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INTRODUCTION

Lister and Raouzaios (1996) have presented an inte-

grated microstructural, petrologic and geochronologic

study of Tertiary blueschist, eclogite and greenschist

facies rocks of Sifnos, Greece. Their treatment of the
microstructural and petrologic data is commendable

and the new knowledge gained will surely further the

understanding of the tectonic evolution of Sifnos.

Their modelling and interpretation of the geochronolo-
gic data are, however, of limited value in my opinion.

In this regard, they have based their analysis on

assumptions which are contradicted by the available

literature on argon di�usion in micas and by the beha-
viour of micas during laser step-heating under vacuum.

Moreover, researchers seeking to understand the evo-

lution of orogenic belts should not be led to believe

that theoretical modelling of mica 40Ar/39Ar data can
provide meaningful P±T±t paths at the level of reso-

lution implied by the analysis of Lister and Raouzaios

(1996).

Lister and Raouzaios (1996) model previously pub-
lished 40Ar/39Ar laser step-heating age spectra from

Sifnos phengites (Wijbrans et al., 1990) with the

MacArgon program (Lister and Baldwin, 1996). The
blueschist facies rocks contain 042 Ma phengites,

whereas the greenschist facies rocks from an adjacent

lithotectonic unit a few kilometres away contain 032

Ma phengites. They test, through comparison of
model and laboratory age spectra, the proposed P±T±t

paths of Wijbrans et al. (1993) and Wijbrans et al.

(1990) and suggest that these paths are not realistic

estimates of the true P±T±t paths experienced by the
rocks. In modelling the laboratory age spectra, how-

ever, they reduce the number of variables controlling

argon di�usion by making several simplifying assump-

tions, and these assumptions bias their models. Key
assumptions made by Lister and Raouzaios (1996) are

the following.

1. The di�usivity of argon as measured experimentally
in, for example, phlogopite (Giletti, 1974) is a

reasonable estimate of that for Sifnos phengites.

2. Argon loss from phengite modelled as phlogopite is
via cylindrical geometry, whereas argon loss from
phengite modelled as muscovite is via slab geome-
try.

3. Flat 40Ar/39Ar age spectra for micas indicate rapid
cooling.

4. Micas can e�ectively be modelled as uniform with
respect to argon di�usivity and e�ective di�usion
length scale. I argue below that these underlying
assumptions are unwarranted in light of the pub-
lished literature.

DIFFUSIVITY UNKNOWN

Assumption 1: The di�usivity of argon as measured
experimentally in phlogopite is a reasonable estimate
of that for phengite. The main problem with this
assumption is that the di�usion parameters for one
mineral applied to another can at best be only a ®rst
order estimate (Wijbrans and McDougall, 1988), and
the use of these parameters for detailed modelling pur-
poses is probably unjusti®ed. The uncertainty in the
di�usion data for phlogopite alone limits the validity
of the MacArgon modelling to perhaps 2508C in clo-
sure temperature, yet when crystal-chemical di�erences
between trioctahedral phlogopite and dioctahedral
phengite are considered (Dahl, 1996), it must be con-
cluded that there is a less than ®rm basis for the
detailed modelling of Sifnos phengites as theoretical
phlogopites.

INCONSISTENT GEOMETRY

Assumption 2: Lister and Raouzaios (1996) assume
that argon loss from phengite modelled as phlogopite
is via cylindrical geometry, whereas that from phengite
modelled as muscovite is via slab geometry. Is it likely
that di�usion paths in phlogopite and muscovite di�er
signi®cantly? The most sensible approach would be to
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assume that the geometry which controls argon di�u-
sion is similar in both phlogopite and muscovite. In
fact there is no crystal-chemical reason to expect such
a radical di�erence between two such similar minerals,
and the choice of Lister and Raouzaios (1996) to
model muscovite as 6 mm slabs is confounding. The
most compelling evidence to date for the geometry
which e�ectively controls argon di�usion in white
micas comes from the works of de Jong et al. (1992)
and Hames and Bowring (1994), which show, in gen-
eral, that argon concentration in apparently slowly
cooled grains decreases radially outward in the cleav-
age (perpendicular to the c-axis), thus supporting the
cylindrical geometry model. Similar studies have failed
to reveal evidence for smooth argon concentration gra-
dients along the c-axis of white micas (e.g. Scaillet et
al., 1992). Hames and Bowring (1994) made a case for
a much lower di�usivity of argon in muscovite than
that proposed by either Lister and Baldwin (1996) or
Robbins (1972), despite the three groups using the
same experimental data set (cf. Robbins, 1972)! In fact
these three estimates are so disparate (partially due to
the choice of di�usion geometry) that closure tempera-
tures di�ering by many tens of degrees Celsius are
obtained (for moderate cooling rates); indeed this vari-
ation in closure temperature indicates the level of res-
olution at which 40Ar/39Ar data from micas can be
interpreted. Lister and Raouzaios (1996) have exceeded
this resolution limit in their modelling exercise.

AGE SPECTRA ARE NOT DIFFUSIVE LOSS
PROFILES

Assumption 3: Flat 40Ar/39Ar age spectra for micas
must be a product of rapid cooling. This assumption is
based on the concept that a mica which cools quickly
through its closure window for argon di�usion will not
develop any signi®cant argon concentration gradient
(i.e. an age gradient) due to di�usive loss of argon.
The assumption is only valid, however, if the shape of
the laboratory-derived age spectrum directly re¯ects
the argon concentration gradient produced in nature.
For this assumption to be true we must rely on the
step-heating experiment e�ectively to reverse the clo-
sure process experienced in the natural environment.
Although homogeneous, slowly cooled, single grains of
mica commonly do preserve age gradients, it is unli-
kely that step heating of whole grains with a laser will
reveal such gradients in the form of the age spectrum.
Non-uniform heating due to di�erential laser coupling,
and violent dehydroxylation and associated delamina-
tion of the mica structure at relatively low tempera-
tures (07008C) ensures that any age gradients are
likely to be smoothed or destroyed. The result is that
¯at age spectra may be produced regardless of whether
strong argon concentration gradients exist in the start-
ing material (e.g. de Jong et al., 1992; Hodges et al.,

1994). For many years it has been recognized that step
heating of hydrous minerals under vacuum generally
fails to reveal di�usive loss pro®les; thus it is mislead-
ing for Lister and Raouzaios (1996) to suggest a strong
correlation between theoretical di�usive loss models
and laboratory step-heating results. Micas that exhibit
¯at age spectra may or may not have undergone rapid
cooling. Thus, it is clear that the form of age spectra
for micas is not a good indicator of cooling rate.

DIFFUSION LENGTH SCALES UNKNOWN

Assumption 4: Micas can e�ectively be modelled as
uniform with respect to argon di�usion parameters
(activation energy and frequency factor) and e�ective
di�usion length scale. Lister and Raouzaios (1996)
have modelled the Sifnos phengites as homogeneous
single domains of uniform di�usivity using ®xed di�u-
sion length scales of either 150 mm (phlogopite) or
6 mm (muscovite), and the disparate geometries out-
lined above. It is probably not realistic to expect the
Sifnos micas to have behaved as domains of uniform
arbitrary length scale, and it also seems unlikely that
di�erent grains of phengite will have identical bulk dif-
fusivities for argon. Several studies have shown that
single mica grains are not likely to act as single di�u-
sion domains (e.g. Wright et al., 1991), and it seems
overly hopeful to expect all grains in a deformed rock
mass to have identical di�usion length scales. Each
grain analysed by Wijbrans et al. (1990) had a distinct
composition and likely contained a range of di�usion
length scales (probably dominated by one close to the
physical grain size). It is also important to note that
the phengites measured by Wijbrans et al. (1990) were
all >200 mm in radius (perpendicular to the c-axis).
The implication of intragrain di�usion length scale
variations is that age gradients may not be uniform
across individual grains. In view of this, it is unrealistic
to model argon loss by ®xing di�usion length scale
and di�usion parameters because both are likely to
vary signi®cantly. A more appropriate approach would
be to vary di�usion length scale and di�usion par-
ameters over a range of reasonable values, and see
how this aids the tectonic interpretation.

CONCLUSIONS

Conclusions 3±5 of Lister and Raouzaios (1996),
based almost solely on the MacArgon modelling exer-
cise, ®nd little support in light of the above arguments.
Step heating of micas will generally not reveal pro-
nounced age gradients such as those modelled by the
MacArgon program. Given the possibility that a ¯at
age spectrum may result even if strong argon concen-
tration gradients exist in a mica, it is not realistic to
conclude that the eclogite-blueschist and greenschist
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facies rocks on Sifnos have cooled at >508C/Ma just
after 042 Ma and 032 Ma. It is not within the reso-
lution of the 40Ar/39Ar data to make these conclusions.
In describing the limitations of their modelling
approach Lister and Raouzaios (1996) state that ``We
accept that future research may show this attempt to
have been unjusti®ed''. I contend that past research
has shown their attempt to be unjusti®ed, but it is my
hope that future research will allow another attempt to
be made once a more complete understanding of com-
positional, length scale and geometric controls on
argon di�usion in micas is realized.
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