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Estimates of Ar diffusion and solubility in leucite and nepheline: Electron microprobe
imaging of Ar distribution in a mineral
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ABSTRACT
Leucite is unique among minerals that have been exploited for K-Ar and Ar-Ar dating, in that it
exhibits a major phase change at 645–665 °C, across which Ar diffusion and solubility can be studied.
In addition, well-developed twinning occurs only in the low temperature form, offering further opportunity to examine the effects of crystallographic change upon Ar diffusion. Nepheline was studied to
compare the effect of its 1-dimensional c-axis oriented lattice channels with the 3-dimensional channels
of leucite. The amounts of Ar introduced into leucite were far higher than those observed in feldspars,
allowing its analysis by electron microprobe spot traverses and X-ray maps. This has provided the Þrst
high spatial resolution 2-dimensional study of Ar distribution in a K-bearing mineral.
Extreme changes in Ar solubility were observed across the leucite phase transition, with Ar solubilities jumping from ∼70 ppm (at 1 kbar) in the tetragonal (low-temperature) form to ∼750 ppm (at
1 kbar) in the cubic (high-temperature) form. Argon penetration proÞles were complex and estimates
of the diffusion rates show that they are more rapid than in K-feldspar. In addition, spikes of high Ar
concentration were observed in both forms, suggesting extended defects or micro-inclusions formed
argon traps in the structure. No concentration changes could be correlated to leucite twin planes,
suggesting that twin planes did not act as fast pathways for Ar movement. Nepheline yielded a much
lower Ar solubility of 0.15–0.31 ppm at 1 kbar.

INTRODUCTION
The relatively high K content of many of the feldspar and
feldspathoid minerals has made them targets of K-Ar and Ar-Ar
dating, particularly in young volcanic systems. Sanidine has been
the more-popular target for dating young volcanic rocks as some
studies have shown leucite to be susceptible to excess Ar (Villa 1991,
1992), but in the dating of an eruption of Vesuvius at 79 A.D., Renne
et al. (1997) detected small amounts of excess Ar even in sanidine.
Leucite, although rare, occurs in basic to ultrabasic rocks of Tertiary
or younger age. Its absence in older rocks may result from its alteration to analcite with the loss of K (Deer et al. 1992). Nepheline is
relatively common in alkaline rocks but it has not been widely used
in K-Ar and 40Ar/39Ar dating.
Neither leucite nor nepheline are found in metamorphic rocks,
so at Þrst glance, determining the Ar diffusivity and solubility might
seem unimportant. However, understanding the relationship among
crystal structure, Ar solubility, and Ar diffusion in these mineral lattices can help to quantify the role of other mineral structures upon
the mechanisms of trace-element diffusion, and perhaps lead to improved Ar-Ar dating of volcanic rocks, particularly young alkaline
and potassic ultrabasic volcanic systems.
Argon transport kinetics and solubility within minerals should
be able to form the link between movements of trace-element atoms
at the unit-cell scale and diffusion across whole grains in nature,
because, unlike other trace elements, noble gases do not react with
elements forming the lattice, and their movement is controlled simply
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by atomic radius. The feldspathoid and feldspar families are also
ideal mineral sets for this study because their anhydrous nature gives
them greater stability during experimental runs and they preserve a
comprehensive range of microtextures that affect diffusion, including simple 3-D frameworks (K-feldspar and plagioclase), systems
with oriented structural channels (nepheline), through to minerals
exhibiting major phase changes and twinning (leucite). The present
study was intended to measure the effect of lattice structure upon Ar
diffusion and solubility, and investigate the relative importance of full
grain or sub-grain (domainal) diffusion within these minerals.
Of particular importance are two features of leucite, the welldocumented low- to high-temperature tetragonal-cubic phase transition at 645–665 °C and strong twinning, which appears only in the
low temperature form (Palmer and Salje 1990; Palmer et al. 1997).
As leucite is heated through the phase transition, twinning planes
disappear, only to reappear in the same position as the lattice cools
through the phase transition temperature. This memory effect is the
result of pinning of twin walls by defects, which are not displaced
during the phase transition (Heaney and Veblen 1990). We aimed to
test whether either the twin planes or the defects act as fast diffusion
pathways for Ar.
The leucite structure is composed of a framework of corner-sharing (Al,Si)O4 tetraheda arranged in four-, six- and eightfold rings.
The sixfold rings are arranged axially, forming structural channels
parallel to <111> (Fig. 1) (Palmer et al. 1997). The low-temperature
tetragonal leucite structure contains two kinds of sixfold tetrahedral
rings containing off-center K+ ions (Fig. 1) with a mean K-O bond
length of ∼3.0 Å at 0 °C, which act as “bottle-necks” thereby constricting the <111> structural channels. At higher temperatures, the
structure distorts and expands and the K+ off-centering decreases

