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Introduction: There is ample evidence [1-4] that 

there exists a liquid water ocean in contact with a dif-
ferentiated silicate core within the Moon-sized Jovian 
satellite Europa at a depth of order 100 km. This inter-
face makes Europa a prime candidate for non-
terrestrial habitability within our solar system. Yet, the 
existence of liquid water is a necessary but incomplete 
requirement for life as we know it. In addition to a 
liquid solvent (i.e., Europa’s ocean), life needs a prop-
er chemical system to record genetic information with-
in molecules and to provide nutrients, and a metabolic 
energy source, which would be chemical disequilibri-
um in the absence of sunlight [5]. 

It is equivocal whether Europa’s ocean meets these 
other requirements, but the potential that it does sky-
rockets if there is volcanism on the rock-water inter-
face, in the same way that volcanic processes enable 
chemosynthetic life near deep-marine hydrothermal 
systems on Earth. Volcanic materials could provide the 
necessary chemistry, while the silicate interior could 
be in disequilibrium with the ocean, especially if recy-
cling of the ice shell could deliver surficial photochem-
ical products to the ocean, likely recharging the dise-
quilibrium with the silicate interior [6]. 

Direct sampling of this interface via submersible 
craft or indirect sampling via a dense seismic network 
on Europa’s surface are technical and fiscal challenges. 
Fortunately, Europa’s unique structure make this inter-
face ideal for exploration via gravity investigations. 
Unlike terrestrial worlds, the largest density interface 
is not the surface, but the rock-water interface. We 
have previously shown that this interface dominates 
the surface free-air gravity of Europa for the longest 
wavelengths (spherical harmonic degrees ~10 and low-
er) and the Bouguer gravity up to degrees ~50 [7]. 

This horizontal scale is also the scale over which 
terrestrial worlds have volcanic provinces and even 
individual edifices. This possibility has been noted 
before [8, 9], but these works were focused on the de-
tectability of features on this interface. They did not 
provide criteria to discriminate volcanic activity on the 
rock-water interface. Here, we argue that gravity can 
be used to constrain the heat flow out of the silicate 
interior, which then serves as a proxy for volcanism. If 
heating comes from solely the decay of long-lived ra-
diogenic nuclides, this heat flow has been estimated to 
be 5-10 mW m-2 [10]. Under such low heat flows, vol-
canism is less likely; the depth of the 1500 K isotherm 

would be several hundred kilometers deep in the sili-
cate interior. The potential addition of tidal heating 
within the silicate interior (which would occur below 
the lithosphere being explored here) would add to this 
heat flow, bringing high temperatures closer to the 
surface and thereby making volcanism more likely. 
Thus, we develop compensation models for a presum-
ably basaltic crust on Europa’s silicate interior that are 
tied to the heat flow, and use these models to predict 
the gravity anomalies arising from the silicate interior. 

Compensation Model: We use finite element 
techniques [e.g., 11] to explore the response of the 
lithosphere of the silicate interior of Europa to an even 
numbered zonal spherical harmonic topographic load. 
In the absence to lithospheric strength, this applied 
topographic load should collapse down to an (Airy) 
isostatic balance with the deformation imposed on the 
boundary between a presumably basaltic crust and a 
peridotitc mantle. In principle, this isostatic case yields 
very small gravity anomalies because of the near equal 
masses between the rock-water topography and the 
buoyant topography on the crust-mantle boundary. The 
presence of a lithosphere adds strength, which can pro-
vide partial to near total support of a topographic load 
without the need for buoyancy. In this case, gravity 
anomalies would be larger. Additionally, this response 
is dependent on the horizontal wavelength of the load, 
with the lithosphere more supportive of shorter wave-
length loads (higher spherical harmonic degrees). 

Our simulations include an axisymmetric quarter of 
a circular shell run, allowing us to explore global pro-
cesses that follow an even zonal harmonic. We assume 
an inner radius of 700 km, a body radius of 1450 km, a 
crust 10 or 30 km thick, and appropriate thermal and 
mechanical parameters for (wet) basalt and peridotite 
for the crust and mantle. We include the overburden 
pressure from the ocean and a viscoelastic rheological 
model [see 12 for full details]. 

Synthetic Gravity Maps: With the compensation 
models in hand, we construct gravity maps of the sili-
cate interior and evaluated at Europa’s true surface. 
For this task, we use the measured shape of the Moon. 
All terrestrial planets (of which Europa’s silicate inte-
rior is effectively a member) possess topography with 
similar characteristics, notably the range in elevations 
(of order 10 km) and very similar power spectra [e.g., 
13]. Because the Moon is most comparable in size, we 
use a spherical harmonic model of lunar shape from 
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degrees 2-50 as a proxy for topography on Europa’s 
rock-water interface. Our compensation models are 
then applied to this topography, permitting construc-
tion of the gravity maps [again, see 12 for full details]. 

Example maps are shown in Fig. 1, which show the 
cases of a 10-km crust with heat flows of 5 and 40 mW 
m-2. (We calculate that gravity anomalies from within 
the ocean or ice shell would be of order 1 mGal, so we 
ignore their contribution.) Both maps display very sim-
ilar spatial patterns, so clearly spatial pattern will not 
be diagnostic. The magnitudes of the gravity anoma-
lies, however, are different. We can quantify the dif-
ference by looking at the “hypsometry” of the gravity 
anomalies (i.e., finding the areal percentage of the 
gravity that has a particular value or higher). While the 
middle ranges of these hypsometry curves look similar, 
the different heat flows might be distinguishable at 
their extremes. Figure 2 shows the value of the anoma-
lies, positive or negative, for which only 2.5% of the 
surface meets or exceeds this value. For models of 
Europa with only radiogenic heating in the silicate core 
(5-10 mW m-2), this value exceeds ~250 mGal. For a 
Europa with significant tidal heating in the silicate core 
(> 20 mW m-2), the value is less than ~200 mGal, nev-
er exceeding an absolute value of ~260 mGal for 20 
mW m-2 and ~215 mGal for 40 mW m-2. 

Discussion: Gravity is a key measurement for as-
sessing the habitability of Europa’s ocean. NASA’s 
upcoming Europa Clipper mission will have ~40 close 
flybys, from which line-of-sight gravity profiles could 
be determined [e.g., 14], along with a global topo-
graphic map that could be used to subtract the gravity 
signal from the surface. This sampling determined our 
2.5% threshold. Detection of solely small gravity 
anomalies less than ~250 mGal could point to higher 
heat flows originating from Europa’s silicate interior, 
thereby making volcanism on the rock-water interface 
more plausible and thus increasing the potential for 
habitability within the ocean. With such small sam-
pling however, it could simply be that the Clipper 
missed seeing larger anomalies. Any conclusions 
would be equivocal, so modeling of Europa’s thermal 
evolution would be needed. Conversely, measurement 
of strong anomalies in excess of ~250 mGal would 
imply low heat flows with limited volcanism, thereby 
strongly reducing the potential for habitability at any 
point in Europa’s history. Because understanding Eu-
ropa’s potential as a haven for life outside of the Earth 
is a key exploration goal, gravity (and topography) 
measurements of Europa should be given very high 
priority in future mission planning. 
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Figure 1. Maps of gravity (in mGal) coming from Europa’s 
silicate interior, assuming a 10 km thick basaltic crust and 
evaluated at Europa’s true surface. Top: low heat flow case 
of 5 mW m-2. Bottom: high heat flow case of 40 mW m-2. 
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Figure 2. Expected minimum values of the strongest gravity 
(positive or negative) anomalies for which there is a 2.5% 
chance of detection, for different thicknesses of a basaltic 
crust on Europa’s silicate interior. 

1593.pdf49th Lunar and Planetary Science Conference 2018 (LPI Contrib. No. 2083)


