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Introduction:  Following its flyby of the Pluto 

system in 2015, NASA’s New Horizons spacecraft 
returned high quality images revealing an 
unexpectedly diverse range of terrains on Pluto [1,2]. 
Pluto’s terrains exhibit highly disparate morphologies 
and crater spatial densities [3], implying a complex 
geological history. We have used established planetary 
geologic mapping techniques [4] to produce a first 
draft of a global US Geological Survey Scientific 
Investigations Map (SIM) at 1:7M scale for the >75% 
of Pluto’s surface that was imaged by New Horizons. 
In this abstract we focus on Pluto’s ancient terrains 
within the western and northern portions of its 
encounter hemisphere, and highlight how the 
configuration of the geological units here appear to 
record a different orientation of Pluto’s spin axis prior 
to it undergoing true polar wander in response to the 
formation of the Sputnik impact basin.   

Prior work on Pluto’s true polar wander: The N2 
ice plains of Sputnik Planitia fill an enormous, 
elliptical impact basin [2,5]. Its present-day location 
very close to the longitude of Pluto’s tidal axis may be 
explained by reorientation of Pluto’s spin axis (true 
polar wander or TPW) arising from tidal and rotational 
torques deriving from infilling of the basin by dense N2 
ice and uplift of a subsurface ocean that together cause 
the basin to be a positive gravity anomaly despite its 
negative topography [6]. The configuration of some 
tectonic systems within Pluto’s encounter hemisphere 
has been related to this reorientation [7], while 
modeling of TPW has identified initial locations for 
the center of the Sputnik basin to the northwest of its 
present location of 25°N, 173°E, at latitudes between 
35°N and 50°N [7,8]. 

Feeding into considerations of Pluto’s pre-TPW 
orientation is the suggestion that the vast ridge-trough 
system (or RTS, a ~300–400 km wide, complex, 
eroded band of graben, troughs, ridges, plateaus, tilted 
blocks, and elongate depressions that extends at least 
3200 km from the north pole to the limit of New 
Horizons coverage at ~45°S) may represent a 
paleoequator, given that its scale suggests it forms a 
global-scale great circle tectonic system [5]. Equatorial 
crustal thickening has been invoked to explain such a 
feature [9]. The RTS is currently oriented at nearly 90° 
to the equator, and terrains to its west and east show 

differing topographic and morphologic characteristics: 
terrain to the west is relatively flat, heavily cratered, 
and thinly mantled, whereas to the east it is more 
undulating, less cratered, and thickly mantled. If Pluto 
has undergone true polar wander, then none of these 
terrains are in their original locations, which should be 
considered in evaluating their origins [5]. Beginning 
with the assumption that the RTS does represent a 
paleoequator, we have explored whether a pre-TPW 
orientation might be manifested within the broader 
geology across Pluto’s encounter hemisphere. 

Mapping of Pluto’s ancient terrains and their 
correlation to pre-TPW climate zones: Fig. 1 
presents the geological map of the western portion of 
the encounter hemisphere, which contains units that 
are distinguished from others on the map by their high 
densities of small craters between 7 and 25 km in 
diameter (R-values higher than 0.02, compared to 
<0.012 for units elsewhere within the encounter 
hemisphere), and which are therefore interpreted to be 
the most ancient terrains visible on Pluto. Overlain on 
the map are the present equator and climate zone 
boundaries as indicated by “cold color” lines [10], and 
the same boundaries in their pre-TPW configuration as 
indicated by “warm color” lines. Note that we assume 
that there has been no change in Pluto’s obliquity cycle 
across its entire history. 

The linear massifs labeled ‘A’ to the west and north 
of Sputnik Planitia (‘SP’) that are oriented in a NNE-
SSW direction are diagnostic of the RTS and 
frequently exhibit dissected and fluted massifs that are 
interpreted to be the result of erosion by N2 ice 
glaciation. The rough lowland plains and channeled 
terrain (‘B’) are also interpreted to have been sculpted 
by N2 ice glaciation, and are either aligned along the 
RTS (within valleys separating the massifs) or flank it 
closely on either side. Today, these various glaciated 
terrains occur across an enormous latitudinal range, 
including polar latitudes where long-term N2 ice 
glaciation would be unstable. But pre-TPW, such 
glaciation would have been confined to within 30° of 
the paleoequator, i.e. well within the pre-TPW diurnal 
zone (37°N to 37°S), the mild climate and low 
insolation of which would have permitted glaciation 
along the entire RTS and its periphery, as well as on 
the inner walls of the SP basin. 
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Various mantled and eroded terrains have been 
mapped across the western encounter hemisphere. In 
the mid-latitudes these include the fretted, mantling 
material (‘C’) and the denuded plains material (‘D’), 
which superpose massif material of the RTS and are 
interpreted to be CH4 ice-based, and with the latter 
interpreted to be a thinner and less cratered variant of 
the former that has experienced exhumation by 
sublimation erosion. The better preserved fretted, 
mantling material is seen to concentrate primarily 
within the higher latitudes of the pre-TPW diurnal 
zone, whereas the denuded plains material mostly 
straddles the boundary between the diurnal zone and 
the “permanent tropical arctic” (37°N to 53°N), the 
climate zone that is interpreted to experience the 
maximum cyclical extremes [10] and would therefore 
experience active deposition and sublimation erosion 
of mantling material, and so would not be conducive to 
accumulation of a relatively thick mantle like that of 
the fretted, mantling material at a lower paleolatitude. 
These two mantling units break up south of the current 
diurnal zone boundary, which is occupied by the 
exhumed plains of Lunokhod and Ranger Planitiae 
(‘E’), which implies that erosion of mantling material 
was very active within the high latitudes of the current 
diurnal zone following TPW. The fragmented, knobby 
material (‘F’), located within the high southern 
latitudes of the current diurnal zone, may be a southern 
analogue to the fretted, mantling material in the north. 

Rugged, mantling material has been mapped in the 
current equatorial region and southern diurnal zone 
(‘G’). As with the fretted, mantling material and 
denuded plains material, the rugged, mantling material 

would have been emplaced within 
the pre-TPW diurnal zone and 
permanent tropical arctic, but its 
prolonged situation within the 
diurnal zone after TPW resulted in 
greatly decreased volatile 
mobilization in favor of the western 
mid-latitudes (which contributed to 
continued modification of the 
fretted, mantling material and 
denuded plains material, hence their 
younger crater ages) and eastern 
encounter hemisphere (which 
formed the smooth uplands of the 
Hayabusa Terra and the bladed 
terrain deposits, ‘H’). This left the 
rugged mantling material to 
experience no further modification 
besides accumulation of dark, 
atmospheric fallout particles. 

The etched, cratered plains (‘I’) 
form a roughly circular region of unmantled terrain 
within the western equatorial encounter hemisphere 
that corresponds closely to the pre-TPW polar zone 
(53°N to 90°N), with the boundary of the plains falling 
within, or at the edge of, the pre-TPW permanent 
tropical arctic. The long arctic summers and winters 
experienced here prior to TPW would not have been 
conducive to establishment of a mantle as in the pre-
TPW mid-latitudes. Following reorientation, as with 
the rugged, mantling material, volatile mobilization 
would have been stymied within the current diurnal 
zone west of Sputnik Planitia in favor of other regions, 
meaning that these plains would have remained 
unmantled. 

We are currently revising the map in response to 
reviews, and will continue to explore in further detail 
the implications of the relationships of units to paleo-
climate zones identified in this abstract. 
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