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Introduction:  Worlds with atmospheres and 

surfaces invariably have landscapes that manifest the 
effects of climate evolution.  Pluto is certainly no 
exception.  In this abstract and its associated chapter we 
will characterize its diverse landforms and terrains, and 
what they tell us about past and present climate over the 
last 4 Ga. The two most important abundant volatiles on 
Pluto’s surface and atmosphere (methane and nitrogen) 
are close to their phase change temperatures and so 
drive its geological processes. 

Observations and Interpretations: For space 
reasons in the abstract, we are combining observations 
and interpretations. 

Young Landforms: 1) Active flow features.  On the 
eastern boundary of Sputnik Planitia (SP) a series of 
converging depressions lead from upland, N2-mantled 
surfaces westward to the SP surface.  Convergent lines 
analogous to those on terrestrial glaciers indicate flow 
converging into the depressions and spreading onto SP.  
The vigorous glacial flow is consistent with the low 
viscosity of N2 ice [1, 2]. 2) Pits and convective cells on 
SP.  The nearly level surface of SP displays two textural 
elements, polygonal cells tens of kilometers across with 
well-defined edges and covered with abundant pits 200-
400 m in size, generally superimposed on the cells. The 
geometry and size of the cells are consistent with 
convective overturn of SP nitrogen ice to a depth of 
hundreds of meters driven by the geothermal heat flux 
[3, 4]. Pit morphology ranges from space-filling pitting (i.e. 
elongated, mutually aligned depressions sometimes with dark 
floors) to isolated, shallow depressions.  A few portions of SP 
are free of pits. The volatility of N2 ice is consistent with 
pits forming through an enhanced sublimation in 
depressions due to reflected solar illumination, 
analogous to penetentes on terrestrial glaciers [5]. The 
scale and morphology of the pits may either increase 
through time with an equilibrium shape [6] or the scale 
of the pits is determined by a balance between 
sublimation deepening and N2 ice flow infilling [7].  3) 
Flow features on SP. At the northern margin of SP, light 
and dark patterning on the SP surface are suggestive of 
northward bulk flow as affected by surface and 
subsurface topography [1, 8]. The southern end of SP 
has a southward-sloping surface indicating southward 
N2 ice flow [1]. 4) Reticulate and bladed terrains on E. 
Tombaugh Regio (TR). The plateau-like eastward 
extent of TR features reticulate km-wide ridges of CH4-
dominated ice interspersed with flat depressions several 
km in diameter floored by N2 ice [5, 9, 10]. This 

landscape has been created by spatially-patterned 
sublimation and condensation of N2 and CH4 ices, but 
the process interactions controlling landscape form and 
scale are presently uncertain. Bladed terrain features 
prominent, largely north-south oriented ridges spaced a 
few km apart with relative relief of several hundred 
meters and a dominant CH4 spectral signature [10, 11].  
Its occurrence is limited to high elevations and low 
latitudes [10]. The north-south orientation is likely 
related to the dominant illumination angle during 
Pluto’s obliquity cycle, but the relative roles of 
sublimation, condensation, elevation, and subsurface 
structure in determining blade size and the history of 
blade formation is potentially complex [10].  5) Streaks 
and dune-like forms. Aligned, sub-km spaced ridges at 
the northwestern margin of SP are suggestive in 
morphology to terrestrial transverse dune fields, and 
have been postulated to form from sublimation-lofting, 
transport and deposition of N2 grains [12]   6) Possible 
shorelines. An irregular, 50 km wide depression on the 
lower northwestern rim of SP displays light-toned 
concentric banding surrounding an N2-floored 
depression.  Stern et al. [13] suggest the banding may 
have originated as recessional shorelines associated 
with past epochs of higher atmospheric pressure. 

Older Upland Landforms:  1) Mantles and pits. 
Several types of mantles cover portions of the landscape 
north and east of SP [9]. These mantles are younger than 
most of the craters forming subsequent to the SP impact. 
Most of these mantles display a prominent CH4 spectral 
signature. A rough-textured region north of SP has 
relative relief of ~1.5 km, suggesting appreciable 
erosion subsequent to mantle deposition.  Northeast of 
SP a mantled landscape alternates with craters and pits, 
some up to ~30 km across. Some of the pits are flat-
floored with an N2 signature, and other pits and pit fields 
are sharp-edged with conical shapes. Portions of the 
mantle have been modified by the valleys (discussed 
below) and fine-textured erosional pitting. Where N2 
floored depressions occur within the mantles the 
thickness of the mantle decreases away from the 
depression edges, suggesting the depressions may have 
sourced the mantle [9] 2) Washboard and Fluted 
terrain; Portions of the northeast rim of SP display 
aligned ridges (Fig. 1) which are superimposed on 
underlying topography [14]. The ridges are dominantly 
aligned about 75°E of north and spaced 1-2 km crest to 
crest. Origin of these features is uncertain, but may be 
related to imprinting of aligned surface deposits on 
former N2 glaciers now sublimated away [14]. 3) 
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Channels, valley, and dissected terrain. The uplands 
surrounding SP display a variety of linear depressions 
(valleys) in a variety of topographic settings including 
mountainous, dissected plateau, and dendritic textures 
(Fig. 1). Some valleys may be traced for 150-200 km, 
often in dendritic patterns [1, 15].  An origin of these 
valleys through runoff from liquid N2 precipitation is 
disfavored by the low temperature and low atmospheric 
pressure under modern seasonal and obliquity climate 
cycling, although arguments have been advanced that 
significantly higher pressures may have episodically 
allowed liquid N2 precipitation [13].  These valley 
features have alternatively been attributed to sculpture 
beneath past N2 glaciers earlier in Pluto’s history with a 
larger N2 inventory [1]. Liquid N2 flows resulting from 
basal glacier melting may have sculpted the valleys, and 
direct scour of the surface by flowing ice may have been 
possible, analogously to terrestrial valley glaciation. 

Four timescales of Pluto’s climate:  Annual: 
Pluto’s annual climate cycle is extreme due to its 249 
earth-year duration and 0.25 orbital eccentricity which 
makes solar illumination vary by a factor of 2.75. 
Obliquity: Pluto’s eccentric orbit coupled with its high 
obliquity produce a complex variation in the seasonality 
and latitudinal distribution of illumination with a ~ 3 Ma 
periodicity  [16-18]. This periodicity greatly influences 
the latitudinal redistribution of N2 and CH4 [19, 20].  
The combination of the beat frequency between the 3 
Ma obliquity period and the 3.7 Ma longitude of 
perihelion precession period results in cycles of extreme 
seasonal solar insolation that likely cause substantial 
changes in regional surface temperature and 
atmospheric pressure at the surface, which may even 
permit liquid N2 [17], among other effects [12]. Long-
term evolution: Few constraints exist concerning the 
past climate and volatile inventory of Pluto, although 
volatile redistribution is likely to have occurred over 
timescales longer than that of obliquity [19, 20].  
Observations during the New Horizons encounter 
suggest low rates of N2 loss to space [21], although 
evidence for extensive upland glaciation suggests 
appreciable long-term depletion of N2 inventory [1, 14]. 
Climate shortly after Pluto formation: Some of the 
inferred paleoglacial features, including washboard 
terrain [1, 14] and the extensive mantles [9] may have 
formed in the first billion years after formation of Pluto, 
the SP impact, and may have been affected by orbital 
migration and the long-term increase in solar 
luminosity. 

Conclusions:  The New Horizons mission revealed 
a dynamic planet whose complex landscape is 
dominated by volatile redistribution controlled by 
climatic cycles on seasonal and Milankovitch-like 
scales, superimposed upon probably non-cyclic long-

term (multi-Ga-scale) trends in the volatile inventory.  
Many of these volatile-related landforms have familiar 
analogs on Earth and Mars despite different materials 
and a much colder environment, including glaciers, 
valleys possibly formed by fluid flow, and formation of 
condensation deposits that then develop pinnacles and 
pits through sublimation controlled by variations in 
solar illumination.  The details of the formative 
processes controlling the scale and morphology of the 
landforms are poorly constrained, but mechanistic 
modeling may help to clarify them.  Further 
understanding will await future missions giving a global 
picture of landforms and processes. 

Acknowedgements: This work was supported by 
NASA’s New Horizons project. 

 
References: [1] Howard, A. D. et al., (2017), Icarus 287, 

287-300; [2] Umurhan, O. M. et al., (2017), Icarus 287, 301-
19; [3] McKinnon, W. B. et al., (2016), Nature 534, 82-85; [4] 
Trowbridge, A. J. et al., (2016), Nature 534, 79-81; [5] Moore, 
J., M. et al., (2017), Icarus 287, 320-33; [6] Buhler, P. B., 
Ingersoll, A. P., (2017), Icarus 300, 327-40; [7] Moore, J. M. 
et al., (2017), Icarus 287, 320-33; [8]. Moore, J. M. et al., 
(2016), Science 351, 1284-93; [9] Howard, A. D. et al., 
(2017), Icarus 293, 218-30; [10] Moore, J., M. et al., (2018), 
Icarus 300, 129-44; [11] Moores, J. E. et al., (2017), Nature 
541, 188-90; [12]. Telfer, M. W. et al., (2018), Science 360, 
992-97; [13] Stern, S. A. et al., (2017), Icarus 287, 47-53; [14] 
White, O. L. et al., (2018), Nature Astonomy 3, 62-68; [15] 
Moore, J., M. et al., (2016), Science 351, 1284-93; [16] 
Binzel, R. P. et al., (2017), Icarus 287, 30-36; [17] Earle, A. 
M., Binzel, R. P., (2015), Icarus 250, 405-12; [18] Earle, A. 
M. et al., (2017), Icarus 287, 37-46; [19] Bertrand, T. et al., 
(2018), Icarus 308, 277-96 [20] Bertrand, T. et al., (2019), 
Icarus 329, 148-65; [21] Gladstone, G. R. et al., (2016), 
Science 351, 1280. 

Fig. 1.  Large glacial valleys (blue arrows) formed during an 
epoch of  abundant N2.  Also note Washboard texture (red). 
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