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New accurate elastic parameters for the forsterite-fayalite solid solution
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Abstract
Three natural olivines with Fo80Fa20, Fo71Fa29, and Fo62Fa38 compositions were investigated in situ
at high pressure by single-crystal X‑ray diffraction using a diamond-anvil cell up to ∼8 GPa at room
temperature. The bulk modulus, KT0, and its first pressure derivative, K′, do not show any significant
variation among the compositions investigated and, using the data on a further sample with Fo92Fa8
composition recently investigated in the same laboratory and using the same experimental technique,
we obtain, for the first time, a single equation of state for the entire Fo92Fa8-Fo62Fa38 compositional
range. The equation has the following coefficients: KT0 = 124.7(9) GPa and K′ = 5.3(3) and can be
used for thermodynamic calculations involving the most common mantle olivine compositions.
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Introduction
Olivine [Mg2SiO4 (forsterite, Fo)-Fe2SiO4 (fayalite, Fa) solid
solution] is one of the most studied minerals in Earth sciences
due to its abundance in several geological terrestrial and extraterrestrial environments, and because it is therefore involved in
geological processes at global scale. This phase is thought to
constitute up to more than 50% of the Earth’s upper mantle (e.g.,
Ringwood 1977) and between 36 and 38% of the whole-mantle
(Ganapathy and Anders 1974; Morgan and Anders 1980). Olivine
is stable down to 410 km where it transforms to its polymorph
wadsleyite (β-olivine) at pressures dependent upon the Fe content
and temperature. For example, at 1400 °C for a pure Mg2SiO4
composition the transformation occurs at about 14 GPa, while
for (Mg0.9Fe0.1)2SiO4 it occurs in an interval between about 12.8
and 13.5 GPa but an increase of temperature would sharpen the
olivine-wadsleyite transformation (Frost 2003 and references
therein). This transformation is considered to be the cause of
the seismic discontinuity at about 410 km depth in the mantle,
and separates the upper mantle from the transition zone (e.g.,
Agee 1999). Thus, to evaluate the stability field and the interval
of potential metastability accurately, it is crucial to determine its
physical properties to construct correct thermodynamic models.
For this reason, several previous studies tried to clarify the effect
of the Mg→Fe substitution on one of the most important thermodynamic properties, the room-pressure bulk modulus KT0 (inverse
of compressibility β). In situ high-pressure X‑ray diffraction
experiments on a pure synthetic forsterite single crystal provided
a KT0 = 132 GPa with the first pressure derivative K′ fixed to 4
(Hazen 1976). For a synthetic crystal of fayalite Hazen (1977)
obtained a KT0 of 113 GPa, also assuming for the Fe end-member
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that K′ is equal to 4. Suzuki et al. (1983) used the Rectangular
Parallelepiped Resonance method to determine an adiabatic bulk
modulus KS0 = 128.9 GPa for a synthetic forsterite that, using
the conversion KS0/KT0 = (1 + αγT) ≈ 1.01 (with α = 2.65 × 10−5
K−1, Fei 1995, and γ = 1.26, Isaak 1992), corresponds to a KT0 =
127.6 GPa. Kudoh and Takeuchi (1985) also studied forsterite
with same the experimental technique as Hazen (1976) and determined a KT0 of 123 GPa with K′ = 4.3. The authors also studied
a natural sample of fayalite [containing 0.11 atoms per formula
unit (apfu) of Mn and 0.04 apfu of Mg based on 4 O atoms]
providing a KT0 = 132 GPa with K′ fixed to 4. Webb (1989),
measured a San Carlos Fo90Fa10 olivine by ultrasonic techniques
and obtained a KS0 = 129.5 GPa, corresponding to a KT0 = 128.2
GPa, accompanied by K′ = 4.66. Andrault et al. (1995) performed
X‑ray diffraction experiments on powder material samples up to
70 GPa for compositions (Mg1–xFex)2SiO4 with x = 0, 0.17, 0.66,
and 1, and found no differences in compressibility between them
with a bulk modulus KT0, identical for all samples, equal to 131(6)
GPa for K′ fixed to 4. Zha et al. (1996) found for pure forsterite
a KS0 = 129 GPa corresponding to KT0 = 127.7 GPa with a K′ =
4.2 by sound velocity measurements on a single crystal. Downs
et al. (1996) measured pressure-volume data by single-crystal
X‑ray diffraction on a pure Mg2SiO4 sample and calculated a KT0
= 125 GPa for K′ = 4.0. Speziale et al. (2004) studied a natural
(Fe0.94Mn0.06)2SiO4 fayalite by Brillouin scattering and reported
a KT0 = 136 GPa with K′ = 4.9. Poe et al. (2010) studied a single
crystal of pure forsterite by single-crystal X‑ray diffraction and
obtained KT0 = 124.4 GPa with K′ = 4.9. Nestola et al. (2011)
measured the P-V curve of an olivine with composition Fo92Fa8
by single-crystal X‑ray diffraction and found KT0 = 123.2 GPa
with the first pressure derivative K′ = 5.6.
It is evident from this brief review (see Table 1) that a significant degree of scatter is present among the bulk moduli of
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