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INTRODUCTION

Garnet is a common mineral in metamorphic and high-pres-
sure igneous rocks and a major constituent of the Earth’s mantle
(e.g., Deer et al. 1982; Ringwood 1991). Its composition is
generally dominated by a solid solution of three end-members:
almandine (Fe3Al 2Si3O12), grossular (Ca3Al 2Si3O12), and pyrope
(Mg3Al 2Si3O12). Garnet plays a prominent role in quantitative
geothermobarometric calculations to understand geological
processes in the Earth (e.g., Essene 1989; Spear 1993). Reli-
able application of such calculations to natural rocks requires
an understanding of the thermodynamic mixing properties of
garnet solid solution. Although all recent mixing models imply
immiscibility in the system at low temperatures (Berman and
Aranovich 1996; Ganguly et al. 1996; Mukhopadhyay et al.
1997), and a ternary miscibility gap was calculated explicitly
at <600 °C (Ganguly et al. 1996), direct experimental verifica-
tion of the predicted miscibility gap may not be possible be-
cause the kinetics of the exsolution process at such low
temperatures are prohibitively slow. Thus, observation of an
equilibrium coexistence of two garnets in natural assemblages
would contribute direct evidence for immiscibility in garnet
solid solutions. We report the discovery of such a coexistence,
and use the analytical data to test recent thermodynamic mod-
els that predict immiscibility at low temperature.
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ABSTRACT

Although recent thermodynamic models predict a low-temperature miscibility gap in the pyrope-
almandine-grossular garnet solid-solution series, coexistence of two immiscible garnets consistent
with the calculated miscibility gap has not been demonstrated previously. Here we report the discov-
ery of such a coexistence in nature, which provides direct evidence for immiscibility in the pyrope-
almandine-grossular system. Garnet inclusions were found near solidified fluid/melt inclusions in a
single pyrope crystal collected from the ultramafic diatreme at Garnet Ridge, Arizona. Microprobe
analyses close to the contact between the pyrope host and one garnet inclusion yield formulae of
(Mg1.98Ca0.52Fe0.50Mn0.02)(Al 1.89Cr0.09)Si3O12 for the host and (Mg1.28Ca1.31Fe0.41Mn0.02)(Al 1.93Cr0.07)Si3O12

for the inclusion. High-resolution analytical traverses across the two-garnet boundary reveal that the
compositional difference between the inclusion and the host increases as the contact is approached,
implying that the two garnet grains represent an immiscible pair rather than a disequilibrium coexist-
ence. The compositions of the coexisting garnets are in good agreement with those predicted from
recent thermodynamic mixing models for pyrope-almandine-grossular garnet.

SAMPLE  AND ANALYTICAL  METHODS

The sample, a single garnet megacryst (~6 mm in diameter)
with a wine-red color, was collected from Garnet Ridge, Ari-
zona, an ultramafic diatreme in the Navajo Volcanic Field on
the Colorado Plateau. Similar garnet crystals are locally abun-
dant in the diatreme and were brought up from the upper mantle
by explosive eruption (e.g., McGetchin and Silver 1970; Hunter
and Smith 1981). The initial examination of doubly polished
thick sections (~3 mm thick) by an optical microscope revealed
that the pyrope crystal (referred to as garnet host hereafter)
contains mineral inclusions. The garnet host was repeatedly
polished to bring individual inclusions to the surface and ex-
amined using back-scattered electron (BSE) imaging and an
X-ray energy dispersive analytical system (EDS) on a Hitachi
S-570 scanning electron microscope (SEM). Inclusions (10–
60 µm across) with stoichiometric garnet compositions that are
different from the garnet host were found during this process.
The host and these inclusions were further characterized in
detail by optical microscopy, Raman spectroscopy, SEM, and
electron microprobe (EMP). The chemical analyses for the host
and inclusions were carried out on a Cameca Camebax EMP
using a focused beam with a current of 10 nA at 15 kV. Ana-
lytical traverses across inclusion-host boundaries were per-
formed using a 1–3 µm interval and an acceleration voltage of
10 kV to reduce the beam volume. To improve the spatial reso-
lution, step-scans for the CaKα line at a 0.5 µm interval were
carried out on the SEM equipped with the VOYAGER applica-
tion package (NORAN Instruments) using its EDS at 20 kV
and 200 s counting time for each point. The diameter of the X-
ray volume is less than 0.5 µm.
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