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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 [3,4], implying a complex 
geological history. Surface renewal is ongoing, 
demonstrated compellingly by the N2 ice plains of 
Sputnik Planitia [5,6]. Pluto’s geology displays 
evidence for having been affected by both endogenic 
and exogenic energy sources, and its complex nature is 
likely caused by combinations of these influences 
governing the distribution and behavior of different 
surface compositional suites to strongly varying 
degrees across even small lateral distances.  

We are using established planetary geologic 
mapping techniques [7] to produce 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. This map will represent a 
critical tool for resolving differing hypotheses of 
Pluto’s evolution. This abstract presents a summary of 
the mapping that has been performed to date, which is 
closing in on forming a complete first version that we 
anticipate submitting to the USGS in summer 2021. 

A synthesized view of Pluto’s near- and far-side 
geology: New Horizons yielded high-resolution 
coverage of only the anti-Charon hemisphere of Pluto 
(the “near side”), with imaging ranging in pixel scale 
from 76 to 890 m/pixel. Six geological groups have 

been identified for the near side (Fig. 1), with each 
consisting of units that represent a distinct episode of 
geological activity on Pluto’s surface. Their interpreted 
chronological order from youngest to oldest is Sputnik, 
Wright, Tartarus, Hayabusa, Venera, and Burney. As 
of writing this abstract, mapping has been completed 
(i.e. contacts drawn and units attributed to polygons) 
for the Sputnik, Wright, Tartarus, and Hayabusa 
groups, while contacts have been drawn for the polar 
portion of the Burney group and the entire Venera 
group, but are still pending for the western portion of 
the Burney group. In addition, tectonic and crater 
mapping has been completed for all groups. 

The sub-Charon hemisphere (the “far side”) was 
imaged at pixel scales ranging from 2.2 km/pixel at its 
western edge to 40.6 km/pixel at the eastern edge, 
acquired in the days prior to closest approach. This 
poorly imaged hemisphere has necessarily been 
mapped at a much coarser scale than is possible for the 
near side. Only surface features at a scale larger than 
~10 km and ~200 km can typically be discerned for the 
western and eastern edges respectively, and units are 
defined primarily by their albedo. PI White has 
produced a geological map of the far side for a 
separate study [8], which has been incorporated into 
the USGS map. Near side imaging that abuts the far 
side is an important anchor for far side mapping, as 
unit contacts and large-scale structures that are easily 
defined in high resolution near side coverage can be 
extrapolated into the far side. 

Figure 1:  Mapping of the approximate boundaries of the six geological groups identified for Pluto’s near side.   
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Geological relationships across Pluto: The 
Sputnik group consists of a massive deposit of N2/CO 
ice that is filling the Sputnik impact basin, a 
consequence of the deep basin representing a powerful 
cold trap to which most of Pluto’s N2 ice migrated 
within tens of millions of years of the formation of the 
basin ~4 Ga [9,10]. All plains units of the Sputnik 
group superpose surrounding units, and its extremely 
youthful surface (impact craters are entirely absent in 
contiguous mapping coverage of 315 m/pixel) can be 
attributed to glacial flow and ongoing solid-state 
convection of the N2 ice [11,6]. The annular massifs of 
Wright and Piccard Montes and surrounding terrain of 
the Wright group to the south of Sputnik are likely 
endogenic, with the bulk morphologies of the 
mountains being tentatively interpreted as cryovolcanic 
in origin [2,12]. The near-total absence of impact 
craters across the Wright Group suggests that such 
cryovolcanism occurred relatively recently: ages 
derived for Wright Mons range from ~1 to ~4 Ga [13]. 

Beyond the Sputnik and Wright groups, Pluto’s 
geology displays strong dependencies on latitude and 
longitude, with Pluto’s highly variable climate zones 
[14] and atmospheric circulation moderated by Sputnik 
Planitia [15] interpreted to be controlling factors 
affecting volatile mobilization and stability across 
Pluto. The equatorial uplands to the east of Sputnik 
feature the Tartarus group, the units of which 
superpose the undulating plains to the north, and which 
manifest a surficial composition sequence from 
dominance by N2 closest to Sputnik (the bright, pitted 
uplands of East Tombaugh Regio) transitioning to 
dominance by CH4 ice to the east (the bladed terrain 
deposits of Tartarus Dorsa). The bladed terrain is 
interpreted to be massive deposits of CH4 ice laid 
down in Pluto’s diurnal zone early in its history, with 
secular climate change subsequently causing the 
deposits to recede and erode into the observed bladed 
texture [16]: a crater retention age of 200 to 300 Myr 
has been derived for them [13]. This sequence suggests 
an altitudinal control on ice stability [16], but far side 
mapping shows that the bladed terrain deposits expire 
eastwards of 74°E, giving way to the tectonized and 
cratered plains of Cthulhu Macula, which may indicate 
the additional influence of retrorotation of Pluto’s 
atmosphere pushing gaseous CH4 westwards (as 
identified by global climate modeling [15]) on the 
distribution of the deposits. A similar, but less 
pronounced, longitudinal geological transition is also 
seen at higher latitudes: traveling eastwards from 
Hayabusa Terra northeast of Sputnik, the lightly 
cratered and undulating uplands of the Hayabusa group 
change to the more heavily cratered, bright, and very 
flat plains of the Venera group. Units in both groups 

exhibit differential erosion, with better-preserved 
portions tending to concentrate at higher latitudes, and 
more eroded portions (expressed as scarp retreat and 
knobby and pitted terrain) tending to concentrate at 
mid-latitudes. Both groups are interpreted to represent 
terrain variably covered by CH4-rich mantling 
material, with the Hayabusa mantle forming a thick 
layer showing a smooth accrescence texture that was 
probably emplaced during Pluto’s “middle age” (<4 
Ga) [17], whereas the Venera mantle appears to be 
thinner and older (≳4 Ga) [4], displaying many 
comparatively well-preserved craters. Like the bladed 
terrain, the degraded southern portions of these 
mantles may indicate sublimation erosion in response 
to secular climate change, which low latitudes are 
especially sensitive to. The heavily cratered Burney 
group differs from all others in that no part of it is 
interpreted to have experienced a regional-scale 
depositional event since ~4 Ga. The western plains of 
Cthulhu Macula display some of the largest craters 
observed on Pluto, and terrain immediately to the west 
of Sputnik and in the polar region is characterized by 
ancient glacial valleys bordering Sputnik [18,19] and 
deformation by the hemispheric ridge-trough tectonic 
system [12]. The polar region is where seasonal, 
insolation-driven volatile mobilization is most intense 
[14], precluding any substantial accumulation of 
volatiles, but possibly contributing to its eroded state. 
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