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Subsolidus and melting experiments of a K-rich basaltic composition to 27 GPa:
Implication for the behavior of potassium in the mantle
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ABSTRACT

Subsolidus and melting experiments of a K-rich basaltic composition have been per-
formed to 27 GPa. Pyroxene and majoritic garnet contain significant amounts of K2O (1–
2 wt%) at 6–12.5 GPa and above 22.5 GPa, respectively. Both pyroxene and garnet may
act as main reservoirs for K in the mantle. Sanidine (KAlSi3O8) or its polymorph potassium
hollandite is the first phase to be melted up to 20 GPa, but potassium hollandite becomes
a liquidus phase at P $ 22.5 GPa. In contrast to its typical incompatible behavior at low
pressures, potassium is a compatible element in the deep mantle, at least in basaltic sys-
tems. This compatible behavior implies that a K-rich melt like kimberlite is difficult to
generate at lower mantle conditions.

INTRODUCTION

The behavior of K in the deep mantle is of considerable
interest from the viewpoint of geophysics and geochem-
istry, because 40K is one of the important heat sources
during the evolution of the Earth. However, the geochem-
ical properties of K and even its host minerals in the deep
mantle have not been clarified sufficiently. Recent exper-
iments (Harlow 1997; Tsuruta and Takahashi 1998) have
demonstrated that the solubility of K2O in pyroxene evi-
dently increases at high pressures, showing that pyroxene
is a potential host for K in the mantle. These studies thus
raised questions about where K is hosted at higher pres-
sures outside the stability region of pyroxene, and its re-
lation to potassium hollandite, a polymorph of KAlSi3O8

(Yagi et al. 1994).
The estimated K2O content of a pyrolite mantle is

;0.03 wt% (McDonough and Sun 1995), which is much
lower than the 0.15 wt% in a chondritic silicate mantle
(Ringwood 1979), and the reason for this difference is
still controversial. Potassium is normally regarded as a
geochemically incompatible element in the Earth’s man-
tle, due to its large ionic radius. However, in melting ex-
periments of an average continental crust composition,
Irifune et al. (1994) found that the stability field of po-
tassium hollandite extends toward the liquidus at pres-
sures .16 GPa. This result strongly suggests that K may
behave more compatibly in the deep mantle. Experimen-
tal investigations on the geochemical behavior of K in
basaltic and peridotitic systems to lower mantle condi-
tions, therefore, are of great importance for evaluating the
K budget of the Earth. Moreover, large amounts of ba-
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saltic oceanic crust have been recycled into the deep man-
tle of which ;10% are K-rich alkali basalts.

In the present investigation, subsolidus and melting ex-
periments on an alkali basalt were conducted at ;2.5 to
27.0 GPa for studying geochemcial properties of K in the
deep mantle. Melting experiments on the same starting
material (JB1) were performed to 12.5 GPa by Tsuruta
and Takahashi (1998), but subsolidus phase relations and
compositions were poorly determined in that study.

EXPERIMENTAL METHODS

The starting material was a K-rich basalt, JB1, a ref-
erence rock distributed by the Geological Survey of Ja-
pan. Its composition is generally similar to that of the
mid-ocean ridge basalt (MORB), but with much higher
K2O (Table 1). A dry glass of JB1 was made by fusing
sample powder at 1250 8C with f controlled close to Ni-O2

NiO. High-pressure and high-temperature experiments
were conducted using the multi-anvil press at the Tokyo
Institute of Technology. Three cell assemblies, which are
designated as 14/8, 10/5, and 7/2 (octahedron edge length
of MgO pressure medium/truncated edge length of WC
anvil), were developed in this study; these assemblies
were used for experiments at pressures #7.5, 10.0 # P
# 20.0, and .20.0 GPa, respectively. Sample tempera-
tures were measured with a W5%Re-W26%Re thermo-
couple. A cylindrical LaCrO3 heater was used for both
the 14/8 and 10/5 cell assemblies. The heater employed
in the 7/2 assembly is Re foil. For all experiments, a Re
capsule was used. The temperature gradient across the
sample capsule was ;50 8C/mm for the 14/8 assembly
and ;70 8C/mm for the 10/5 assembly, based on ensta-
tite-diopside thermometry. The temperature gradient in
the 7/2 assembly was not determined for lack of proper
thermometry, but it could be much larger.

Pressures at room temperature were calibrated using


