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A strong correlation between inclusion frequency and pronounced age gradients in the
40Ar/39Ar age spectra of fine-grained mica aggregates has been discovered. Staircase age
spectra generated by step heating of aggregates of micas are generally interpreted in
terms of either 1) multiple populations of grains that crystallized at different times, or 2) a
single population of grains that have experienced slow cooling and contain pronounced
intragrain age gradients. In fine grained materials it is generally not possible to use laser
ablation to explore the intragrain argon distribution, to help interpret staircase age spectra
of micas. Results and observations presented here demonstrate that inclusions break up
the domain structure of micas, leaving them susceptible to argon loss at temperatures
lower than that of whole-crystal closure, resulting in an extremely wide range of argon
retentivity. In special cases, however, age spectra with large age gradients in early gas
release may still contain crystallization age information.



Two case studies have been conducted, one of micas from the Zhangbaling schist and
another of micas from the Forlandsundet Basin. Both studies yield strong evidence that
pronounced age gradients in the age spectra of extremely fine-grained white micas are
controlled by low-K inclusions. There is a strong correlation between the frequency of
the inclusions and lower bulk ages of the micas (Figures 1 and 2). In both case studies the
lowering of the age is a product of diffusive loss of argon, preferentially from the most
included grains, due to a dramatic decrease in the effective diffusion dimension. This
indicates that the inclusion grain boundaries act as either fast pathways for intragrain
diffusion, within the micas, and/or open channels for argon loss if the inclusions intersect
the mica grain edge.

A most interesting finding is that the step heating process does not homogenize the gas
release, providing false plateaus, to the extent suggested by Hodges et al. (1993). This is
probably due to the wide range in effective grain sizes, allowing gas to be released from
the most included grains (and the inclusions; 37Ar) in the early steps, likely by a
combination of diffusion and breakdown by dehydroxylation. Gas release later in the
experiments is dominated by the clean white mica single crystals.

The regional thermal history of both case study areas indicates that argon loss took place
at temperatures below the commonly cited closure temperature for white micas (~350-
400°C). This provides confirmation that the bulk closure temperature of the heavily
included grains is considerably lower, possibly around 250°C.

In the case of the Zhangbaling micas, the plateau-like ages of the clean concentrates that
contain few inclusions are flat for ~80-95% of gas release, and the data yields
crystallization ages related to the cessation of deformation, rather than cooling ages, as
indicated by Rb-Sr data on the same material. Concentrates with a larger proportion of
included grains yield strongly curved age spectra (Figures 1 and 2) and lower plateau-like
ages, due to diffusive loss of argon subsequent to crystallization of the grains. These
conclusions are supported by the geological history, which indicates a Cretaceous
reheating event.

In the case of the Forlandsundet micas, all concentrates contain large numbers of
included grains, and none of the age spectra yield plateau-like sections over large
portions of gas release. The range of ages expressed in the spectra are a product of
multiple length scales for diffusive loss of argon (i.e., variable closure across individual
mica grains). The early gas release is dominated by the included grains, and the
inclusions (37Ar), whereas the later release is dominated by clean grains of early
Paleozoic age. The age and temperature of outgassing of the included grains is likely to
be Late Cretaceous, across a temperature window around 250°C. However, Paleogene
outgassing cannot be ruled out.

This work has implications for studies that employ 40Ar/39Ar dating of white micas,
particularly for fine grained rocks. If heavily included grains form a significant fraction
of a white mica concentrate (>~a few %), and the thermal history of the rock was
complex (through ~200-350°C), it is likely that the age spectrum will exhibit pronounced



age gradients, regardless of the homogenizing effects of furnace step heating. For micas
extracted from very fine grained rocks this can be a serious problem, because included
grains are difficult to filter out with conventional mineral separation techniques.
Nevertheless, it is possible in many cases to select greenschist facies rocks that contain
few included micas (cf. Dunlap, 1997). Greenschist facies tectonites with visible opaque
minerals should be avoided when selecting samples for the dating of fine-grained white
micas. One advantage realised here is that included grains may provide a test for low
temperature (~200-250°C) thermal pulses that would not otherwise be manifested in the
K-Ar system of clean single crystals of white mica. This approach may be useful in cases
where K-feldspars are not available.


