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Introduction:  The flyby of Pluto by NASA’s New 

Horizons spacecraft in 2015 returned high quality im-

age data that reveal an unexpectedly complex geology 

[1,2], including extensive tectonic deformation across 

the well-resolved encounter hemisphere. We aim to 

exploit this image dataset, and products derived from it 

such as topography, to constrain the tectonic and cry-

ovolcanic history of Pluto at regional to global scales, 

through an integrated program of detailed structural 

mapping  and quantitative analysis of icy shell litho-

sphere stress and deformation states via finite element 

method models. We present our structural mapping of 

Pluto’s encounter hemisphere and assign mapped tec-

tonic features into orientational classes. We will con-

sider the implications of our results in terms of what 

factors control tectonism across Pluto. 

Mapping and Morphological Classification:  

Pluto’s tectonics have been surveyed previously, less 

than a year after the flyby [3], which was prior to the 

availability of the latest high quality global mosaic and 

digital terrain model (DTM) [4]. The datasets used for 

our mapping include a global mosaic that covers the 

encounter hemisphere at a pixel scale ranging from 234 

to 880 m/pixel, and a DTM of the encounter hemi-

sphere, which can resolve topographic features as small 

as ~1.5 km across and has vertical precision ranging 

between 100 m and 800 m [4]. The flyby nature of the 

New Horizons mission meant that, for the encounter 

hemisphere, each point on the surface was only imaged 

at a single solar incidence and emission angle. As-

sessing topographic relief based on shading in imaging 

is therefore more difficult in areas around the subsolar 

point of 130.5°E, 51.5°N, and so the DTM plays a par-

ticularly important role in identification of fractures 

here, as well as in areas imaged at oblique angles near 

the edge of the encounter hemisphere.  

Fig. 1 shows our mapping of tectonic features 

across the encounter hemisphere. We have identified 

four morphological categories, including normal fault 

scarps, which often form graben that can reach >10 km 

wide; sharp-crested ridges, which in some cases may 

represent two normal fault scarps back-to-back; 

troughs that are typically narrow (reaching a few km 

across) and relatively laterally inextensive (reaching 

tens of km long whereas graben can reach hundreds); 

and pit chains, which are mostly confined to mantled 

terrain to the east of the nitrogen ice plains of Sputnik 

Planitia (SP), and which may indicate where surface 

collapse has occurred as underlying tectonism disturbs 

the overlying mantle [5].  We concur with earlier find-

ings [3] that Pluto possesses a non-random system of 

extensional faults, although we discuss a possible re-

gion of  compressional tectonism below. 

Orientational Trends: We have categorized our 

mapped tectonic features into nine orientational clas-

ses, which are described below, along with their colors 

as mapped in Fig. 2. 

Ridge-Trough System (blue): A complex, eroded, 

fragmentary band of troughs, ridges, elevated plateaus 

and elongate depressions that extends at least 3200 km 

along the 155° meridian, from the north pole to the 

limit of coverage at ~45°S. It is likely the earliest tec-

tonic  system  yet seen  on Pluto,  and may  predate the  

 
Figure 1. Mapped tectonic features across Pluto, seen 
in equirectangular projection south of 57°N, and in 
polar projection north of 57°N. 
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Sputnik basin-forming impact [4]. 

Sputnik-Azimuthal (cyan): These fractures are ori-

entated azimuthally about a pole located at 170°E, 

25°N, very close to the geographic center of SP (Fig. 

2). The fractures are removed from the pole by 1100 to 

1500 km and fall into two main groups: Djanggawul 

Fossae and Mwindo Fossae.  Their configuration im-

plies an origin tied to SP, perhaps reorientation of 

Pluto in response to infilling of the Sputnik basin with 

nitrogen ice [3]. Mwindo Fossae are unusual in that 

while they are mostly oriented NNE-SSW, they also 

converge to a point, suggesting that a localized stress 

field within the crust caused them to diverge from the 

Sputnik-azimuthal orientation. 

West Sputnik (red): This class features generally 

sharply-defined graben and troughs, which at their 

northern extent are quasi-radial to SP, but which bend 

southwards to reach a N-S orientation in the southern 

hemisphere.  May have formed concurrently with the 

Sputnik-Radial class. 

Sputnik-Radial (dark red): The graben and troughs 

of this class are also sharply-defined. Most form a belt 

with a consistent NE-SW orientation that is essentially 

radial to SP, although a possible outlier of this class at 

28°S is not radial to SP.  

Southwest (purple): A sparsely-populated belt of 

WNW-ESE-trending fractures in the far southwest of 

the encounter hemisphere.  

North Sputnik (green): NW-SE-trending fractures 

(including many pit chains) that exist both to the east 

and west of SP, with a gap at its northern rim.  They 

are neither radial nor azimuthal to SP and their relation 

to it is uncertain. 

Far West (orange): These fractures trend E-W and 

WNW-ESE and appear to crosscut Djanggawul Fossae. 

They typically form shallow, narrow troughs, in con-

trast to the deep graben of Djanggawul Fossae them-

selves. 

South Sputnik (violet): A tenuously defined class 

featuring localized clusters of generally NE-SW-

trending ridges, scarps, and troughs on the southwest-

ern rim of SP.  Their sparseness and variable morphol-

ogy lends uncertainty to the interpretation that they 

share an origin in a single episode of tectonism. 

Miscellaneous (yellow): Fractures not categorized 

in any other class, which tend to occur in small clusters 

within other tectonic systems that do not share their 

orientation or which may originate from very localized 

crustal stress conditions. 

Interpretations: Tectonic trends that follow "great 

circle" or large-radius "small circle" paths (e.g., the 

Ridge-Trough and Sputnik-Azimuthal systems, respec-

tively) are suggestive of response to planetary-scale 

phenomena like despinning and tidal stress [6] and 

polar reorientation [7,3]. Tectonic trends radial to re-

gional features like SP (e.g. Sputnik-Radial and ele-

ments of West Sputnik) are consistent with extensional 

"hoop" stresses from membrane-mode loading [8] such 

as nitrogen ice infill of the SP basin [3]. 

While Pluto’s surface tectonics appear dominantly 

extensional in nature, some planetary-scale loadings 

predict regions of enhanced compression [6,7]. Tarta-

rus Dorsa are broad topographic swells with a con-

sistent NE-SW orientation, superposed by bladed ter-

rain [9]; an origin as compressional lobate scarps could 

explain the base topography. Further, when taken col-

lectively with elements of the extensional West Sputnik 

and Sputnik-Radial classes a quarter of the way around 

the planet, the overall pattern resembles a despinning 

and tidal stress scenario for a paleo-south pole several 

hundred km southwest of Wright Mons. 

Figure 2. The nine different mapped orientational clas-
ses of tectonic features, overlain on a DTM that is po-
lar projected and centered on SP.  Geographic coordi-
nates on Pluto are shown as thin black lines, and coor-
dinates relative to the SP pole as thick white lines.  
White concentric circles are spaced 200 km apart. 
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