
Linking crustal and mantle events using
in situ trace-element and isotope analysis

N.J. PEARSON
1, S.Y. O’REILLY

1, W.L. GRIFFIN
1,

O. ALARD
1,2, E. BELOUSOVA

1

1GEMOC ARC National Key Centre, Department of Earth and
Planetary Sciences, Macquarie University, NSW 2109, Aus-
tralia (npearson@els.mq.edu.au)
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Precise in situ analysis of trace-element compositions and iso-
tope ratios has revolutionised geochronology and geochemistry
over the past decade. This is primarily due to laser-ablation
microprobe inductively coupled plasma mass spectrometry
(ICP-MS) and the rapid development of the multi-collector
(MC-) ICP-MS. The MC-ICP-MS has provided a wider range
of isotopic systems (e.g., Li, Mg, Fe, Cu, Hf, and Tl) that can used
to constrain the timing and nature of lithospheric processes. The
in situ capabilities allow, for the first time, investigation of isoto-
pic variation at the microscopic level and raise questions over the
meaning of whole-rock measurements. In situ analysis also allows
the isotopic data to be interpreted in a microstructural context
and with integration of geochemical data from other microanalyt-
ical techniques. Integration of multiple data-sets both constrains
the origin of a sample, and can unravel the processes that have
subsequently modified it. The in situ isotopic techniques now
available not only provide age information, but give new insights
on magma genesis, ultimate source rocks and lithospheric tectonic
history.

The in situ Re–Os isotope analysis of individual grains of sul-
fide in mantle-derived peridotite indicates that there are multiple
generations of sulfides in most mantle peridotites and whole-rock
Re–Os ages reflect a mix of these di!erent sulfide populations. The
mixtures reflect the end-product of multiple melting and metaso-
matic events in the lithospheric mantle. ‘Age’ spectra for these
mantle events commonly mirror temporal signatures for thermal
and tectonic events in the overlying crust. The combination of
U–Pb dating of zircons (and characterisation of their trace-ele-
ment patterns and Hf isotopes) is a powerful technique for under-
standing crustal evolution. The TerraneChron! methodology
(www.es.mq.edu.au/GEMOC/) applies this approach to study
detrital zircons from modern drainages or sedimentary rocks to
construct records of crustal growth and reworking at scales rang-
ing from local drainages to from terranes to continents. Integra-
tion of age information from the lithospheric mantle and
overlying crust can be used to establish linkages between the
two and further our understanding of large-scale geodynamic
processes.
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We have analysed a suite of primitive (MgO >8 wt%) alkali
basalts from o!-axis locations in Iceland (Snaefell, Heimey, Snae-
fellnes) for elemental and isotopic (Sr–Nd–Pb–Hf–He–O) compo-
sition. Small degrees of melting beneath these o!-axis volcanic
zones produces alkali basalts that should preferentially sample
enriched components in the underlying mantle. Each area has
some unique compositional feature distinct from the other two
areas. Lavas from Heimay and Snaefellnes have high 206Pb/204Pb
(18.9–19.2) and straddle the NHRL for 208Pb/204Pb (D8/4 +5 to
!5). Olivines from both areas have oxygen isotopes (d18Ool

+4.9& to 5.1&) similar to normal mantle olivine values, which
conflicts with the recent inference (Thirlwall, 2006) that the
enriched Icelandic components should have low d18Ool <+4.6&.
However, Heimey lavas have high 3He/4Heol (13.1–14.5 RA) rela-
tive to Snaefellnes samples (6.3–8.6 RA), and double-spike Pb iso-
tope data show a small but significant di!erence in D7/4 (!1 to !2
vs. !2 to !4) at a given 206Pb/204Pb value. This suggests minor
spatial variations in the composition of the radiogenic Pb
enriched component. In contrast, Snaefell lavas have less radio-
genic Pb isotope compositions (206Pb/204Pb 18.4–18.6) and low
3He/4Heol (6.9–7.5 RA). Two notable features of Snaefell lavas
are their anomalously low d18Ool values (+4.1& to 4.6&) and
their high D7/4 (!1 to +1). Positive D7/4 values are rare in Ice-
land, and in post-glacial lavas they are only found in the adjacent
Öraefajökull centre and in a few samples from the Reykjanes Pen-
insula. This is consistent with a minor role for an EM1-type man-
tle component in Icelandic magmatism. The spatial distribution of
the enriched mantle components is best assessed from double-
spike Pb isotope data (Thirlwall, 2004; Peate, 2004). Lavas from
restricted geographic areas tend to show distinct linear arrays that
indicate binary mixing between local mixtures of the regional end-
member components: e.g., the high 206Pb/204Pb component for
Reykjanes Peninsula tholeiitic lavas is similar to the low
206Pb/204Pb component in alkalic lavas from the adjacent Heimay
area.
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