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Voyager images of Europa have shorn a bright smooth surface composed mainly of rater ice and 
highlighted by many long bands of brown or dark grey which have been identified as fractures in the 
crust. Very few impact craters have been identified and these are typically small in size (10-20 
km) .' Many theoretical models have concluded, from density and heat flow considerations, that Europa 
consists of a silicate core, overlain rith approximately 100 km of %0, with the outermost ten or so 
kilometers being in the form of rater ice.2 Squyres et alS3 have suggested that the sarface features 
can be explained if the ice crust is regularly resurfaced by liquid rater driven up from the ocean 
belor by tidal stress causing fractures in the crust. 

However, this simple picture seems inadequate; mainly due to the fact that liquid rater is more 
dense than ice and, thus, rill not rise under its own buoyancy; it rill rise no nearer the surface 
than 

rhere h = thickness of the crust, pice = 0.92 y/cm3, prater = 1.0 gm/cm3. For a typic.1 crustal 
thickness of about 10 La, Ah = 8 x lo4 cm. The rater rould indeed boil if somehor exposed to the 
Europan surface, but the vapor pressure of rater is so small here (3 x bars) that this boiling is 
insignificant to the resurfacing problem, especially since re rould expect the rater to freeze out on 
the ralls of any conduit to the surface long before it reached the surface. Most significantly, the 
length of a crack, L, formed due to a tidal stress T, is roughly4 

For the present Europa. T - 1 x lo6 dynes/cm2 = 1 bar and g = 130 cm/sec2. so L = 1 x 10' ca, or only 
one tenth of the crust thickness. With a11 these constraints it seems impossible to get rater to the 
surf ace. 

We propose to resolve these difficulties by using the exsolution of dissolved impurity gases to 
drive rater to the snrface, an idea first discussed qualitatively by ~chonfeld."~ Based on comic 
abundances and the volatile reservoirs of terrestrial planets,7 it seems likely that the most impor- 
tant impurities are carbon containing molecules, probably C02, CO, and CH,. We focus on C02 because 
of the likelihood that the processes responsible for large C02 reservoirs on Venus. Earth, and Mars 
also applied to Europa. However, re have also analyzed CE4-charged resurfacing and find this to be at 
least as effective IS C02. 

Plausible limits on the mole fraction of C02 relative to rater are X(C02) = 2.6 x corre- 
sponding to the assumption that Europa has the same estirated surficial carbon abundance as Venus (on 
a gram per gram basis), and X(C02) = 0.21, corresponding to carbonaceous chondrites. At the lor 
temperatures and high ressurc appropriate to Europa's ocean, the C02-%O system forms a clathrate 
compound c02'1-3/4%0.i The formation of clathrate rill dictate the equilibrium concentration of C02 
in Europa's ocean, so re calculated phase diagrams for the C02-B20 system undersaturated in C02 (see 
Fig.). We obtained an equilibrium C!02 concentration X(C02) = 3 x low3. 

Depending on the amount of C02 actually present, re can form different models of the interior of 
Europa. For a mole fraction X(C02) 0.14 a11 the rater and C02 present on Europa rill go to 
clathrate formation since re are consistently in the clathrate stability field. Then resurfacing 
rould be caused by clathrate melting near the silicate core, forming C02 liquid and rater. The rater 
is buoyant with respect to clathrate and rould rise to the surface naturally. Note that an all- 
clathrate layer is not inconsistent rith any current observations of Europa. 

We calculate that if X(C02) 2 5 x and the crust is contaminated rith clathrate, then the 
crust density ronld be sufficiently high to cause tidally-induced cracks to extend to the point rhere 
the C02 gas in the liquid rould exsolve- (and probably extend a11 the ray to the surface). C02 gas 
rill form a gas crack at the top of the liquid crack, pinch off and rise because of its natural 
buoyancy, and rill entrain a small volume of rater with it. The novel result of crack "pinch off" 
was obtained by extending the linear elastic fracture theory of weertman4 to the case of a crack 
forming on the bottom of an ice sheet. partially filled rith rater. For reasonable velocities (-10 
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cmlsec) we roughly calculate that these gas cracks rill reach the surface before the entrained rater 
freezes out; the rater can then participate in resurfacing of Europa, and the volatile C02 gas would 
migrate to the polar caps of Europa, where it should be "trapped" by the lor temperatures there (-40 
to 50 K) and form a polar cap of solid frozen C02; such a cap would not have been detected by Voyager 
(J. Pearl, private communication). 

If X(C02) < 5 x then cracks cannot even propagate far enough to permit e=solution of C02, 
though this gas exsolution mechanism may re11 work for other gases, primarily CH4 or CO, which are 
less soluble than C02 and exsolve sooner, but are probably not nearly as abundant as C02. 

Thns re conclude that, given the current theoretical model of Europa's interior, r mole fraction 
X(C02 2 5 I mnst be present to cause periodic resurfacing. Further, we rould expect the Galileo 
mission to detect the presence of C02 ice caps at Europa's poles; thus, the Galileo mission rill offer 
a good observational test of this theory. 
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Superposition of the rater-ice/H20-C02 liquid/C02 clathrate phase diagrams for two pressures corre- 
sponding to the top (100 bar) and bottom (-1 kbar) of the hypothesized ocean underlying the crust. 
Since the ocean is approximately isothermal and homogeneous, the interception labeled A should be the 
thermodynamic state of the ocean if it is C02-saturated (i.e., coexisting with ice at -100 bar, 
coexisting with clathrate at -1 kbar). 
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