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INTRODUCTION

The efforts of experimental petrologists to constrain the
melting of fertile spinel peridotite have led to tight bracketing
of the nominally dry, peridotite solidus and reliable estimates
of isobaric melt productivity below 2 GPa (e.g., Baker and
Stolper 1994; Robinson et al. 1998; Falloon et al. 1999;
Pickering-Witter and Johnston 2000). These constraints are
critical for relating primary MORB compositions and crustal
thickness to mantle potential temperatures (e.g., McKenzie and
Bickle 1988; Klein and Langmuir 1989; Langmuir et al. 1992).
For pressures corresponding to depths postulated for the onset
of melting of anomalously hot upwelling mantle (>3 GPa), the
P-T location of the fertile peridotite solidus and near-solidus
phase relations are not well constrained. For example, estimates
of the dry fertile garnet peridotite solidus at 5 GPa range from
1710–1750 ∞C (Kushiro et al. 1968; Takahashi et al. 1993;
Zhang and Herzberg 1994; Iwamori et al. 1995) to tempera-
tures as low as 1650–1610 ∞C (Takahashi 1986; Canil 1992;
Walter 1998) (Fig. 1). Many of these authors report orthopyro-
xene stable in the melting interval up to 6–7 GPa; however,
there is no consensus as to the stable mineral assemblage along
the solidus above 3 GPa. All of the above studies, except
Kushiro et al. (1968) and Walter (1998), used a starting mate-
rial assembled from Kilbourne Hole spinel lherzolite xenoliths
(KLB-1 and KH80-100). Kushiro et al. (1968) used a spinel
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ABSTRACT

Experimental solidus determinations for nominally anhydrous fertile peridotites at 4–6 GPa dif-
fer by as much as 150 ∞C. These differences have recently been ascribed to experimental methods,
specifically, the use of graphite capsules leading to elevated CO2 contents during the runs. We exam-
ine this claim by directly comparing phase relations of fertile peridotite KR4003 encapsulated in
rhenium and graphite sealed in Pt, using an extensively calibrated double capsule and thermocouple
assembly. Experiments are conducted at 5 GPa and 1750 to 1575 ∞C using the MA6/8 multianvil
apparatus. We found that the phase assemblages recovered from both capsules of a given experiment
are largely indistinguishable down to solidus conditions. The solidus is estimated to be 1600 ± 15
∞C, in good agreement with previous experiments on KR4003, but substantially below most other
determinations for garnet peridotite solidi at 5 GPa. We find Opx to be stable at the solidus of
KR4003 at 5 GPa, in contrast to earlier findings and relate its stability to Fe3+ content. Our work
further shows that a loss of calibration of the W-Re thermocouple circuit connected through the Re
capsule at high temperatures is of the same order as the temperature discrepancy reported previously
for fertile peridotite solidi. Revisions to the anhydrous peridotite solidus at high pressures invite
reconsideration of potential temperatures of mantle plumes, which could be as much as 150 ∞C
lower than commonly assumed.

lherzolite xenolith from Salt Lake crater, Hawaii, elevated in
silica, alumina, iron, and alkalis compared to KLB-1, whereas
Walter (1998) used the fresh core of a spinel lherzolite xeno-
lith (KR4003) from West Kettle River, British Columbia, which
is elevated in potassium compared to KLB-1 (Table 1).

The discrepancies in the location of the dry fertile peridot-
ite solidus at high pressures motivated Herzberg et al. (2000)
to re-examine near-solidus experiments of Zhang and Herzberg
(1994) using transmission electron microscopy (TEM). Inter-
estingly, they found that a critical solidus-bracketing-experi-
ment at 5 GPa and 1700 ∞C (run 27.1862), originally reported
as subsolidus, contained trace quantities of glass and quench-
clinopyroxene in the vicinity of triple junctions. They also con-
firmed that a second subsolidus run (26.1808), quenched from
1650 ∞C, was indeed subsolidus, and reported two new experi-
ments at the same nominal conditions giving the same result.
Based on these observations, Herzberg et al. (2000) proposed
that the KLB-1 solidus falls between 1700 and 1650 ∞C at 5
GPa, rather than between 1700 and 1750 ∞C, as shown by their
earlier work. Their best fit of KLB-1 data up to 22.5 GPa pre-
dicts that the KLB-1 dry solidus is 1685 ∞C at 5 GPa. Herzberg
et al. (2000) reported a temperature uncertainty of ±68 ∞C for
their parameterization, but presumably it is somewhat less than
this at 5 GPa where the bracketing of the solidus is the tightest
(±25 ∞C). Hirschmann (2000) also recently developed a pa-
rameterization of the dry fertile peridotite solidus, based on a
larger data set of bracketing experiments conducted since 1988.


