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Experimental study of the system phlogopite-diopside from 3.5 to 17 GPa
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ABSTRACT

On the basis of both natural samples and experimental studies, clinopyroxene is a po-
tential reservoir for potassium in the Earth’s mantle. The amount of K partitioning into
clinopyroxene depends on the phase assemblage present, the bulk composition, pressure,
and temperature. To investigate some of these dependencies, subsolidus and melting phase
relations in the system phlogopite-diopside have been studied to 17 GPa. In this system,
phlogopite becomes unstable with increasing pressure, breaking down to potassium richter-
ite, which in turn breaks down to another K-bearing hydrous phase (phase X), such that
a K-rich phase coexists with clinopyroxene to 17 GPa. Clinopyroxenes contain #1.3 wt%
K2O in assemblages of phlogopite 1 clinopyroxene 6 olivine 6 liquid at 3–5 GPa, phlog-
opite 1 clinopyroxene 1 garnet 6 olivine 6 liquid at 7–9 GPa, clinopyroxene 1 garnet
1 olivine 6 potassium richterite 6 liquid at 11 GPa, and clinopyroxene 1 olivine 1 garnet
1 phase X at 14 and 17 GPa.

In these assemblages, K is partitioned into hydrous phases or liquid, rather than into the
clinopyroxene. By inference, phlogopite (or its higher-pressure breakdown products) is the
primary host for K in the mantle (if H2O is present), and any coexisting clinopyroxene
has very low concentrations of K. Conversely, the natural occurrence of clinopyroxene
with .. 1 wt% K2O requires that phlogopite, potassium richterite, or phase X is not stable
in the local source environment of such samples.

INTRODUCTION

The nature and stability of hosts for volatiles such as
H2O and CO2 in the Earth’s mantle are important because
of the effects of volatiles on physical properties of the
mantle and on melting processes. Modeling the geochem-
ical cycles for volatile components such as H2O and CO2

require consideration of the mantle part of the cycle, be-
cause subduction processes potentially return volatiles to
the mantle and because the mantle is degassing at diver-
gent plate boundaries and at intraplate settings. The po-
tential stability of hydrous and carbonate minerals in the
mantle has obvious implications for this modeling and
hence to the question of the temporal evolution of the
(surface) hydrosphere. Phlogopite has been a popular can-
didate for storage of H2O because it is stable to pressures
. 10 GPa (Sudo and Tatsumi 1990) at temperatures
thought to be appropriate for the upper mantle, based on
current models of the geotherm. Examination of the be-
havior of K is required both because of its role in stabi-
lizing hydrous phases such as phlogopite and because it
contributes to the internal heat budget of the Earth by
means of radioactive decay of 40K.

This study was designed with three objectives in mind.
First, subsequent to the discovery of clinopyroxene con-
taining .1.5 wt% K2O (Harlow and Veblen 1991), ex-
periments are desirable to measure the K content of cli-
nopyroxene coexisting with other K-bearing phases.

Second, this is a simple system in which to examine po-
tential dehydration-melting reactions relevant to both py-
roxenite and peridotite assemblages in the mantle. Third,
it is of interest to evaluate the pressure-dependent break-
down reactions of phlogopite and potassium richterite,
which is formed by the breakdown of phlogopite.

Potassic phases in the Earth’s mantle

Phlogopite, because of its occurrence in mantle-derived
xenoliths (cf. Dawson 1980), is a logical candidate as a
potential host for K and H2O in the Earth’s upper mantle.
Recently, Rosenbaum (1993) drew attention to the pres-
ence of high (.1.5 ppm) concentrations of Pb in phlog-
opite from mantle xenoliths, and he pointed out that
phlogopite could be a significant reservoir for Pb in the
upper mantle, providing another rationale for further
study of the stability of this phase in mantle mineral
assemblages.

A significant constraint on the modal abundance of
phlogopite in average mantle peridotite is the low abun-
dance of K2O in such rocks. Most models of undepleted
(and unenriched) mantle lherzolite contain ;0.03 wt%
K2O (e.g., Ringwood 1979; Hart and Zindler 1986;
McDonough and Sun 1995; Allègre et al. 1995). K con-
tents of peridotite xenoliths are variable, and secondary
phlogopite, which inflates the K2O content above primi-
tive mantle values, is often present in these xenoliths. For


