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Water contents in olivine, orthopyroxene, clinopyroxene, gar-
net, amphibole, mica and coexisting glasses or matrices have been
determined from 23 water-undersaturated melting experiments
conducted on basaltic compositions at 1–4 Gpa, 1000–1380 !C
with 1.7–25 wt% water. Correlations between molar Al and H
show that H2O is accommodated in olivine and pyroxenes via a
coupled substitution of H+ + Al3+ M Si4+. For olivine, our work
suggests this is prominent at less than 2 GPa, but at higher pres-
sure the substitution 2H+ M Mg2+ dominates (Zhao et al., 2004).
For pyroxenes, the hydrogen and aluminium substitution remains
more important at higher pressure.

These observations linked with other work (Rauch and Kep-
pler, 2002; Bromily et al., 2004; Zhao et al., 2004) allow a new cal-
culation of the maximum storage capacity for water in nominally
anhydrous upper mantle peridotite. The resultant potential water
content at the critical pressure range for basaltic magma genera-
tion increases from !1200 ppm at 2 GPa to !1800 ppm at
4 GPa. In models of magma generation (Green and Falloon,
2005) this means that no separate hydrous phase will occur in
MORB sources, but may be present in hot spot magma sources
and more likely present in intraplate magma sources. In the latter
2 cases the effect of significant CO2 needs to be considered as well
(Adam, 1990; Green and Falloon, 2005).
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Biogeochemical controls on the trace
element composition of wine
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The trace element composition of wine has pragmatic applica-
tions in that it can in some cases be to determine the origin and
authenticity of wines. However, information on how biogeochem-
ical processes make possible the trace element fingerprinting of
wines has broader implications for understanding controls on ele-
ment concentrations in all vegetation. Elements in wines from any
one restricted region behave (vary) according to basic geochemi-
cal principles; they group according to Goldschmidt’s geochemi-
cal classification of the elements. However, lithophile elements
form two groups, those soluble and those insoluble in water, sug-
gesting that element behavior is dominantly controlled by solubil-
ity in water. Soil alkalinity, which is related to climate, plays a role
in controlling the behavior of a few elements such as Sr which are
made more available for uptake where concentrated in salts (cal-
cite) in arid climates. The impact of soil trace element composi-
tion on wine composition has yet to be quantified, but large
anthropogenic inputs to soil (e.g. Pb and As) are apparently
reflected in wine chemistry, and the utility of using trace element
concentrations in vegetation to look for ore deposits is well estab-
lished. A factor apparently overlooked to this point is evapotrans-
piration. Recent studies of Canadian wines show that average
concentrations of many elements from five regions correlate pos-
itively with Degree Growing Days (a monitor of the amount of
heat received in each region). Apparently a major factor control-
ling the absolute concentration of elements in wines, is the
amount of water evaporated from vines and grapes. Warmer cli-
mates lead to more evaporation and higher concentrations for all
elements, with element ratios still reflecting relative solubility of
elements in soil water.
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