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Introduction:  The New Horizons mission imaged 

numerous tectonic structures on the surface of Pluto [1-

3]. The distributions and variations of these fault sys-

tems suggest that localized conditions (i.e. stresses, 

crack propagation, displacement) may be important to 

the structural evolution. Several fundamental questions 

motivate this study, including: What are the various 

morphological structures of these fault systems? Do 

these morphologies differ across the Pluto surface and, 

if so, how? And what roles does local differences in 

composition, stress, etc., play in how faulting on Pluto 

manifest?   

To better understand Pluto’s multiple faults, we 

identify and map key examples of characteristic fault 

morphologies (laterally offset pre-existing features, 

strained nearby geologic structures) from New Hori-

zons images.  

We have mapped 17 distinct fault areas on the sur-

face (Figure 1). Here, we present results from that 

mapping, with particular focus on faults in differing 

compositional settings [4]. Specifically, we investigat-

ed the Virgil Fossae in the water-ice-dominant Cthulhu 

Macula region and, as a comparison to the Sleipnir 

Fossa in the nitrogen-methane-dominant eastern close-

encounter hemisphere.  

Morphological classification: We map 17 faulted 

regions on Pluto as separate sets, though some morpho-

logical characteristics appear similar in a common re-

gion (i.e. Virgil and Beatrice Fossae). The morpholo-

gies include fracture trends and branching, overlying or 

offset surrounding environments, and orientations. A 

preliminary focus was done on four different fault re-

gions based on morphology: Sleipnir Fossa, South 

Voyager Terra, Djanggawul Fossae, and Virgil Fossae 

(Figure 2). Structures within Sleipnir Fossa have a ra-

dial morphology with numerous intersecting troughs 

with a NE-SW trend (Figure 3A); this region has a 

dominantly methane-nitrogen composition [4]. South-

ern Voyager Terra, a region with a dominantly me-

thane-carbon monoxide composition [4], hosts thin 

fractures overlain by craters and fluted terrain that have 

a dominant strike of NW-SE (Figure 3B). Djanggawul 

Fossae have multiple troughs, with smaller fractures (< 

3 km width, ~60 km length) cross-cut by larger, wider 

faults (5.5 km width, ~340 km length) with strikes of 

NW-SE (Figure 3C).  These structures are in a nitro-

gen-carbon monoxide dominated area [4]. The Virgil 

Fossae fractures are relatively angular in the fault 

branching morphology. However, the strikes remain 

consistent in a NE-SW direction (Figure 3D). These 

tectonic features occur in the water-ice dominated area 

of Cthulhu Macula [4].  

Preliminary Stress Results: Foster and Nimmo [5] 

approximated fault topography with a cosine curve, 

and predicted the maximum resolved shear stress on 

that fault, σs-max. The value of σs-max is given by [6-7]:  

 
where ρc is the density of the faulted basement ma-

terial (in the case of Pluto, water ice), g is the accelera-

tion due to gravity, h is the maximum vertical dis-

placement of the fault (at a vertical precision of ~100 

m [3], e is the base natural logarithm, and λ is the hori-

zontal displacement of the fault trough. The minimum 

elastic thickness (Te) used in these calculations was 10 

km [8].  

In our preliminary calculations, taking an average 

of six topographic profiles at each fault site, the maxi-

mum shear stress are shown in Table 1.  

 

Table 1: Maximum resolved shear stresses for the 

sets of faults we map in each of four study sites.   

Fault region σs-max (kPa) 

Sleipnir Fossa 135.3 

South Voyager Terra 63.2 

Djanggawul Fossae 73.4 

Virgil Fossae 252.3 

 

It is interesting to note that the higher shear stress 

values correspond to areas that are rich in the water ice 

and methane-nitrogen ice. The differing compositions 

of each region may therefore give us insight to the roles 

of these ices in fault morphology and localized stress.  

Conclusions: The morphologies and orientations of 

several sets of faults on Pluto give us insight into the 

varying lithospheric properties present on the body. 

For example, differences in mechanical strength may 

be responsible for variations in maximum resolved 

shear stresses on several of the fault populations we 

map.  

We are currently acquiring more topographic pro-

files for the remainder of the faults we identify across 

Pluto, with which we will acquire a better understand-

ing of regional variations in fault morphology, driving 

stresses, mechanical properties of Pluto’s icy crust.   
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Figure 3: Rose diagrams from each of the 

preliminary regions. A) Sleipnir Fossa; B) 

South Voyager Terra; C) Djanggawul Fos-

sae; D) Virgil Fossa. 

Figure 2: Examples of fault morphologies 

from this preliminary study. A) Sleipnir 

Fossa (radial, curved); B) South Voyager 

Terra (shallow); C) Djanggawul Fossae 

(curved); D) Virgil Fossa (angular, 

branched). 

Figure 1: Map of Pluto with 17 designated fault regions from this study. Preliminary regions: Sleipnir 

Fossa (red), South Voyager Terra (yellow), Djanggawul Fossae (blue), and Virgil Fossa (green). 
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