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Introduction: In 1986, the Imaging Science Sys-
tem (ISS) onboard Voyager 2 revealed a variety of 
bizarre geologic features and units on Uranus’ moon 
Miranda, including the polygonal shaped coronae, the 
Global Rift System and Verona Rupes, and the sur-
rounding cratered terrain, which is mantled by a thick 
layer of regolith material [1] (Fig. 1). The ISS images 
also revealed two distinct crater populations overprint-
ing these geologic units, termed ‘fresh’ and ‘subdued’ 
craters (e.g., [1-3]). Miranda’s fresh craters display 
minimal evidence of regolith mantling and have prom-
inent rims that standout from the surrounding terrain. 
In contrast, subdued craters are heavily mantled by 
regolith, with more subtle rims that blend into the sur-
rounding terrain. Fresh craters have been identified 
overprinting the younger Coronae (~0.1 – 1 Ga) and 
the ancient cratered terrain (~2 – > 3.5 Ga) [4], where-
as subdued craters have only been identified overprint-
ing the ancient cratered terrain, suggesting that sub-
dued craters are older than fresh craters (e.g., [3,4]). 
The process that mantled Miranda and formed the sub-
dued craters is still unknown. Three possible mecha-
nisms that could have formed the subdued craters in-
clude: accumulation of ring material, past plume ac-
tivity, and debris from a large impact event.  

Hypothesis 1, ring particle accumulation: At the 
outskirts of Uranus’ ring system is the dusty and dif-
fuse µ-ring, with a semi-major axis (a) stretching from 
~86,000 to 103,000 km (e.g., [5]). The µ-ring is dens-
est proximal to the ring moon Mab (a ~97,700 km), 
which orbits within the µ-ring and likely represents the 
primary source of material sustaining it (e.g., [5-7]). 
The µ-ring has a prominent blue spectral color, at-
tributed to the presence of tiny H2O ice particles (sub-
micron to micron sized diameters) [5,6]. Due to elec-
trical charging via interactions with Uranus’ magneto-
sphere, µ-ring particles could experience a Lorentz 
force [8], spiral outward on expanding orbits, and 
eventually collide with Miranda (a ~130,000 km) and 
mantle its surface [9-10]. In this formation scenario, 
subdued craters would be located primarily on Miran-
da’s trailing hemisphere, without displaying any spatial 
correlation with its coronae, and Miranda’s trailing 
hemisphere would be spectrally bluer than its leading 
hemisphere. Furthermore, ring particle accumulation is 
likely a long-lived and continual process, and conse-
quently, a sizable number of intermediately mantled 
craters would be present as well.  

Hypothesis 2, past plume activity: The process that 
formed Miranda’s coronae is still poorly understood 
(e.g., [11-13]). One possibility is that past resonances 
with the neighboring moons Ariel and Umbriel spurred 
tidal heating of Miranda’s interior, leading to wide-
spread surface modification and the formation of the 
coronae (e.g., [14]). The coronae could be at least par-
tially cryovolcanic in origin (e.g., [12,15]), and per-
haps they exhibited plume activity as they developed, 
burying the subdued craters in plume material. A pos-
sibly analogous plume-mantling process is thought to 
be responsible for partially burying craters on the Sa-
turnian moon Enceladus (e.g., [16]). Miranda and En-
celadus share some intriguing similarities, including 
their relatively small diameters (470 and 504 km, re-
spectively), the presence of three large zones of resur-
facing located near the centers of their leading and 
trailing hemispheres and south poles, and the presence 
of mantled crater populations on both moons (e.g., 
[3,12,13,17]). In this formation scenario, Miranda’s 
subdued craters formed due to the accumulation of 
plume material that fell back onto its surface, and man-
tled craters would be spatially correlated with the co-
ronae. Because plume activity is likely a long-lived 
process, intermediately mantled craters would be pre-
sent as well. 

Fig. 1: Voyager 2/ISS image mosaic of Miranda 
showing the coronae and Verona Rupes (yellow) and 
the regolith-mantled cratered terrain (cyan). 
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Hypothesis 3, large impact debris: A large impact 
event could have mantled Miranda with a layer of de-
bris, forming the subdued crater population (e.g., [3, 
18]). Arden corona might have formed within an im-
pact basin made by such an event [18]. In this for-
mation scenario, subdued craters would be distributed 
across Miranda, without displaying spatial correlations 
with its leading or trailing hemisphere or the coronae. 
Furthermore, a large impact event would likely mantle 
Miranda over geologically short timescales, which 
would lead to Miranda displaying two distinct crater 
populations (i.e., subdued craters mantled by the im-
pact event and fresh craters that formed after the event 
[18]), with very few examples of intermediately man-
tled craters.  

Data and Methods: To distinguish between these 
hypotheses we will: (1) measure Miranda’s spectral 
and photometric properties across its surface [5,9,10], 
(2) measure the degree of mantling for a large sample 
of craters [19], and (3) quantify the spatial distribution 
of mantled (i.e., subdued) and un-mantled (i.e., ‘fresh’) 
craters using regression analyses (e.g., [19]). To quan-
tify the spectral and photometric properties of Miran-
da, we will utilize data collected by the Hubble Space 
Telescope (e.g., [5]) and by NASA’s Infrared Tele-
scope Facility [9], analyzed using custom codes. To 
quantify the degree of crater mantling and the spatial 
distribution of mantled and un-mantled craters, we will 
use Voyager 2/ISS images [1], which will be map pro-
jected to the center of each crater with the USGS Inte-
grated Software for Imagers and Spectrometers3 
(ISIS3). 

Here, we present our crater mantling technique 
(Fig. 2), utilized previously to analyze mantled craters 
on Mars [19]. We first trace the rim of each selected 
crater and then divide the traced rim into equally-sized 
boxes, consisting of 9 pixels each (3x3 pixels). We 
then determine the degree of mantling in each box. If 
the pixels in a given box exhibit a clear transition be-
tween the crater rim and wall (based on lighting, shad-
owing, and texture variations), we label the box as un-
mantled. In contrast, if a given box does not display an 
apparent transition between the crater rim and wall 
(i.e., displays a smooth texture), we mark it as mantled. 
We then calculate the percentage of each crater rim 
that is made up of mantled and un-mantled boxes.  

Results: We applied our crater mantling assess-
ment technique to three different craters on Miranda 
(Fig. 2). These results confirm the presence of un-
mantled (fresh) and mantled (subdued) craters on Mi-
randa. Additionally, our results show that intermediate-
ly mantled craters could also be present.  

We will continue to investigate the origin of Mi-
randa’s abundant regolith, using our crater mantling 

technique. Once we have analyzed all possible craters, 
we will conduct regression analyses to quantify their 
spatial distribution, thereby mapping and analyzing the 
distribution of mantling material on Miranda. We will 
use the spatial distribution of mantling material to test 
our three hypotheses, using the formation scenarios 
described above.  
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Fig. 2: Illustration of our crater mantling technique, 
applied to three craters on Miranda (shown in left col-
umn). Center column shows the 9 pixel boxes traced 
around each crater’s rim (yellow), and right column 
shows which of these boxes are classified as un-mantled 
(red) and mantled (green). Our results show: (a) an un-
mantled crater (i.e., fresh), (b) an intermediately mantled 
crater, and (c) a mantled crater (i.e., subdued). 
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