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Introduction:  In 2015 the New Horizons space-
craft revolutionized our understanding of the Pluto-
system [1]. The Ralph instrument’s  Multispectral Vis-
ible Imaging Camera (MVIC) [2] took a large number 
of color images of Pluto’s large moon Charon on ap-
proach, during the encounter and upon departure. Since 
we focus upon Charon’s surface color we primarily use 
the sunlit approach/encounter observations which show 
surface color more clearly than the departure ones (that 
covered Charon’s nightside). 

MVIC: MVIC is made of a single substrate, which 
holds seven independent CCD arrays. Four of these 
CCDs have a color filter (Red, Blue, NIR, CH4, see 
Table 1). Details of the post-launch calibration of 
MVIC are given in [3]. 

Array 
name 

Wavelength 
range (nm) 

Pivot 
wavelength 

(nm) 
Blue 400-550 492 
Red 540-700 624 
NIR 780-975 861 
CH4 860-910 883 

Table 1 - The details of MVIC color arrays. 
 

Close Approach Observations: Figure 1 shows 
the highest spatial resolution (1.4 km/pixel) MVIC 
enhanced color observation of Charon. As the figure 
shows Charon is predominantly grey, with the excep-
tion of its red north polar region. Small scale color 
variations are seen across the surface, which are corre-
lated with geology (e.g. the bluer Nasreddin and Rip-
ley craters, and more neutral Skywalker crater).  

All of the resolved MVIC observations made of 
Charon are outlined in Table 2. As the table shows all 
observations have a sub-spacecraft latitude in the 
northern hemisphere (between 25° and 43° N); the sub-
solar latitude for all observations was 52° N.  
Charon’s Red North Polar Region: There were two 
initial hypotheses to explain why Charon’s north polar 
region is red. One idea is that the redness is connected 
to the large crater feature at the pole, implying a red 
impactor (or less plausibly the impactor uncovered 
redness under Charon’s surface). The other hypothesis 
is that Charon’s north polar region is cold trapping 
molecules from Pluto’s escaping atmosphere, which 
then are turned red by radiolysis. The key evidence to 
distinguish between these two hypotheses comes from 
panchromatic observations of Charon’s south winter 

 
Figure 1 – Charon in enhanced color viewed from 

New Horizons (sub-spacecraft location was -12.3° E 
and 25.2° N). From PIA19968. 

pole, in which Charon’s surface is illuminated by 
Pluto-shine . The ratio of the reflectance seen in these 
observations and that of a Hapke model (which ac-
counts for the changing bidirectional reflectance of the 
observations) are shown in Figure 2 [4]. They show 
that both the north and south poles have a comparable 
darkening towards their poles. The probability of an 
impactor hitting, and reddening both poles in such a 
similar way is very small. Therefore this result sup-
ports the cold trapping hypothesis (which would natu-
rally occur at both poles). Thermal models of Charon 
show that temporary cold-trapping of material escap-
ing from Pluto is feasible at the poles. The cold-
trapped material would be photolytic processed into 
more complex, red, less volatile molecules while 
trapped. 

 
Figure 2 – Charon’s panchromatic reflectance ratio 

variation with latitude (from LORRI). The data points 
are for the Pluto-shine-illuminated southern hemi-
sphere. The horizontal bars indicate the width of the 
latitude bin and the vertical bars show the standard 
deviation of the mean within each latitude bin. The 
dashed curve is for the sunlit northern hemisphere [4].  
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Approach Observations: Figure 3 shows 
lightcurves derived from fifty seven MVIC color ob-
servations taken between 9th April and 3rd July 2015, 
at phase angles between 14.5° and 15.1°, sub-observer 
latitude from 51.2 °N to 51.5 °N, and a sub-solar lati-
tude of 41.2 °N [5]. The Blue and Red channels pro-
vide the most reliable results, as the NIR band has gain 
drift (when taken on the primary electronics side) and 
the CH4 band is noisy (primarily due to its smaller 
bandwidth than the other channels resulting in a lower 
signal to noise ratios).  

These early observations are consistent with previ-
ous studies made with the Johnson B and V bands, 
which are at shorter wavelengths than that of the 
MVIC Blue and Red channel respectively (e.g. [6]). 
They showed that Charon is  neutral in color, but 
slightly brighter on its Pluto-facing hemisphere.  

 

 
Figure 3 – Lightcurves of Charon derived from MVIC 
approach observations in all four color filters from [4] 

Charon Photometry: Disk-integrated observation 
of Charon by MVIC, and by New Horizons’ panchro-
matic imager LORRI [6] were used to perform pho-
tometry on Charon [7] at solar phase angles between 
1.8° and 170°. The results (Figure 4) show Charon has 
similar photometric properties to other icy moons, al-
beit with a more isotropic phase function (which may 
imply we are seeing a new regime in surface alteration 
on Charon).  

Charon’s isotropic phase function may be due to 
the same processes that causes Charon’s red north po-
lar region [4]: the accretion of molecules that have 
escaped from Pluto’s atmosphere onto the surface [7]. 
However, since methane is not stable on Charon (ex-
cept at the poles) another explanation is possible.  

Charon’s phase integral (q) is 0.70 ±  0.04, which 
in in keeping with other icy satellites (e.g. Rhea, Dio-
ne, and Europa) [8]. Charon’s Bond albedo (AB) is 
0.29 ±  0.05, which is darker than Europa (0.62  ±  
0.14 [9]) and in keeping with that of Ganymede (0.35 
 ±  0.03 [10]).  

 
Figure 4 - The phase curve of Charon compared to 

various other relevant solar system objects [7]. 
 

Mid-Time of  
Observations (UTC) 

Sub-
Spcft  
Lon 
(° E) 

Sub-
Spcft  
Lat 

(° N) 

Image 
Scale 

(km/pix) 

2015 Jul 07T16:44:45 -10.5 43.0 162.1 
2015 Jul 08T09:04:45 -48.7 43.0 145.8 
2015 Jul 08T17:06:50 -67.6 43.1 137.8 
2015 Jul 09T03:41:05 -92.4 43.1 127.2 
2015 Jul 09T16:56:05 -123.5 43.1 113.9 
2015 Jul 10T08:55:30 -161.1 43.2 97.9 
2015 Jul 10T16:52:15 -179.9 43.2 90.0 
2015 Jul 10T16:55:05 -180.0 43.2 90.0 
2015 Jul 11T03:34:35 154.9 43.2 79.4 
2015 Jul 11T16:46:56 123.7 43.1 66.4 
2015 Jul 11T16:49:46 123.6 43.1 66.4 
2015 Jul 12T08:23:08 87.0 42.9 51.1 
2015 Jul 12T16:53:04 67.0 42.8 42.7 
2015 Jul 13T03:38:06 42.0 42.5 32.1 
2015 Jul 13T07:38:36 32.7 42.4 28.2 
2015 Jul 13T14:50:51 16.2 42.0 21.1 
2015 Jul 13T21:08:40 2.0 41.5 14.8 
2015 Jul 14T02:47:54 -9.9 40.5 9.2 
2015 Jul 14T06:50:11 -16.7 38.5 5.2 
2015 Jul 14T10:42:28 -12.3 25.2 1.4 

Table 2 – Resolved MVIC observations of Charon. 
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