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Effect of iron on the compressibility of hydrous ringwoodite
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aBstract

Single crystals of hydrous ferroan ringwoodites with compositions (Mg0.97Fe1.00)1.97Si0.98H0.13O4 and 
(Mg1.21Fe2+

0.66Fe3+
0.1)1.97Si0.97H0.06O4 have been synthesized. Their lattice parameters at ambient conditions 

are a = 8.1597(6) Å and V = 543.28(13) Å3 and a = 8.1384(3) Å and V = 539.03(7) Å3, respectively. 
The unit-cell lattice parameters were measured at different pressures up to about 9 GPa by means 
of X-ray single-crystal diffraction. The P-V data were fitted with a second-order Birch-Murnaghan 
equation of state (K′ fixed to the value of 4) refining to the following equation of state parameters: V0 
= 543.32(7) Å³ and KT0 = 186.5(9) GPa for (Mg0.97Fe1.00)1.97Si0.98H0.13O4 and V0 = 539.01(5) Å³ and KT0 
= 184.1(7) GPa for (Mg1.21Fe2+

0.66Fe3+
0.1)1.97Si0.97H0.06O4. Structural refinements indicate the presence of 

significant octahedral vacancies in sample (Mg1.21Fe2+
0.66Fe3+

0.1)1.97Si0.97H0.06O4 due to the oxidation of 0.1 
apfu of ferric iron. Correlation between the O-O distances of the octahedral edges and the shift of the 
OH-stretching frequency suggest that the H incorporation occurs at the octahedral site.
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introduction

Ringwoodite (Mg,Fe)2SiO4, a high-pressure polymorph of 
olivine, is thought to be the most abundant mineral in the lower 
part of the Earth’s transition zone (510 km depth) as well as in 
the deep part of the martian mantle at 1200 km depth. It possesses 
the cubic normal spinel structure with the space group Fd3m. 
The O atoms are arranged in a cubic close packing with silicon 
occupying the tetrahedral interstitial sites and magnesium and 
iron the octahedral interstitial sites, respectively. Kohlstedt et 
al. (1996) evidenced that nominally anhydrous minerals such 
as Mg90-ringwoodite are able to accommodate up to 2.4 wt% 
H2O in the form of OH-groups in their structure, which implies 
a potentially enormous water reservoir in the Earth’s mantle. 
Since physical properties such as compressibility of ringwood-
ite determine the characteristics (e.g., seismic velocities) of 
the lower part of the mantle transition zone, dry and hydrous 
Mg2SiO4 ringwoodites have been studied intensively using 
different techniques such as Brillouin spectroscopy, ultrasonic 
interferometry, and X-ray diffraction (Hazen 1993; Inoue et al. 
1998; Yusa et al. 2000; Jackson et al. 2000; Li 2003; Sinogeikin 
et al. 2003; Wang et al. 2003; Jacobsen et al. 2004; Manghnani 
et al. 2005; Jacobsen and Smyth 2006). Jackson et al. (2000) and 
Li (2003) determined an isothermal bulk modulus of KT0 of 185 
GPa for dry Mg-ringwoodite using Brillouin spectroscopy and 
ultrasonic interferometry. Dry iron-bearing ringwoodite with up 
to 10 mol% iron appears to have a slightly higher bulk modulus 
[KT0 = 188(3) GPa] than the pure Mg-end-member (Sinogeikin 
et al. 2003), although the difference is negligible, given the 
uncertainties. Anhydrous pure iron-end-member ringwoodite 

measured in diamond anvil cells (DAC) shows a distinctly higher 
bulk modulus of 207(3) GPa (Hazen 1993). In contrast, hydrous 
Mg-ringwoodites with 2.3 wt% H2O have a smaller isothermal 
bulk modulus with KT0 ranging between 155(4) and 165.8(5) GPa 
(Inoue et al. 1998; Wang et al. 2003). Powder X-ray diffraction 
data of hydrous Mg-ringwoodite with 2.8 wt% H2O also resulted 
in a significantly smaller bulk modulus of 148(1) GPa (Yusa et al. 
2000). A theoretical study by Li et al. (2009) also predicts linear 
decrease of bulk modulus of ringwoodite with increasing water 
content. Isothermal bulk modulus of hydrous ferroan ringwoodite 
(~1 wt% H2O; 11 atom% iron) was determined using ultrasonic 
interferometry as well as powder X-ray diffraction and ranges 
from 175(3) to 177(4) GPa (Jacobsen et al. 2004; Manghnani et 
al. 2005; Jacobsen and Smyth 2006). Water and iron substitu-
tion into the ringwoodite structure appears, therefore, to have 
an opposite effect on its compressibility. To better constrain this 
behavior, we have performed a single-crystal X-ray diffraction 
compressibility study at room temperature using well-character-
ized, iron-rich hydrous ringwoodite samples. Knowledge of the 
effect of iron on the compressibility of ringwoodite is particularly 
important for the interpretation of the structure of iron-rich plan-
etary mantles such as those of Mercury and Mars.

experimental methods

Sample characterization
Samples of hydrous ferroan ringwoodite were synthesized from a stoichiometric 

MgFeSiO4 + 9.5 wt% H2O starting mixture [Fe2SiO4+Mg(OH)2+SiO2] at 15 GPa and 
1150 °C (run 3854) as well as at 20.5 GPa and 1400 °C (run 4218) using a 1200 ton 
multi-anvil press. The starting material was loaded into welded Pt-capsules with 1.6 
and 1.2 mm diameter for 14/8 and 10/4 multi-anvil assemblies, respectively. Heating 
duration was 30 min for run 3854 and 3.5 h for run 4218. Ringwoodite was the only 
phase present in the synthesis product of run 3854, whereas it was the dominant * E-mail: geertje.ganskow@uni-bayreuth.de


