
Letter

Incorporation of high amounts of Na in ringwoodite: Possible implications for transport of 
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aBstract

Here we report on the coexistence between Na-rich ringwoodite and bridgmanite in the system 
MgSiO3-Na2CO3-Al2O3 at 24 GPa and 1700 °C. In our experiments ringwoodite incorporates up to 4.4 
wt% Na2O, with Na entering the octahedral site together with Si, according to the mechanism: Mg2+ → 
⅔Na+ + ⅓Si4+. The volume of the unit cell increases along with the Na content. A similar behavior is 
observed for the unit-cell volume of Na-bearing bridgmanite, although the mechanism of Na incorpora-
tion into this structure remains unknown because of the lack of sufficient crystallographic data. Na2O 
is compatible in ringwoodite relative to bridgmanite with a partition coefficient (D) of 5 (+5/–4), but is 
incompatible in ringwoodite relative to carbonate-rich melt/fluid, with the D value ranging between 0.5 
and 0.1. Al is highly enriched in bridgmanite relative to the other coexisting phases. Carbonatitic melt 
metasomatism in the deep transition zone may lead to local Na-enrichment, and ringwoodite may be an 
important host for Na in the deep transition zone. Subsequent convection or subduction of metasomatized 
mantle may lead to enrichment of alkaline elements in the upper and lower mantle.
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introduction

Spinel group minerals have very compact structures based on 
a slightly distorted close packed oxide anion lattice. While there 
are many spinels with different compositions, the compatibility 
of elements in a given spinel is quite limited by its constituent 
ions and the rigidity of the densely occupied lattice, with only 
two structural degrees of freedom, the oxygen u parameter and 
inversion (e.g., Hill et al. 1979; O’Neill and Navrotsky 1983). 
Consequently, large monovalent cations like Na and K are not 
expected to exhibit high solubility in Mg2SiO4 ringwoodite in the 
spinel structure. Ringwoodite-ahrensite (Mg2SiO4-Fe2SiO4) solid 
solution is the major rock-forming mineral in peridotitic litholo-
gies in the deep transition zone. Ringwoodite can incorporate a 
considerable amount of hydrogen into its structure (e.g., Smyth et 
al. 2003), and the deep transition zone may have a storage capacity 
of several weight percent water (e.g., Ohtani et al. 2004). Estimates 
of the electrical conductivity in the transition zone argue for an 
overall modest amount of water (Yoshino et al. 2008; Karato 2011), 
whereas recently an inclusion of ringwoodite in diamond was 
found to contain up to 4000 ppm of water (Pearson et al. 2014). 
These two findings are not necessarily in contradiction. Water- and 
CO2-bearing fluids, perhaps derived from subducted material, may 

cause local heterogeneity in the mantle. This is known to be the 
case in the upper mantle, where fluid-driven mantle metasomatism 
is a common and geochemically important process (Haggerty 
1983; Yaxley et al. 1991; Ionov et al. 1997; Gregoire et al. 2002). 
Diamonds with mineral inclusions originating in the transition 
zone and lower mantle provide strong evidence for the involve-
ment of such fluid- or melt-driven processes (Walter et al. 2008; 
Bulanova et al. 2010; Harte 2010), and it is likely that diamonds 
form by reduction of carbon-bearing fluids (Rohrbach and Schmidt 
2011). Fluid-driven metasomatism in the upper mantle is known to 
selectively mobilize incompatible elements, thus creating mantle 
regions that are depleted or enriched in those elements.

To better understand the crystal-chemical behavior of sodium, 
and by proxy other monovalent alkali elements, in the deep 
transition zone, we made a series of experiments on a simplified 
chemical system involving a Na-rich carbonated melt and mantle 
silicate. Experiments were conducted at 24 GPa, 1700 °C, thus 
representing conditions at the border between the transition zone 
and lower mantle.

experimentaL detaiLs

Synthesis
An experiment at 24 GPa and 1700 °C was performed using a 2000 ton split-

sphere press installed at the Ehime University (Matsuyama, Japan). A Co (17 wt%)-
doped MgO octahedral pressure medium of 8 mm edge length was compressed using 
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