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Abstract

We present spatially resolved observations of Europa's
3.5 um hydrogen peroxide absorption, which we
obtained using the near-infrared spectrometer
NIRSPEC and the adaptive optics system at the Keck
Observatory. We map the strength of the 3.5 um band
across the surface at a nominal spatial resolution of
~300 km. Though previous disk-integrated spectra
seemed consistent with the laboratory expectation that
Europa's hydrogen peroxide exists primarily in its
coldest and iciest regions, we find nearly the exact
opposite at this finer spatial scale. Instead, we observe
the largest hydrogen peroxide absorptions at low
latitudes on the leading and anti-Jovian hemispheres,
correlated with chaos terrain, and relative depletions
toward the cold, icy high latitudes. This distribution
may reflect the effects of decreased hydrogen peroxide
destruction due to efficient electron scavenging by
CO; within chaos terrain.

1. Introduction

Hydrogen peroxide (H.O,) is part of an important
radiolytic cycle on Europa. The bombardment of
surface water ice by magnetospheric particles converts
H,0 to H,0,, losing H; in the process and creating an
oxidizing surface [1, 2]. Understanding this cycle is
not only important to our knowledge of the chemical
composition of Europa's surface and to the study of
surface-magnetosphere interactions throughout the
Solar System, but it is also critical for our
understanding of the potential chemical energy
sources to Europa's ocean [3]. Water-rock interactions
at the seafloor can be a source of reductants, but the
energy available for redox chemistry will likely
depend on a supply of oxidants, such as H,O,, from
the radiolytically processed surface [3].

The geographic distribution of Europa’s H.O, may
constrain the processes governing its abundance as

well as its potential relevance to the subsurface
chemistry. However, spatially resolved maps of
Europa's H20; have never been published. Laboratory
experiments [2, 4] and disk-integrated observations of
Europa's H,O, [5] suggest that the local H,O;
concentrations are controlled by the surface
temperature and availability of water ice, leading to
the prediction that the highest H,O, concentrations
would lie at the cold, icy high-latitudes of the leading
hemisphere. In order to address this hypothesis, we
obtained spatially resolved L-band spectra of Europa's
surface, with the goal of mapping the geographic
distribution of its 3.5 pm H,O, band.

2. Observations and Results

We present L-band spectra of Europa taken with the
near-infrared spectrograph NIRSPEC and adaptive
optics system on the Keck Il telescope. Our
observations map the 3.5 pm H,O; feature across the
surface of Europa at a spatial resolution of ~300 km,
thereby testing the expectation that H.O, is
concentrated in the coldest, iciest regions. Figure 1
shows representative spectra from both the icy high
latitudes and the warm, salty, low-latitude chaos
terrain of the leading hemisphere. Puzzlingly, contrary
to the hypothesis that Europa's H,O; prefers cold, icy
terrain, the low-latitude chaos spectrum (taken from
Tara Regio) exhibits a much stronger H.O- absorption
than does the high-latitude spectrum. Tara Regio is
likely salty in composition [6] and is located near the
warm equator. Yet, its 3.5 um H.O, band strength
reaches more than twice that of the icy region.

This pattern remains consistent across our entire
dataset—within every NIRSPEC slit position,
Europa’s H;O, prefers warm, low-latitude, ice-poor
chaos terrain to the comparatively cold and ice-rich
regions of the upper latitudes. Figure 2 maps several
N/S slit positions, which together cover most of the
large-scale leading-hemisphere chaos regions. All of
the slit positions consistently show the largest 3.5 pm



absorptions within the outlined chaos terrain. In all
cases, especially those of Tara Regio (~85° W) and
eastern Powys Regio (~125° W), this requires
asymmetric displacement south of the equator. In fact,
this map indicates that most of Europa's H,O, falls
between ~40° S and 20° N, in a latitudinal pattern that
possesses similar N/S asymmetries to those of the
overall pattern of leading/anti-Jovian chaos terrain.
This observed distribution requires dominating
influences on Europa's H,O; other than temperature or
water ice abundance.
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Figure 1: Representative spectra from both an icy
high-latitude location and a low-latitude chaos region.

We explore multiple potential explanations and their
caveats and find that a potential geographic
association with CO; in chaos terrain provides the
most compelling hypothesis. CO, has been shown to
enhance H,0; yields in the laboratory by scavenging
destructive electrons created during continued
irradiation of the ice [4]. Furthermore, very limited
and unpublished Galileo Near Infrared Mapping
Spectrometer (NIMS) spectra suggest concentration of
CO; within leading-hemisphere chaos terrain [7]. If
CO- is truly a dominant factor in controlling the H,O-
distribution we observe, then the widespread coverage
of our data may hint at a broad association of Europa’s

CO; with its geologically young chaos regions, and
therefore with an interior carbon source.
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Figure 2: Map of Europa’s 3.5 um H,O; band. The
deepest absorptions map to low latitudes of the leading
and anti-Jovian hemispheres and appear correlated
with the geologically young and comparatively ice-
poor chaos regions (outlined in black).
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