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FLAVORS OF AMORPHOUS SURFACE ICE ON EUROPA: A BROADER PEAK ON THE TRAILING
SIDE. G. B. Hansen, Department of Earth and Space Sciences, University of Washington, Box 351310, Seattle, WA
98195-1310 (ghansen@ess.washington.edu).

Introduction: The grain surfaces of the ice on
Europa, illustrated by the Fresnel peak near 3.1 µm,
have an amorphous crystal structure [1]. Hansen and
McCord [1] used several example average spectra of
Europa from the Galileo Near Infrared Mapping Spec-
trometer (NIMS) to show the broad, featureless peak
near 3.1 µm characteristic of amorphous ice. If one
looks in detail at these spectra, some of the Europa
spectra have a triangular peak like the amorphous ice
model, while many others have a broader flat-topped
peak extending to longer wavelengths. Now that we
have a calibrated and despiked Europa cube (covering
140 to 270 degrees longitude at mid latitudes [2]) from
which five of the nine spectra shown in [1] come from,
we decided to look at the occurrence and distribution of
different Fresnel peak shapes from the ice.

Data: The NIMS instrument measures reflected
sunlight between 0.7 and 5.3 µm with up to 408 chan-
nels and a resolution of 28 nm. The spectra are built up
from grating motion and 17 discrete detectors, so that
each spectrum has 17 segments. The motion of a mirror
and the spacecraft scan platform allows for the con-
struction of three-dimensional spectral image cubes [3].
The observation used here is from the sixth orbit, by
which time one of the detectors had failed (2.40-2.67
µm). An image from 0.7 µm from the observation
TERINC is shown in Figure 1.

Two average spectra are extracted from this obser-
vation, one from the right edge (leading hemisphere)

and one from the middle (trailing hemisphere). The
locations are indicated in Figure 1 by X’s. The spectra
are plotted in Figure 2, with the leading side spectrum
in black and the trailing side spectrum in red. The near-
infrared water ice bands are shown in the upper panel
(to 2.5 µm) and the dark part of the spectrum beyond
2.5 µm is shown in the lower panel. The 3.1-µm peaks
are indicated with arrows in the lower panel. Parts of
the leading side spectrum between 1.2 and 1.5 µm are
saturated and not shown in the upper panel.

The upper panel shows water ice bands mixed with
some hydrates. The deeper bands in the black spectrum
and the peak at 3.6 µm are indicative of finer grained
(<50 µm radius) snow, while the red spectrum is con-
sistent with coarser-grained ice. The 3.1-µm peak is
broader and flatter in the red spectrum compared to the
triangular band in the black spectrum.This is illustrated
better by removing a continuum from below the peaks
and scaling the slightly weaker red peak to the same
height as the black one, as seen in Figure 3. Here the
flat top of the red peak is evident as is the increased
width (by about 0.08 µm)
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Figure 1. Albedo image from 0.7 µm of the e6 TERINC
NIMS observation of Europa. The two white X’s indi-
cate where average spectra have been taken from.
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Figure 2. Average spectra from the two locations on
Figure 1, the black spectrum from the right edge and
the red spectrum from the middle.
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Discussion: According to Hagen et al. [4], the
longer position of the red peak is not consistent with
any amorphous form. In fact a center at 3.14 µm (3185
cm-1) is outside the range of any ice they measured and
beyond the range for crystalline ice (3207–3220 cm-1).
The increased width (250 to 330 cm-1) is only slightly
larger than the most unannealed forms of amorphous
ice, though.

In this observation, triangular bands like the black
spectrum are limited to the right edge and part of the
top edge. Mixed broader bands are found through the
rest of the observation. The flat-topped broader bands
shown in [1] are apparently common on the trailing
hemisphere, but are also found at higher latitudes on
the leading hemisphere, while the triangular bands are
found throughout most the fine-grained leading.hemi-
sphere terrains. This pattern implies that perhaps radia-
tion levels, which are enhanced on the trailing side [5],
could be the cause of the broader peaks.

Conclusions: The signature of amorphous ice on
the surface of Europa, the Fresnel peak near 3.1µm,
varies across the surface from a form consistent with
laboratory measurements of center and width to a much
broader peak that is not consistent with current labora-
tory measurements. The locations of the broader peaks
is coincident with larger radiation levels [5], and is per-
haps an indication of the effect of very high radiation
levels on the spectrum of water ice.
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Figure 3. Continuum-removed Fresnel peaks for the
two example spectra (the red one has been scaled by
1.5 to match the height of the black). The read peak is
about 0.08 µm wider than the black peak and has a flat
top, as seen in other Europa icy average spectra.


