NEWS AND VIEWS

Can these divergent views of the con-
tribution of HBV to oncogenesis be recon-
ciled? There is no reason why both direct
and indirect mechanisms cannot operate
in vivo. The fact that liver injury of any
cause invariably provokes hepatocyte pro-
liferation means that even in the absence
of a specific genetic contribution from the
viral genome, there is likely to be a back-
ground of transforming events not directly
linked to viral DNA. For proponents of
direct models, the challenge now is to
define to what extent subsets of human
HCC exist in which integrated HBV
sequences act to drive proliferation over
and above this background, and to clarify
the mechanisms by which this occurs.
Clues to such cases might emerge from
consideration of the differences between
WHYV- and HBV- associated oncogenesis,
chief among which is the earlier onset of
hepatoma during chronic WHYV infection.
Perhaps the subset of human HCCs that
develop earlier than usual in the carrier

state would be enriched for such inte-
grants. The finding of frequent oncogene
activation in woodchuck HCC will surely
invigorate the search for comparable
events in human hepatomas. |
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GEOPHYSICS

Enhancing mantle conductivity

L. M. Hirsch

THE cause of a layer of high electrical
conductivity in the Earth’s upper mantle'
at depths in the region of 40-180 km has
long intrigued and puzzled geophysicists.
Both above and below the layer, con-
ductivity profiles can be reconciled with
laboratory conductivities of mantle
minerals under controlled conditions™.
Conversely, conductivities in the high-
conductivity layer are about 1-2 orders of
magnitude greater than would be reason-
ably expected from solid-state conduction
in the volumetrically most important min-
erals. Small amounts of good conductors
such as partial melt’, water® or carbon’ are
often invoked to explain this anomaly.
The common approach is to treat the layer
as a mixed medium containing insulating
silicate crystals mixed with an inter-
connected fluid or grain-boundary phase
of high conductivity. On page 272 of this
issue®, Karato presents a new possibility:
hydrogen dissolved in the olivine lattice
may substantially increase the electrical
conductivity of the host crystal. Thus,
enhanced conduction outside mineral
grains would not be necessary.

Karato bases his idea on diffusivity
measurements of hydrogen’, assuming
that the hydrogen contributes as charged
ions, presumably protons, to electrical
conduction in olivine. Because hydrogen
is mobile in the [100] crystallographic
direction of olivine, only a modest amount
of hydrogen — H/Si content between
about 200-2,000 parts per million —
would be sufficient to account for the
high-conductivity layer. Although direct
evidence of such hydrogen concentrations

232

within olivines and their fluid inclusions
from most mantle-derived xenoliths is
limited®, this circumstance may simply be
caused by hydrogen loss during ascent
because of its rapid diffusivity in olivine'.

Many mechanical and petrological
stability problems are avoided with
Karato’s hydrogen hypothesis because
the hydrogen is intracrystalline and the
amount of hydrogen required to enhance
conductivity is below that which would
cause extensive partial melting’, In con-
trast, with the water or melt hypotheses,
one is left with the problem of explaining
how the mechanical stability of an inter-
connected fluid phase can be maintained
over long distances in the upper mantle
for long geological times*. And the carbon
explanation is constrained by the tem-
perature and pressure for diamond stabil-
ity, the grain-boundary diffusivity of
carbon, and oxidation state of the upper
mantle’,

To verify Karato’s hypothesis, several
issues need to be resolved. First, it must
be experimentally demonstrated that
hydrogen exists as a charged defect in
olivine at high temperatures and pres-
sures. Second, we need estimates of the
hydrogen content of the upper mantle and
the relative partitioning of hydrogen
among co-existing mantle minerals.
Third, we require a chemical rationale
that explains why enhanced conductivity
by hydrogen does not persist beyond the
high conductivity layer at both shallower
and deeper depths. Finally, we need to
evaluate what influence the considerable
anisotropy of hydrogen diffusivity in oli-
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vine, spanning two orders of magnitude’,
may have on the amount of hydrogen
required for enhanced conduction. For
isotropic mixtures, this anisotropy would
increase by a factor of only about 3 Kara-
to’s values for the hydrogen content. But
significant texture of olivine in the region
of the high-conductivity layer could pro-
duce a more profound effect on hydrogen-
enhanced electrical conductivity.

The cause of the high-conductivity layer
is a critical question in geophysics. This
layer is located in a region of the upper
mantle that has several remarkable
features that are intimately connected
with the thermal and rheological state of
the Earth’s mantle and crust. Beneath the
rigid lithospheric plates (70 km thick on
average) there is the asthenosphere, a
more plastic layer that permits vertical
isostatic adjustments of land masses and
lateral shear to occur. This shear is driven
by convective motions in the mantle and
has a direct bearing on the motion of the
plates and surface deformations. Another
feature is the low-velocity zone — an
effective decrease in seismic-wave velo-
city that starts within a depth range of
about 50 to 220 km. Many geophysicists
argue that partial melting gives a compre-
hensive explanation for the low-velocity
zone, high-conductivity layer and the
weakness of the asthenosphere. The
mechanisms responsible for each of these
features, however, could differ: both the
high-conductivity layer and the low-
velocity zone are often absent beneath
continental shields whereas isostatic
adjustments from the last ice age, such as
in the Canadian and Baltic shields, indi-
cate the presence of the asthenosphere.
Yet, although there is no necessary con-
nection between high conductivity and
asthenospheric plasticity, hydrogen con-
centrations of the order 100-3,000 p.p.m.,
such as invoked by Karato, may also
weaken the upper mantle by a factor of
1.5-3 (refs 9,10).

Of course, high electrical conductivity
can have many causes. We may find that
high conductivity layers in different locali-
tiesin fact have different origins. O
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