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that luminescence evolved independently
in C. macrocephala, although in some
organisms luciferin can be obtained from
food.

Because luminescence is normally pro-
duced in conjunction with an escape re-
sponse, the cloud of light appears to
function as a diversionary display. This
adaptation highlights the importance of
bioluminescence in the interactions
among marine organisms and demons-
trates the value of in situ observations for
understanding life in the sea.
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Lithosphere and
flood basalts

SIR — So-called hotspot magmas, includ-
ing ocean island basalts and continental
flood basalts, differ isotopically from mid-
ocean-ridge basalts (MORB) and require
areservoir, or acomponent, that has been
isolated from the MORB source for more
than 2 billion years. It has been widely
assumed that a suitable isolated reservoir
might be the continent lithosphere.

Most authors refer to ‘lithosphere’ as
the strong outer shell of the Earth.
Geophysics' and rock physics? show that
the silicates of the mantle have little
strength at temperatures greater than
650100 °C or about half the absolute
melting temperature. Some authors,
however, refer to the thermal boundary
layer as ‘lithosphere’ even though it ex-
tends to about 1,300 °C, near or above the
silicate solidus®. The thermal boundary
layer has a close to critical Rayleigh
number and cannot remain attached to the
plate or accumulate long-term isotope
anomalies® unless it is also isolated from
the ‘convecting mantle’ by buoyancy*>.
Only the shallow colder part of the ther-
mal boundary layer can be considered
rigid, or can maintain a long-term attach-
ment to the plate or to an overlying
continent. The use of the term ‘litho-
sphere’ for the thermal boundary layer is
unfortunate, as it has led geochemists to
believe that it is strong and can remain
attached to ancient crust and its associated
mantle (the rheological or real litho-
sphere) for long periods.

Both the lithosphere and the thermal
boundary layer are colder than the rest of
the mantle and are relatively thin. This
makes it hard to see how large amounts of
melt can be produced in a short period of
time, as is characteristic of continental
flood basalt provinces®. Gallagher and
Hawkesworth’ therefore propose a “wet
continental lithosphere” reservoir with a
melting temperature ~500 °C lower than
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a, The continental lithosphere (CL) hypothesis
attributes continental flood basalts (CFB) to
the lower part of the thermal boundary layer
under continents, calied by some the “lithos-
phere”. This material has asthenosphere-like
seismic velocity and viscosity and cannot be
isolated from depleted mantle (DM) by its
strength. It will flow laterally. b, The peris-
phere model attributes enriched components
of hotshot magmas to a weak enriched mantle
(EM) tapped at continental rifts or in the initial
stages of DM upwelling. The strong lithos-
phere or plate is limited to regions colder than
650%100 °C. Basalts from DM are not evident
in the initial stages of rifting but become
dominant at mature or rapidly spreading
ridges.

that of dry silicates. The lower part of this
proposed  ‘lithospheric’ source has
temperatures ranging from 1,000 to 1,500
°C. Such mantle has low viscosity and low
seismic velocities. The presence of even
trace amounts of water results in signifi-
cantly lower creep strength than under
strictly dry conditions. The strain rate of
wet olivine’ at 1,200 °C for a typical
lithospheric deviatoric stress of S00 MPa is
1078571, Lithosphere straining uniformly
at this rate will experience a strain of unity
in 3 years. Such high stresses cannot be
maintained in hot mantle, which is thus
better described as ‘asthenosphere’ (weak
layer). The lower part of the thermal
boundary layer cannot support even its
own weight for long periods of time. It will
also delaminate or deform irreversibly
when subjected to compression or exten-
sion. It does not contribute to the strength
of the lithosphere and deforms indepen-
dently of it.

Observed seismic velocities in cratonic
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lithosphere require a refractory oblivine-
rich composition®. Seismic shear veloci-
ties at 1,200 °C and 150 km depth in
olivine-rich mantle are 4.6 km s, and
they will be even lower in wet mantle.
Observed shear-wave velocities at this
dePth under ancient cratons are 4.78 km
s~ , which imply temperatures of ~600 °C
(ref. 8). Non-cratonic mantle has lower
velocities.

Thus, the physical properties calculated
for wet lithosphere are asthenosphere-
like. The conditions envisaged for con-
tinental ‘lithosphere’ will not be long
maintained and the material will flow
readily. Metasomatized or hydrous man-
tle is buoyant, particularly if it is basalt-
depleted harzburgite, and therefore is
likely to spread across the top of sub-
lithospheric mantle (see figure). Fossil
plume heads, another proposed source for
flood basaits’, are even hotter than con-
tinental lithosphere and will suffer the
same fate. In either case an enriched
sub-lithospheric layer will result. Such a
layer, which [ have called the
‘perisphere’’?, will isolate the deeper
MORB reservoir from recycling and fluids
resulting from slab dehydration. In addi-
tion to these components it may also be
rich in residual, small-melt fraction
fluids*!"12, A global shallow enriched or
metasomatized layer is intrinsic in some
mantle evolutionary models*®'!. The
enriched perisphere can eventually be
pushed aside or depleted, just as has been
proposed for continental lithosphere and
‘fossil plume heads’, to allow egress of
depleted mantle or MORB melts there-
from. Attributing the source of flood
basalts to continental lithosphere rather
than the hot and weak sub-lithospheric
mantle results from a semantic confusion
between ‘lithosphere’ and ‘thermal
boundary layer’. A recent reappraisal of
the geochemistry of flood basalts and
continental lithosphere also favours a sub-
lithospheric origin'>.
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