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they are subject to the whims of landown-
ers. Most ranchers see prairie dogs as a
threat to their livestock, although the evi-
dence for this is equivocal (3). David
Wilcove, senior ecologist with the Envi-
ronmental Defense Fund, sees both the
prairie dogs and ferrets as an important
opportunity, rather than a threat to cash-
strapped cattle ranchers, most of whom
make only a modest one dollar per acre
per annum. “In the long term, the biggest
obstacle to recovering the black-footed fer-
ret is the shortage of really large prairie
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dog colonies. There aren’t many places left
in the West that have enough prairie dogs
to sustain a viable population of ferrets.”
Wilcove and his colleagues are examining
the possibility of using economic incen-
tives to encourage ranchers and farmers to
maintain prairie dog colonies on their
property. As he says “Wouldn’t it be great
if we could declare a cease-fire in our cen-
tury-old war against prairie dogs? I’m con-
fident there’s enough room for both people
and prairie dogs in the American west.”
Hopefully some of these prairie dog

colonies may prove large enough to be
sites for future introductions of captive
black-footed ferrets, allowing their range
to be extended even further.
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Earth’s History Trapped in
the Mantle

Ichiro Kaneoka

gases in the mantle have been as-

sumed to be the result of two pro-
cesses: the incorporation of nuclides from
various sources during the formation of
the solar system, and the loss or addition,
during the evolution of Earth, of radio-
genic components that decay or accumu-
late at defined rates. If this assumption is
correct, measurements of the isotopes of
the noble gases should be able to con-
strain models of Earth’s birth and evolu-
tion. Indeed, the ratios of isotopes in
Earth’s atmosphere are quite different from
those in extraterrestrial materials. And so,
if noble gases from Earth’s atmosphere
have been incorporated in the mantle—ei-
ther early in Earth’s history or over time—
the assumed starting composition of the
mantle would change. There has been con-
siderable debate whether the nonradio-
genic noble gases in the mantle reflect
mostly solar-like or mostly atmosphere-
like compositions. As reported on page
1036 of this issue, Trieloff et al. (1) have
analyzed typical oceanic island basalts
from Loihi, Hawaii, and Iceland with high-
precision mass spectrometry in an effort to
settle this problem, with strikingly clear
results that point to a terrestrial atmo-
spheric origin for these trapped gases.

The evidence so far has beeen mixed.
Solar-like Ne isotopes have been reported
in mid-ocean ridge basalts (2) and oceanic
island basalts (3), supporting the idea of
solar-type noble gases in the mantle (4).
In addition, the *He/*He ratio in mid-
ocean ridge basalts (2) and oceanic island

The isotopic compositions of noble
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basalts is one order of magnitude higher
than that of the atmosphere, which sug-
gests the presence of pristine components
in the mantle with a likely solar origin, to
which radiogenic *“He was added over
time, causing a drop in the ratio. These so-
lar components would have originated di-
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(5). Clear observation of excess '*Xe and
131-136X e in the same sample precludes
the possibility of air contamination at
shallow depths because excess '2Xe is
the decay product of the extinct nuclide
1291 (half-life, 16 million years) and ex-
cess 131-136Xe is the fissiogenic product of
both 2#4Pu (half-life, 83 million years)
and 238U (half-life, 4.47 billion years). Al-
though the isotopic compositions of
oceanic island basalts are also indistin-
guishable from those of the atmosphere
for nonradiogenic components, no clear
excess 'Xe or 1¥11136Xe has been identi-
fied. Hence, such observations have been
suggested to be the result of
air contamination (6). Recent
statistical work on data for
mid-ocean ridge and oceanic
island basalts and diamonds
also suggests atmosphere-like
nonradiogenic isotopes of
heavier noble gases (7), and
these too have no associated
excess '22Xe or 1311136Xe,
Trieloff et al. (1) analyzed
noble gas isotopes in a dunite
(a mantle rock rich in olivine)
from Loihi, Hawaii, and in
volcanic glasses from Iceland
by crushing the rock slowly
in steps to release trapped gas
and then performing high-
» precision mass spectrometry

0.170 0.180

Isotopic ratios. The arrows indicate a conjectured sequence
describing the evolution of noble gas isotopic ratios during the

formation of Earth. OIBs, oceanic island basalts.

rectly from the nebular gases from which
the solar system was formed.

For the heavier noble gases Ar, Kr, and
Xe, however, the situation is quite differ-
ent. In the mid-ocean ridge basalts, atmo-
sphere-like compositions have been re-
ported for nonradiogenic isotopes on the
basis of precise analyses of an anoma-
lously gas-rich basalt called popping rock

I
0.190

of the gas. They have ob-
served a correlated excess of
20Ne and “°Ar and found evi-
dence for excess '?°Xe and
131-136X e Although many
samples from Hawaii and
Iceland have been analyzed
to date, this is the first evidence that is-
land basalts'from these areas show clear
excess '2Xe and '3!-136Xe. Furthermore,
the nonradiogenic isotopic compositions
of Ar, Kr, and Xe are indistinguishable
from those of the atmosphere, which sug-
gests that the source of these oceanic is-
land basalts had atmosphere-like compo-
nents of heavier noble gases. Trieloff et

38Ar
36Ar
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al. argue that Ne isotopes in the mantle
are not genuinely solar-type as commonly
assumed, but likely to be Ne-B, which
may be a component of the early solar
system having the 2'Ne/??Ne value of
about 12.5, as inferred from the results
from most gas-rich meteorites (8). The
clear, consistent findings of Trieloff et al.
indicating an atmospheric origin of man-
tle noble gases can be attributed to several
factors: their selection of the most gas-
rich samples from these locations, analy-
ses with high-precision mass spectrome-
try, and the stepwise crushing method for
degassing.

Their results support the idea that the
whole mantle contains pristine heavier
noble gases with isotopic compositions
that are indistinguishable from those of
the atmosphere, except for the radiogenic
components. Furthermore, they suggest
that Ne-B is a possible candidate for the
mantle Ne. Consistent with this sugges-
tion is the fact that the reported values for
Ne isotopic compositions in mid-ocean
ridge basalts and oceanic island basalts
rarely exceed the value of Ne-B; any ex-
amples exceeding this value are associat-
ed with large analytical uncertainties. If
the pristine noble gases of Earth do in
fact contain Ne-B, it suggests that the ac-
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cretion process to form Earth might have
occurred in an environment similar to
that of some other meteorite parent bod-
ies. Earth’s atmospheric noble gas iso-
topic compositions could have been es-
tablished afterwards in an environment
different from that of meteoritic parent
bodies. Such a scenario is quite different
from the model that assumes trapping of
the primary atmosphere from the dense
solar nebula (9). After incorporation of
such a component, partial atmospheric
loss with the isotopic fractionation might
have established the pattern of the atmo-
sphere (10).

Trieloff et al’s proposal would require
that atmospheric noble gas components
had been incorporated into the mantle by
processes like subduction before the last
homogenization of the two mantle reser-
voirs (within a few hundred million years
after the formation of Earth) represented
by mid-ocean ridge basalts and oceanic is-
land basalts. It is not certain, however,
whether such complete homogenization
might have been possible, even in early
Earth. If terrestrial noble gas isotopic
compositions had almost been established
during accretion of planetesimals to form
Earth, the difference of the atmospheric
Ne (?'Ne/??Ne = 9.80) from the mantle Ne

needs to be explained by some later pro-
cess that did not affect the isotopic compo-
sitions of heavier noble gases. Although
Ne-B is suggested as a likely candidate for
the pristine component in the mantle (7),
additional confirmation is needed to settle
this problem. In addition, Trieloff et al.’s
data have added to the evidence indicating
decoupling between the He and Ne iso-
topes. Hence, a detailed examination is re-
quired to reevaluate its importance. Our
knowledge about the pristine noble gas
isotopes in the mantle has been greatly in-
creased by these new data, but many prob-
lems remain to be solved.
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Absorbing Phenomena

Stephen E. Schwartz and Peter R. Buseck

ost considerations of global climate
M change caused by human activities,

including the Kyoto convention (/),
have focused on the warming influence of
greenhouse gases (2). However, aerosols
are another important atmospheric con-
stituent that influences climate and has
been affected by human activities (3, 4).
Aerosol particles increase scattering and
absorption of shortwave (solar) radiation (5,
6), increase cloud reflectance (5, 7), en-
hance cloud lifetimes (8), and suppress pre-
cipitation (9, 10). These phenomena are all
thought to exert a cooling influence on cli-
mate. Recently, Rosenfeld (9) presented re-
sults demonstrating that anthropogenic
aerosols reduce cloud droplet size and sup-
press precipitation downwind of major ur-
ban areas and industrial facilities, consis-
tent with earlier hypotheses (7, 8). Now, a
major study, the Indian Ocean Experiment
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(INDOEX) (11), has extensively document-
ed several of these phenomena and a report
from this group (/2) has identified yet an-
other important effect of anthropogenic
aerosols on clouds.

The influences of aerosols on climate
are much more complex than those of
greenhouse gases. Bulk aerosol composi-
tion is highly variable spatially and tempo-
rally, because of different sources and pro-
duction mechanisms and short atmospher-
ic residence times, from less than a day to
more than a month. Particle sizes range
from nanometers to micrometers; within
the same size class, particles can exhibit
widely different compositions and mor-
phologies (/3), with different constituents
commonly present even within the same
particle. For example, 10-nm soot carbon
spherules can be found embedded within
much larger sulfate particles (/4). The in-
homogeneous in properties and geographi-
cal distributions of aerosols make it diffi-
cult to characterize their influences on cli-
mate and to represent these influences in
models. INDOEX examined the chemical
and physical properties and geographical

distribution of natural and anthropogenic
aerosols and their precursors, the effects of
these aerosols on clouds and radiation, and
the resultant influences on regional and
global climate. The study focused on a ge-
ographical region that has not received
much prior attention, the northern and
equatorial Indian Ocean. The 1998 and
1999 field studies were conducted during
the winter monsoonal months January
through March, when air flow over the re-
gion is dominated by transport from the
Indian and south Asian subcontinents.
Aerosols and other atmospheric and radia-
tive quantities were documented by a wide
range of measurements from aircraft,
ships, satellites, and island stations.

In an initial study coming out of the
1999 campaign, Satheesh and Ramanathan
reported recently (/5) that anthropogenic
aerosols exhibit substantial loading over
much of the North Indian Ocean, the Ara-
bian Sea and the Bay of Bengal, and even
somewhat south of the equator. Model
calculations showed that this aerosol had
been transported thousands of kilometers
from source regions in the heavily popu-
lated areas of the Indian subcontinent.
The aerosol (see figure) was surprisingly
absorbing. The absorption resulted main-
ly from carbon from fossil fuel and
biomass combustion, with a smaller con-
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