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Introduction: Before the New Horizons flyby of the
Pluto-system on July 14, 2015, we understood Charon’s
surface to be a mixture of crystalline H2O-ice and NH3-
hydrate. Mutual events of Pluto and Charon in the mid-
to-late 1980s showed us that the surface of Charon is
largely covered by H2O-ice [1]. It was later revealed
to be in the crystalline phase alongside evidence for an
absorption band around 2.21 µm, possibly due to NH3-
hydrate [2, 3, 4]. Work by [5, 6, 7] showed that the band
was undoubtedly present. [8] showed the 2.21 µm band
position shifts with longitude.

Observations: Using the Ralph [9] instrument, New
Horizons successfully obtained images and spectra of
Charon. Ralph is a dual channel instrument with MVIC
(Multi-spectral Visible Imaging Camera), the visible
color imager, and LEISA (Linear Etalon Imaging Spec-
tral Array), the near infrared spectrograph. LEISA cov-
ers the spectral range 1.25 to 2.50 µm at a resolving
power (λ/∆λ) of 240, and 2.10 to 2.25 µm at a resolv-
ing power of 560. We examined three LEISA scans
of Charon taken a few hours before closet approach.
These scans were at a distance of 483,000, 136,000 and
81,000 km, giving spatial scales of 30, 9 and 5 km/pixel.

Methodology: In addition to the standard LEISA
pipeline to flat field and flag bad pixels, our analysis
includes steps for cleaning and re-flattening. The clean-
ing steps are performed in order to remove an electronic
noise pattern that changes in each LEISA frame. We
take advantage of the fact that the pattern repeats in each
quadrant of the frame. By masking out the target and
median stacking each quadrant we produce a fairly reli-
able estimate of the background noise pattern.

We use three Charon scans to provide improvements
to the flat field by obtaining the median signal at each
native LEISA pixel while Charon passes through that
pixel. This essentially averages over spatial variations.
Brightness variations over a single row (wavelength)
are then removed by fitting a second order polynomial.
closest to Charon nearly fills the field

After the data are cleaned and flattened, we remove
motion distortion. Thrusters may be fired during the
scan if the target reaches a deadband. We use the known
spacecraft trajectory to correct for its motion. Finally,

Figure 1: Composite image of Charon basemap and
residual map at 2.21 µm. Blue pixels correspond to re-
gions with greater absorption at 2.21 µm. North is up,
and east is to the right.

we build a cube. This step does not resample the data, it
just reorders the pixels such that each plane of the cube
is a single wavelength. We later rebin the data to de-
crease computation time and boost signal-to-noise. The
rebinning factor is different for each scan.

Once the cube is built and rebinned, we perform
Hapke modeling of each spectrum. We assume a simple
model with an intimate mixture of amorphous H2O-ice
[10], crystalline H2O-ice [11] in three size ranges, a Tri-
ton tholin [12] and Pluto tholin [13, 14]. All water ice
is assumed to be 50 K. Subtracting the model spectrum
from the observations yields the the residual spectrum.

Results: Shown in Fig. 1 is a composite image of
the Charon basemap (grayscale) and the residual map
of Charon at 2.21 µm. Regions of greater absorption
are colored blue. This map shows that there are sev-
eral >50 km regions on Charon’s surface which have
absorption at 2.21 µm. The basemap shows that these
regions are highly correlated with the bright rays around
craters, but not the dark material within the craters.
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Figure 2: Contour map of Charon at 2.21 µm and associated spectra. We label regions 1-8 on the map and show
the spectrum from each region on the right. The average Hapke spectral model is also shown in red. Each spectrum
is labeled with the corresponding region from the contour map. Two vertical dashed lines are shown at 2.208 and
1.992 µm, the measured position for NH3-H2O-ice mixtures with <2.5% NH3 [15].

In Fig. 2, we show the residual map as a series of con-
tour levels. Each contour level contains 20% of the data.
We label 8 distinct regions (1-8) in the contour map and
show the associated spectra on the right side. The spec-
tra are shown with average Hapke spectral models in
red. The models highlight the deviation near 2.21 µm.

Discussion & Conclusion: NH3-hydrates and NH3-
H2O-ice mixtures have two identifiable bands in our
spectral range. We have focused on the 2.21 µm for
this work, but a another narrow band appears around
1.99 µm. The exact position of each band can change
with concentration [15], shifting to longer wavelengths
as the NH3 fraction increases. The relative strengths
of the two bands are similar, thus the detection of the
2.21 µm band should also yield a band near 1.99 µm.
This second band has never been seen in ground based
spectroscopy, possibly due to nearby telluric contamina-
tion. But our analysis also shows little absorption near
1.99 µm, although it may be present in some of the spec-
tra we show (regions 1 and 2), it is not nearly as strong
as anticipated based on laboratory spectra.

Recent work by [16] showed a slightly different dis-
tribution to NH3. That work was based on clustering
of the 2.0 µm band of H2O-ice. Their work showed
the surface can be characterized by three spectral types
with minor variations among them. The region that cor-
responded to the highest concentration of NH3-hydrate
is associated with regions of high albedo (e.g., bright
crater rays), large grains H2O-ice and neutral slope/least
amount of Pluto tholins. They suggested that the rea-
son for the differences may be due to different forms of

NH3, one which is associated with the 1.99 µm band
and the other with the 2.21 µm. band.

These somewhat differing results suggest something
more than NH3-H2O-ice mixtures may be present on
Charon. Ammonium, NH4, may be the a likely candi-
date. It has a spectrum that is similar to NH3-hydrates,
but lacks the band at 1.99 µm [17]. The recent detection
of ammoniated clays on Ceres by Dawn [18] shows the
various forms NH3 has the potential to take.
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