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Lithium (Li) isotopes represent one of the
many recent isotopic systems to be
employed in our endeavour as geoscientists
to constrain the nature of elemental cycling
between the mantle, crust and hydrosphere.
Li isotope fractionation primarily occurs
during fluid-related processes (e.g.,
weathering, seafloor alteration, slab
dehydrat ion,  and granuli te-facies
metamorphism).
A study of granites from the New England
Batholith (NEB), in eastern Australia reveals
that the Li isotopic system is very sensitive
to the involvement of isotopically light
sedimentary materials during magma
genesis. Granites in which there are only
small degrees of crustal contamination have
d7Li values of +8 to +1.4‰, overlapping
with arc magmas from which they were
either directly or indirectly sourced. NEB S-
type intrusions from this region, although
isotopically juvenile, have lower, more
homogeneous Li isotopic compositions (d7Li
= 1.1 ± 1.3‰ [2s SD]), similar to those reported for shales. I-type intrusions with
transitional I-S-type characteristics have a diverse range of values than overlap with both
granite types. Lithium isotopes offer distinct advantages compared with Sr and Nd
isotopic compositions for tracing sediment components in the New England region,
owing to the juvenile nature of the crust, and hence restricted range of radiogenic isotopic
compositions.

Figure 2 (left): hand specimen of the Moonbi
intrusion (Moonbi Supersuite). Photo width
represents 5 cm.

Figure 1 (above): hand specimens of granites of
the Jenny Lind intrusion (Clarence River
Supersuite). Hand specimens approximately
8 cm across.



Figure 3: Two component mixing between a basalt (with typical depleted upper mantle isotopic
compositions) and an isotopically evolved (old) sediment component for varying KSr/Li  (KSr/Li =
[Sr/Li]mantle/[Sr/Li]crust) and KNd/Li (KNd/Li = [Nd/Li]mantle/[Nd/Li]crust). KSr/Li  and KNd/Li  tend to be high for
endmember mixing processes in the crust, lying within the green field. A large shift in  eNd with minimal
modification to d7Li  (yellow field) will generally only occur through melt-related metasomatic processes
in the mantle.  In contrast, mantle metasomatism in fluid-dominated, sediment-poor arcs is more likely to
occur in the green portion of the  eNd - d

7Li diagram.

Owing to the contrasting behaviours of the various elements, Li isotopes in combination
with conventional Nd and Sr isotopic studies can place significant constraints on the
isotopic composition of mafic magmas involved in crustal processes.  In addition the
potential exists to differentiate trace element enrichment processes that derive from
crustal interaction, versus those, which occur via mantle metasomatism (Figure 3).
NEB I- and S-types granites are generally isotopically lighter than their Lachlan Fold
Belt counterparts. This argues that regional scale variability in crustal Li isotopic
compositions is likely, even among Phanerozoic terranes, and demonstrating the
difficulties with determining an average crustal composition, and hence global Li mass
balances. However, there are some uncertainties directly relating granite (upper crustal)
and middle crustal isotopic compositions, owing to the continuing problems in uniquely
identifying the source(s) involved in granite magma genesis, as well as the high
sensitivity of Li isotopes to crustal contamination processes involving sedimentary, and
plausibly, isotopically fractionated lower crustal materials.



Figure 4: Variability in Li and Nd isotopes in New England granites.   The combination of these two
isotopic systems enables constraints to be placed on the nature of components involved in magma genesis.
For example, the Towgon Grange, Jenny Lind and Kaloe granites cannot be derived from the same mantle-
endmembers. If a mantle-derived component is involved in the genesis of the Moonbi Supersuite (SS), that
component must be characterized by low eNd. The Uralla SS plutons are potentially generated through
mixing of more mafic magmas with crustal sedimentary components (up to 60%; compare models A or B
with C), or may themselves represent partial melting of mixed infracrustal-supracrustal materials.


