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Introduction: The fly-by of NASA’s New 

Horizons spacecraft revealed the presence of complex 

surface features on Pluto’s satellite Charon [1], which 

have been used to infer its tectonic history [2]. For 

example, the rugged Oz Terra is interpreted to have 

formed during an extensional event [3]. Although this 

interpretation provides a testable hypothesis, its 

predictions have not yet been fully validated by 

detailed structural analysis in terms of well understood 

fault association and kinematic compatibility. In this 

study we address this issue by conducting a systematic 

photo-geological mapping across the Oz Terra. The 

main goal of this work is to establish the tectonic 

history of the region and its role in constructing the 

observed landforms.  

Data and Methods: All data used in this study are 

publically available from the USGS astrogeology 

website(https://astrogeology.usgs.gov/search/map/Charon/N

ewHorizons/Charon_NewHorizons_Global_Mosaic_300m_J

ul2017;https://astrogeology.usgs.gov/search/map/Charon/Ne

wHorizons/Charon_NewHorizons_Global_DEM_300m_Jul2

017). In this data set, the raw images were obtained by 

the Long Range Reconnaissance Imager (LORRI) and 

Multicolor Visible Imaging Camera (MVIC) [6] from 

the New Horizons spacecraft. The well preserved 

morphology of the oldest impact structures on the 

satellite surface suggest that the landform modification 

by deposition and erosion are negligible. This starting 

point allows us to decipher whether an observed 

morphological feature was generated by tectonic 

deformation or planetary surface processes [4]. For 

example, faulting may disrupt earlier formed surface 

features in the following manners: (1) a strike-slip fault 

zone would display en echelon secondary synthetic and 

antithetic strike-slip fracture zones, oblique folds, 

oblique thrusts, and oblique normal faults to the main 

fault strand; (2) a normal fault zone would induce 

footwall uplift, hanging-wall tilting, and a relatively 

straight linear escarpment; and (3) a thrust system may 

consist of fault-related folds with asymmetric 

topographic profiles perpendicular to the fold traces, 

imbricate thrusts expressed as multiple fault traces 

merging and diverging along strike, flexurally induced 

basins in thrust footwalls, and lateral ramps linking 

thrusts. Surface processes may be expressed by mass 

wasting, impact-generated deposition, and viscous 

flows. The latter may be characterized by tongue-

shaped flow fronts and parallel rim ridges along the 

margins of flow channels. Finally, extensional fractures 

should be associated with linear depressions bounded 

by steeply dipping to nearly vertical chasma walls.  

Results: Our mapping indicates that the Oz Terra 

has experienced three main phases of deformation (Fig. 

1): (1) local closely spaced extensional faults 

morphologically associated with subdued troughs 

trending both northeast and northwest, (2) discrete 

north-striking thrust zones spaced ~200 km from one 

another, and (3) east-striking extensional faults parallel 

to the southern margin of the Oz Terra. Viscous flow 

materials were emplaced after the last tectonic event 

marked by north-south extension.  

The oldest NE- and NW-striking extensional 

structures are exposed in the west-central part of the 

Oz terra (dark red fault traces in Fig. 1). The extension-

induced troughs are ~100 km long and ~10 km wide. 

They are crosscut by younger east-striking extensional 

faults. NE-trending troughs controlled by the earliest 

extensional structures are truncated by east-striking 

grabens whereas the NW-trending troughs associated 

with the earliest extensional structures are segmented 

by the younger east-striking normal faults. 

The evidence for the second-phase thrusting comes 

from (1) truncated craters, (2) curvilinear fault traces, 

(3) fault-bounded highlands that display asymmetric 

topographic profiles similar to those generated by 

thrust-induced hanging-wall anticlines, and (4) thrust-

bounded depressions that resemble flexural basins. 

Three thrust zones are mapped, each of which is ~300 

km long and ~50 km wide (Figs. 1A, 1B and 1C) and 

consists of multiple strands with slightly variable trends 

along strike. Thrust zone 1 dies out via a horsetail 

structure system in the north and transfers strike-slip 

motion to a local northeast-striking normal fault zone 

in the south. This observation indicates that the thrust 

zone has accommodated a right-slip transpressional 

component (Fig. 1A). Thrust zone 2 is located in the 

central part of Oz Terra, characterized by an NW-

trending elevated belt, which dies out at its northwest 

end and gets truncated by a graben in the south. A plain 

region lies east of it, interpreted as a foreland basin. 

The plain region was thought to have undergone a 

resurface event during emplacement of cryo-lava [3]. 

Thrust zone 3 shows complex cross-cutting 

relationships between interpreted north-striking thrusts 

and east-striking extensional faults (Fig. 1C).   

 The last major tectonic event is north-south 

extension expressed by the development of an NEE-

striking normal fault system. This fault system defining 
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the southern margin of the Oz Terra is dominated by 

south dipping normal faults and related tilted hanging-

wall blocks. An en echelon normal fault zone marks 

the eastern end of the extensional fault system; the fault 

pattern indicates a right-slip motion. North-south 

extension is also expressed by east-striking normal 

faults within the Oz Terra at a mid-latitude of ~45° N 

(Fig. 1). 

Our mapping revealed two types of flow materials:  

(1) those appear to be sourced from the base of fault 

scarps [7], and flow into nearby depressions over a 

distance of a few km; (2) those might developed by 

flow of  ejecta towards low lands. The latter type of 

flow shows a radial pattern. The flow length varies 

between ~10 km and ~50 km (Fig. 1).   

Impact craters in the Oz Terra are far from 

saturated. Most of them are post-tectonic as they 

overprint fault-generated morphology. However, a few 

of them appear to be modified by tectonic events [8] 

and were interpreted to be pre-tectonic. In thrust zone 2, 

three impact craters that have diameters of ~50 km 

show different relative ages to the thrusting event (Fig. 

1B). Crater a is post-thrusting as it overprinted the 

thrust trace and erased thrust-induced topography. 

Crater b lacks its northeast half in a thrust footwall 

while preserving the other half in the thrust hanging 

wall. Crater burial by cryo-lava does not explain the 

above observation. Instead, a thrust-induced 

dislocation of about 3 km is needed to eliminate the 

footwall trace of the crater. Crater c was interpreted to 

be syn-tectonic. This is based on the observation that 

though the thrust trace cut through the crater, the thrust 

related dislocation is negligible in the DEM map (i.e., 

less than 0.2 km), suggesting that the impact occurred 

while the fault was still active.  
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Figure 1. An image mosaic overlain by a DEM map covering part of Charon’s encountered hemisphere (data from 

http://astrogeology.usgs.gov/). Elevation is color-coded. Inset black and white images A, B and C are also shown, 

and their locations on the map are outlined by white dashed lines. Image A was obtained from nh-charon-neutral-

bright-release.jpg, available at http://pluto.jhuapl.edu/Galleries/, image B is a contrast enhanced version of image 

“lor_0299180409_0x630_sci_6”, image C was obtained from PIA19967, accessible on 

http://phoojournal.jpl.nasa.gov/targetFamily/Pluto. 
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