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The effect of radiogenic heat production within the crust on thermal
processes such as crustal anatexis is generally disregarded as bulk
geochemical models suggest that crustal heat generation rates are too
low 1o effect significant heating. However, the Mount Painter
Province in northern South Australia s characterized by a total
crustal contribution to surface heat flow of more than twice the
global average. The province is composed dominantly of Proterozoic
graniles and granile gneisses with an area average heat production
of 161 wW/m’; individual lithologies have heat production
>60 wW/m’. These Proterozoic rocks are intruded by the British
Empuire Granite, a younger intrusive whose orgin has remained
emgmatic. Isotope geochemistry suggests crustal sources for the melt
and it has a crystallization age of ~440—450 Ma, which places
the selting >750 km inboard of the nearest active plate boundary
zone al this time. Phase equilibria calculations suggest that
temperatures of at least 720—-750° C are required lo produce the
granite but the wntensity of crustal thickening during Palaeozoic
deformation (~12%) cannot account for these conditions. Here we
describe a model for the generation of the British Empire Granite in
which the primary thermal perturbation for mid-crustal anatexis
was provided by the burial of the high heat-producing Mount
Painter basement rocks beneath the known thickness of Neoproter-
o0zoic cover sediments. The high heat-producing rocks at Mount
Panter imply that the natural range and variability of crustal heat
production is much greater than previously believed, with important
consequences_for our understanding of lemperature-dependent crustal
processes including the exploitation of geothermal energy resources.
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INTRODUCTION

The thermal energy that drives crustal melting and other
tectonic processes is ultimately related to heat loss from
the Earth’s interior; consequently our understanding of
these processes 1s intimately connected with our under-
standing of the thermal structure of the Earth. Surface
heat-flow data provide important constraints on the
nature of lithospheric thermal regimes as they represent
some function of the heat produced from radiogenic
decay of heat-producing elements (U, Th and K) within
the lithosphere, and the heat supplied to the base of the
lithosphere by convection in the deeper mantle. Heat-
flow, heat-production, seismic velocity models and other
data suggest that the total contribution of crustal sources
to the average surface heat flow is in the range 24—
54 mW/m? (Table 1; Weaver & Tarney, 1984; Shaw
et al., 1986; Christensen & Mooney, 1995; Rudnick &
Fountain, 1995). However, most attempts to understand
crustal thermal processes have generally discounted the
higher end of this range (e.g. Rudnick ez al., 1998), with
the crustal contribution typically assumed to be around
20-40 mW/m” (e.g. McLennan & Taylor, 1996).
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Table 1: Models of heat-producing element concentrations in

bulk continental crust

U (ppm) Th (ppm) K,0 (%) g (MW/m?)
Geological models
Weaver & Tarney (1984) 1-3 51 2:0 36
Shaw et al. (1986) 1-8 9:0 2:3 54
Taylor & McLennan (1981) 1-25 4-8 16 32
Taylor & McLennan (1985) 0-91 35 11 24

McLennan & Taylor (1996) 0-8-1-3 3:0-4-94 0-96-1-57 21-34
Seismic models

Christensen & Mooney (1995) (1:7) (6-8) 21 45
Rudnick & Fountain (1995) 1-42 56 19 38
Wedepohl (1995) 17 85 2:4 51

Values in parentheses are from Rudnick et al. (1998),
calculated assuming K/U = 104 and Th/U = 3-9. g, total
crustal contribution to the surface heat flow, is calculated
for each bulk composition, assuming a crustal thickness
of 40 km.

It has become increasingly clear, however, that the
natural range and variability in continental heat flow is
far greater than that suggested by simple arithmetic- or
age-normalized averages of the heat-flow data and that
these variations often represent significant differences
in the relative contribution of crust and mantle sources.
For example, Jaupart & Mareschal (1999) have shown
that in many Archacan and Proterozoic provinces,
heat-flow variations reflect large differences in bulk
lithospheric composition and, in particular, crustal heat
production. In these cases a ‘global-means-approach’
masks significant differences in thermal regime on the
regional and terrane scale. Although the work of Jaupart
& Mareschal (1999) represents a trend to challenging
long-held beliefs about crustal thermal regimes, the
natural variation in heat flow and heat production and
the relative contributions of crust and mantle sources are
still not well known. Our relatively limited knowledge of
these parameters means that we have little appreciation
of how the natural variation in the thermal parameter
structure of the crust expresses itself in terms of thermally
sensitive tectonic processes such as metamorphism
and magmatism.

In a series of recent papers we have explored the
extent to which anomalous heat production drives
metamorphism in  various settings associated with
Australian Proterozoic crust (Sandiford & Hand, 1998;
McLaren et al., 1999; Sandiford et al., 2002). This paper
aims to extend that work to the realm of crustal anatexis
by describing new data pertaining to shallow-level
crustal anatexis in a zone of extremely anomalous heat

production in the Mount Painter Province (MPP).
The MPP is a small Proterozoic basement complex in
northern South Australia (Iig. 1). Through a compila-
tion of thermal property and other data, we show that
the apparent high surface heat flow (126 mW/m?
Sass et al., 1976) is consistent with exceptional concen-
trations of heat-producing elements within the shallow
crust (>60 uW/m® for some lithologies), with crustal
contributions to the conductive surface heat flow
plausibly greater than 80 mW/m” These values are
extraordinary and must represent an extreme departure
from global average crustal thermal regimes (Nyblade &
Pollack, 1993). As the Mount Painter case is so extreme,
it provides an exceptional natural laboratory to explore
how anomalous heat production imposes on a variety of
tectonic responses including crustal anatexis—the main
focus of this paper.

REGIONAL SETTING

The Mount Painter Province forms the northernmost
basement of the Adelaide Fold Belt in South Australia
(Fig. 1). The province comprises the Mount Painter and
Mount Babbage inliers. These basement inliers consist of
high-grade metasediments of inferred Palacoproterozoic
age (Teale, 1993) that were subsequently intruded by
Mesoproterozoic granites (Fig. 2). In turn, these rocks
were overlain by a 12-15 km thick Neoproterozoic
sedimentary sequence deposited during a series of rift-
sag subsidence events from around 830 Ma (Preiss,
2000).

Broad subsidence controlled basin evolution from
around 690 Ma until at least the early Cambrian at
~525 Ma. In the Southern Adelaide Fold Belt (Fig. 1)
sedimentation appears to have been terminated by
the onset of deformation and metamorphism during
the Delamerian Orogeny. U-Pb zircon data from syn-
and post-kinematic granites in the region constrain
the Delamerian Orogeny to between 515 and 490 Ma
(Jenkins & Sandiford, 1992; Foden et al, 1999).
Tectonism throughout the other parts of the Adelaide
Fold Belt, including at Mount Painter, has also been
ascribed to this event, largely on the basis of a similarity
in structural style, and a pre-deformational depositional
record that everywhere terminates at about the same
time in the Early Cambrian (Jenkins & Sandiford, 1992).

In the Mount Painter Province the Palaeozoic defor-
mation is typically thick-skinned, basement involved, and
is characterized by the propagation of large-amplitude,
basement-cored upright folds. Total shortening 1is
estimated at only 12% (Paul ez al., 1999). Metamorphic
assemblages in the cover and basement (including the
growth of cordierite—anthophyllite- and diopside-bearing
assemblages) indicate that the main fabric formed at
low-pressure and relatively high-temperature conditions,
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