
0.5132

0.5130

0.5128

0.5126

0.5124

0.5122

0.5120
0.700 0.7150.7100.705

Strontium ratio (87Sr/86Sr)

Bulk
Earth

N
eo

dy
m

iu
m

 ra
tio

 (
14

3 N
d/

14
4
N

d)

0.720

Samoa (published data)

Marquesas

Society Islands

Hawaii

Samoa (new data)

Old 

continent

One possible loophole in this 
interpretation is that the continen-
tal isotopic and trace-element sig-
nature might have been picked up 
by the basalts in transit from their 
melting site in the mantle, at depths 
of 100 km or so, through the original 
Pacific Ocean floor — which is itself 
covered with predominantly con-
tinent-derived sediment. Jackson 
et al. effectively counter the spectre of 
such ‘crustal contamination’ through 
non-recycled material by analysing 
actual Pacific sediments near Samoa, 
finding that the lead isotope ratios of 
these samples are incompatible with 
those of Samoan lavas. 

If the origin of the Samoan magma 
source is now settled, one may rea-
sonably infer that other nearby ocean 
islands of similar isotopic composi-
tion (known as enriched-mantle 2, 
or EM2)6, such as the Society Islands 
(including Tahiti) and the Marqu esas, 
have similar sources. This would be a 
mixture of mantle rocks and recycled 
oceanic crust, with a sprinkling of 
sediment derived from ancient upper 
continental crust and subducted along 
with the rest of the package. Similarly, 
a few other ocean islands, such as 
Pitcairn, might contain small amounts 
of recycled pelagic sediment. 

The troubling point remains, however, that 
even if all EM-type volcanoes contain re cycled 
sediments, instances in which this can be 
recognized are rare. After all, wherever sub-
duction occurs, sediments are likely to enter 
the mantle. Jackson and colleagues2 point out 
that if the current rate of sediment subduc-
tion (0.5–0.7 km3 per year) is representative 
of the past 4 billion years, the total amount of 
subducted sediment will make up only about 
0.15% of the mass of the mantle. That might 

not seem much, but it is about a third of the 
present-day mass of the continents.

These sediments are also rather highly 
enriched in incompatible elements (those 
most likely to be removed by mantle melt-
ing), up to a factor of about 100 compared with 
primitive mantle compositions. They are even 
more enriched when compared with present-
day mantle, which has been depleted in these 
same elements by the removal of continental 
crust. Thus, in the present-day mantle, possibly 

10–20% of the highly incompatible 
elements rubidium, uranium and 
thorium might have been rein-
jected into the mantle from crustal 
sources by sediment subduction. 
And the very fact that the mantle 
is isotopically remarkably hetero-
geneous demonstrates that con-
vective stirring is not particularly 
efficient.

Given all these factors, I find 
it remarkable that so little of the 
subducted sediments can be rec-
ognized in recycled form in both 
mid-ocean ridges and hotspot 
volcanoes. Much of the bud-
get of subducted trace elements 
must therefore either be short-
circuited back to the surface dur-
ing sub duction-related volcanism, 
or be hidden in a relatively stable 
place such as the subcontinental 
lithosphere. That is a question 
for another day. For now at least, 
such material has at last been iden-
tified in one place where it does 
appear.  ■
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Figure 1 | Adopting continental values. The strontium and neodymium 
ratios 87Sr/86Sr versus 143Nd/144Nd in volcanic rocks from several mantle 
‘hotspots’ or plumes. High strontium and low neodymium ratios are both 
characteristic of ancient continental rocks, but possibly also of mantle 
regions enriched by infiltration of small amounts of mantle melt. Data 
for Hawaiian islands are representative of most ocean island volcanoes, 
which show isotopic evidence for normal mantle enrichment and depletion 
processes. Published data from Samoa, the Marquesas and the Society 
Islands, all island groups in the South Pacific, deviate from the normal 
mantle trend (which also contains the composition of the total ‘bulk’ Earth) 
in the direction of high 87Sr/86Sr values, indicating that they might contain 
recycled continental material. Jackson and colleagues’ data2 (red) greatly 
extend this trend. Together with other ‘continental’ geochemical indicators, 
these data strongly support the continental recycling hypothesis for this 
(relatively rare) class of volcano. (Isotope data assembled from ref. 7.)

Like charges repel, unlike charges 
attract. The simplest way to show 
this is to charge up different pieces 
of insulating plastic by rubbing them 
on your shirt and watching what 
they do when brought up close to 
one another. Amit Mehrotra and 
colleagues use a similar idea to 
separate a mixture of red and blue 
sand grains falling into a hollow 
acrylic cylinder, purely through the 
different amount of charge each is 
carrying (A. Mehrotra  et al. Phys. Rev. 
Lett. 99, 058001; 2007).

The red and blue grains were 
all of the same size and positively 

charged, with the charge density 
of the blue grains being about six 
times that of the red. The authors 
also made the cylinder positively 
charged by rubbing it lightly with 
nitrile gloves. The grains were mixed 
up on a vibratory feeder, and then 
discharged into the cylinder from a 
metal chute.

On entering the cylinder, 
the charged grains separated 
spontaneously into red and blue 
components (pictured). Oddly, 
however, it was the more positively 
charged blue grains that moved 
towards the positively charged 

cylinder walls — rather than 
being more strongly repelled, 
as basic electrostatics would 
seem to demand.

The authors show through 
simulations that the sand 
particles are not, in fact, going 
against the grain. The effect 
is caused by negative charges 
induced on the underside 
of the metal chute, whose 
concentrated attraction causes a 
‘beard’ of falling sand grains to grow 
on the lip of the chute. This beard is 
sufficiently repulsive that the more 
highly charged blue grains levitate 
more strongly off the end of the 
chute, resulting in two falling streams 
separated according to colour. 

Pretty as it is, the experiment also 

has a practical aspect. The ability 
to separate grains by how much 
charge they carry, rather than by 
charge sign, could have applications 
in technologies that exploit 
electrostatic charging — aerosol 
drug delivery, xerography and 
filtration, for example.
Richard Webb
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