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This special issue of The Sciences, The Frontiers of Life, began
its own life when Davide S. McKay and his coworkers announced
that they had evidence for ancient life on Mars. The early details
conveyed the credibility of the announcement: the suspects were
microorganisms, not little green men, and the source was a team
of respected investigators writing in the peer-reviewed journal Sci-
ence. One is exceedingly wary about claims for extraterrestrial
life. of course; the history of the subject is replete with wishful thi-
nking masquerading as tough-minded empirical science. But here
at last, it seemed. was a claim that had the ring of truth: A mete-
orite, certifiably from Mars, carried the chemical signature of what
could be the by-products of Martian metabolisms. Furthermore. as
all the world could see, within that four-pound rock from Mars were
microscopic rodlike objects that seemed to be the fossilized remains
of extremely simple bacteria. No question: We at The Sciences
owed you, our readers, an account of the matter that went sub-
stantially beyond the scope of a single article.

As we began to gather material, though, the life-on-Mars hy-



pothesis was flagging under the rigors of continued scientific scruti-
ny. The evidence cited by McKay et al. was admittedly circumstan-
tial from the start. But McKay had argued that, taken as a whole,
his evidence pointed strongly toward a biological orign. Today,
however, a consensus seems to be building that the reverse is true:
the various clues add up not to animal or vegetable, but mineral.

Was our story dead? On the contrary. According to the buzz at
the annual meeting of the American Association for the Advance-
ment of Science, held fully six months after the announcement, the
Martian meteorite debate was having a galvanizing effect on a
broad spectrum of scientific initiatives. At NASA, planned missions
to Mars had acquired new urgency. Students of the earth’s mid-
ocean ridge were closely following the incoming data from the Gali-
leo mission to Jupiter, looking for more hints that an ocean of wa-
ter-and with it, undersea volcanoes-could exist under the ice that
covers Jupiter’s moon Europa. Future interplanetary missions to
Europa and other promising sites seemed far more likely to find sup-
port than they had before McKay’s announcement. In short, for the
fist time in many years there was widespread and genuine willingness
to commit funds and reputations to exploring a range of issues relat-
ed to the search for extraterrestrial life.

We, too, decided not to focus on Mars alone, and instead to
expand our coverage to a much wider canvas. And once we did,
we found a remarkable body of new evidence emerging from dispar-

ate disciplines that was pertinent to the questions raised by McKay.
Biological interest in genetic self-repair led investigators to sequence
the genome of the radiation-tolerant bacterium Demococcus Ra-
diodurans. That work constitutes an important step in understanding



an ingenious biological mechanism that might enable an organism
to survive a long ride through space on a meteoroid. The serendip-
itous discovery of bacterial blooms following undersea volcanic erup-
tions led oceanographers to suggest that life might have originated
on the seafloor, where it would have been protected from the lethal
ultraviolet radiation and meteorites that bombarded the surface of
the early earth. The U. S. Department of Energy, in its effort to
clean up toxic chemicals, drilled deep into the earth’s crust to prove
that bacteria could live there and, perhaps, be ftrained to digest
chemical contaminants. Weapons testing with high-speed projec-
tiles helped prove that material exchange between the planets is not
so limited as had once been thought: in fact, some 500 kilograms of
rock from Mars are estimated to land on the earth each year. Final-
k, as Laurence A. Marschall reports in Planetary Prospecting, a
clever program to hunt for periodic changes in the spectra of stars
has confirmed the existence of numerous giant planets orbiting stars
beyond our solar system.

And so, to the question: Is there life beyond the earth? The
jury, of course, is still out. But with planets aplenty; with crea-
tures that can live without the energy of a nearby star; with abundant
cosmic sources of hydrogen and oxygen to make water; with several
natural ways for planets to generate internal heat; with the possibility
that life could originate in undersea volcances and propagate varieties
hardy enough to spread their seeds to other worlds; and with rocky
meteorites that could serve as vehicles for interplanetary exchange,
the idea that life has evolved elsewhere in the universe seems less
daunting than it did just a few years ago. The singer and songwriter
Joni Mitchell had it right, when she wrote years ago:



We are stardust
(Billion-year-old carbon)

We are golden -+

And we've got to get ourselves
Back to the garden.

(Peter G. Brown)
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Tbe onows of Mars
T AREws

Mars holds a special place in the human imagination as the
planet most like the Earth. It has an atmosphere, seasons, and dis-
tinctive polar ice caps. The ice caps, first observed by Giovanni Cas-
sini in 1666, immediately raised tantalizing questions. Are they
made of water ice like the giant glaciers that smother Antarctica?
Are they the frozen remains of long-vanished oceans? If they melt-
ed, could Mars become a habitable place? NASA’s Mars Global Sur-
veyor, currently in orbit about the Red Planet, is finally providing
some final answers.

The Surveyor has already revealed unexpected details about the
size and structure of Mars’s northemn cap. The spacecraft will begin
mapping, for the first time, the topography and composition of the
even more poorly understood southern polar ice cap. The new infor-
mation will strip away many of the lingering mysteries of the Martian
poles.

On Mars, the presence of water — essential for life, past or
present — is always an issue of great interest. “Some people have
proposed that there were oceans early in Martian history; others



have said there were not. And all sorts of climatic cycles have been
proposed,” says geophysicist Maria Zuber of MIT. “But for all of
those theories, one needs to understand the water cycle: how much
water there was, where it went to, and where it’s at now.” If scien-
tists find substantial reserves of frozen water, it would bolster the
view that Mars was once a balmy, moist world where life could have
started.

Untl about two months ago, planetary astronomers believed
that the southem cap contained nothing but frozen carbon dioxide,
also known as dry ice. New research suggests otherwise: a thick
sheet of carbon dioxide ice would be too soft to stay stable. “The
thought now is that carbon dioxide ice is so weak that it would flow
away, like a glacier, even at very low temperatures,” Zuber ex-
plains. “So to maintain the topography of the south polar cap,
there has to be water ice in there stiffening it up.”

Zuber and her colleagues also analyzed Mars’s much larger
northem polar cap. Using data from the Global Surveyor, the team
created maps revealing that the northern pole of Mars is a bizarre,
rugged place. The ice cap is cut by deep troughs and chasms; some
of these depressions extend down over a mile to the base of the
planet’s crust. Their finding, which was published in the Scierce
and reported at a major press conference at the American Geophysi-
cal Union, caught many researchers off guard. “There are no
troughs of that kind in any of the ice caps on Earth,” said Global
Surveyor project scientist Arden Albee of Caltech at the AGU press
conference. “We don’t know how this formed.” Additional findings
from the Global Surveyor, along with a commentary by Zuber, ap-
pear in the Nature .



Zuber’s results confirmed that the northem cap is composed en-
tirely of water ice, in some areas interspersed with layers of wind-
blown dust and sediment. That piece of good news came as no sur-
prise, because summer temperatures at the cap are high enough to
vaporize frozen carbon dioxide. But the Global Surveyor also pro-
duced the first accurate measurement of the size of the northern cap
— and that was a surprise.

Seven hundred and fifty miles across, and up to two miles
thick, the northern cap has a volume just half that of the Greenland
ice sheet. It may sound large, but doesn’t contain nearly enough wa-
ter to account for the flood channels and other erosion features that
appear all over the place on Mars. “It's not even close to what is
generally believed to have once been on the surface,” says Zuber.
Scientists like Michael Carr at the U.S. Geological Survey who be-
lieve oceans once covered much of Mars face a serious challenge
from the Global Surveyor studies. The northern cap contains no
more than one tenth the amount of water needed to fill an ancient
ocean. On the other hand, the fissures and ring of residual ice
around the perimeter of the cap suggest it has lost a great deal of
water over the millennia.

The Global Surveyor has also provided some clues about the
way water circulated about on Mars in the distant past. The northem
ice cap sits nestled within a deep depression that covers essentially
the entire northern hemisphere of Mars and drops in elevation as it
nears the pole. The cap “looks something like a hockey in that de-
pression,” David Smith of NASA’s Goddard Space Flight Center re-
ported at the AGU press conference. Researchers are not sure how
the giant lowland formed (perhaps through a large impact), but



they do know that it has been there since very early in Martian histo-
1y, and so has clearly played an important role in the planet’s water
cycle.

“Before we made these measurements of the northern herni-
sphere, it used to be thought that the only way you could get water
to the north pole of Mars was through the atmosphere,” Zuber
says. But because the northem cap lies at a lower elevation than the
rest of the planet, “water than you put down almost anywhere in the
northern hemisphere is going to flow toward the pole.”

Clearly, Mars was not always the frozen wasteland it is today.
What happened? Some of the ancient water could have been lost to
the atmosphere and then, over countless millennia, ejected into
space through complicated interactions with the Martian magnetic
field. Some might still be locked in aquifers and other formations
beneath the surface. And some may exist in the southern polar cap
— but not much. The southern cap is significantly smaller than the
northemn one. Even if the Mars Global Surveyor finds water ice in
the south, it won't come close to eliminating the water shortage, ac-
cording to Zuber.

“We haven't either improved or diminished the possibility of life
on Mars,” she says. “Essentially, what we have done is exacerbate
the problem of there being too little water on Mars today compared
to where there was earlier. Now those people who have proposed
oceans have a bigger task in explaining where the water went.”
(Kathy Svitil)
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