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using a double-sided laser setup at temperatures between 2200 and 3100
K over relatively long time periods ranging from 20 to 100 min.

The only observed changes upon laser heating for all investigated
samples were shifts in the positions of reflections due to variations in
temperature and pressure (fig. S1). Detailed inspection of diffraction
patterns (Fig. 2 and fig. S2) did not reveal the appearance of any non-
identified reflections during or after heating. When pressure remained
the same before and after laser heating (see, for example, table S1), the
lattice parameters of bridgmanite also remained the same within ex-
perimental uncertainty, suggesting that the integrity of the material
was not affected by prolonged laser heating. The data sets collected
for temperature-quenched samples are of sufficient quality to perform
accurate structure refinements, including the determination of the oc-
cupancy of iron at the two different distinct crystallographic sites of the
perovskite-type structure [see the studies by Glazyrin et al. (12) and
Bykova (17) for methodological details]. Perovskite-structured ortho-
rhombic bridgmanite (space group Pbmn, no. 62) has two cation posi-
tions (fig. S3): one coordinated by a distorted bicaped prism (“A”-site)
and one octahedrally coordinated (“B”-site). We found that in accord-
ance with previous observations (12) and within the uncertainties of
our method (about 5% of total iron content), there is no evidence for
redistribution of Fe between the two crystallographic sites and there
are no changes in the chemical composition (table S1).

The occurrence of an iron-rich H-phase at high pressures and tem-
peraturesmay be related to the instability of pure iron bridgmanite [or
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pure ferrous iron bridgmanite (8)]. Indeed, the amount of the Fe2+SiO3

component that can be accommodated by Mg,Fe bridgmanite ranges
from about 12 mole percent (mol %) at 26 GPa (18) to 50 to 74 mol %
at ~85GPa (19–21). At pressures from∼20 to over 115GPa, pure FeSiO3

was reported to disproportionate into FeO and SiO2 (22, 23). Ferrous
iron end-member bridgmanite has never been synthesized so far, and
the solubility limit of the Fe-bearing component in perovskite-
structured silicate remains unknown. However, it is nowwidely accepted
(2, 5, 12, 15, 24) that bridgmanite relevant to the lower mantle contains
both ferrous and ferric iron. Thus, the relevant question is whether pure
Fe2+,Fe3+-bridgmanite exists or not.

We used synthetic skiagite-majorite garnet as the starting ma-
terial for experiments to study the high-pressure high-temperature
behavior of Mg,Al-free Fe3+-bearing silicate with the composition
Fe2+3(Fe

2+
0.234(2)Fe

3+
1.532(1)Si

4+
0.234(2))(SiO4)3, as determined from single-

crystal diffraction and Mössbauer spectroscopy data (25). Our expe-
riments using theMA apparatus up to 23 GPa and 1900 K demonstrate
that above 12.5 GPa and 1700 K, skiagite-majorite garnet decomposes
into SiO2 and Fe oxides (Fig. 1 and fig. S4). Laser heating of skiagite-
majorite garnet in the DAC up to ~40 GPa and 1500 to 2300 K resulted
in decomposition into stishovite (SiO2) andFe4O5 (Fig. 1 and fig. S5) (26).
Remarkably, in some runs, iron oxide crystallized in the form of single
crystals (or polycrystalline domains), which gave diffraction data of
sufficient quality for an accurate structure refinement of Fe4O5 (fig. S6
and table S4). Upon heating at pressures above ~45GPa, we observed
Fig. 1. Stability fields of skiagite garnet, oxides, and bridgmanite. Ski, skiagite-majorite garnet Fe2+3(Fe
2+

0.234(2)Fe
3+

1.532(1)Si
4+

0.234(2))(SiO4)3 (25); open
trianglewith cross,mixture of stishovite (St, SiO2), Fe1−xO, and Fe4O5; empty triangles,mixture of stishovite and Fe4O5. Solid symbols correspond to conditions
of the experiments onMg0.86Fe0.14Al0.04Si0.96O3 (FE14, squares), Mg0.83Fe0.17Al0.06Si0.94O3 (FE17, triangle), andMg0.60Fe0.40Si0.63Al0.37O3 (FE40, circle) described
in table S1. Open circles show conditions at which pure iron bridgmanite (Fe2+0.64(2)Fe

3+
0.24(2)Si1.00(3)O3) was synthesized. The dark gray area marks pressure-

temperature conditions at which experiments on Fe,Al-bearing bridgmanite were conducted. Red solid curve, expected lower mantle geotherm (46). Error
bars indicate experimental uncertainty in pressure and temperature.
2 of 7

http://advances.sciencemag.org/


R E S EARCH ART I C L E

 on July 16, 2016
http://advances.sciencem

ag.org/
D

ow
nloaded from

 

different sequences of transformations. For example, at 51(1) GPa
and 1800(100) K, skiagite-majorite garnet decomposes into stishovite,
high-pressure orthorhombic h-Fe3O4 (27), and one additional phase
(fig. S5). At higher temperatures [2100(100) K; for example, fig. S5],
diffraction lines of stishovite are absent, the intensity of reflections of
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h-Fe3O4 decreases, and the diffraction pattern is dominated by lines of
the additional phase that can be easily indexed as orthorhombic. Anal-
ysis of single-crystal diffraction data allows unambiguous identifica-
tion of this phase to be GdFeO3-type perovskite structure (fig. S3 and
table S2). The same phase was synthesized by heating skiagite-majorite
Fig. 2. Examples of parts of the two-dimensional wide-scan x-ray diffraction images of bridgmanite Mg0.86Fe0.14Al0.04Si0.96O3. (A to D) Data were
collected (A) before and (B to D) after laser heating at the indicated temperatures and pressures. Indices are given for bridgmanite reflections
(underlined by boxes). The only observed changes in diffraction patterns upon heating are due to development of additional domains of the same
phase (marked in red). Large black spots are due to diamond (D) reflections. Diffraction rings of Ne (pressure transmitting medium), Re (gasket), and
Au are also marked. Data were collected at IDD-13 at APS. Yellow circles indicate bad pixels of the detector. (Full high-resolution images are also
given in the Supplementary Materials).
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