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Melting experiments on komatiite analog compositions at 5 GPa

CLAUDE HERZBERG1,2 AND JIANZHONG ZHANG2

1Department of Geological Sciences, Rutgers University, New Brunswick, New Jersey 08903, U.S.A.
2Center for High Pressure Research and Mineral Physics Institute, State University of New York,

Stony Brook, New York 11794, U.S.A.

ABSTRACT

The results of multi-anvil melting experiments are reported for a wide range of komatiite
analog mixes with compositions in the system CaO-MgO-FeO-Fe2O3 6 Fe0-Al2O3-SiO2 at
5 GPa (CMAS and CMFAS 6 Fe0). The liquidus crystallization fields for olivine, ortho-
pyroxene, clinopyroxene, and garnet were mapped out, as were their intersections at var-
ious cotectics and invariant points. For the assemblage L 1 Ol 1 Opx 1 Cpx 1 Gt, the
compositions of liquids at the invariant point in CMAS and at several pseudoinvariant
points in CMFAS were determined to within 60.50 wt% (1s). The effect of FeO is to
expand the liquidus crystallization fields in the following relative ways: garnet at the
expense of all other crystallizing phases, pyroxenes at the expense of olivine, and clino-
pyroxene at the expense of orthopyroxene. The results reported here are in excellent agree-
ment with previous determinations (Fujii et al. 1989; Herzberg 1992; Trønnes et al. 1992),
but the uncertainties are much lower. It is demonstrated that the multi-anvil apparatus is
capable of yielding crystal-liquid phase-equilibrium information at 5 GPa with an accuracy
that is comparable to those at lower pressures.

INTRODUCTION

Picrites and komatiites display highly variable contents
of SiO2, TiO2, Al2O3, MgO, CaO, and Na2O, which can
result from variations in source-region composition, frac-
tional crystallization, and the pressures at which the liq-
uids formed and segregated. Of these, Al2O3 and the CaO/
Al2O3 ratio are especially sensitive to the pressure at
which melting and melt segregation occur, and komatiites
record multiple saturation at ; 3–10 GPa in the upper
mantle (Herzberg 1992, 1995; Herzberg and Zhang
1996). And because hotter plumes melt deeper, at least
for anhydrous systems, pressure information places con-
straints on the thermal characteristics of plumes; this is
typically 100–200 8C higher than ambient mantle tem-
peratures (Nisbet et al. 1993; Abbott et al. 1994; Herz-
berg 1995; Herzberg and Zhang 1996). If plumes were
400 8C hotter in the Archean Earth, they could have melt-
ed at the top of the lower mantle (Steinbach and Yuen
1994; Herzberg 1995), and this would be consistent with
perovskite trace element signatures in some komatiites
(Xie et al. 1993). But these trace element interpretations
are presently controversial (Lahaye et al. 1995), and there
are no experimental constraints on the major element geo-
chemical identity of magmas formed at about 20 GPa.
The important point is that the geochemistry of komatiites
holds considerable promise for providing constraints on
the scale of mass transfer in the Earth (Cawthorn 1975;
Nisbet et al. 1993; Abbott et al. 1994; Herzberg 1995).

Changes in the composition of picrites and komatiites
result from phase-equilibrium responses to temperature

and pressure, especially the stabilization of garnet in the
upper mantle and transition zone and the contraction of
the liquidus olivine field. High-pressure liquidus phase
diagrams are therefore very useful, and many have ap-
peared in the 5–25 GPa pressure range from multi-anvil
experiments on komatiites and peridotites (Takahashi and
Scarfe 1985; Takahashi 1986; Ito and Takahashi 1987;
Fujii et al. 1989; Herzberg et al. 1990; Wei et al. 1990;
Herzberg 1992; Canil 1992; Trønnes et al. 1992; Zhang
and Herzberg 1994; McFarlane et al. 1994; Herzberg and
Zhang 1996). Constraints can be obtained on the com-
positions of liquids on the solidus by observing the nature
of the liquidus phase for these compositions (Herzberg
1992), but there are large uncertainties because of the low
P-T-X spatial resolution. In the 2.5–10 GPa range, the
uncertainties quoted in Herzberg (1992, 1995) can prop-
agate to 610% uncertainties in the estimated pressure of
multiple saturation; but this error may be as high as
620%, on the basis of a comparison with liquid compo-
sitions that were independently constrained by partition-
ing studies (Herzberg and Zhang 1996). The 3,500 Myr
Barberton komatiites have a range of CaO:Al2O3 that in-
dicates multiple saturation pressures of 8–11 GPa, and
added to this is a 62 GPa experimental uncertainty (Herz-
berg and Zhang 1996). Given that the onset of melting
must have taken place at a higher pressure than multiple
saturation and eventual melt segregation, these uncertain-
ties begin to seriously impact interpretations concerning
mass transport in the upper mantle and transition zone.

The present study was designed to reduce these uncer-


