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Abstract

The Near Infrared Mapping Spectrometer (NIMS)
observations at wavelengths 0.7-5.3 μm of the Jovian
moon Europa are being reprocessed using informa-
tion gained throughout and beyond the Galileo mis-
sion. Early analysis of these reprocessed data (three
observations, including a global scale one of the anti-
Jovian and trailing hemispheres at 47 km spatial reso-
lution) show evidence of spectral features not or only
weakly apparent before [1]. These include strong
absorption bands attributed to CO2 and SO2 (centered
near 4.25 and 4.0 μm, respectively). The strong
hydrate bands, including at near 1.5 and 1.95 μm, are
now more clearly defined. The largest amounts of
CO2 and the most well defined hydrate bands are
strongly associated with the (endogenic) dark reddish
regions on the surface [1, 2]. We will present results
from newly calibrated observations that we are cur-
rently working on.

1. Introduction

Europa is the second outward from Jupiter of the four
Galilean satellites. It is similar in size to the Earth's
moon, and has a young crater-free surface. The inte-
rior has a dense rocky/metallic core surrounded by a
low density shell 80-170 km thick that is assumed to
be primarily ice and/or water. The magnetic signature
of Europa implies the presence of a conducting liquid
subsurface ocean. Additionally, spectra from Galileo/
NIMS showed the surface to be partly covered by
heavily hydrated materials such as sulfate salts [3, 4]
and/or sulfuric acid hydrate [5, 6]. The hydrated
material is concentrated in the regions of darker
brownish coloring that occur in some chaos regions
and along linea, and may be linked to possible endo-
genic materials from the subsurface [3].

2. Completed observations

The NIMS builds up spectral images by recording a
spectrum over 20 mirror positions and up to 408
wavelengths. These wavelengths are sensed by 17
discrete detectors, each of which covers a small
region of the spectrum. The third dimension of the
spectral image is filled out by scanning the instrument
field-of-view slowly perpendicular to the mirror
motion [7]. The NIMS observations of the icy satel-
lites are now being reexamined and recalibrated using
new techniques [8, 9, 10]. The Europa observations
needed an improved despiking process for the spectra
longer than 3 μm, where radiation spikes outnumber
the good data by a ratio of 2:1, or more. The first
Europa observation to be processed was TERINC
(Terra Incognito) from the E6 orbit, which was
known to have fewer spikes overall than average.
This is a global scale observation with a pixel scale of
47 km

This observation was dark-corrected and radiometri-
cally calibrated using the best dark and calibration
values and wavelength list [11]. The wavelengths up
to 2.4 μm were despiked using our usual procedure
[12]. The short wavelength process yielded about
20% spikes. For the wavelengths longer than about
2.75 μm the same despiking was used with much
tighter parameters. This despiking was repeated three
times to remove most of the visible spikes. Then a
few hundred remaining small spikes were manually
removed up to 4.4 μm. Beyond this wavelength the
spectra have just a few digital numbers (DN) of sig-
nal, and contain no information other than a general
shape. These wavelengths were constrained to be near
spectra from areal averages [1]. The final frequency
of spikes in this region was 70-80%.

Two additional Europa data sets were calibrated,
SUCOMP2 (pixel scale 7.5 km) [2] from orbit 6 and
LINEA (pixel scale 17 km) from orbit 3. Both have
considerable amounts of dark hydrate, but both have a
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spike abundance of 80-90% in the longwave part that
make mapping of features in individual spectra nearly
impossible.

3. Newly processed observations

The possible observations to be shown will be from
the following table. 

Table 1: NIMS observations of Europa

We will attempt some linear modeling of the cali-
brated data sets along the lines of [13], using at least
two hydrates and water ice of various grain sizes.

4. Summary

After demonstrating the ability to calibrate and
despike NIMS Europa observations [1, 2], we will
apply these techniques to further observations and
model the results. We will also look for CO2 and SO2
bands in the data if the noise level allows.

Acknowledgements

This work is supported by a grant from the NASA
Outer Planets Program.

References

[1] Hansen, G. B., and McCord, T. B.: Widespread CO2
and other non-ice compounds on the anti-Jovian and
trailing sides of Europa from Galileo/NIMS
observations, Geophys. Res. Lett., 35, L01202, doi:
10.1029/2007GL031748, 2008.

[2] McCord, T. B., Hansen, G. B., Combe, J.-P., and Hayne,
P.: Hydrated Minerals on Europa’s Surface: An Improved
Look from the Galileo NIMS Investigation, Icarus, 209,
639-650, doi: 10.1016/j.icarus.2010.05.026, 2010.

[3] McCord, T. B., et al.: Hydrated salt minerals on
Europa's Surface from the Galileo near-infrared mapping
spectrometer investigation, J. Geophys. Res., 104, 11,827-
11,852, 1999.

[4] McCord, T. B., Teeter, G., Hansen, G. B., Sieger, M. T.,
and Orlando, T. M.: Brines exposed to Europa surface
conditions, J. Geophys. Res, 107(E1), 5004, 10.1029/
2000JE001453, 2002.

[5] Carlson, R. W., Johnson, R. E., and Anderson, M.
S.: Sulfuric acid on Europa and the radiolytic sulfur cycle,
Science, 286, 97-99, 1999.

[6] Carlson, R. W., Anderson, M. S., Mehlman, R.,
and Johnson, R. E.: Distribution of hydrate on Europa:
Further evidence for sulfuric acid hydrate, Icarus, 177, 461-
471, doi: 10.1016/j.icarus.2005.03.026, 2005.

[7] Carlson R. W.,Weissman, P. R., Smythe, W. D.,
Mahoney, J. C., and The NIMS Science and Engineering
Team: Near-infrared mapping spectrometer experiment on
Galileo, Space Sci. Rev., 60, 457-502, 1992.

[8] Hansen, G. B., and McCord, T. B.: Amorphous and
crystalline ice on the Galilean satellites: A balance between
thermal and radiolytic processes, J. Geophys. Res., 109,
E01012, doi: 10.1029/2003JE002149, 2004.

[9] Hansen, G. B., McCord, T. B., Hibbitts, C. A., and
Kamp, L. W.: Recalibration and rectification of additional
Galileo NIMS spectral images of the Galilean satellites
(abstract), Bull. Am. Astron. Soc., 38, 540, 2006.

[10] Hansen, G. B., and McCord, T. B.: Mapping the water
ice grain sizes and non-ice components of Ganymede using
recalibrated Galileo-NIMS spectra (abstract), Bull. Am.
Astron. Soc., 40, 506-507, 2008.

[11] McCord, T. B., Hansen, G. B., Shirley, J. H., and
Carlson, R. W.: Discussion of the 1.04-µm. water ice
absorption band in the Europa NIMS spectra, J. Geophys.
Res., 104, 27,157-27,162, 1999.

[12] Hibbitts, C. A., McCord, T. B., and Hansen, G. B.: The
distributions of CO2 and SO2 on the surface of Callisto, J.
Geophys. Res., 105, 22,541-22,557, 2000.

[13] Shirley, J. H., Dalton, J. B., Prockter, L. M. and Kamp,
L. W.: Europa’s ridged plains and smooth low albedo
plains: Distinctive compositions and compositional
gradients at the leading side–trailing side boundary, Icarus,
210, 358-384, doi:10.1016/j.icarus.2010.06.018, 2010.

Orbit 
No.

Obs. name Location Pix. 
scale 
(km)

G1 NHILAT 240W, 45N 79
G2 LEADMP 290W, EQ 336
C3 ELIMB 220W, 25S 30
E4 SUCOMP1 320W, 55S 8
E4 SUCOMP2 300W, 30N 15
E4 SUCOMP3 320W, 55N 3
E6 SUCOMP1 270W, 25S 7.5
G7 FLEXUSA 180W, 30N 44
G7 FLEXUSB 200W, 35S 42
G7 FLEXUSC 180W, 35S 41
G7 TYREMA 145W, 35N 12


