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hydrogen at a redshift near z = 0.42. But
the probability of such a chance coinci-
dence is slight, and ground-based observa-
tions of Q0302—-003 show no evidence to
support this. Another possibility is that it
is produced by the many discrete ‘Lyman-
o forest” clouds that make the thick
‘forest’ of Lyman-a absorption lines seen
at high redshifts. But Jakobsen and col-
leagues argue that the known population
of Lyman-a forest clouds could not pro-
duce the observed absorption feature un-
less the ratio of singly ionized helium to
neutral hydrogen in these clouds were
implausibly large. An as yet unidentified
population of extremely tenuous Lyman-
a forest clouds could produce the absorp-
tion feature, but such tenuous clouds
would probably fill much of intergalactic
space and might themselves constitute the
intergalactic medium. So the odds are that
the observation is just what it appears
to be — the discovery of the diffuse inter-
galactic medium.

What is its significance? Plenty. First, it
culminates a long and difficult search and
in the process opens up to study the very
material out of which galaxies must have
formed. Second, it provides the first direct
evidence that the intergalactic mediumis a
highly ionized plasma of hydrogen and
helium and challenges astronomers to find
the sources of ionization. Third, it sup-
ports the Big Bang model of nucleosynth-
esis, which predicts that light elements
like helium were produced in the very
early Universe and should be seen at the
very largest redshifts.

What next? One possibility is to move
to lower redshifts and shorter ultraviolet
wavelengths, where the problem of fore-
ground neutral hydrogen is less severe.
This will require the next generation of
far-ultraviolet satellite telescopes. But
neutral hydrogen in our own Galaxy
obscures the extragalactic Universe at
wavelengths below 912 A, so the search
for the helium 304 A transition will be
forever limited to redshifts satisfying (1 +
z) X 304 A >912 A, or z > 2. Paradoxical-
ly, it seems that we are destined to know
more about the intergalactic medium in
the distant reaches of the Universe than
the intergalactic medium in our own back
yard, at least until another probe of the
ionized intergalactic mediumis found. O
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A snapshot of whole mantle flow

JohnE. Vidale

IN last month’s issue of the Journal of tions suggest the mantle has not been
Geophysical Research, Stephen Grand thoroughly mixed; mineral physicists have
shows that a slab of the oceanic litho- argued that the lower mantle may be too
sphere beneath the west coast of America dense to have the same composition as the
is sinking, almost without check, through upper mantle, and thus that convection
the Earth’s upper mantle and down into must be stratified. On the other hand,
the lower mantle!. His results add a new seismologists and geodynamicists have
twist to a debate that has long exercised uncovered conflicting clues, but most
geoscientists. Convective flow in the man- favour at least some penetration of the
tle allows heat from the Earth’sinterior to  subducting slabs into the mid-mantle,
rise to the surface, whence it radiates into  perhaps with ponding at the bottom of the
space. But is the pattern of convection a upper mantle punctuated by occasional
simple overturning of the entire mantle, flushes into the lower mantle. However,
or does it occur in two or more stratified before the work of Grand, the lack of

layers??

For three decades the debate has been a
lively one. Opinions have tended to be
polarized. On the one hand, geochemists
have argued that the degree of chemical
enrichment in the crust indicates that only
a portion of the mantle has been cor-
respondingly depleted and that differ-
ences between hotspot and ridge composi-

high-resolution models of the lowermost
mantle has precluded demonstration that
there is flow across the entire mantle.
Grand’s new seismological results'
provide the clearest picture yet of cold
material downwelling through the lower
mantle. As seismic waves travel faster
through cold rock than warm rock, the
signature of such downwellings is a slight

Two cross-sections from the surface of the Earth to the core—mantle boundary, showing seismic
shear-wave velocity’. Blue indicates faster velocity, red slower velocity. The peak-to-peak
variation shown in the lower mantle is 1 per cent. a, A cross-section beneath North America that
passes through Portland, Oregon. The fairly continuous fast anomaly extending down to the core
is seen where subduction has been rapid for the past 150 miilion years. b, A cross-section
beneath South America that passes through Peru. A distinct lower limit to the fast anomaly is
seen where subduction has been rapid for only the past 50 million years.
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speeding up of the seismic waves passing
through it. These travel-time signals from
the lower mantle have proved difficult to
interpret because of overprinting by the
larger variations in the uppermost 700
kilometres of the mantle. But Grand has
carefully incorporated the seismic
raypaths that turn in the upper mantle,
which are usually omitted or treated in
simpler ways. By this process, and the
inclusion of waveform data from the
numerous analog seismometers that oper-
ated in the 1960s and 1970s, he has been
able to determine the three-dimensional
upper-mantle structure, which is interest-
ing in its own right, and to isolate the
lower-mantle structure.

An extensive slab of rock that is seismi-
cally fast and therefore cold is seen sinking
in the lower mantle beneath the subduc-
tion zones spanning the west coast of the
Americas (see figure). The faster material
is visible from the top of the lower mantle,
near 800 km depth, to the base of the
mantle. The subduction zones known to
be present in the upper mantle are not
clear, probably because they are masked
by other mechanisms that cause strong
velocity variation in the upper mantle,
and also because the subducting slab is
so narrow in the upper mantle.

The downwelling crosses the depth of
660 km, where there is a phase transition
that was widely suspected to inhibit man-
tle flow™*. There is no sign of cold mat-
erial ponding at the base of the upper
mantle over large areas (more than 1,000
km), as has been suggested from numeric-
al simulations that are marked by episodic
flushing of subducted material through
the lower mantle®®. The continuity of the
descending sheet instead suggests steady
flow in this region, although studies in the
western Pacific’® have found extensive
volumes with fast seismic velocities be-
neath a few subduction zones, interpreted
as ponding of slabs at the base of the upper
mantle.

In Grand’s work, the width and flow
rate of the downwelling can be inferred to
differ between the upper and lower man-
tles, whereas the initial seismic measure-
ments that indicated slab penetration into
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Physics for macaques
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Tuis is Tokei, a female Japanese macaque, at work retrieving an apple from the
middie of a transparent tube by throwing a stone at it (a, Tokei throws stone; b, stone
hits apple; ¢, Tokei moves to the other end of the tube and, d, collects the apple).
During an investigation of macaque tool use at Jigokudani Monkey Park, Japan,
Tokei emerged as a remarkable individual in her inventiveness in finding ways to
extract the fruit from the tube. The study, described by E. Tokida et al. in Animal
Behaviour (47, 1023-1030; 1994), started with the macaques being offered a
pre-positioned hooked stick with which to pull out the apple. The retrieval options
involving sticks were gradually increased in difficulty, culminating in Tokei's use of a
natural shrub root she shortened for the purpose. At about the same time, the
stone-throwing technique was discovered and eventually four macaques picked it
up. The drawback was that the apple could be filched by a rival diner if the stone
were thrown too. hard. Tokida et al. found that Tokei threw stones with less force
when other macaques were close to the other end of the tube — giving her more of a
chance to see off the competition — than when they weren’t; hence their inference
that macaques have an appreciation of the principle of the conservation of
momentum in collision. Their final observation lends itself to all manner of
anthropomorphic speculation. Only Tokei brought her infants to the tube, pushed
them in and got them to fetch the apple for her.
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Tim Lincoin

the lower mantle” could not resolve such
differences. The rate of sinking is inferred
by comparing the depth of the lower edge
of the sheet to the time at which subduc-
tion was initiated. Beneath the segment of
the South American subduction zone
where the rapid subduction commenced
50 million years ago, the sheet disappears
at a depth of 1,300 km, so the rate of
sinking in the lower mantle is about 1 cm
per year. Beneath North America, sub-
duction has been continuous and rapid
throughout the past 150 million years, and
the lower-mantle anomaly extends to the
core. The subducting material sinks about
five times more slowly and thus spreads to
form a broader downwelling in the lower
mantle than the upper mantle.

A similar result has come from modell-
ing the geoid'’. Ponding scenarios, on the
other hand, would predict a much wider
zone of seismically fast material concen-
trated near 660 km depth. The measured
width of the downwelling under the
Americas, 500 to [,000 km, is in accord

© 1994 Nature Publishing Group

with previous local estimates''. The dif-
ferences between upper- and lower-
mantle downwelling have been linked to
possible differences in the viscosity'2.

The extensive slab of descending
material beneath the Americas implies
that one convection cell spans the entire
mantle, at least in this region. As the best
image yet of lower-mantle structures on a
scale of 300-1,000 km, this observation of
large amounts of mass flux between the
upper and lower mantle causes great diffi-
culty for those who would argue that the
mantle has not thoroughly mixed since its
formation billions of years ago.

The debate is far from over. But
Grand’s model and interpretation of the
fate of slabs descending into the lower
mantle looks likely to guide our hypoth-
eses for some years tocome. a
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