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Introduction: Near-infrared (NIR) observations of 

the large Uranian satellites indicate that they are domi-

nated by H2O ice mixed with a spectrally flat and po-

tentially carbonaceous constituent [e.g., 1-3]. More 

recent NIR observations have detected CO2 ice on the 

trailing hemispheres of Ariel, Umbriel, and Titania, 

with decreasing abundance of CO2 ice with increasing 

distance from Uranus [4-6].  

The origin of CO2 ice in the Uranian system is un-

clear, as destruction processes like sublimation, UV 

photolysis, and sputtering should effectively remove 

CO2 from icy satellite surfaces over the age of the So-

lar System. Native CO2 ice might exist beneath a pro-

tective regolith and become exposed by impact events 

and/or dredged up by geologic processes (i.e. tectonism 

and cryovolcanism). However, impact-exposed CO2 ice 

would likely be concentrated on the leading sides of 

satellites, where the frequency of impacts by heliocen-

tric debris is highest [7], counter to the observed distri-

bution. Additionally, CO2 ice dredged up from these 

satellites’ interiors would likely display strong correla-

tions with specific surface units on both their leading 

and trailing hemispheres, which would tend to homog-

enize the distribution of CO2 ice.  

Alternatively, CO2 ice might be produced radiolyti-

cally [8,9], by magnetospherically-bound charged par-

ticles bombarding H2O ice and carbon-rich materials 

[5]. Because of the higher magnetic field densities 

closer to Uranus [10], and the short rotational period of 

its magnetic field (~18 hours) relative to the orbital 

velocities of these four moons (~2.5 – 13.5 days), radi-

olytically produced CO2 ice should preferentially ac-

cumulate on the trailing hemispheres of the satellites 

closest to Uranus. This prediction is consistent with the 

observed distribution of CO2 ice, with the greatest 

abundance existing on the trailing hemispheres of the 

satellites closest to Uranus.  

Observations:  We are using a combination of NIR 

spectroscopy and photometry to investigate the distri-

bution of CO2 ice. Our spectroscopic datasets were 

gathered by three different teams (Rivkin et al. 2000; 

Grundy et al. 2001 – 2005; Cartwright et al. 2012, 

2013) using the SpeX spectrograph (~0.8 – 2.5 μm) at 

NASA’s Infrared Telescope Facility (IRTF). The spec-

tra gathered by these different teams are largely com-

plementary, providing a wide sampling of longitudes 

on each of these moons. NIR photometric data used in 

this study were gathered by the Infrared Array Camera 

(IRAC, four channels centered near 3.6, 4.5, 5.8, and 

8.0 μm) onboard the Spitzer Space Telescope. IRAC 

observed both the leading and trailing hemispheres of 

each satellite, allowing us to investigate leading/trailing 

hemispherical asymmetries in the distribution of CO2.   

Results: The integrated areas of the CO2 ice bands 

present in the three SpeX datasets, along with the geo-

metric albedos we calculated using IRAC photometry, 

demonstrate that there is a strong dichotomy in CO2 ice 

abundance between the leading and trailing hemi-

spheres of Ariel. This hemispherical asymmetry de-

creases with increasing distance fom Uranus, and the 

absolute abundance of CO2 decreases with distance 

from Uranus as well. We measured the band centers of 

the visibly apparent CO2 ice features present in our 

spectra. These features are consistent with the position 

of pure CO2 ice measured in laboratory experiments, 

centered near 1.966, 2.012, and 2.070 μm [11]. 

Discussion: Our SpeX band area measurements 

support the hypothesis that a CO2 ice radiolytic produc-

tion cycle, driven by magnetospherically-trapped 

charged particle bombardment, explains the observed 

distribution of CO2. Additionally, our band center 

analysis indicates that the detected CO2 ice is segregat-

ed into pure units (i.e. areally mixed with other surface 

constituents). Future work will include modeling the 

interactions between Uranus’ magnetic field and its 

satellites’ icy surfaces in order to predict the satellite 

latitudes and longitudes that are most likely to partici-

pate in a radiolytic production cycle. We will present 

our results related to the distribution of CO2 ice, as 

well as facilitate discussion on the most likely sources 

of this volatile in the Uranian system. 
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