition zone 
P-T conditions, recovered to ambient for characterization and 
physical properties measurements. Along with the structure from 
X-ray diffraction, Raman, FTIR, and synchrotron-Mössbauer 
spectra are presented. This phase may be a stable phase in the 
mantle transition zone capable of accommodating significant 
amount of ferric iron through redox reactions in the deep mantle.

There have been several reports of the tetragonal almandine-
pyrope phase (TAPP), now known as jeffbenite, as inclusions in 
diamonds thought to be of ultra-deep origin, particularly from 
the Juina region of Brazil (Harte et al. 1999; Harris et al. 1997; 
McCammon et al. 1997; Walter et al. 2011; Bulanova et al. 2010; 
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