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Introduction: Chaotic, angular block terrain is a col-
lection of discontinuous mountain ranges of  randomly 
oriented angular blocks found along the western rim of 
Pluto’s Sputnik Planitia [1]. The individual blocks 
range up to 40 km across and 5 km high. Their vertical 
relief in combination with multispectral visible imag-
ing camera (MVIC) spectral findings suggests they are 
composed of water ice crust [2]. The random orienta-
tion, topographic evidence of a detachment scarp to the 
west, and possible crustal layering evident in tilted 
blocks suggest the blocks are transported material that 
has migrated on the order of 100 kilometers into the 
Sputnik Planitia basin. The main question that arises 
from this suggestion is how such massive objects can 
be mobilized in the context of Pluto’s glacial history.  
O’Hara and Dombard [3] suggested the plausibility of 
basal sliding by detached blocks along the basin floor. 
They hypothesized that liquid nitrogen could serve to 
reduce pore pressure sufficiently to lubricate the sys-
tem, and calculated that a critical rim slope of ~ 2.5° is 
needed to mobilize the angular mountain blocks in this 
manner. Blocks descending into the basin would en-
counter viscous resistance from the solid nitrogen fill-
ing the basin, so blocks mobilized through this mecha-
nism should have been affected by a size-filtering ef-
fect, with larger blocks located further radially inward 
to the basin’s center than smaller blocks. However, 
their work was focused on examining the feasibility of 
these mechanisms, and did not test any of their predic-
tions with data analysis or mapping work. 
This work aims to test whether the expected observa-
tions of the O’Hara and Dombard [3] basal sliding 
hypothesis are observable within Sputnik Planitia. Us-
ing new maps of the chaotic mountain block ranges, 
we utilize statistical analyses of mountain block size 
and location to investigate potential size-filtering, and 
generate topographic profiles along the western rim to 
evaluate the slope of the hypothesized detachment 
scarp. 
Methods: Mapping. Individual mountain blocks were 
mapped using Long Range Reconnaissance Imager 
(LORRI) visible imagery and subsequent digital eleva-
tion model (DEM) at 300m resolution from the Plane-
tary Data System. The determination of each block’s 
dimensions was primarily made using the DEM with 
visible imagery acting as a supplement. If there was a 
clear elevation separation between two units, the two 
blocks were mapped in ArcGIS as  individual blocks 
with the help of visible imagery. After the block 
boundaries were determined, a centroid calculation 
was performed in MATLAB to find the centers of the 

blocks. The position of each block was then defined by 
its radial position relative to the center of the Sputnik 
Planitia basin. Due to the elliptical nature of the basin, 
two center points were used. One point represents the 
center of a purely circular basin with a radius of ~ 500 
km, the northernmost point in Figure 1, while the sec-
ond represents an elliptical basin with a semi-major 
axis of ~ 540 km and a semi-minor axis of ~ 500 km, 
shown as the southern point in Figure 1. The distance 
formula was then used to calculate the distance be-
tween each basin center and the individual mountain 
blocks.  

Topographic profiles. Eleven total topographic 
profiles were taken, starting from the western high-
lands to the center point of the circular basin. starting 
in the north and traveling counterclockwise around to 
the south. The segments of these profiles that corre-
sponded with the hypothesized detachment scarp were 
isolated from the profile and had their slope values 
extracted from ArcMap in degrees.  

Results: Size-filtering. The calculated area of each 
mountain block was plotted against its distance from 
the basin center. Of the four mountain ranges investi-
gated, al-Idrisi Montes was the only range to exhibit 
statistically significant size-filtering as shown in Fig-
ure 2. However, this relationship was weakly correlat-
ed, suggesting that viscous drag-related size filtering 
was not the only process controlling block size distri-
bution for this range. The other ranges had the negative 
trend expected of size-filtering as with al-Idrisi Montes 
but were determined to be statistically insignificant.    

Critical slope. The topographic profiles taken along 
the western rim of the basin showed an average slope 
of ~ 1.5° with a standard deviation of 0.5°, which is 
lower than the critical slope required for mobilization 
as proposed by O’Hara and Dombard [3].  

Discussion: The lack of size-filtering observed in 
conjunction with a slope value lower than critical slope 
suggests that if basal sliding is present in Sputnik Plan-
itia, it is not the main mobilization mechanism for the 
angular block terrain. However, the lack of size filter-
ing could also be indicative of interference with other 
neighboring blocks that were mobile when the basin 
wasn’t entirely filled with nitrogen ice. 

Given the current uncertainties of Pluto’s nitrogen 
ice depths [4], it is unlikely the angular, blocky terrain 
of Sputnik Planitia could be mobilized by basal sliding 
alone. While basal melt is plausible with nitrogen lay-
ers as thin as 100 m [5], slopes below critical value 
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Figure 1: Mapped Sputnik Planitia basin. The red 
line indicates the proposed detachment scarp. Blocks 
are color coded by range; Blue indicates Al-Idrisi, 
green is Zhang He, Orange is Baré, and red is Hillary 
Montes. Yellow dots represent basin center points. 

indicate that additional driving forces such as glacial 
traction are required with modern slope values.  An 
investigation into the role of glacial traction as a mobi-
lization mechanism determined nitrogen glacial depths 
of ~ 2 km, or twice as thick as the proposed maximum 
value of Umurhan et al. [5], are needed to mobilize 
blocks of this size. Depths of this magnitude are highly 
unlikely given the current understanding of Pluto’s 
nitrogen budget, indicating a radically different climate 
in Pluto’s past. 

A radically different paleoclimate raises the ques-
tion that if more nitrogen ice was present in the past, 
how did Pluto arrive at its current state? Additional 
research into the behavior of nitrogen ice at Pluto con-
ditions, possible sources and sinks of nitrogen, and 
global climate models would help decipher unan-
swered questions in both climatic studies and our un-
derstanding of mobilization mechanism.  
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Figure 2:  The block size distribution for al-Idrisi Montes. 
Along the x-axis we have the distance from the center. Along 
the y-axis is the area of the mountain block with each data 
point representing a block within al-Idrisi. Data presents a 

statistically significant (p<.05), but weakly correlated (r = 
.48) negative trend. 
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