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Introduction: New Horizons revealed surprising 

geologic diversity across the surface of Pluto (Stern et 
al., 2015; Moore et al., 2016).  Pluto’s terrains range 
from young regions with few-to-no craters to ancient 
more heavily cratered areas (Robbins et al., 2017; 
Singer et al., 2019) (Fig. 1).  Erosion and resurfacing 
of various forms plays a strong role in the appearance 
of craters on Pluto.  There are few ejecta blankets visi-
ble across Pluto and few craters that look very fresh.  
One form of crater modification occurs by sublimation 
and re-deposition of volatile ices (N2, CO, CH4) across 
Pluto on seasonal cycles or million year obliqui-
ty/precession cycles (Earle and Binzel, 2015; Grundy 
et al., 2016).  This both erodes terrains and the craters 
on them and creates deposits or mantles of various 
thicknesses across Pluto (Moore et al., 2016; Moore et 
al., 2017).  On Pluto, nitrogen ice flows like a terrestri-
al glacier, and extant glaciers are observed emanating 
from the highlands to the east of Sputnik Planitia onto 
the plain itself (Moore et al., 2016; Howard et al., 
2017).  Past glacial erosion is also likely responsible 
for some of the landforms and degraded terrains ob-
served on Pluto today (Howard et al., 2017; White et 
al., 2017). Craters also reveal underlying subsurface 
structure (layering of dark and bright material) in some 
areas.  

Crater sizes and morphologies: The basin under-
lying Sputnik Planitia, Sputnik basin, is likely the larg-
est impact feature identified to date on Pluto.  It’s di-
mensions are ~1300 by 900 km, and the mountain 
blocks found within it along the western side may be 
related to an interior ring (McKinnon et al., 2017).  
The surface around Sputnik basin is raised up to 1 km 
compared with Pluto overall and is consistent with an 
ejecta blanket (Schenk et al., 2018).  At ~250 km in 
diameter, Burney basin is the next largest impact fea-
ture and also shows a complex interior with one or 
more rings. Central morphologies including peaks, 
lumps are observed, and one possible central pit crater 
has been identified.  Initial crater depth measurements 
(Schenk et al., 2018b) indicate that fresh unmodified 
craters on both Charon and Pluto are consistent with g-

1 scaling of both complex crater depths and transition 
diameters (Fig. 2).    

Secondary craters are not obvious on Pluto at the 
resolution of the available images.  There are very few 
craters that could be interpreted as clustered and none 
that have obvious secondary crater morphologies (e.g., 
v-shaped ejecta or ellipticity radial to a primary).   

 

 
 

 
Figure 1.  Two views of cratered plains of Pluto along 
the western margins of Sputnik Planitia showing (left) 
global color mosaic and (right) grey-scale DTM (from 
[11]).  Shown are craters in various states of preserva-
tion.  The 80-km central peak crater “Elliot” is at right 
on bottom panel, featuring a thin bright deposit of ni-
trogen ice on its floor.  Scale bars are 50 km; elevation 
ranges shown are ~4 km.   

 
Size-frequency Distributions: Craters on Pluto 

show the same distinct downturn in size-frequency 
distribution (SFD) power-law slope that is seen on 
Charon for craters smaller than ~10-15 km (Fig. 3).  
For larger craters (D > 15 km) the differential slope 
has an average value of approximately -3.  For smaller 
craters  (D > 10 km) the distributions all have a shal-
low differential slope less than approximately -2.  Be-
cause this slope break appears on all Pluto terrains and 
also on Charon  in approximately the same location 

7043.pdfPluto System After New Horizons 2019 (LPI Contrib. No. 2133)



(noting that Charon does not have an atmosphere and 
does not show the same crater modification as on 
Pluto), this slope break is thought to be a characteristic 
of the impactor population and geologic processes on 
Pluto create an additional effect (Singer et al., 2019).  
The slope break location and the slope for the smaller 
craters varies with terrain on Pluto, showing the influ-
ence of the different dominant geologic actions on 
each terrain.  For example, the shallowest slope on 
Pluto is found in the northern terrains where mantling 
from atmospheric deposition is strongly apparent.  

 

 
Figure 2.  Depth/diameter plot comparing unmodified 
crater depths on Pluto (large dots) and Charon (large 
squares) to those on Ganymede (best-fit line) and Dio-
ne and Tethys (small points) [from 12].  

 
Terrain ages: The crater populations have been 

compared to models of the impact flux over time onto 
Pluto (Greenstreet et al., 2015; Greenstreet et al., 2016; 
Singer et al., 2019). The existing model outputs are 
relevant to the larger craters on Pluto (D > 10 km) be-
cause the additional break in SFD slope (for D < 10 km 
craters) was not known until after the New Horizons 
flyby.  Similar to the results for Charon (Singer et al., 
2019), the more heavily cratered terrains on Pluto are 
estimated to be quite old, 4 Ga or older.  The eroded 
highlands of Eastern Tombaugh Regio are the one re-
gion that could interpreted as “middle-aged”, having a 
few larger but heavily eroded craters still visible.  
There are also several different terrain types on Pluto 
with few-to-no obvious craters of any size (e.g., Sput-
nik Planitia and the area around Wright and Piccard 
Montes). These terrains are more difficult to date with 
the small number statistics but we will present updated 

impact flux models (with an additional slope break 
included) and estimates for ages of middle-aged and 
younger terrains at the meeting. 

   

 
Figure 3.  Crater size-frequency distribution plots for 
Pluto for various terrains.  See text and [4] for descrip-
tion and explanation. 
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