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Introduction: The mid-sized “classical” Uranian 

moon Miranda displays abundant evidence for tectonic 
resurfacing. Miranda’s surface is punctuated by the 
polygonal shaped coronae and the Global Rift System 
(e.g., [1-3]). Elsinore, Arden, and Inverness Coronae, 
are located near the center of Miranda’s trailing, lead-
ing, and southern hemisphere, respectively. Previous 
work shows that Miranda’s coronae are at least partial-
ly tectonic in origin (e.g., [3-6]). 

The centers of all three coronae are smoother and 
less cratered than the surrounding terrains, suggesting 
a younger age [2-3,7]. Elsinore is ancient (~2-3.5 Gyr), 
whereas Arden and Inverness are estimated to be 
younger (~0.1-1 Gyr), with Arden likely being older 
than Inverness based on its slightly higher crater densi-
ty [7]. Miranda also displays an ancient cratered ter-
rain, with an estimated age of ~2 to > 3.5 Gyr [7]. The 
canyons and fractures that comprise the Global Rift 
System likely formed over a long period of time that 
encompassed, and continued after, the coronae for-
mation period(s) [3].  

Along with examples of circular impact craters 
(CICs), polygonal impact craters (PICs) are also pre-
sent on Miranda. PICs exhibit at least one straight rim 
segment (e.g., [8-11]). The only known formation 
mechanism for PICs is pre-existing, sub-vertical exten-
sional and strike-slip structures within the target mate-
rial (e.g., [12-13]). Contractional features could also 
influence crater morphologies, but the relationship 
between contractional features and PICs is still poorly 
understood. PICs have been identified on all of the 
terrestrial planets and numerous small bodies including 
icy satellites (e.g., [11,14]).  

Data and Methods: We analyzed 49 impact cra-
ters identified in Voyager 2 Imaging Science System 
(ISS) data [15]. Processing of all ISS data was done 
using the USGS Integrated Software for Imagers and 
Spectrometers3 (ISIS3). Illumination geometry does 
not have a strong effect on the identification of PICs 
[16], and so we were able to use all available ISS im-
ages of Miranda. We projected these images to the 
center of each crater to maximize the accuracy of our 
geometry measurements. Craters overprinted by other 
craters, and craters cut by faults and other features, 
were not analyzed. Additionally, crater chains/clusters 
and craters smaller than ~10 times the image resolution 
were also excluded from our analysis. 

We manually traced the rims of all analyzed cra-
ters, normalized each traced rim, and then broke them 

into segments of equal length. We then calculated the 
azimuth of each rim segment and generated rose dia-
grams for each crater’s azimuth distribution (Fig. 1). 

 
Fig. 1: Examples of different types of craters on Mi-
randa, including a CIC (left column) and PICs with 
unimodal and bimodal orientations (middle and right 
columns, respectively). 

To identify PICs, we tested for uniform azimuth 
distributions, using the Pearson’s Chi-squared test. Our 
null hypothesis was that the azimuth distribution for 
each crater is uniform (i.e., consistent with CICs), and 
we set the associated p-value to 0.05. Craters that re-
ject this null hypothesis were identified as PICs. Next, 
we determined whether identified PICs reflect one or 
multiple straight rim segments using a Dip test. We 
then identified the prominent unimodal (single straight 
rim segment) or bimodal orientations for each PIC 
(Fig. 1) (the Dip test cannot assess significance beyond 
two modes). Thus, each PIC we analyzed could reflect 
one or two fracture sets with different azimuths. 

Results: Of the 49 craters we analyzed, fourteen 
were classified as PICs [17]. Nine of the fourteen PICs 
are on Miranda’s trailing hemisphere, four of which 
are located on Elsinore’s bounding terrain and the oth-
er five are on the surrounding cratered terrain.  One 
other crater might be associated with Elsinore but is 
somewhat distal from this coronae. Another PIC is 
proximal to Arden and the other three are associated 
with Verona Rupes and the Global Rift System.  

The PICs on, and proximal to, Elsinore’s bounding 
terrain display prominent NW-SE orientations, likely 
resulting from localized fracture sets (hereon called the 
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NW fractures) [17]. Utilizing crosscutting relation-
ships, we determined that the NW fractures overprint 
Elsinore. Additionally, based on the locations of PICs 
displaying NW-SE orientations, the NW fractures ap-
pear widespread, spanning much of Elsinore and the 
adjacent cratered terrain, reaching locations on Miran-
da’s Anti-Uranus hemisphere (Fig. 2). The orientation 
of the NW fracture system is consistent with subtle, 
but visible, fractures that overprint Elsinore. The PICs 
associated with Verona Rupes show prominent N-S 
rim orientations, consistent with the surrounding frac-
tures. The PIC near Arden exhibits a N-S orientation 
that appears to be consistent with the nearby boundary 
of Arden. The PIC on Miranda’s Anti-Uranus hemi-
sphere displays a NW orientation, possibly associated 
with the NW fractures that overprint Elsinore.  

Discussion: The PICs that overprint the NW frac-
tures include examples of both fresh (i.e., non-
mantled) and subdued (i.e., mantled) craters [17]. The 
subdued crater population is one of the oldest features 
on Miranda and is older than the fresh crater popula-
tion [3,7]. None of the PICs or CICs identified on Elsi-
nore are subdued craters, indicating that Elsinore (as 
well as the younger Arden and Inverness Coronae) 
formed after the subdued crater population.  

Thus, the process that initiated the NW fractures 
predates the formation of the coronae and the subdued 
and fresh crater populations. The NW fractures contin-
ued to develop over an extended period of time, per-
haps episodically, and was likely re-activated, forming 
the subtle fractures observed overprinting Elsinore. 
Given the large spatial extent of the NW fractures, and 
the long temporal baseline over which this fracture 
system was active, the stress event responsible for 
forming the NW fractures was likely hemispherical or 
global in scale, such as true polar wander [17]. Miran-
da has therefore undergone multiple episodes of resur-
facing, likely spanning large swaths of its geologic 
history.  

Analogous to Miranda, the Saturnian moon Encel-
adus exhibits complex and widespread features that are 
at least partially tectonic in origin (e.g., [18]). These 
two satellites are comparable in size and have ancient 
cratered terrains with examples of fresh and subdued 
craters. Both moons have three large regions of resur-
facing, centered on their leading and trailing hemi-
spheres and near their south poles. Furthermore, both 
moons’ surface compositions display hints of NH3-
bearing species (e.g., [19-20]), which are efficient anti-
freezes in liquid water. This constituent is known to 
originate in the interior of Enceladus due to its pres-
ence in plume material emanating from its South Polar 
Terrain [21]. If the NH3-bearing material hinted at on 
Miranda also originated in its interior, then Miranda 

could still be geologically active, either now or in the 
recent past, making it a candidate ocean world. 

 
Fig. 2: Voyager 2 ISS image mosaic shown in a south 
polar stereographic projection with locations of the 14 
PICs identified in this study (top). Published geologic 
map of Miranda [3] showing the locations and orien-
tations of the prominent PIC rim segments. 
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