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Abstract. Apophyllite (KCa,SigO,4(F, OH)-8H,0), which formed as a low-temperature sec-
ondary mineral in the Kirkpatrick Basalt, has been examined to evaluate its potential for geo-
chronology using the K-Ar (by the 4CAr/3%Ar technique) and Rb-Sr methods. The 4CAr/3%Ar
total-gas ages for apophyllites from the Kirkpatrick Basalt are 114-133 Ma for the central
Transantarctic Mountains, 95-114 Ma for south Victoria Land, and 76-100 Ma for north
Victoria Land. Within individual hand samples, apophyllite 4CAr/3% Ar apparent ages show
variations of up to 24 m.y., and within single large (up to ~2 cm) crystals, differences of up to
14 m.y. are observed. The 4°Ar/3%Ar incremental-heating spectra are generally flat but have
low- and high-temperature discordances attributed to 3%Ar recoil. Rb-Sr model ages for the
apophyllites range from 94 to 144 Ma and vary from concordant with the 4CAr/39Ar dates to
asmuch as 14 m.y. older. The dates are consistent with other temporal indicators of low-
temperature alteration in the basalts and are interpreted to broadly reflect the time of
apophyllite precipitation. They document a geographically widespread early to middle Creta-
ceous secondary mineralization which is inferred to be caused by a major period of ground-
water movement associated with the initiation of uplift and denudation of the Transantarctic
Mountains. The results suggest that apophyllite can produce geologically meaningful ages by

both Rb-Sr and K-Ar methods, although further work is required to fully understand the
variations in age that may be attributed to Ar loss, alkali mobility, or an extended history of

mineral precipitation.

1. Introduction

Secondary mineralization, accompanying alteration, diagene-
sis, and very low-grade metamorphism, is a widespread geologi-
cal phenomenon usually associated with high fluid fluxes. The
timing of secondary mineralization and associated geological
“events” is commonly difficult to establish. Although some di-
agenetic and low-temperature minerals appear to provide reli-
able information about the timing of geologic processes, overall,
they have a “mixed” record of utility. Sylvite, for example, is
known to be prone to Ar loss and thus unreliable for K-Ar dat-
ing [Baadsgaard and Dodson, 1964], and glauconite is often
problematic [Foland et al., 1984]. On the other hand, potassic
manganese oxides (cryptomelane and hollandite) have yielded
information about the timing of weathering [Vasconcelos et al.,
1994a, 1995; Ruffet et al., 1996], and alunite has been used to
examine the timing of supergene mineralization [Arehart et al.,
1992; Vasconcelos et al., 1994b; lraya et al., 1996].

Apophyllite is a secondary mineral found in a variety of
lithologies affected by low-temperature water-rock interactions
[Gaines et al., 1997]. As a mineral of high potassium content,
it may be a suitable material for geochronology by the K-Ar and
Rb-Sr methods for a number 'of low-temperature geologic
events. However, previous geochronologic work on apophyllite
[Chukhrov et al., 1973] raises issues that require clarification,
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including the reliability of the dates and the potential of the
mineral to document age relationships for low-temperature
aqueous processes.

The most common occurrence of apophyllite appears to be
among the secondary minerals found in basalts, particularly
continental basalts (sensu lato). Such secondary minerals occur
in vesicles, vugs, and veins and potentially record a wealth of
information about the hydrogeologic history of a region. Criti-
cal to unraveling this information is elucidating the chronology
of mineral precipitation. In some cases, secondary mineraliza-
tion in basalts has been attributed to precipitation soon after
crystallization, resulting from fluids mobilized during cooling
of the lavas themselves [Robert er al., 1988]. However, most
very young vesicular basalts lack significant secondary minerali-
zation [cf. Nashar and Davies, 1961]. In a number of conti-
nental flood basalt provinces, well-documented zonations of
secondary minerals are independent of individual flow units
and, in some cases, are discordant to the stratigraphy of the lava
sequences [Walker, 1951, 1960a, b; Stoiber and Davidson,
1959; Jolly and Smith, 1972; Sukheswala et al., 1974; Benson
and Teague, 1982; Neuhoff er al., 1997]. This has led to the
conclusion that secondary mineralization in these provinces
must post-date, by some uncertain time interval, eruption of the
individual lava flows. The mineralization has been largely at-
tributed to diagenetic or low-grade metamorphic processes in-
volved in the breakdown of metastable glass that provides the
chemical components for low-temperature phases such as zeo-
lites [Gislason and Eugster, 1987]. It is unclear, however,
whether this occurs due to heating, burial, and/or deformation
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