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Introduction: Excluding the Haumea collisional
family [1] and asteroid-like 2004 EW95 [2] , Kuiper
belt object (KBO) surfaces are divided into two broad
categories: spectrally featureless surfaces and the vola-
tile rich dwarf planets. Unlike the Pluto-sized dwarf
planets, most KBOs are either too small or hot to retain
their primordial abundance of volatile ices [3]. Gener-
ally, the volatile-depleted surfaces of these volatile-
rich bodies are poorly understood, with involatile wa-
ter-ice being only confidently identified on the surface
of a few objects. Other than a linear spectral slope, the
optical spectra of non-dwarf planet KBOs (< 200 km;
apparent r magnitude > 22 mag) are featureless. For
these small KBOs, obtaining ground-based spectra is
very difficult and time consuming; we must rely on
what broadband photometric colors reveal. By study-
ing these small bodies, we can probe the dynamical
history and compositional structure of the early Solar
System. The small KBO color-orbit distribution holds
the key to determining the migration modes, distances,
and timescales experienced by Neptune [4][5].

Col-OSSOS: Colours of the Outer Solar System Or-
igins Survey (Col-OSSOS) [6, 7, 8] is exploring the true
frequency of KBO surface colors and types, subdivided
by dynamical classification. Col-OSSOS has obtained
near simultaneous near-infrared and optical photometry
and measured (g-r) and (r-J) colors for 102 KBOs (see
Figure 1) found in a brightness limited survey with a
well-measured detection efficiency [6,7,8]. By utilizing
the 8-m Gemini North telescope and carefully account-
ing for light curve variations as best as we can, we ob-
tain with Col-OSSOS color measurement uncertainties
of +/- 0.03 mag for nearly all of our sample.

We clearly identify two compositional classes of dy-
namically excited KBO population at a boundary of (g-
r) =~0.75: the neutral and red classes [6,7]. Recent anal-
ysis from [8] using a new projection of the optical-NIR
colors, finds the surfaces colors of the entire Kuiper belt
can be reproduced by two classes: the BrightIR and
FaintIR surfaces. The BrightIR class spans the full
range of optical colors while following a reddening line
in the (g-r)/(r-J) color space. FaintIR surfaces are more
constrained in (g-r) color space and are fainter in the J-
band compared to the BrightIR class.
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Figure 1: Col-OSSOS colors. Repeat measurements are
linked by teal dashed lines. Our 2 outlier surfaces in grizJ
photometry are plotted in pink.

Unusual Surfaces in the Neutral/BrightIR Class:
Combining grJ photometry from Col-OSSOS with near
simultaneous griz photometry taken in a second epoch
with Gemini, we find at least two neutral/ BrightIR
KBOs with surface colors that are unique compared to
what has been previously measured for all small KBOs.
Converting the measured KBOs’ colors to spectral re-
flectance, we see features beyond a straight linear slope
from r-band to the infrared making these surfaces outli-
ers within the small KBO population. We find evidence
for wide spectral features in the 0.5-0.8 micron region.

We will present our photometry and the reflectance
spectrum for our two outlier KBOs. We will compare
these unique surfaces to asteroids, small KBOs, and as-
teroid-like KBO 2004 EW95. We will present our anal-
ysis of potential surface compositions (including the
possibility of hydrated minerals) that could match our
photometry and reproduce the observed features in the
optical reflectance, and we discuss the implications for
the composition of the excited Kuiper belt.
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