
. . 

tom 3QQ khwters  d the m a d e  seems to 
hold alab rmscrd &at IEW a-kted in 

. b t d  pileg m i k e d f l a o ~ ,  In bo& the 
 hand ~ e w  *m, th elah *@I- ' 

ish hem thee tw .byas. %me re- 
searchers b h d  &e dbppemme an 
poor d p t s a n  in Ithe &r im%p;a But 
the new iw&g 5 u ~ - h i t  the massive 
slabs b dif~ldpk dxwt 1W tr, at330 kilo- 
ORereea, %$% vao. & Hi&$$, asekhg away 
&a d m  sale EcanugsJ o d y  to reappear 
aeth the mantle door, "%methisg funny 

wane& Cteager of the 

ing, according to nmbw irg by Hager 
and g~~ iwdeler Lmh d 
budvd@ @fmif-3 L%vis- fn 

, . A year ago at & d G U . m ~  spacepkysi~ . 
&LouislWkd&e Wniwmity dIowain 

. '  I a w a C @ d d w o f a m & 1  
f&ht.Hcnsidbiadeade-~ldQq,& 

surFasR aver Wnns ofyms, cope&.dw~~d&~~de,arrdthcAse #rbor ,who~rea tuehtqxedhthe  ' 

Last. yeark seaSmic: images mmwA to - evidence fbr itEre- spats. New, hE "the 
leave lide mm hr m& ~ o i r s ,  haw- 
e m .  Van der Hiht and krs cd$a&es kid 

11b~i~d d e b &  WrrrreS 

cbimshaym-*mm. m,p Z333) 
h&+h - e h ~ r h 4 a a a k w a i a a W d w P ~ r ; U  

~ ~ ~ a n t h e d s r & m ,  

zm ;? .ww l a  um I-@~I ? 
2s*-.+,-&&d,!d,c+ - ? % , :- '. Z.%$*" . ,Lb%*,&d *- L<, 2 :: -* 2. *: .?+it% 



physicist George Parks of the University of 
Washington, Seattle. Parks has already 
concluded that the dark spots are simply 
instrumental noise (Science, 14 November 
1997, p. 1217). And at the meeting, two 
independent teams--one led by Parks and 
another by space physicist Forrest Mozer 
of the University of California, Berkeley- 
presented new analyses that underscore 
that conclusion. 

If the dark spots are truly blobs of water 
vaDor 1000 kilometers or so above Earth. 
both groups reasoned, their images as seen 
by Polar should swell and shrink by a factor 
of 100 as the satellite swings close to Earth 
and then away again on its highly elliptical 
orbit. But if the spots are noise generated 
within the cameras, their apparent size 
should not change. 

Neither Parks nor Mozer could find any 
hint that the spots changed size with the 
satellite's altitude. That finding "is robust 
and devastating," says Mozer. "The data are 
completely consistent with an internal 
source" within the camera. Indeed. the s ~ o t s  
could all be accounted for as noise produced 
by a camera's image intensifier, which can 
brighten an image erratically, according to 
modeling work by Mozer and space physicist 
James McFadden, also of Berkeley. 

But Frank is holding fast to his ideas. At 
the crowded session on small comets, he ar- 
gued that Mozer's and Parks's analyses are 
flawed. The s ~ e e d  at which the holes cross 
the camera's field of view would also vary 
with s~acecraft altitude. he said. That would 
someimes make the holes hard to detect and 
so skew analyses like Parks's and Mozer's. 
Using his method of measuring holes, he 
showed that they get somewhat larger when 
viewed from lower altitudes. But Mozer 
countered that the size change was too small 
for the s ~ o t s  to be real. 

Undaunted, Frank continued, citing 
what he called supporting evidence. For 
example, he  said that the spots are most 
abundant in images taken of the leading 
side of Earth, where Earth's orbital motion 
concentrates meteor impacts the way a 
moving car drives bugs onto the wind- 
shield. But others challenged that idea in a 
heated exchange during the question pe- 
riod. Unlike meteors, small comets are sup- 
posedly in orbits similar to Earth's and 
therefore overtaking Earth from behind. 
Their im~ac t s  should therefore ~ e a k  on 
the trailing side, said longtime small-comet 
critic Alexander Dessler of the Universitv 
of Arizona, Tucson. Frank countered that 
Earth would gravitationally focus the com- 
ets back to the leading side. 

"I don't agree," chimed in planetary scien- 
tist Alan Harris of the Jet Propulsion Labora- 
tory in Pasadena, California, as he projected a 
diagram of the orbital situation on the screen. 

"These cartoons are meaningless," re- Finding geophysical stirrings and liquid 
torted Frank. water beneath an ancient, unchanging sur- 

"I have a Ph.D. in orbital mechanics," face required a bit of inference. Galileo 
Harris snapped back, in a jab at Frank's Ph.D. team members led by Margaret Kivelson of 
in the physics of auroras and magneto- the University of California, Los Angeles, 
spheres. "I think I can speak authoritatively." had already suspected that magnetic signa- 

The acrimony suggests that the skep- tures picked up during passes near both 
tics have taken over once more. "The Europa and Callisto (Science, 2 January, p. 30) 
ball's back in Lou's court," says Donahue, might have been induced in hidden oceans 
who says Frank should detail his analysis by Jupiter's massive magnetic field. That 
in print. Further analysis of Polar data by tilted field wobbles like a tipsy top as 

the planet rotates. In a salty 
ocean-which is a good con- 

5 ductor-the moving field would 
induce electrical currents, which 

$ i n  turn would create a mag- 
: netic field oriented roughly 
W 

opposite to Jupiter's. Galileo 
gseemed to have found such 
<fields on its first passes by 
$the two moons in 1996 and 

1997. That was no great sur- 
3 prise for Europa, whose jumbled, 
;icy surface shows signs of 
2 liquid water not far beneath, 
!but the implications for stable 
9 Callisto were shocking. Kivel- 
$ son herself remained cautious 

about an ocean, as did her 
colleagues. 

Now those doubts are fall- 
ing away. "We think a subsur- 
face ocean is likely" on Cal- 

Now you see them ... One analysis suggests that actual traces listo, Kivelson said. During 
of small comets should be as large as this computer-generated the latest Galileo flyby of 
spot, and that the small "atmospheric holes" are just noise. Europa on 29 March, Europa 

continued to behave as an 
others is not likely soon, says Donahue: ocean-bearing moon should, reinforcing 
"Most of the community regards it as a the argument for Callisto. And researchers 
waste of time." such as space physicist Frances Bagenal of 

the University of Colorado, Boulder, are 
An Ocean for Old Callisto now particularly impressed by data col- 

lected late last year. When Galileo caught 
Callisto has been the odd moon out of the moon in the opposite hemisphere of 
Jupiter's four large satellites. The other Jupiter's magnetic field, Callisto's field had 
three-10, Ganymede, and Europa-have flipped, just as an induced field should. 
revealed clear signs of geologic activity: The case for a subsurface ocean is "clear- 
erupting volcanoes on 10, a magnetic field cut," says Bagenal. 
generated by a churning molten core on Europa's ocean has made it a tantalizing 
Ganymede, and, most exciting of all, a tor- candidate for life, and planetary scientists 
tured, icy surface and likely subterranean are now beginning to wonder about the 
ocean on Europa. In contrast, Callisto looked implications of an ocean for Callisto. Pre- 
utterly inert, inactive inside and out for sumably, internal heat from radioactive 
billions of years. But now, it seems, Cal- decay is responsible for melting some of 
listo has a magnetic field-and even an Callisto's ice to water, a key ingredient for 
ocean-of its own. life. Exactly where the ocean lies remains 

At  the meeting, researchers analyzing uncertain. Kivelson is putting it near the 
data from the Galileo spacecraft reported surface, far from the moon's inner fires, 
strong evidence of a magnetic field induced while Stevenson expects it to be at least 
in an ocean beneath Callisto's icy surface by 100 kilometers down. Geologists are also 
Jupiter's own powerful field. "This is an as- wondering how a subterranean ocean might 
tonishing result," says planetary physicist have shaped surface geology during the 
David Stevenson of the California Institute past 4 billion years. Clearly, Callisto is the 
of Technology in Pasadena, because "Cal- odd moon out no longer. 
listo looks dead." -Richard A. Kerr 
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