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SCIENTIFIC CORRESPONDENCE 

Sampling the lithosphere 
SIR-Two recent contributions to Nature! ·2 
highlight the importance of the continen
tal lithospheric mantle to contempoldry 
geochemistry. It is of interest both 
because it may represent a significant 
repository of incompatible trace elements 
that must be included in any model of the 
Earth's evolution, and because it contains 
old segments of the upper mantle, often 
with distinctive isotope ratios that are 
important tracers in studies of mantle geo
dynamics. As with all geochemical reser
voirs, however, there is the fundamental 
problem of obtaining a representative 
sample, and this is particularly acute for 
the continental lithosphere. 

Mantle xenoliths transported to the 
surface in alkali basalts and kimberlites 
remain the. least ambiguous. They have 
yielded much information on the minera
logy and composition of the uppermost 
mantle , but they are strikingly diverse . In 
particular, many of the garnet-bearing 
peridotites are unusually depleted in 
major elements, including iron, with the 
result that they are on average 1 per cent 
less dense than most mantle samples3

• 

They also seem to be concentrated 
beneath the older cratonic areas, and to 
have the more extreme isotope ratios . By 
contrast, spinel-bearing peridotites occur 
in geologically young terrains, and both 
their isotope ratios and their major
element compositions are probably 
similar to the uppermost mantle in oceanic 
areas . One inference is that lithosphere 
generating processes are no longer the 
same as they were in the Archaean , but 
whatever the causes, the diversity of 
mantle xenolith suites demands that a 
range of rock types be included in any 
estimate of lithosphere composition. 

But are there other ways of sampling 
the lithosphere? Our understanding of the 
geochemical variations in the astheno
sphere is dominated by the analysis of 
oceanic basalts which provide an average 
sample of the trace element and isotope 
characteristics of their source regions . 
Arguably a similar approach can be 
applied to the lithospheric sources of 
continental magmatism and although 
debates concerning the effects of crustal 
contamination continue, there is increas
ing confidence that many continental 
basalts are derived from mantle source 
regions that are both distinct from the 
asthenosphere and of similar age to the 
overlying crust. These observations are 
consistent with an origin within the 
continental lithospheric mantle , whereas 
variations in trace-element abundances 
imply that such sources can be stabilized 
by a variety of processes. These processes 
are as likely to occur at convergent plate 
margins' as in extensional environments, 
contrary to the implication of Jochum et 
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al.! (more firmly stated by Sun and 
McDonough') that most of the litho
spheric mantle is generated at divergent 
plate margin or intraplate tectonic 
regimes. 

It is becoming increasingly clear that 
progress towards a fuller understanding of 
the subcontinental lithospheric mantle 
requires integration of the information 
derived from both xenoliths and basaltic 
magmas. The new analyses of spinel 
peridotites are most welcome and an 
important contribution to this goal. Con
sidering their particularly fertile major
element compositions and their trace
element similarity to oceanic basalts, they 
are, however, unlikely to be representa
tive of the most distinctive features of the 
continental lithospheric mantle. 
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JOCHUM et al. reply-Rogers et al. 
suggest that the continental lithospheric 
mantle (CLM) may grow at convergent 
plate margins, although evidence for this 
process has not been found in spinel 
lherzolite xenoliths! . Their comments lead 
to two important questions in first, how 
representative are spinel lherzolite xeno
liths of the CLM, particularly in older 
cratonic regions; and second , can contin
ental basalts be used to characterize the 
composition of the CLM? We chose spinel 
peridotite xenoliths for this study because 
they are the freshest samples of contin
ental lithospheric mantle available and 
therefore provide direct evidence on the 
lithospheric mantle's incompatible-trace
element composition . These xenoliths, 
unlike most garnet peridotites that are 
carried by kimberlitic magmas , have not 
been significantly affected by host 
contamination . The xenoliths we des
cribed cover a range of major and trace
element compositions. However, as 
Rogers et at. point out, they may not be 
representative of the continental litho
spheric mantle in cratonic regions. Never
theless, our conclusions! concerning the 
growth and evolution of the CLM also 
hold when data for garnet peridotite 
xenoliths are considered6

• Furthermore, 
comparisons of spinel and garnet peridotite 
suites show that they follow similar 
chemical trends. 

Our arguments are not based on absolute 
abundances of major and/or incompatible 
trace elements, but on ratios of incompa
tible elements with similar degrees of in
compatibility. We have noted that reliable 
data for some key element ratios such as 

niobium/thorium, niobium/lanthanum 
and strontium/neodymium are the same in 
strongly depleted and in fertile spinel
bearing peridotite xenoliths, and this is 
also true for their garnet-bearing counter
parts. These ratios are typical of mid
ocean-ridge basalts and ocean island 
basalts, but distinct from those observed 
in island arc basalts!·5.6. So far no garnet-or 
spinel-bearing peridotite xenoliths have 
been reported to have the trace-element 
signatures resembling either those 
expected of convergent margin basalts 
and/or their residues. Thus , it is unlikely 
that significant volumes of the continental 
lithospheric mantle are developed at con
vergent plate margins. 

Rogers et al. argue that the composition 
of continental basalts can be used to 
define the composition of the CLM, and 
that such data indicate CLM growth 
occurs at convergent plate margins. Other 
workers, however, continue to argue that 
many continental basalts may have been 
significantly affected by crustal contamin
ation (see, for example, refs 5,7). This 
process would tend to obscure any in
formation that they contain about their 
CLM source regions. In addition, al
though the geochemistry of continental 
basalts is determined partly by the CLM, 
the 'asthenosphere' is also involved". In 
characterizing the composition of their 
source region, therefore, the effects of 
variable degrees of partial melting, crystal 
fractionation and the relative contribu
tions of lithospheric and asthenospheric 
components must be taken into account. 
Some small-volume magmas (such as 
kimberlites and ultrapotassics) may be 
derived from CLM alone", but they, and 
hence their sources, are volumetrically in
significant. Considering the many vari
ables involved in basalt genesis, it seems 
unlikely that a unique and unambiguous 
composition of the continental lithos
pheric mantle can be deduced from basalt 
geochemistry. The comments of Rogers et 
al. highlight the critical need for more data 
on the chemistry of mantle xenolith. 
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