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 INTRODUCTION

The garnet structure can accommodate, in its eightfold coor-
dinated site, minor amounts of cations with a large ionic radius 
as Na or Y (Meagher 1980). Sodium contents up to 0.25 wt% 
Na2O have been analyzed in upper-mantle garnets (Sobolev and 
Lavrentʼev 1971; Reid et al. 1976; Bishop et al. 1978). Extremely 
high sodium-concentrations of up to 1.03 wt% have been reported 
from garnet inclusions in diamonds from the Monastery Mine 
kimberlite pipe (Moore and Gurney 1985). High Na-contents in 
garnet from upper-mantle eclogite have been used to infer the 
likely occurrence of diamond (McCandless and Gurney 1989; 
Schulze 1992), since the highest Na contents are usually encoun-
tered in garnets from diamond-bearing eclogites (Sobolev and 
Lavrentʼev 1971). Like potassium in clinopyroxenes (Sobolev 
and Shatsky 1990), high Na-contents in garnet could be related 
to high pressure. In fact, Smith and Mason (1970) analyzed a 
sodium-bearing majorite garnet containing 0.5 wt% Na2O in the 
shocked Coorara chondrite. This apparent sodium afÞ nity for 
the garnet structure at high-pressure has been conÞ rmed experi-
mentally. Pioneer experimental work by Ringwood and Major 
(1971) partly motivated by the, then recent, discovery of Smith 
and Mason (1970), showed that the Coorara Na-bearing majorite 
garnet could be synthesized at 25 GPa and 1000 °C. In the Ca-
garnet system, a NaCa2(AlSi)Si3O12 composition was synthesized 
at 18 GPa, 1000 °C (Ringwood and Major 1971). It appeared 
therefore that the [VIII]Na[VI]Si = [VIII]Ca[VI]Al coupled substitution 
that involves sixfold coordinated silicon was a possible way to 
incorporate Na in the garnet structure at very high-pressure. At 
lower pressure (5 GPa), Ringwood and Major (1971) were able 
to grow another Na-rich garnet, CaNa2Ti2Si3O12, where the Na 
incorporation is charge-balanced by Ti4+ in the aluminum site. 
The latter substitution appears the most likely to account for the 
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Na content in most upper-mantle garnets recovered at the Earth s̓ 
surface. Sobolev and Lavrentʼev (1971) claimed, however, that 
Na2O contents of up to 0.22 wt% analyzed in garnet from dia-
mond-bearing eclogites are correlated to sixfold-coordinated 
silicon. Bishop et al. (1978) carried out a similar systematic 
study. They concluded that Na in garnet could be accounted for 
by the NaTiMe2+

-1Al-1 (and NaPMe2+
-1Si-1) substitution without the 

need to invoke sixfold coordinated silicon.
Thompson (1975) synthesized from natural tholeitic basalts, 

in the 1.8�4.5 GPa range for temperatures between 1200 and 
1410 °C, garnets containing up to 0.4 wt% Na2O (and 0.6 wt% 
P2O5). Electron microprobe analyses yielded a clear Na-P cor-
relation indicating that all P incorporated by the garnet structure 
is accounted for by the NaPMe2+

-1Si-1 substitution. More recently, 
Ye et al. (2000) reported high concentrations of P2O5 (0.06�0.17 
wt%) and Na2O (0.05�0.06 wt%) in garnets from Yangkou eclog-
ites (Sulu UHP belt, China). Shertl et al. (1991) analyzed 0.06 and 
0.09 wt% Na2O in two pyrope crystals from the coesite-bearing 
quartzite at the Parigi locality (Dora-Maira, western Alps). Com-
pagnoni and Hirajima (2001) collected a sodium X-ray map on 
superzoned garnets in other quartzites from the same UHP mas-
sif (Brossasco-Isasca unit). Based on the intensity scale of their 
X-ray map (Fig. 5f in Compagnoni and Hirajima 2001), Na2O 
contents of up to 0.09 wt% can be inferred in the pyrope-rich 
zone. Brunet and Lecocq (1999) showed that these relatively high 
Na2O-contents can be accounted for by a NaPMe2+

-1Si-1 substitu-
tion in these garnets where P2O5 contents of up to a quarter of a 
weight percent can be encountered. This coupled substitution and 
its positive dependence with pressure is supported by the likely 
stability of a Na3Al2(PO4)3 garnet modiÞ cation at high-pressure 
(above 8 GPa, Brunet et al. 2003). 

In light of these natural and laboratory data and in relation 
to the potential of silicate minerals to host phosphorus in the 
deep Earth (Brunet and Chazot 2001), we have investigated, 
experimentally, the ability of the garnet structure to incor-* E-mail: brunet@geologie.ens.fr


