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Once again, water, or the lack thereof,
is thought to be responsible for this planet-
ary contrast in tectonic strength. Recent
high-temperature laboratory experiments
on the creep strength of rocks that have
been thoroughly dried demonstrate that
the presence of even a small amount of
water profoundly decreases the strength
of crustal rocks’. Only as the experi-
mentalists have begun simulating con-
ditions on Venus have rock samples been

dried thoroughly enough to detect this
sensitivity to smail amounts of water. Tt
appears that the very hot, dry conditions
of Venus are essential in preserving the
strength required to build and support her
high-relief mountains. |
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COSMIC RAYS

Accounting for light-element

abundances

A. G. W. Cameron

LAST year’s discovery! of gamma-rays
from the Orion star-forming region that
were attributable to de-excitation of
carbon and oxygen has far-reaching
consequences, as it implies an unex-
pectedly high flux of low-energy cosmic
rays in the region. Astrophysicists initially
welcomed this as a possible explanation
for the high abundances of radioactive
nuclides in the interstellar medium??, but
on page 318 of this issue, Cassé, Lehoucq
and Vangioni-Flam* suggest that it could
account for the cosmic abundances of the
light elements lithium, beryllium and
boren.

Because the observed y-ray lines are
broad, it is evident that the y-rays are
emitted from energetic particles, thus in-
dicating a flux of relatively low-energy
cosmic rays some 30 times that expected
near the Sun (the particles are not de-
tected from the Earth, so they must lie
below the low-energy cut-off). At least in
the larger star-forming regions, including
Orion, supernova explosions will be
produced in the more massive stars,
and these are natural sources of this extra
component of lower-energy cosmic rays.
So the excess cosmic rays will be concen-
trated within such star-forming regions,
as it will take some time for them to dif-
fuse out of the local complex tangle of
magnetic fields.

Clayton? immediately seized upon this
excess flux to suggest that the large
amount of the radioactive isotope *®Al in
the interstellar medium could have been
produced in star-forming regions in this
way, and that this and other extinct
radioactivities in the early Solar System
might have been produced by energetic
particle bombardment in the fragment of
an interstellar melecular cloud that col-
lapsed to form the Sun. He assumed that a
solar-like abundance spectrum of particles
had been accelerated in Orion. Such a
spectrum, though, would have produced
detectable y-rays in the 1- to 3-MeV
region, and these were not seen. Clayton
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has therefore retracted his suggestion ab-
out the production of 26Al in the interstel-
lar medium but stands by a modified form
of his suggestion concerning the extinct
radioactivities in the early Solar System.
In my view some such bombardment
process seems necessary to explain the
presence in the early Solar System of the
short-lived nuclide *'Ca (ref. 3).

Now Cassé, Lehoucq and Vangioni-
Flam* have applied our new-found know-
ledge about the Orion region to the ques-
tion of the abundances of Li, Be and B.
They start with a large helping of common
sense. Because it is the massive stars in the
Orion OBl association that have pro-
duced many supernovae and a large inter-
stellar superbubble extending from Orion
to Eridanus®, then the energetic particles
that were accelerated should reflect the
composition of the massive envelopes of
these stars before their supernova stage.
In the pre-supernova evolution and in the
explosions themselves, large amounts of
helium, carbon and oxygen were syn-
thesized, and therefore it is a reasonable
expectation that these elements should
dominate in the compositions of the ex-
cess low-energy cosmic rays that were
accelerated in the aftermath of the
explosions. In a symposium last year on
the evolution of star-forming regions*,
R. Ramaty emphasized that the observed
spectrum of Oricen y-rays required carbon
and oxygen acceleration but, to minimize
the production of 1- to 3-MeV y-rays,
relatively little acceleration of still heavier
elements and of hydrogen.

It has long been recognized that Li, Be
and B are not products of stellar nucleo-
synthesis in the same way that nearly all
the other elements are, and so the stan-
dard explanation for their presence in
nature has been to attribute their produc-
tion to cosmic-ray spaliation — the shat-
tering of nuclei through collisions — in the
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interstellar medium (with an excess
amount of 'Li attributed to primordial
nucleosynthesis). However, if one uses a
cosmic-ray energy spectrum given by an
inverse power law and known spallation
cross-sections with known interstellar
medium abundances, straightforward cal-
culations fail to reproduce the relative
isotope abundances of these light ele-
ments. In general, there is a problem with
boron: the B/Be ratio is roughly double
the current ratio for stellar sources formed
in the early galaxy, and the current "'B/"’B
ratio 18 nearly twice as great as the calcula-
tion predicts®.

It was recognized® in 1971 that these
ratios could be accounted for if an extra
source of low-energy cosmic rays could
exist above that predicted by the above
power-law spectrum, for these would not
be directly observable from the Earth. In
that case there would be an excess produc-
tion of ''B relative to '°B owing to the
difference in the energy thresholds for the
production. Cassé ef al. have now shown
that the excess flux of low-energy cosmic
rays in Orion provides a natural explana-
tion for these long-standing discrepancies,
and that a plausible galactic evolution
calculation can fit the abundances nicely.

There is an interesting footnote to this
story. The possibility that the energetic
particles in Orion-like regions could pro-
duce the missing boron has also been
considered by Fields et al.”, who tenta-
tively reject this idea because they expect
that the accelerated particles would
produce too many 1-3-MeV y-rays and
that a universal low-energy flux would
produce too much ionization of the inter-
stellar medium. They suggest instead
that the additional "B might be pro-
duced by neutrino-induced reactions in
supernova explosions. Cassé et al. avoid
these difficulties by proposing that the
Orion flux has a composition similar to
the envelope abundances produced in a
massive supernova explosion, and that
the flux is concentrated in star-forming
molecular clouds and does not charac-
terize the flux in the general interstellar
medium. Many aspects of the Orion
puzzle remain unclear, and I expect that
there will be more theoretical surprises
before the dust settles. O
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