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Melting experiments in the systems CaO-MgO-Al2O3-SiO2 and MgO-SiO2 at 3 to 15 GPa
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ABSTRACT

The results of multi-anvil melting experiments are reported for a range of compositions
in the system CaO-MgO-Al2O3-SiO2. The liquidus crystallization fields for forsterite, or-
thopyroxene, clinopyroxene, and garnet have been mapped out at 10 GPa, as have their
intersections at various cotectics. The composition of the liquid that is multiply saturated
in forsterite, orthopyroxene, clinopyroxene, and garnet has been also determined to within
60.5–1.0 wt% (2s), and the result is in excellent agreement with a previous estimate
(Herzberg 1992). These experiments confirm that the effect of pressure is to reduce Al2O3

and increase MgO and SiO2 in magmas formed by the melting of garnet lherzolite with
increasing pressure (Herzberg 1992). Melting experiments in the system MgO-SiO2 also
have been performed to constrain how pressure affects the compositions of liquids that
are saturated in harzburgite [L 1 Ol 1 Opx]. Experiments in both CaO-MgO-Al2O3-SiO2

and MgO-SiO2 demonstrate that there is a maximum normative olivine content to liquids
formed by initial or advanced melting of peridotite in the upper mantle, and this occurs at
7 to 8 GPa. For most peridotites that undergo decompression melting in a plume, clino-
pyroxene and garnet are the first crystalline phases to melt out and, with a few important
but rare exceptions, the experimentally constrained liquids are unlike most volcanic rocks.
Advanced anhydrous melting will yield liquids with a residual harzburgite mineralogy [L
1 Ol 1 Opx], and these liquids are similar in composition to most komatiites with Cre-
taceous and 2700 Myr Archaean ages.

TABLE 1. Compositions of oxide mix starting materials (wt%)

Mix SiO2 Al2O3 MgO CaO

27
28
29
30
31
32
33
34
35
37
38
39
C*
C67†
C50‡

51.20
52.20
52.78
54.39
51.40
51.40
48.58
47.99
48.39
53.59
55.15
55.89
50.25
53.14
54.58

4.20
4.20
0.00
0.00
3.77
3.50
5.03
4.53
6.04
0.00
0.00
0.00
5.06
3.37
2.53

36.80
35.80
47.22
45.61
36.60
36.35
35.42
37.61
35.15
46.41
44.85
44.11
40.88
39.12
38.23

7.80
7.80
0.00
0.00
8.23
8.75

10.97
9.87

10.42
0.00
0.00
0.00
3.81
4.37
4.66

* Herzberg et al. (1990).
† Herzberg (1992).
‡ All mixes total to 100%.

INTRODUCTION

In a companion paper (Herzberg and Zhang 1997),
we demonstrated that it was possible to constrain the
compositions of liquids at invariant points and cotectics
in the system CaO-MgO-Al2O3-SiO2 (CMAS) at 5 GPa
with a precision and accuracy that is comparable to ex-
periments at low pressures (i.e., 60.5–1.0% 2s). Those
experiments were carried out in a multi-anvil apparatus
wherein the liquid compositions were bracketed by ex-
amining the liquidus phases for a wide range of com-
positions, namely the ‘‘shotgun’’ method. Similar ex-
periments have been carried on oxide mixes in the
system CMAS at 10 GPa using an identical experimental
method, and the results are reported here.

The experiments reported here are important for de-
termining the compositions of magmas produced by ini-
tial melting of garnet lherzolite at high pressures [Liquid
1 Olivine 1 Orthopyroxene 1 Clinopyroxene 1 Gar-
net]. Previous experimental work (Herzberg 1992, 1995;
Herzberg and O’Hara unpublished manuscript) showed
that all clinopyroxene and garnet can be dissolved dur-
ing advanced melting on decompression. The liquids
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that erupt solidify to picrites and komatiites, and most
of these rocks have a major element composition that
can be described by the partial melting of peridotite with
a residual harzburgite mineralogy [L 1 Ol 1 Opx].
These interpretations have been confirmed by the ex-
periments reported here. But to better understand the


