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Introduction: Titan has numerous hydrocarbon 

lakes and seas on its surface [1]. Photochemical and 

thermodynamic models predict that these bodies should 

contain significant amounts of ethane, along with me-

thane and dissolved atmospheric nitrogen [2–4]. How-

ever, Cassini RADAR measurements of bulk liquid ab-

sorptivity coupled with laboratory measurements [5] 

contradict model predictions by suggesting many of Ti-

tan’s larger seas are predominately methane and dis-

solved nitrogen, with only small amounts of ethane [6–

8]. For example, RADAR estimates Ligia Mare, Punga 

Mare and Ontario Lacus to be 71/12/17%, 80/0/20%, 

and 51/38/11% methane/ethane/nitrogen mole percent, 

respectively. 

Cassini VIMS spectra confirm the presence of 

ethane in Ontario Lacus [9] and at least some lakes/seas 

in the north (L. Soderblom, pers. comm.). However, 

these studies do not estimate the concentration of 

ethane. Clark et al. [10] used methane and ethane ab-

sorption coefficients measured under  a 1-bar nitrogen 

atmosphere to conclude that the liquid must be > 20% 

ethane and scatterers present in the top millimeter, but 

that work made assumptions regarding the pathlengths 

of liquids that warrant revisiting. Thus, the concentra-

tion of ethane detectable by Cassini VIMS is still under 

debate. 

Methods: Laboratory experiments were conducted 

in the University of Arkansas’ Titan surface simulation 

chamber (TSSC) [11], in which mixtures of liquid hy-

drocarbons (methane and ethane) are analyzed under Ti-

tan surface conditions (89–94K and 1.5 bar nitrogen at-

mosphere). The sample is cooled and temperature is 

maintained via liquid and gaseous nitrogen, respec-

tively. The sample is condensed to liquid phase directly 

from a gaseous phase and is delivered to a sample dish 

suspended from an electronic balance. Methane was in-

troduced to the sample dish first, followed by periodic 

addition of ethane, approximately every 10 minutes. Af-

ter each new ethane addition, a spectrum was obtained 

using a Fourier-transform infrared (FTIR) spectrometer. 

Mass and temperature were continuously recorded for 

the duration of the experiment. 

Results/Discussion: Here, we use VIMS spectra to 

constrain the lower limit of ethane concentration in Ti-

tan’s larger lakes and seas. These include Ontario La-

cus, the northern seas, and a few northern lakes (the 

smaller lakes are difficult to investigate via VIMS 

spectra as multiple-scattering in Titan’s atmosphere 

causes “cross-talk” between the small lakes and sur-

rounding shore). 

 We begin by characterizing the 2-µm ethane ab-

sorption feature by varying the ethane (relative to me-

thane) concentration over multiple methane path lengths 

(Fig. 1). We find the 2-µm absorption increases with in-

creasing ethane concentration and increasing methane 

path length. Furthermore, band depth analysis shows a 

stronger correlation with the quantity of ethane than the 

methane to ethane mole-fraction.  

Next, we convolved our laboratory spectra with 

the Cassini VIMS sampling, including the VIMS wave-

length shift, and ran the spectrum through a Titan at-

mosphere radiative transfer model [12]. As discussed 

previously [9], two of the ethane absorption feature 

form a single absorption at Cassini VIMS spectral reso-

lution that is near the peak of the 2-µm window Titan 

atmospheric transmission window (the 3rd band falls at 

the long-wavelength edge of the window. Therefore, 

ethane is difficult to detect without using a spectral ratio 

(seen in [9]). Further investigation will focus on charac-

terizing this 2-µm absorption feature and more accurate 

characterization of the shape of the transmission win-

dow.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Spectra collected during one experiment with 

increasing ethane concentration, off-set for clarity. The 

liquid ethane concentration (in liquid methane-nitrogen) 

increases as the spectra moves from 0mol% (top-red) to 

17mol% (bottom-blue). The black box highlights the 2-

µm ethane absorption, which is the focus for our study. 
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Figure 2: Comparison of a laboratory ethane spectrum 

(blue) to the same spectrum, convolved to Cassini 

VIMS sampling with two different wavelength shifts: 

one representing the beginning of the Cassini mission 

(red) and one at the end of mission (yellow). This figure 

highlights channel 69 which has been used in the past to 

define the continuum for ratio calculations. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Relative 2-µm band depth as a function of 

Earth year. This figure highlights how the wavelength 

shift effects the relative ethane band depth over the 

course of the Cassini mission.  

 

Summary: Contrary to model predictions, Cassini 

RADAR observations indicate that Titan’s lakes and 

seas contain only small amounts of ethane. Even though 

Cassini VIMS has detected ethane in these liquids, us-

ing VIMS alone to precisely determine ethane quantity 

is likely not possible. Instead, we aim to use laboratory 

measurements and radiative transfer modeling to deter-

mine the minimum ethane concentration detectable in 

Cassini VIMS observations of Titan’s lakes. 

Our first steps indicate, the 2-µm absorption fea-

ture is dependent on ethane weight and methane path-

length. Furthermore, the ethane triplet feature falls di-

rectly within the peak of the Cassini VIMS 2-µm 

window, hindering the detection of ethane (i.e. without 

a spectral ratio).  

Additionally, we find the apparent depth of the 

ethane absorption feature is strongly dependent on the 

Cassini VIMS channel aligning and misaligning with 

the 2-µm triplet feature associated with ethane (Fig. 2 

and 3). Thus, correction for the wavelength shift is ex-

tremely important when examining the 2-µm ethane ab-

sorption feature. 

We aim to further our study by building upon 

Clark et al. [10], by calculating the absorption coeffi-

cient for varying methane-ethane-nitrogen mixtures and 

by developing more robust estimates of the ethane path-

length required to match the T38 Ontario observations. 

Finally, we will couple our experiments with radiative 

transfer modeling to obtain a lower limit on ethane con-

centration and further characterize the 2-µm absorption 

feature. 
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