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Phase diagram and P-V-T equation of state of Al-bearing seifertite at lowermost mantle
conditions
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AbstrAct
We investigated the properties of Al-bearing SiO2 (with 4 or 6 wt% Al2O3) at pressures and temperatures corresponding to the lowermost mantle, using laser-heated diamond-anvil cell coupled with
synchrotron-based in situ X-ray diffraction. The phase transition from CaCl2-structured to -PbO2structured (seifertite) polymorphs occurs between 113 and 119 GPa at 2500 K. The range of pressure where the two phases coexist is small. There is a slight decrease of the transition pressure with
increasing Al-content. We propose a tentative phase diagram reporting the minerals composition as a
function of pressure in the SiO2-Al2O3 system.
P-V-T equation of state of Al-bearing seifertite based on volume measurements
up to more than 160 GPa and 4000 K [V0 = 92.73(10) Å3, K0 = 304.2(3.0) GPa, K0
D0 =
0 = 1.61(3)]. At 300 K, the volume decrease at the CaCl2 to -PbO2 transition is 0.5(1)%,
a value slightly lower than the 0.6% reported previously for Al-free samples. At high temperature, the
Grüneisen parameter of seifertite is found to be similar to that of stishovite. Nevertheless, the V/V
across the CaCl2-form to seifertite transition is found to increase slightly with increasing temperature.
Across the phase transition, volume changes can be translated into density changes only when the
Al substitution mechanisms in both CaCl2
data sets suggests different substitution mechanisms for the two SiO2 polymorphs. Al-substitution could
occur via O-vacancies in the CaCl2-form and via extra interstitial Al in seifertite. This would result
in a density increase of 2.2(3)% at 300 K for SiO2 in basaltic lithologies. Alternatively, the same Alsubstitution mechanism in both of the SiO2-dominated phases would yield a density increase of 0.5(1)%.
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introDuction
Seismic tomography suggests that the slab behavior depends
primarily on the original plate velocity, the penetration angle of
the slab into the mantle and the age of the subducted crust. In
several regions the slabs appear to flatten and be delayed near
the 660 km discontinuity. In most regions, however, slabs eventually descend through the lower mantle (e.g., van der Hilst et
al. 2007; van der Meer et al. 2010). The sinking of subducting
slabs in the deep mantle is controlled primarily by the density
difference between the slab materials and the ambient mantle,
while the mantle viscosity governs the speed of the descent.
Detailed tomographic mapping of high-velocity regions in the
mantle and comparison with surface paleogeography indicate
that most slab remnants sink through the entire mantle in about
250 Ma, i.e., with an average speed of about 1.2 cm/year (van
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der Meer et al. 2010).
The slab density is partly related to the slab temperature
but also to the intrinsic density of the various minerals and
their relative proportions. Older and relatively colder slabs are
expected to penetrate the deep mantle more easily. Still, a major
complication is the layered structure of the subducted slab, including its sedimentary, basaltic, and harzburgitic components.
The density inversion between peridotite and basaltic material in
the uppermost 50–100 km of the lower mantle caused by gradual
transformation of majoritic garnet (e.g., Ringwood 1991) led
to the suggestion of partial segregation (flotation) of garnetite
near the 660 km discontinuity. The low temperature and high
viscosity of slab material, however, make such a lithological
separation unlikely. Another possible site of basalt-peridotite
separation is the core-mantle boundary (CMB) region. Sinking
slab material deflected laterally along the CMB thermal boundary
layer will be heated considerably, resulting in reduced viscosity
(e.g., Steinberger and Calderwood 2006). Even moderate basalt-
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