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    Introduction: As shown in Voyager 2 Imaging Sci-
ence System (ISS) images of Ariel's southern hemi-
sphere, the surface is dominated by many sets of large 
canyons, termed chasmata, bounded by large exten-
sional normal faults (Fig. 1a) [e.g., 1-3]. These canyons 
are up to 3-4 km in depth [4] and hundreds of kilometers 
in length. Ariel’s chasmata exhibit smooth floors, and in 
some locations, medial grooves that are flanked by par-
allel ridges, in a double ridge morphology similar to 
double ridges on Europa and Triton [3]. 
     Ariel’s heat flux has been estimated at the location 
of Korrigan Chasma [5], which is part of the older Pixie 
Group of canyons. As summarized in [5], the estimated 
lithospheric thickness and heat flux of Ariel in this lo-
cation is 3.8-4.4 km and 28-92 mW/m2, respectively. 
However, neither current nor hypothesized past tidal 
heating of Ariel, nor radiogenic heat production are 
enough to cause these high heat fluxes [5]. 

    Objectives: In this work, we further investigated Ar-
iel’s heat fluxes, focusing on locations that exhibit large 
canyons, including the youngest canyon identified on 
Ariel, Kachina Chasmata. We identified flexural uplift 
along the large canyon walls that include Kewpie, 
Brownie, Kra, Pixi, Sylph, and Kachina Chasmata, and 
two unnamed chasmata based on four digital elevation 
models (DEMs) developed for this work (Fig. 2). We 
conducted morphometric measurements of these can-
yons to estimate heat fluxes in different regions, which 

may have different lithospheric properties, shaped dur-
ing different periods of Ariel's geologic history. 

    Methods: We used similar techniques to those devel-
oped for estimating heat fluxes using flexural modeling 
[5-7]. This method is applicable to features that display 
lithospheric flexure (Fig. 1b). Therefore, we applied the 
methodology described by [8] to use flexural curvature 
to estimate the thicknesses of the elastic and mechanical 
layers. These thickness estimates were used to estimate 
lithospheric heat flux.  
     The bending moment of the elastic layer is given by 
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where E is the Young’s modulus, which is similar for 
NH3-hydrates and pure H2O at cryogenic temperatures 
[9], Kmax is the maximum curvature of the topography, 
Te is the effective elastic thickness, and 𝜈 is Poisson’s 
ratio. The bending moment of the elastic layer is equiv-
alent to the bending moment of the mechanical litho-
sphere, which is given by  
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where Tm is the mechanical thickness of the lithosphere, 
σ(z) is fiber stress, which is the differential stress at 

Fig. 1: (a) A Voyager 2 ISS image that covers Sylph Chasma 
on Ariel. (b) Example of an interpreted cross-sectional struc-
ture across profile line A-A’ in (a). 

Fig. 2: Annotated version of a geologic map [2] of Ariel’s im-
aged southern hemisphere. The locations of the DEMs (cyan 
boxes) generated for this work are shown. The locations of 
possible ammonia detections are summarized in [10]. 
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depth z, and σ(z) is the depth to the neutral stress plane, 
where σ(z) = 0. The fiber stress is given by 

𝜎(+) =
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and is imposed at the condition of zero net axial force, 
where ∫ 𝜎(𝑧)	𝑑𝑧 = 0.!!

"  The elastic layer bending mo-
ment is equivalent to that of the mechanical layer, there-
fore the effective elastic thickness is given by 
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where Tm is the mechanical thickness. The temperature 
at the base of the lithosphere is given by  
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     From these equations, the thermal gradient can by 
calculated where ∆𝑇 = ("1(#

2
 , and the heat flux where 
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($
. We chose the kc values for NH3-hydrates 

and pure H2O ice based on results of our analysis of re-
flectance spectra of Ariel [10]. 

    Results: We estimate that Ariel’s elastic thickness 
ranges from 4.4±0.3 km to 11.4±1.4 km across the im-
aged region (Fig. 3). The Kachina Group, the younger 
set of faults, has a relatively low elastic thickness of 
4.4±0.7 km when compared to many chasmata in the 
older Pixie Group. In the Pixie Group, elastic thickness 
values range from 4.1±0.3 km to 11.4±1.4 km. The re-
gions where the lithosphere has the highest elastic thick-
ness values include the vicinity of Brownie Chasma 
(10.3±3.0 km), south of Pixie Chasma (9.7±1.3 km), 
and south of Sylph Chasma (11.4±1.4 km). The central 
region exhibits evidence for a thinner elastic layer, 

including the region around the Unnamed Canyon 
(5.7±1.0 km), Kewpie Chasma (5.3±0.6 km), and Kor-
rigan Chasma (4.1±0.3, estimated by [5]). 
     Our results indicate that a pure water ice lithosphere 
would correspond to heat fluxes ranging from 17-46 
mW m-2 for the Kachina Group and 6-40 mW m-2 for 
the Pixie Group. Work by [5] estimated heat fluxes for 
Korrigan Chasma, also in the Pixie group, ranging from 
28-92 mW m-2. Alternatively, if some ammonia-bearing 
species are present in Ariel’s lithosphere, then the esti-
mated heat fluxes are lower, ranging from 3-18 mW m-

2 for the Kachina Group and 1-16 mW m-2 for the Pixie 
Group. 
    Future Work: We will extend our work to estimat-
ing heat fluxes on Ariel’s neighboring satellite, Mi-
randa. We have identified evidence for flexure on the 
large canyon that bounds Inverness Corona (Fig. 4), 
which is thought to be the youngest corona on Miranda 
imaged by Voyager 2. We will estimate the elastic 
thickness, thermal gradient, and heat flux of this region 
using flexural modeling. We will then compare these re-
sults to newly mapped features in this region (see ab-
stract by Leonard et al. for LPSC 2022) to better con-
strain the geologic history of Inverness Corona. 
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Fig. 3: Estimated heat fluxes across Ariel’s imaged surface.  

Fig. 4: DEM of Miranda’s Inverness Corona. The relative 
elevation ranges from 0 km (purple) to 4 km (red). 
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