
SCIENCE'S COMPASS 

I find that graduate students in the sci- 
ences, at one time myself included, tend 
not to realize just how well they are being 
prepared for any conceivable career choice. 
It seems that the trauma of the graduate 
school-postdoctoral daze must first be giv- 
en time to subside before most can appreci- 
ate the universality of their training. Some 
self-inspection is necessary, as Gale im- 
plies, to realize that academic appoint- 
ments are just one among the many re- 
warding ways to translate these increasing- 
ly valuable skills into a livelihood. 

T. J. Murphy 
Department of Pharmacology, Emory University 
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Environmental Health: 
Nickel-and-Diming It 

Researchers in environmental toxicology 
should endorse the argument advanced by 
B. M. Lester, L. L. LaGasse, and R. Seifer 
(Policy Forum, Science's Compass, 23 
Oct., p. 633) on how to interpret the out- 
come of cocaine abuse during pregnancy. 
A predicted epidemic of "crack babies" 
never materialized. Instead, they note, the 
offspring exhibit subtle deficiencies such 
as IQ reductions of about 3%. Although 

small magnitude, it is a gap with vital pub- 
lic health and policy implications that even 
many scientists fail to appreciate. 

I urged such a perspective for neurotoxi- 
city risk assessment some time ago (1) and 
for grasping the consequences of maternal 
drug abuse (2). The definition of excessive 
lead exposure in children is now based 
largely on shifts in the population distribu- 
tion of IQ scores (3), as are many of the eco- 
nomic benefits flowing from the removal of 
lead from gasoline (4). The debate about the 
health risks of methyl mercury in fish is es- 
sentially a debate about similar shifts in 
measures of neurobehavioral development 
(ScienceScope, 18 Sept., p. 1779). The 
health risks of polychlorinated biphenyls 
(PCBs) and endocrine disruptors can be 
viewed from the same vantage point (5). En- 
vironmental health protection, so to speak, 
is a nickel-and-dime business. 
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An Early Snowball Earth? 
In their article "A Neoproterozoic 

snowball Earth" (Reports, 28 Aug., p. 
1342), Paul F. Hoffman et al. report that 
global ice-house conditions existed during 
the Proterozoic, as inferred from negative 
carbon isotopes in carbonate rocks from 
Namibia. These conditions are said to have 
led to the near termination of life on Earth. 
In summary, the hypothesis suggests that 
global glaciation existed until volcanic 
outgassing increased carbon dioxide (CO2) 
concentrations to 120,000 parts per mil- 
lion of volume, at which time the global 
ice-house conditions collapsed. Several is- 
sues of geology and climate, however, re- 
main unresolved. 

First, how did global glacial conditions 
come about? Reduced solar forcing could 
not have been the cause, because the solar 
constant was lower before the breakup of 
the Rodinia supercontinent. A positive ice- 
albedo feedback triggered by reduced CO2 
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concentrations or high obliquity has been 
suggested (1). However, there are prob- 
lems with both of these hypotheses. 

It would have been difficult for the 
ocean to completely freeze because of its 
large thermal capacity and the wind-driven 
and thermohaline circulation. The equatori- 
al ocean would have been buffered from 
sea ice by the high, year-round incident so- 
lar radiation at the surface, and therefore 
very thick ice would have needed to be 
present. Early studies of energy balance 
models suggest that a 5% reduction could 
generate a snowball Earth; however, more 
recent studies suggest that the solar forcing 
must be reduced by more than 10% to pro- 
duce global glaciation by means of the ice- 
albedo feedback mechanism when large ex- 
panses of ocean exist (2). As for a high 
obliauitv. there is no definitive evidence to 
suggest that Earth's obliquity 
was very different from that 
of the present or that high-lat- 
itude temperatures were 
warmer than those of low lat- 
itudes during the Neoprotero- 
zoic. Finally, there is evi- 
dence of low-latitude carbon- 
ates and evaporites along 
with glacial deposits during 
the late Proterozoic (3). 

It would not have been 
possible for an idealized 
tropical supercontinent with 
fixed sea-surface tempera- 
tures (SSTs) (4) to maintain 
subfreezing temperatures on 
land, primarily because of 
the large quantity of solar radiation reach- 
ing the surface. Further snow-albedo feed- 
back would not have been possible be- 
cause moisture cannot penetrate the interi- 
ors of the supercontinent that would have 
allowed snow to accumulate, even if sur- 
face temperatures had been cold enough. 
It is possible that the results of Hoffman et 
al. indicate regional effects. The Congo 
Craton underwent significant changes be- 
tween 700 and 600 million years ago as a 
result of a collision with East and West 
Gondwanaland (5). The Pan-African 
orogeny, which may have been of Him- 
alayan proportions (6), could have pro- 
duced alpine glaciers in the tropics. One 
possible hypothesis is that the collision led 
to a rapid draw down of CO2 as a result of 
intense weathering because of its location 
in the deep tropics. Alpine glaciers then 
migrated to lower elevations. 
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Response 
Jenkins and Scotese question the existence 
of a Neoproterozoic snowball Earth on the 
grounds of climate model simulations (1, 2) 
and suggest that the evidence from Namibia 
can be reinterpreted in terms of alpine 
glaciation associated with the tectonic as- 
sembly of Gondwana. Climate model results 

depend on prescribed bound- 
ary conditions. 

Two of the studies (1) cit- 
ed by Jenkins and Scotese 
are aimed at the "faint 
young sun" climatic para- 
dox for the Archean Earth 
and prescribe a global ocean 
without continents. The oth- 
er study (2), which appeared 
after our report in Science, 
addresses the problem of 
Neoproterozoic low-latitude 
glaciation on a superconti- 
nent with a general circula- 
tion model (GCM). All of 
the models share a common 
trait, as does an earlier at- 

tempt to model Neoproterozoic low-lati- 
tude glaciation (3)-that changes in tropi- 
cal SST are very small relative to changes 
in insolation (which are believed to have 
been lower in the past because of stellar 
evolution). In order to simulate the effect 
of a 5% reduction in the solar constant, 
Jenkins and Frakes (2) artificially reduced 
present-day monthly SSTs by 2?C at all 
latitudes. Given that tropical SSTs were 
actually 3? to 5?C colder than present at 
the last glacial maximum (21,000 years 
ago) (4), when the difference in insolation 
was less than 1%, there is good reason to 
question the prescribed response of SSTs 
to solar forcing in the models: in the Qua- 
ternary, the climatic response to orbital 
forcing was strongly amplified by changes 
in the levels of greenhouse gases (5). As 
the causal link between orbital forcing and 
greenhouse gas concentrations remains 
elusive, there are no grounds for its exclu- 
sion from Neoproterozoic climate change. 
In any event, it is hardly surprising that 
low-latitude glaciation does not occur in a 
GCM that has tropical SSTs prescribed on- 
ly 2?C lower than present (2). Jenkins and 
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Frakes acknowledge (2) that "by prescrib- 
ing SSTs we eliminate any possibility of 
"ice-house" conditions through a positive 
ice-albedo feedback at oceanic grid 
points.' In their view, this constraint is jus- 
tified "by the geologic rock record which 
does not indicate global glaciation during 
the Proterozoic or at any other period in 
Earth's history." We read the rock record 
differently. 

An alpine glacial interpretation can be 
ruled out for reasons given in our original 
report: there were no mountains in the re- 
gion at the time of the Ghaub glaciation. 
The glacial deposits occur within a broad- 
ly conformable succession of shelf carbon- 
ates, extending for more than 400 kilome- 
ters landward of the shelf edge where our 
study was conducted (6). Virtually all the 
glacial debris is from sources on the car- 
bonate shelf. Mountains did form during 
the assembly of Gondwana, which in- 
volved the closure of oceans flanking the 
Congo Craton. Our study area, located on 
the southwestern salient of the craton, was 
directly affected by closure of the ocean to 
the west and south (present-day coordi- 
nates). The first deformation related to this 
closure [less than 550 million years ago 
(7)] folded the entire shelf carbonate suc- 

cession enclosing the glacial deposits and 
clearly postdates the glaciation, which oc- 
curred 700 to 750 million years ago. The 
eastern ocean closed in two stages-680 
million years ago and less than 550 mil- 
lion years ago (7), and the mountain belt 
related to its closure was located 1900 
kilometers east of our study area. The dra- 
matic rise in the ratio of strontium-87 to 
strontium-86 in the Neoproterozoic ocean 
that is commonly taken to signal an ero- 
sion flux associated with the Pan-African 
orogeny occurs only after the last of the 
proposed snowball glaciations 580 mil- 
lion years ago (8). 

The snowball Earth hypothesis explains 
the most salient features of the Neopro- 
terozoic sedimentary record, including 
low-latitude glaciations, banded iron-for- 
mations, cap carbonates, and carbon iso- 
topic excursions, but Jenkins and Scotese 
offer no alternative explanation. 

Paul F. Hoffman 
Daniel P. Schrag 
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CORRECTIONS AND CLARIFICATIONS 

In the 13 November NetWatch (p. 1223), the 
URL for the Left Handed DNA Hall of Fame 
should have been given as "www.lecb. 
ncifcrf.gov/-toms/LeftHanded.DNA.htmL' 

In the third line of the legend of table 1 (p. 
738) in the report "Rapid identification of 
subtype-selective agonists of the somato- 
statin receptor through combinatorial chem- 
istry" by S. P. Rohrer et aL (23 Oct., p. 737), 
"(in nanomoles)" should have read, (nM).' In 
the first footnote in the Legend of table 2 (p. 
739), ̀ (in M)" should have read, (nM).' 
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1999 AAAS WILLIAM D. 
CAREY ANNUAL SCIENCE 

AWARD 

The AAAS William D. Carey Annual 
Science Award was established in 1989 
witi fumds donated by Bill Golden and 
David Hamburg to encourage advanced 

students in science or engineering to 
participate in the AAAS Annual 

Meeting. This award provides up to 
$300 support for students to attend the 

1999 AAAS Annual Meeting. In 
addition, AAAS will funish registration 
fees and a year's subscription to Science. 

Graduate students are invited to apply 
for the 1999 William D. Carey Annual 
Science Award. Consideration for this 

award will be based on academic 
achievement and other accomplishments 
related to the advancement of science. 
Applicants should submit a curriculum 

vitae and a 200-300 word description of 
their research topics to: 

AAAS Carey Annual Science Award 
1200 New York Ave., NW 
Washington, DC 20005 

202-326-6670 
FAX: 202-371-9849 

Deadline is December 18,1998. 
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