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INTRODUCTION

High-pressure partial melting of carbonated peridotite may 
represent the deepest melting occurring in basalt source regions 
(Wyllie and Huang 1975; Galer and OʼNions 1986; Plank and 
Langmuir 1992). Experiments show that the solidus of carbon-
ated peridotite intersects the oceanic geotherm at >200 km 
beneath ridges (Presnall et al. 2002; Dasgupta and Hirschmann 
2006). However, experimental determinations may not con-
strain directly the partial melting behaviour of peridotite in the 
mantle. Studies that employ synthetic compositions (Canil and 
Scarfe 1990; Dalton and Presnall 1998) do not account for the 
inß uence of important oxides such as Na2O and FeO* (= total 
Fe). Experiments with compositions that incorporate these com-
ponents typically contain much more CO2 than the very small 
concentrations (<~0.4 wt%) thought to be present in basalt source 
regions beneath oceanic ridges and oceanic islands, and excess 
CO2 may bias experimental solidus determinations of these high 
variance compositions. 

Estimates for the concentration of CO2 in the mantle beneath 
oceanic ridges range from 50 to 2000 ppm (Saal et al. 2002). 

Sources beneath oceanic islands may be richer, with ~1000 to 
4000 ppm CO2 (Trull et al. 1993; Dixon et al. 1997; Pineau et 
al. 2004). However, owing to decarbonation of mantle xenoliths 
during ascent (Canil 1990) and degassing of magmas (Holloway 
and Blank 1994) upon eruption, signiÞ cant uncertainties remain 
regarding average concentrations of carbon in mantle source re-
gions (Jambon 1994). The carbon in these sources may be stored 
as reduced carbon (diamond or graphite), or as crystalline carbon-
ate, depending on depth and on the oxygen fugacity (Luth 1993, 
1999; Dasgupta and Hirschmann 2006), but in either case, initial 
melting results in stabilization of carbonatite liquid (Dasgupta 
and Hirschmann 2006). Therefore, determination of the onset of 
carbonatite stability in the presence of small amounts of carbon-
ate is of principal importance for understanding deep melting in 
basalt source regions. 

It is not feasible to detect experimentally the solidus of 
lithologies with the small amounts of carbon found in natural 
peridotite, so experiments are performed with much higher CO2 
concentrations (2�5 wt%) (Wendlandt and Mysen 1980; Wal-
lace and Green 1988; Falloon and Green 1989). Because natural 
peridotite has high thermodynamic variance, this excess CO2 
can potentially bias experimentally determined solidi. Reaction 
between excess CO2 and silicate minerals may produce more 
refractory crystalline carbonate compositions than those found 
at lower CO2 concentration. Similarly, reaction between excess 
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ABSTRACT

To explore the effect of variable CO2 concentrations on the solidus of natural carbonated perido-
tite, we determined near-solidus phase relations of three different nominally anhydrous, carbonated 
lherzolite bulk compositions at 6.6 GPa. Starting mixes (PERC, PERC2, and PERC3) were prepared 
by adding variable proportions of a carbonate mixture that has the same Ca:Mg:Fe:Na:K ratio as the 
base silicate peridotite [MixKLB-1: Mg no. = 89.7; Ca no. = molar Ca/(Ca + Mg + Fe*) = 0.05]. 
For all three bulk compositions, the subsolidus assemblage includes olivine, orthopyroxene, clino-
pyroxene, garnet, and magnesite solid solutions. Above the solidus, crystalline carbonate disappears 
and quenched Fe, Na-bearing dolomitic carbonatite melts were observed. For PERC3 (1.0 wt% bulk 
CO2; Na2O/CO2 weight ratio = 0.30), the observed solidus is between 1190 and 1220 °C; for PERC 
(2.5 wt% bulk CO2; Na2O/CO2 = 0.12), it is between 1250 and 1275 °C; and for PERC2 (5.0 wt% 
bulk CO2; Na2O/CO2 = 0.06), it is between 1300 and 1330 °C. At 6.6 GPa, experimental solidi of 
natural magnesite peridotites are 100�200 °C lower than the CMAS-CO2 solidus, chieß y owing to the 
ß uxing effect of alkalis, and solidus temperatures increase with increasing bulk CO2 (i.e., decreasing 
bulk Na2O/CO2), owing to dilution of Na2O in near-solidus melt. The effects of Mg no. and Ca no. on 
carbonated peridotite solidi appear to be less signiÞ cant than that of Na2O/CO2. Trends of decreasing 
solidus temperature with increasing Na2O/CO2 and with decreasing CO2 indicate that natural mantle 
peridotite with ~100�1000 ppm bulk CO2 will have solidus temperatures ~20° to ~100° lower than 
that determined experimentally. The solidus of peridotite drops discontinuously by ~600 °C (at 6.6 
GPa) at the CO2 bulk concentration (~5 ppm) at which carbonate is stabilized, but then varies little 
with increasing bulk CO2. This result contrasts with the effect of H2O, which lowers the solidus con-
tinuously with increasing concentration.
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