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The feasibility of Archean subduction has been hotly contest-
ed, due to ambiguous evidence and unusual Archean igneous
suites. The most profound di!erence between the Archean mantle
and that today was a much (3–4 times) greater mantle heat pro-
duction. Recent advances in numerical modelling have enabled
us to simulate Earth-like ‘‘plate-tectonic’’ systems in unprecen-
dented detail. Here we explore a simple question: what happens
to such ‘‘plate-tectonic’’ systems with increased mantle heat
production?

Counter-intuitively, hotter mantle conditions lead to the
break-down of continuous subduction, due to lower tempera-
ture-dependent viscosities, and hence lower induced lithospheric
stresses to drive plate deformation. Instead, the mantle enters
an ‘‘episodic subduction’’ regime, where long periods of surface
quiescence are interspersed with rapid periods of subduction.

Episodicity has been previously documented in the Precam-
brian continental record (McCulloch and Bennett, 1994), howev-
er, most workers have suggested that these peaks are associated
with mantle avalanche events, where accumulating subducted
slabs periodically penetrate the 670 km discontinuity, and subse-
quent upwelling counterflow and plume activity results in massive
volcanism (Stein and Hofmann, 1994). Here, we also present
paleomagnetic evidence that show that peaks in the preserved
crustal record coincide with massive bursts of plate motions—
consistent with time-dependent subduction in the early
Precambrian.

Episodic subduction provides an explanation for a number of
previously enigmatic geological and geophysical observations,
and suggests that, in contrast to regulated Phanerozoic tectonics,
early Earth evolution consisted of a number of global-scale dis-
crete events—each of which was pivotal to Earth’s thermal and
surface history.
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The e!ect of H2O on the spinel
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The e!ect of H2O on the solidus of peridotite may be explained
with a schematic phase diagram. D is the dry solidus, at which the
‘‘Nominally Anhydrous Minerals’’ or NAMs coexist with melt; W
is the wet solidus, at which amphibole ± NAMS coexist with melt
and supercritical fluid. Dehydration melting from amphibole
breakdown occurs at M. The liquidus from D to M is the trace
of the multiply-saturated (ol+opx+cpx ± sp) melting curve as a
function of H2O content of the melt, which has been determined
in CaO-MgO-Al2O3-SiO2 at 1.1 GPa (Liu et al., 2001). If H2O
were not to dissolve in NAMS, the smallest amount of H2O in
the bulk composition would produce melt at M (or at W, if
amphibole were less stable), 100 s of degrees below the dry soli-
dus. But the depression of the dry solidus from small amounts
of H2O is controlled by the partitioning of H2O between NAMS
and melt, as shown in the inset, which may be quantified using the
slope of the liquidus D to M (45 !C/wt%H2O; Liu et al., 2001),
and the bulk D(H2O), the ratio b/a. Recent measurements give
D(H2O) = 0.002 for ol/melt, 0.019 for opx/melt and 0.023 for
cpx/melt (Aubaud et al., 2004), hence bulk D(H2O) = 0.01 for fer-
tile spinel lherzolite. Olivine contributes insignificantly to the H2O
budget compared to pyroxenes. For 50 ppm H2O in the source,
the initial melt (F=0) will have 0.5 wt% H2O, hence the depression
of the dry solidus is only 22 !C. CO2 diminishes this further (Liu
et al., 2001).
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