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Introduction: Liquids on Titan have only been
conclusively identified in Ontario Lacus [1], one of the
few lakes in Titan’s south-polar region. As Titan now
progresses into northern spring, the much more nu-
merous and larger lakes in the north-polar region sug-
gested by Cassini RADAR data [2], are becoming di-
rectly illuminated for the first time since the arrival of
the Cassini spacecraft. This allows the Cassini optical
instruments to search for specular glints to provide
further confirmation that liquids are present in these
evident lakes.

Observations:  On July 8", 2009 the Visual and
Infrared Mapping Spectrometer (VIMS) [3] detected
an unresolved feature with very high radiance seen
only in the 5-um atmospheric window (Fig. 1). The
feature is located near 73°N and 335°W and associated
with Kraken Mare, one of Titan’s northern large radar-
dark units, interpreted as lakes [2,4-6] (Fig. 2 a).
Analysis of the viewing geometry of this feature re-
veals that the incidence (i) and emission angles (e) are
equal (~73°) within the ranges subtended by a pixel
(see Fig. 1), indicating specular reflection of sunlight
off the surface.

By mapping the footprint of the solar disk onto Ti-
tan’s surface for the aquired VIMS cubes, the location
of the specular reflection can be associated with the
western edge of Kraken Mare. The size of the solar
image calculated for these observations is sub-pixel;
the footprint of the solar disk is ~4.4 and 1.3 km per-
pendicular and parallel to the Sun-Titan-spacecraft
plane, respectively, compared to the size of the VIMS
pixel (>100-km across) projected onto the surface.

Correlation of the predicted position of the Sun’s
footprint reflected from the surface, which moved
from east to west during the observation sequence
(3h19min), correspond very well to the observed varia-
tions in the strength of the 5-um signal in the individ-
ual VIMS spectra (Fig. 3a). Only for VIMS cubes #2
and #3, where the 5-um reflection is strongest, the
image of the Sun is clearly associated with the lake
itself, fulfilling the requirement of specular geometry.
In contrast to VIMS cube #3, whose solar footprint
(I/F = 0.95) lies almost entirely within the lake, the
brightest pixels of VIMS cube #2 have a lower inten-
sity (I/F = 0.7) because a fraction of the footprint lies

outside the lake. In that case, the observed intensity is
lower, arising from a combination of the specular re-
flection off the lake and from light scattered by the
adjacent terrain (Fig. 2a).

In the case of VIMS cube #1, the image footprint is
only partially within the lake explaining the weaker
(I/F =0.25) but still recognizable 5-pum signal. The
predicted position of the solar image for VIMS cube
#4 of this observation sequence, whose spectrum
shows only a weak signal at 5um (I/F =0.18), is clearly
located outside the lake.

Figure 1: Bright spot in the northern polar region at ~
72°N/342°W as seen in VIMS cube #3 (1625730355) that is
restricted to the VIMS channels within the 5Spm-window.

Interpretation: The observations strongly point to
a specular reflection from a smooth surface, close to
the southern shoreline of Kraken Mare. Only where
the viewing geometry is such that the specular point
falls onto one of the RADAR-dark surfaces do the
VIMS observations show significant specular reflec-
tion. Thus, the most plausible explanation is a liquid
surface [7,8] that is smooth on the scale of observed
VIMS signal at 5 pm, though a liquid surface with
very gentle low-frequency waves is also admissible.

Figure 3Db illustrates the fraction of scattered and
not scattered light transmitted through the atmosphere
based on a calculation of the direct and diffuse flux to
the surface. We find that, at wavelengths shortward of
3.3 um, less than 30% of the light is transmitted
through the atmosphere, and less than 1/300 of this
light traverses the atmosphere without being scattered

[9].
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RADAR images of Kraken Mare; (b & c) predicted positions of images of the solar disk derived for the viewing

conditions during the four VIMS observations.

Thus at 0.8-3.3 um, only a tiny fraction of the in-
cident light traverses the atmosphere and reflects from
the surface fully escaping any scattering event; specu-
lar reflection at these wavelengths is suppressed by
atmospheric scattering. The direct flux of light that
reaches Titan’s surface, however, steadily increases
with increasing wavelength so that at 5 um, a signifi-
cant fraction of the incident light reaching the surface
has not been scattered [9]. Roughly 39% of the surface
illumination is direct indicating that at 5 um, light
specularly reflected from Titan’s surface can be de-
tected. In addition, the opacity due to CO limits the
spectral feature of specular reflection to wavelengths
long ward of 4.85 um.

As VIMS observed the specular reflection just at
the bright/dark boundary seen in the RADAR SAR
image acquired in 2006 it confirms that this section of
Kraken Mare’s shoreline has been stable and no sig-
nificant changes of the lake’s level of liquid or extent
are apparent between 2006 and 20009.
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Figure 3: (a) Spectra of the reflected signal calcu-
lated for the the corresponding VIMS observations
showing a strong reflection at 5 um. (b) Calculation of
the diffuse (red) and direct (blue) flux that reaches
Titan’s surface for radiation incident on Titan with an
angle of 73.64°.



