
Latest Wave Detections in Titan’s Kraken Mare as Seen by Cassini VIMS. M.F. Heslar1, J.W. 

Barnes1, R.D. Dhingra1, C. Sotin2, J.M. Soderblom3, 1Department of Physics, University of Idaho, Moscow, ID 

83844 [heslarm@gmail.com], 2JPL, 3MIT 

 

Summary: We discover consistent wave motion in 

Bayta Fretum, a narrow channel in Kraken Mare, using 

the T100-T126 flybys. 

Introduction: The Cassini mission revealed Titan 

from its veil — being the only planetary body to host 

an active hydrological cycle and stable surface liquids 

of hydrocarbon. The demise of Cassini has left many 

enigmas about Titan that include an apparent lack of 

anticipated observations of waves in the seas with the 

Visual and Infrared Mapping Spectrometer (VIMS) 

and RADAR datasets [1, 2]. 

Nonetheless, waves have been detected and studied 

with some detail using specular reflections and wind-

wave models [2, 6]. The first specular reflection 

analyzed in [7] showed the lakes were rather stagnant 

compared to theoretical predictions of cm-sized waves 

[8]. In 2014, cm-sized waves were finally seen [4], and 

several instances have been reported since then [5, 6, 

9]. These observations were difficult to make until the 

Cassini Solstice Mission (2010-2017) due to 

unfavorable observation geometry for specular 

reflections.  

However, these reported wave detections were 

isolated case studies, and there is a lack of a systemic 

survey of waves in Titan seas. Thus, we present an 

initial survey of VIMS specular reflections in 

applicable flybys to manually search for all possible 

wave candidates in Titan’s north polar seas and larger 

lakes. 

Methods: We use an RGB (R: 5 μm, G: 2.8 μm, B: 

2.0 μm) and 5 μm grayscale image set to help us 

identify bright regions and the liquid bodies on Titan’s 

surface. While the 5 μm window has a low signal-to-

noise ratio, we choose to search for bright pixels at 5 

μm as it offers the least atmospheric scattering that 

provides the clearest views of the surface. The 5 μm 

bright pixels have been found to be a host of surface or 

tropospheric features, including evaporites [10], 

localized wetted surfaces [11], clouds [12], and waves 

[2, 4], so we need to use other tools to distinguish 

between these competing features.  

The waves identified in [2, 4] were seen at a high 

phase angle (~150°) such that the liquid bodies 

appeared brighter than the land as they were specularly 

reflecting scattered skylight. This makes it more 

difficult to see anomalous bright spots in the lakes, so 

we choose to limit our survey to phase angles below 

130° to keep the liquid bodies looking dark in the 

observations. This helps make it easier to identify 

bright pixels and to determine if the bright pixels are 

mostly surrounded by dark pixels, which are 

interpreted as a liquid body. 

Next, we use a program written for [2] to determine 

the location and footprint size of the subsolar point 

using the Cassini orbital geometry for each observation 

and SPICE kernels [13]. This tells us if the Sun’s 

reflection off a surface that is normal to the radius 

vector would be seen on land or liquid. Once the pixel 

is determined to be over or near a liquid body, we look 

for bright pixels spatially offset from the primary 

reflection. If only a primary specular reflection is seen 

by VIMS, we can assume the reflection is coming off a 

smooth surface. However, if the surface is smooth at 

scales comparable to the wavelength, but rough at 

longer wavelengths (i.e. wavy liquids or wetted solid 

surface), then secondary reflections can be observed 

from these surfaces. This also assumes that the 

secondary reflections occur within 10-20° of the 

primary specular reflection [4]. 

 

 
Figure 1: A) NASA Planetary Photojournal public 

release PIA18432 taken by Cassini VIMS (R: 5.0 

μm, G: 2.8 μm, B: 2.0 μm) and zoomed in on 

Kraken Mare. The orange arrow points to the 

primary specular reflection. The reddish blurred 

features to the right are interpreted as possible 

waves in Bayta Fretum. B) Calibrated VIMS cube 

1787311929_1 [14] at 5 μm with the same extent. 

Color indicates albedo (I/F). The orange circles 

denote all possible specular points based on 

Cassini’s observational geometry. The black, red, 

green, and purple arrows point to the pixel for 

sunglint, waves, land, and clouds respectively. 
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Once we have identified the possible “wavy” bright 

pixels, we examine the near-infrared spectra (0.9-5.14 

μm) to determine the nature of the bright pixels. We 

can distinguish a “wavy” surface from local clouds 

over the liquid body from their spectra — specifically 

that clouds are bright in all 7 of Titan’s NIR 

atmospheric windows [14]. Previous specular 

reflections have rarely been evident at 2.03 μm or 

shorter wavelengths; current wave detections have 

been restricted to the 5 μm window as they only 

slightly enhance the brightness of the pixel relative to a 

nearby dark liquid pixel [2, 4].  

Results: Our survey analyzed all applicable cubes 

for the T100-T126 flybys and uncovered 12 flybys 

where waves may have been detected — some of 

which have been previously noted [5,6]. Each of the 

Titan flybys collected data at similar phase angles 

(100-126°) and varying resolutions (~15-100 

km/pixel). However, this presents few issues, as the 

intensity of a specular reflection largely depends on the 

observation geometry and range [3]. 

The most notable instance of waves was seen in the 

T104 flyby with a clear public release image by the 

NASA Photojournal (Figure 1a). Figure 1a displays a 

mosaic of several surface and atmospheric features that 

have been anticipated in the Titan northern summer 

[16] — clouds, wave activity, and specular reflections. 

The individual T104 VIMS cube 1787311929_1 

(Figure 1b) at ~24 km/pixel scale shows these different 

features that can look similar at first glance. But this 

cube shows a favorable specular geometry, in which 

the incidence and emission angles were within ±1°, 

denoted by orange dots in Figure 1b. There is, as 

should be expected, a very bright specular reflection 

(I/F of 2.09) at the primary specular points. ~150 km 

away (5-6 pixels), however, is a brightened patch of 4 

pixels (red arrow) in Bayta Fretum that are best 

explained by a wavy patch of sea. Nearby dark pixels 

and far-off clouds can be ruled out upon direct 

comparison of their spectra, as seen in Figure 1b. 

One interesting observation of these detections is 

the occurrence of the primary and off-specular 

reflections in the same region around the Kraken 

Throat (officially Seldon Fretum) and Bayta Fretum, a 

channel of the western side of Kraken Mare, over 

multiple flybys (T101-T106) as first reported by [5]. 

Transient features, known as “magic islands”, have 

also been reported in Cassini RADAR observations of 

Ligeia Mare as being most consistent with a wavy 

surface [17, 18]. The constant wave motion over a 

patch of Titan sea over many months (May to October 

2014) may imply more active air-sea-subsurface 

interactions than ever anticipated. A few prospects for 

the observed 5 μm bright features in Titan seas could 

be 1) constant winds from a summer sea/land breeze, 

2) tidal-sloshing generating currents in narrow straits 

(Fretum), 3) bubble outgassing from a geothermal 

source underneath the sea, or 4) summer thawing of a 

seasonal layer of a hydrocarbon surface ice or gel-like 

coating that inhibits wind-wave activity. 

 
Figure 2: The respective NIR spectra for a pixel of 

the features in Figure 1b. Note how the Waves 

spectrum is about twice as bright as the Land and 

Cloud in the 5 μm window  (dashed box), which 

indicates an off-specular reflection. 

 

Future Work: We plan to present the first results 

of the T104 specular signal using a model [3, 4] that 

calculates the percentage of facets in a given pixel that 

reflect the Sun’s disk off of a flat liquid surface. This 

model works much like adjusting the rear-view mirror 

on a car to see the Sun in it. Also, there are sufficient 

cubes in the T104 flyby over a long-time span to 

generate a light curve similar to [2]. This allows us to 

potentially probe different spots (land and sea) where 

the specular footprint could have overlapped to see 

how the specular reflection was modified during the 

real-time observations. Weather and surface conditions 

in the local land and sea area, such as wave heights, 

could be inferred from these light curve observations, 

such as wind speeds [19]. If no waves are present, the 

primary specular reflections can still be used to 

constrain the maximum wave heights at different 

locations in the Titan seas and times during the 

transition to northern summer.  
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