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Introduction: Remote sensing via near-
infrared (NIR) spectroscopy is the only method
available to examine the surface composition of
Kuiper Belt Objects (KBOs). Crystalline water ice,
which requires T' > 100 K for formation, has been
observed on several KBOs including Charon. In
addition to water ice, ammonia hydrates have also
been seen on Charon [1], and possibly Quaoar [2].
Both ices have relatively short lifetimes (few Myrs,
1) when exposed on the surface [1] and requires a
mechanism like cryovolcanism [1-3].

Observations: Understanding whether or not
cryovolcanism occurs on Charon and KBOs requires
obtaining NIR spectra of KBOs, preferably similar
in size to Charon (r ~ 606 + 8 km; 4). [2] obtained
spectra of (50000) Quaoar (r ~ 630 = 90 km; 5)
from 0.9 to 2.5 um using the CISCO spectrograph
on Subaru. The spectrum shows a red slope of
274+1%/1000 A, and features due to crystalline wa-
terice at 1.5, 1.65 and 2.0 pm. [2] also suggested the
presence of a feature at 2.21 pm, like that seen on
Charon. Unpublished K-band observations found
in the Subaru archive from 2005 show this feature
is present and it shifts from night to night suggest-
ing ammonia hydrate is found in several hydration
states. Fig. 1 shows the average observations from
2004 and 2005. The data are rebinned to 60 A /pix,
and shown with 3¢ error bars.

Spectra from 1 to 2.5 pm of (90482) Orcus (r =
473436 km; 6) were originally obtained by [7] using
the ISAAC instrument on the VLT. The spectrum
has a neutral to blue slope similar to Charon. [7]
reported the presence of the 1.5 and 2.0 um fea-
tures of water ice, but lacked the signal to positively
identify the 1.65 and 2.21 pm feature. Additional
Orcus data from 2005 were found in the Gemini
North archives using the NIRI spectrograph. These
observations showed large features near 1.23 and
2.23 pm, the later suggests pure NH;. These data
were observed on only one occasion and appear
weak when averaged with the 2004 data. If these
features are real, they suggest Orcus has a patchy
surface. The data from both runs are combined in
Fig. 2 at 60 A /pix resolution with 30 error bars.

Finally, spectra of (55636) 2002 TX39¢ were ob-
tained using the Gemini North NIRI spectrograph
in August 2003. While the signal-to-noise of this

data is quite low, it is an improvement in signal
over what was originally reported by [8]. Like Or-
cus, the NIR slope of 2002 TX3q¢ is neutral-to-blue
[9]. These spectra show deep water ice features, and
strongly suggest crystalline ice is present. A de-
pression in the spectrum around 2.25 um suggests
ammonia may also be present here too, but higher
quality data are clearly needed to make a defini-
tive detection. The observations of 2002 TX3qo are
shown in Fig. 3 at a resolution of 60 A /pix resolu-
tion with 3o error bars.

Hapke Models: Hapke models were developed
for each KBO. The spectral components were bro-
ken into three groups of materials: ices, blue and
red absorbers. The ices examined included amor-
phous and crystalline water ice [10,11,12], NHj [13]
and its hydrate [14], CO4 [15,16], and CH3OH [17].
The blue materials included the Charon dark neu-
tral absorber (dna, 18), the phyllosilicates: mont-
morillonite [19], kaolinite [20], and serpentine [21],
and the salt, mirabilite [22,23]. The Charon dna
was originally developed by [18] to improve fits to
Charon’s spectrum. Dna likely represents a com-
posite of several materials which is slightly red at
A < 1.9 um, and blue elsewhere. The phyllosilicates
and salt all have different blue slopes, and all ex-
cept mirabilite lack any identifiable features other
than those at 1.4 and 1.9 ym due to the presence of
water in these minerals. The red materials include
amorphous carbon [24], the silicate olivine [25], and
Triton, Titan and Ice I tholins [26-28].

Initial models of Quaoar mix water ice, one blue
and one red material. These models minimize y? for
a mixture of water ice, Triton tholin and dna. This
model is shown as the blue curve in Fig. 1. Addi-
tional models were then developed substituting dna
for other red and blue components until a similar, if
not smaller, x? was found. A mixture of water ice,
Triton and Titan tholins, kaolinite, and ammonia
hydrate best matched the spectrum of Quaoar (red
curve in Fig. 1). The various other ices had little,
if any, effect. Similar procedures were followed for
Orcus and 2002 TX3q09. The Orcus model use mix-
ture of water ice, Triton tholin, montmorillonite,
and ammonia hydrate, and the 2002 TX309 model
uses a mixture of amorphous and crystalline water
ice, montmorillonite and mirabilite.
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Fig. 1 NIR spectrum of Quaoar.
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Fig. 2 NIR spectrum of Orcus.
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Fig. 3 NIR spectrum of 2002 TX3g-

Discussion: Absent from the fits are the fea-
tures seen at 1.80 and 1.33 ym on Quaoar and 2.23
and 1.23 ym on Orcus. The 1.23 and 1.33 um fea-
tures are near HoO features, but do not make a
match. The feature at 1.80 ym on Quaoar appears
close to the edge of an optical window, but main-
tains a signal representative of most of the data.
The feature also does not appear to be an artifact
of removing the telluric and solar spectra and it is
present in two grating positions. [2] likely did not

report it because they lacked the additional 2005

data. The asymmetric shape of this feature resem-
bles montmorillonite and mirabilite features, how-

ever shifted blueward 0.1 ym and redward 0.03 pm,
respectively. [29] measured the effects of tempera-
ture on several salts and showed the 1.77 um fea-
ture of mirabilite shifts to shorter wavelengths at
colder temperatures, opposite from what is needed.
However, a similar feature in MgSQOy, - 12H50 shifts
to 1.79 at 50 K but the observations do not match
other features of this salt. If true, KBOs might
not only have water ice and ammonia hydrate on
the surface, but phyllosilicates and/or salts. Such
materials can only be formed in the presence of lig-
uid water, and strongly suggest cryovolcanism is a
likely resurfacing mechanism.
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