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Introduction: Europa's young, predominantly wa-
ter ice surface is only ~10-100 million years old due to
resurfacing by geophysical processes and effects of its
sub-surface liquid water ocean [1,2]. The timescales
over which amorphous water ice is thermally trans-
formed to crystalline water ice at Europan surface
temperatures (80-130 K) suggests that the water ice
should be primarily in the crystalline form [3,4].

However, radiolytic processes, such as charged
particles from a gas giant's magnetic field, and vapor
deposition of water ice from plumes can produce par-
tial amorphous ice surface deposits on shorter
timescales. The type and magnitude of physical pro-
cesses at play, such as charged particle bombardment,
vapor-deposited plumes, and cryovolcanic activity,
could likely be deduced by the fraction or percentage
of water ice in crystalline form compared to that in the
amorphous form, referred to subsequently as the crys-
tallinity percentage.

The purpose of this investigation is to identify
whether the crystallinity percentage that we observe
from ground-based spectra differs significantly from
the crystallinity percentage we expect to see based on
laboratory data, temperature modeling, and radiation
flux. Preliminary results suggest that discrepancies ex-
ist between the derived modeled and observed crys-
tallinity percentages. We will discuss whether the dis-
crepancy is a result of geophysical processes, such as
by vapor-deposited plume material, or assumptions
and uncertainties in the crystallinity calculations.

Using a 1D thermophysical model [5] of Europa's
surface, we calculated an expected full-disk crys-
tallinity of Europa's leading hemisphere by incorporat-
ing the thermal relaxation of amorphous to crystalline
water ice and the formation of amorphous water ice by
irradiation; it should be noted that no cryovolcanic ac-
tivity is simulated in this study. We also derived the
observed crystallinity of Europa's leading hemisphere
using a comparison of near-infrared ground-based ob-
servations from Apache Point Observatory in Sunspot,
NM, and experimental data from Mastrapa et al. [6]
and the Ice Spectroscopy Lab (ISL) at the Jet Propul-
sion Laboratory (JPL).

Ground-Based and Laboratory Methods: We
obtained full-disk near-infrared spectra of Europa’s
leading hemisphere with the Astrophysical Research
Consortium (ARC) 3.5 m telescope at Apache Point
Observatory (APO) using the TripleSpec instrument,
which has a spectral resolution of R=3500 in the

wavelength range A = 0.96-2.47 pm for the 1.1” slit
[7]. With an angular diameter of 0.97” at the time of
observation, Europa fits within the slit on the sky to
provide a full-disk spectra.

The Ice Spectroscopy Lab (ISL) at JPL attempts to
reproduce environmental conditions (such as radia-
tion, temperature, and composition) of various Solar
System objects, such as comets and Europa [8,9,10].
The ISL utilizes infrared, visible, ultraviolet, and vac-
uum ultraviolet spectroscopy to characterize ice phases
and composition. NIR spectra (1.25-4 um) of pure wa-
ter ice were acquired in 2010 by both depositing water
ice (from vapor) at constant temperature, and ceasing
deposition while varying the temperature. Amorphous
and crystalline water ice spectra were obtained at tem-
peratures ranging from 18 to 140 K. Spectra in the 1.5
and 1.65 pym window for the TripleSpec observations
and crystalline and amorphous water ice from both
Mastrapa et al. [6] optical constants and the ISL’s ab-
sorbance measurements are provided in Figure 1.
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Figure 1: Continuum-removed Europa leading hemi-
sphere ARC/APO TripleSpec data (red) compared to
laboratory spectra from Mastrapa et al. [6] (crys-
talline: lime, amorphous: indigo) and the ISL at JPL
(crystalline: orange, amorphous: magenta).

1D Thermophysical Model: We implemented an
adaptation of a 1D numerical thermophysical model
for airless bodies [5] which has been adjusted to re-
flect environmental conditions on Europa’s leading
hemisphere, where the spatial thermal inertia, emis-
sivity, and albedo values employed are those derived
in Trumbo et al. [11]. Equilibrated daily simulated
surface temperature cycles at 3° lat/lon spatial resolu-
tion at four locations throughout Europa's orbit around
the Sun were generated in order to average the results
to simulate a full Europan year.
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We derived crystallinity fractions at each 3° lat/lon
location using the amorphous fraction equation origi-
nating from Baragiola et al. [12] and implemented by
Dalle Ore et al. [13]:

RN (B ) ?

where Table 1 presents the preliminary values used for
each of the variables in Egn. (1). Finally, we computed
a hemispheric cosine-weighted average to derive a
full-disk crystallinity percentage.

Parameter | Description Value Unit
Dy amorphous fraction Seeking
[ maximum amorphous fraction 0.9-1.0
F irradiation flux 0.6—-12 ions em™% 571
t exposure time;
for t > Buropa’s surface age 107 — 10° yIs
for t < Europa’s surface age b100% 'l’)":\rl(i“orflfli‘( itude yIs
N number of H,O molecules in volume V;
for V =7pm x lem x lem 2.2 x 10* # molecules
for V = 8um x lem x lem 2.5 x 10 # molecules
for V.= 9um x lem X lem 2.8 x 10" # molecules
k fitting parameter dependent on
temperature for T = 53 — 100 K 0.12-0.17
(Baragiola+ 2013, Fig. 16.3)

Table 1: Descriptions and preliminary values for each
parameter in Eqn. (1) to determine the rate of crys-
talline to amorphous transformation due to irradiation.

Results and Discussion: As the crystalline frac-
tion of water ice increases, the spectral areas (relative
to the continuum) of both the 1.65 pm band and the
extended 1.5 pm region increase [4,6]. We make use
of the optical constants from Mastrapa et al. [6] and
calculate absorbance spectra from the k extinction co-
efficients; the boundaries for the integration of band
depths are the same used by Mastrapa et al. [6] for
consistency. We will present the calculated crys-
tallinity of the TripleSpec observations band areas as
compared to those from both Mastrapa et al. [6] and
the ISL by implementing a linear unmixing method;
preliminary results are provided in Figure 2. The crys-
tallinities derived from TripleSpec observations are
then compared with the crystallinity derived from the
thermophysical model, and we will discuss any dis-
crepancies that may exist between them. Possible
causes of crystallinity percentage discrepancies in-
clude assumptions or uncertainties in either analysis
techniques, and/or the presence of geophysical pro-
cessing on the surface, such as by vapor-deposited
plume material.
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Figure 2: Integrated band areas of the 1.5 and 1.65
pm bands for the observed (TripleSpec) Europa lead-
ing hemisphere and varying fractions of water ice
crystallinity (“xtal”) from Mastrapa et al. (2008) and
the ISL at JPL. The color scheme matches that in Fig-
ure 1.
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