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Introduction:  On January 1st, 2019 the New Ho-

rizons spacecraft flew by the cold classical Kuiper 
belt object 2014 MU69 (informally named “Ultima 
Thule”) [1]. Ultima Thule is the first cold classical 
Kuiper belt object to be explored by a spacecraft and 
the flyby results have important implications for plan-
etary formation and evolution. Ultima Thule was dis-
covered to be a bilobate object, the larger and smaller 
lobes are informally named “Ultima” and “Thule” 
respectively. 

Photometry of Ultima Thule:  The highest-
resolution image sequence returned from the space-
craft to date is CA04-MAP, acquired by the LORRI 
instrument [2] » 45 minutes prior to closest approach 
from a distance of » 30,000 km. The pixel scale is » 
140 m, the solar phase angle is » 13O, and the pivot 
wavelength is » 610 nm. A map of the calibrated I/F 
is shown in Figure 1 and a histogram is shown in Fig-
ure 2. The I/F was calculated assuming a visible spec-
trum similar to Pluto and is not corrected to 0O solar 
phase angle as the phase curve of Ultima Thule is not 
yet known. 

The mean I/F of Ultima Thule in Figure 1 is » 
0.09 and the two lobes have identical means to within 
error. The maximum I/F is » 0.14, at both the top left 
of the smaller Thule lobe and the neck that connects 
the two lobes. The minimum I/F is » 0.06, at the top 
left of the Thule lobe.  The distribution of the Ultima 
lobe has a sharper peak at the mean I/F.  This is par-
tially from the bland region near the center-left of the 
lobe in Figure 1, suggesting that region may be less 
processed than other areas of Ultima Thule. 

Comparison with Cognate Solar System Ob-
jects:  The reflectance of Ultima Thule can be com-
pared to other bodies in or hypothesized to originate 
from the Kuiper belt. Figures 3 and 5 show normal 
reflectance maps (I/F at 0O solar phase angle) of Pluto 
and Charon and Figures 4 and 6 show the histograms 
(from [3]). 

 
 
 

 
Figure 1: Reflectance (I/F) of Ultima Thule at 13O 
solar phase angle. 

 
Figure 2: Histogram of I/F values in Figure 1. 
 

 
Figure 3: Normal reflectance of a region of Pluto that 
includes Sputnik Planitia and Cthulhu Regio, the 
brightest and darkest observed terrains on Pluto. 
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Fig. 8. Albedo maps and histograms of the LORRI images plotted in Fig. 7 . 
is dominated by material that is morphologically similar to the 
“black rain” seen on Callisto, which Bottke et al. (2013) attribute 
to accretion of dust similar to that seen on Iapetus. Bottke et al. 
claim that as on Iapetus, Callisto’s deposit is an accumulation of 
dust from a large outer ring. The normal reflectances of Pluto’s 
possible “black rain” are distinctly different from Cthulhu Regio, 

in the range of 0.2–0.3. This bifurcation is most easily seen in 
the third image (LOR_0299177087), where the lower albedo char- 
acteristic of Cthulhu in the lower left region of the image, and 
the higher albedo associated with the “black rain” in the upper 
right portion of the image, each have their own bumps in the his- 
togram. There is additional low-albedo material in the lower right 
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Figure 4: Histogram of normal reflectance values in 
Figure 3. 

 

 
 
Figure 5: Normal reflectance of a region of Charon 
that includes Mordor Macula, the darkest observed 
terrain on Charon. 

 

 
 

Figure 6: Histogram of normal reflectance values in 
Figure 5. 

 

Cthulhu Regio on Pluto has a normal reflectance 
of » 0.11 – 0.25. This is a good analog for the reflec-
tance of Ultima Thule which has an of I/F of » 0.09 at 
» 13O solar phase angle and will have a greater I/F at 
0O solar phase angle. Cthulhu Regio is also red, as is 
Ultima Thule [4]. Cthulhu Regio’s surface may be 
dominated by radiolytically and photolytically pro-
cessed hydrocarbons (tholins) [5] and Ultima Thule 
likewise probably has a similar surface composition. 
Mordor Macula, the darkest terrain observed on Char-
on, however, has a normal reflectance of » 0.3. Since 
we do not expect the I/F of Ultima Thule to increase 
by a factor of 3 when corrected to 0O solar phase, 
Mordor Macula is not similar in reflectance to Ultima 
Thule. 

Saturn’s irregular satellite Phoebe is hypothesized 
to be a captured Kuiper belt object [6]. It has a mean 
normal reflectance of 0.08 at both 480 nm [7] and 1 
µm [8] and thus is darker than Ultima Thule. Phoebe 
also has a bimodal normal-reflectance distribution and 
the distribution is broader than that of Ultima Thule 
[7,8]. The geometric albedo of the nucleus of comet 
67P/Churyumov-Gerasimenko is 0.06 at 550 nm [9] 
and thus is also darker than Ultima Thule. 

The neck of Ultima Thule is only 1-2 pixels wide 
in the CA04-MAP image and thus may not be re-
solved, in which case it may actually be narrower and 
have a greater I/F than shown in Figure 1. Thus its 
brightness cannot be reliably compared to other ob-
jects at this time. 

The New Horizons spacecraft will continue trans-
mitting its bounty of close-approach observations of 
Ultima Thule for greater than a year, including imag-
es at higher-resolution and with substantially better 
solar phase angle coverage. We will include addition-
al images that are expected to be received in the near 
future but not yet available in the analysis for our 
presentation. 
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