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Introduction:  Because Triton's surface is in va-
por-pressure equilibrium with its primarily N2 atmos-
phere, large changes in atmospheric pressure are
caused by small changes in the surface temperature,
which in turn can arise from changes in Triton's sub-
solar latitude and the distributions of the surface frosts.
After the Voyager encounter with Triton in 1989, vari-
ous models tried to explain both the observed surface
pressure and the albedo patterns, namely the bright
southern (summer) hemisphere, in terms of volatile
transport and vapor-pressure equilibrium (e.g., [1]).
However, these models depended on the identification
of bright terrains with N2 frost, an assumption that
could not be tested with Voyager, which did not fly a
near-IR spectrograph.

We have a program to monitor Triton spectroscopi-
cally with SpeX at the Infrared Telescope Facility. We
report here on 45 nights of data  spanning 0.8 to 2.4
micron. This wavelength range includes absorption
bands of the surface ices N2, CH4, H2O, CO, and CO2

(Fig. 1)

Fig. 1.— Average IRTF/SpeX spectrum of Triton, with
specific ice absorptions marked. Gaps coincide with
high atmospheric opacity.

Spatial distribution: In 2002, we observed Triton
over a complete rotation, and reported on the variation
of the depth of the N2 band at 2.15 micron [2]. Data
from subsequent years confirm that the N2 absorption
is nearly twice as deep on the sub-Neptune hemisphere
as the Neptune-facing hemisphere (Fig. 2)

Fig. 2.— Integrated area of the 2.15 micron N2 ice ab-
sorption band as a function of sub-solar longitude on
Triton.

The clear longitudinal dependence of the N2 band
depth shows that simply associating bright terrains
with N2 frost is too simplistic. During our observations,
Triton's sub-solar latitude was near –50°, so most of
Triton's southern cap is visible at all rotational phases.
If high southern latitudes were covered with N2 frost,
the amplitude of the N2 band depth variation would be
much more muted than we observed with SpeX during
2000-2007. In [2], we used the geologic units identi-
fied in the Voyager maps, and showed that unit 5,
making up the bulk of the southern cap, could explain
our SpeX observations if Triton's southern pole had
been devolatilized to a latitude of -31° latitude. More
recently, we are investigating models based on energy
balance (Fig 3), which also have a devolatilized south
pole.

Evolution:  One of the more successful models of
volatile transfer on Triton postulated very high thermal
inertia, and predicted a perennial southern N2 cap and
pressures that increased in the decades following the
Voyager encounter [1]. This model gained support
with a series of stellar occultations in the 1990's, which
detected an increase of a factor of two in Triton's at-
mosphere between 1989 and 1997 [3]. However, we
see evidence for changes in the distribution of N2 as a
function of time, with N2 subliming from the longi-
tudes of deepest N2 absorption. This suggests that N2 is
actively subliming from the sub-Neptune hemisphere,
in contrast to the static models. The longitudinal varia-
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tion in N 2 band depth, the observed change in atmos-
pheric pressure, and the changes in the N2 distribution
together give powerful new constraints on models of
volatile transport and surface-atmosphere interaction.

Fig 3. Top: rectangular projection of Triton's surface
and a thermophysical model for N2 frost distribution,
centered on 0° longitude. The brightness of the map
indicates Triton's bond albedo, as seen by the Voyager
2 spacecraft in 1989 [4]. The purplish shading shows
the regions where the combination of high albedo and
low solar incidence angle would lead to stable N2 frost.
Bottom: the observed projection of Triton's disk at a
sub-observer latitude of -50° and sub-observer longi-
tudes of -180°, -90°, 0°, 90°, and 180°. These show
that the projected area of N2 frost (purple) near 0° is
twice that at 180°, consistent with our SpeX observa-
tions (Fig 2).

Laboratory data: Further understanding of the
behavior, distribution, and evolution of Triton's vola-
tile ices relies on knowledge of their spectral thermo-
sphysical properties. These include: emissivity, far IR
optical constants, sticking coefficients, annealing rates,
and thermal inertia. It is also important to know the
effects of solutions of CO or CH 4 in N2. What are the
thermophysical effects described in the CH4-N2 phase
diagram?  The spectrum of pure CH4 differs from CH4

in N2; is the spectrum affected for CH4 in an N2:CO
solid solution? What are their diffusion rates, and do
the foreign molecules migrate to defects and accumu-
late there?  What do the contaminants do to the far-IR
optical constants? What are the equilibrium vapor
pressures for CH4:CO:N2 mixtures?
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