
The timescale of soil and saprolite
production inferred from uranium-series

isotopes: Case study in temperate Australia

A. DOSSETO, S.P. TURNER

GEMOC, Department of Earth and Planetary Sciences,
Macquarie University, NSW, Australia (adosseto@els.mq.
edu.au; sturner@els.mq.edu.au)

Uranium-series isotopes can be used to address the timescale
of weathering processes because these nuclides fractionate during
weathering and their abundance is time-dependent. A recent study
of suspended particles and colloids in the Murray-Darling River
(SE Australia) shows that, even in an environment characterized
by low erosion rates and tectonic stability, the residence time of
sediments in the basin (including storage in soils and transport
in the river) is only a few thousands of years (Dosseto et al.). Is
this timescale truly the timescale for soil evolution or does it
reflect the remobilisation of temporary sediment accumulations?
To answer this question, we need to know the characteristic time-
scale for soil production.

Previous attempts to constrain the timescale of soil formation
have shown that the U-series isotope signal can be very di!cult to
interpret (Chabaux et al., 2003). We have applied U-series iso-
topes to a simple situation where soils of moderate thickness
(<1 m) developed over a granodioritic lithology in temperate SE
Australia (Bega Valley, NSW). The site has been extensively stud-
ied, including the determination of soil production rate from
Be-10 and weathering rates from major and trace element compo-
sitions (Heimsath et al., 2000, Green et al., 2006). Modeling of
U-series data suggests that the timescale for soil production is
highly variable: from a few thousands of years to several tens of
kyr. The inferred range of soil production rates is similar to the
estimates calculated with Be-10 (Heimsath et al., 2000). One of
the advantages of our approach is that we are able to determine
the variation of soil production rates vertically through the pro-
file. Interestingly, soil production seems to be most active near
the surface whereas it is the lowest in the vicinity of the soil–sap-
rolite boundary.

References
Chabaux, F., Riotte, J., Dequincey, O., 2003. Uranium-series Geochem. 52,

533–576.
Dosseto, A., Turner, S., Douglas, G.B., in press. Earth Planet. Sci. Lett.
Green, E.G., Dietrich, W.E., Banfield, J.F., 2006. Earth Planet. Sci. Lett.

242, 155–169.
Heimsath, A.M., Chappell, J., Dietrich, W.E., Nishiizumi, K., Finkel,

R.C., 2000. Geology 28, 787–790.

doi:10.1016/j.gca.2006.06.308

Refertilization of highly depleted
lithospheric mantle (Balkan peninsula,
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Peridotite xenoliths from the Balkan peninsula provide evi-
dence of refertilization processes within a highly depleted part
of the lithospheric mantle. They occur in 40–60 Ma old basanites
in East Serbia. They are mostly harzburgites and clinopyroxene-
rich lherzolites with characteristics that are much more depleted
than typical non-cratonic peridotites, orogenic ultramafic massifs
and average abyssal peridotite (e.g., silicate Mg#s = 90–92; Cr#
in spinel up to 0.7, Al2O3 in opx—1–2 wt%). This highly depleted
mantle is very similar in composition to arc-related mantle and
also contains opx-rich lithologies that were formed by precipita-
tion of boninitic melts (Cvetkovic et al.). Such supra-subduction
zone oceanic mantle lithosphere was probably accreted to the
European continent during Mesozoic collision. Refertilization
has occurred in three ways: (1) Fe-rich dunites and clinopyroxene
megacrysts, (2) fertile xenoliths with metasomatic spongy-rimmed
Ti–Al-rich clinopyroxene and disintegrated spinels, sometimes in
sheared zones, and (3) tiny discrete metasomatic assemblages in
veinlets and pockets in the highly depleted xenoliths. The fertile
xenoliths have low Mg#s in their silicate minerals (ca. 88), low
Cr#s in spinels (<0.4), and high Al2O3 in orthopyroxene (2–
6 wt%).

Trace element patterns of metasomatic clinopyroxene in the
refertilized lithologies indicate that the inferred metasomatic melts
are genetically related to the host basanites. The Fe-rich xenoliths
are inferred to have formed from direct crystallisation of the alka-
line magmas in the lithosphere, whereas the fertile xenoliths and
discrete metasomatic assemblages formed by melt-peridotite reac-
tions. Major element modeling shows that the fertile lithologies
originated by addition of 5–20% basanitic melt to the refractory
mantle. Textural relationships and compositional variations in
the discrete metasomatic assemblages indicate the following reac-
tion: opx + Cr-spinel + Si-undersaturated CO2-rich alkaline melt =
Ti–Al-cpx + Ti-spinel +/! carbonate +/! ilmenite +/! apatite.
Refertilization probably occurred just prior to eruption of the
host basanites.
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