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l’ides are a means of probing the irlt.ernal  structure of Europa and
establishing the existence or absense
4).

c)f a liquid water ocean at depth (l-
An ocean may lie beneath Europa’s outer icy shell which may have a

ciepth ranging from a few tc) 100km. It is also possible that the observecl
icy crust is frozen all the way to the rocky surface of the mantle. The
rc)cky r[~antle could be solid down LO a liquid iron core. AnoLher
al ternative is that the 1 ower rnar-ltle i s soften by tidal heating, pe~-haps
even partially melted at depth as was originally proposed for 1o(3) . One
can cliscrirninate between these three extremes hy measuring the 3.60cl=2z/n
surface tide (or the lJ2 I,ove number) ancl Lhe corresponding change in
external gravity (or the kz I,ove nurher) . An alt~’rnative to the oc:ean is a
plastic ice layer at depth. An examinatic)n of Iiove nunbers for a range of
models for Europa illustrates the extent that measurerilent  of these
~,aramet.er-s  can distinguish between these models. The nominal model
includes a water layer of 105km thickness, a lunar-like rocky rnantl.e and a
Iiquicl iron core of radius 600km and derisity 5gm;cc. The table belc~w
divides the waLer layer inLo a rigicl outer shell with s-wave vQlo~itY vs
>-anqing from 1 to 2km/s arid which ccjvers a ‘soft.’ layer wi~h much low~~r
V.T .
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outer- icy
she] 1
thickness
105
2.5
25
25
2?5
65
65
25
25

soft. icy
veloci ty
(km/s)
2.0
0.30
0.05
0.01
0.001
0.01
0.0005
0.01
0.01

1 ayer h 2
v- s

0.039
0.0’1”1
0.12.2
0.732!
1.288
0.?.19
1.204
1.084
1.2.53

k2

0.021
0.030
0.039
0.165
0.282
0.060
0.275
0.458
0.58”/

h2./k2

1.86
2.58
3.30
4.44
4.57
3.67
4.38
2.37
2.13

Column 1 corresponds to the solid shell case and the surface raclial tide

amplitude is d=3eR(ML7/M)(R/a)3= 24h~m:- In]. Columns 2-5 progressively
clecrease v&g in the soft layer (c)f thickness 80km) until it. reaches a
‘fluid’ layer limit for which k2 :0.29. We find that both I,cjve numbers
inc]-ease, as does the ratio h2, ik2, . Columns 8 and 9 includes a soft lower
mant.]e layer belc]w radius 1400km with S-wzive velocity =0.5krn/s arlcl
O.Okm/s, respectively. The addition of a sof~enecl lower mant]e t-o a model
with a nearly dec:ouplecl icy she] 1 tencls t.c) increase I,ove numbers further
while reducing the ratic) h~ /k2 tow~ird a limiting value near 2. ]f the
icy shell is ccml~)let.ely  decouplecl, therl for kz >0.3 there must he a
contribution from a softened mantle. l’he ratio hz /k2 also helps
cliscriminate between these extremes. A ratio near 2 implies that the
mant.]e contributes significantly to t_hc tide while a ratio greater than 3
implies that- the icy shell/ocearl layer is the rilain source of the t.id~:.

l’hese two parameters are not enough to completely constrain all
possibilities, especially if t h e ‘soft ‘ ice layer as in co] . (2–4,6)
inl]ibit shell deformation. Measurement, c,f the phase lag or dissipatiori Q
for this tide might help since one might expect a thick mushy layer Of
icc t.o he highly dissipative while Fi deep ocean layer would not.. ‘J’idal
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friction in Europa results in a heat.ir]g rate of 5.4X1O
21

k-21Q ergs/s (2)
4

or a surface heat flow of 1.7xI0 k2 /Qe~-c~/s/cm2  . Racliogenic heating might
contribute 10crgs/s/cm2 LO su~-face heat. flow and therefore titles are an

important heat_ source for Q/k2 <1.7x103. ‘]’he contribution from solicl
friction within the mantle with 0.020 and Q==25  is 24ergs/s/cmz, but this
rate could be increased by a factor of 10 or more for mant]e models with a
softened lower rnarlt]e as in CO1. 8. Ojakangas and Stevenson(4) obtain
k2/Q=O.0004  for an equilibrium she]] nlodel coated with ‘soft.’ , plastic ice
at its base. increasing this rate requires mechanisms other than
concluct.ion thrc)ugh the solid icy layer to remove heat_, such as open cracks
or rcsurfaci.rlg. High dissipation r[\i~Iht also be achieved with a thirl ocean
1 ayer . Ocean currents cause skin fr]ction at the interfaces and dissipate
t,id<ll energy. As with Earth, ocean currerlts are a very efficient energy
loss mechanism since here the mean depth can acljust to match heat flow.
l’}]e rheology of ice is not relevarlt. except as it effects heat fl.c)w.

Covariance analysis of an orbiting spacecraft about. Europa has been
performed to determine its sensiLivit_y to the kz I,ove number. ‘l’he tick]
flexing period is an anomalistic; c,rbit and cliffers  for the rot_aLion  period
by the apsicla] Iyr period. We expected that aliasing of the 3.6d tide
with odcl harmonics in the pcrn~anent,  gravity field might dilute the ability
LO detect this parameter for short duratiori missions, but this suspicion
happerrs to be unfoundecl. 1’WO factors wliich in~prove  tide resolutiorl include
spacecraft- altitude which allc)ws it t.o partially sense gravity on the
backside of F;uropa. Also, for polar orl)its, contributiorls  from the fixecl
field which might alias with the t.icla] signature are small . Continuous
Doppler tracking for 5d (at X-band) of a polar orbiting spacecraft. at an
al ti tude of 1 00–200km and nearly edge–cJ1l to Eart_h earl resolve kz (arid also
k2/Q) to about io.001 (1 standarcl cleviatic,n)  . Realistic errors are expcc:ted
to be no worse than 2-5 times la~-gcr(5) . A laser altimeter ahc)ard  SUCh a

SpaCeCl”afL  and Witkl =f!irn range accuracy should be sensitive to h2 LO +0.1
c)r better. ‘1’herefore, an orbiter shoulci be able to discriminate between
mc)cle]s wit-h and without liquicl oceans or a softened lower mant_le  and
cletermirre  whether tidal friction is a signi ficant source of heating
compared to internal sources. These arlcl other issues such as detection of
~~olar r[~c>merlt of inertia from spin pole orientation shall be discussed.
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