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Introduction: During the New Horizons flyby of
Pluto in 2015, numerous interesting and puzzling fea-
tures were observed on the dwarf planet. One such fea-
ture called bladed terrain is located in the Tarturus Dorsa
region of Pluto covering roughly 200,000 km2. It ex-
tends from 10�S to 40�N in latitude and is considered
an uplands area, with elevations around 3 to 4 kilometers
above the mean elevation of Pluto [1]. With little to no
cratering observed the age of this feature is believed to be
on the order of tens of millions of years [2]. The bladed
terrain sits on a plateau with a surface consisting of indi-
vidual ridges, or blades, which are a few hundred meters
in height and stretch anywhere from 2 to 14 kilometers
in length [1]. Through spectroscopy it is likely that these
blades are comprised of methane (CH4) ice, and it is ar-
gued that they are formed through sublimation in a nature
similar to penitentes on Earth, where they follow the arc
of the sun and their trend is E-W [2,3].

Penitentes form on Earth at high altitudes and low lat-
itudes similar to where the bladed terrain occurs on Pluto.
Some regions of the snow melt/sublimate faster than oth-
ers, creating divots in the snow. These divots then melt
faster due to sunlight reflecting off the sides, creating a
positive feedback. As the divot becomes deeper the sun-
light reflects and bounces off the side of the divot, even-
tually creating the penitentes observed [3]. On Earth pen-
itentes only rise a few meters above the ground and have
an annual life cycle.

Penitentes on Pluto may form in a similar manner as
they do on Earth with a preferred orientation. Based on
how penitentes form on Earth and Pluto’s orbital param-
eters we expect them to form generally northeast/east to
southwest/west [2]. Like other outer solar system icy
bodies Pluto is hypothesized to hold an internal ocean
of water [4]. Any evidence that Pluto has become re-
oriented would help support this theory. Given the fact
that the blades form in a preferred orientation any devia-
tion from that would help provide insight into the degree
to which Pluto may have been reoriented. There is pos-
sible evidence of reorientation from the large fractures
around Sputnik Planitia that have been suggested to be
caused from reorientation, but this work could place fur-
ther constraints on the timing of that reorientation given
the youngish age of the penitentes [4,5].

Therefore, we mapped the orientation of the bladed
terrain in order to determine if this is the preferred for-
mation or if reorientation might have occurred. The
average elevation, average longitude, average latitude,
and length of each individual blade was also calculated

using respective functions in ArcGIS in an attempt to
determine if the blades indicated correlations between
those parameters. If reorientation is possible, next steps
will include using the Python program SatStressGUI to
estimate the direction and magnitude of the reorienta-
tion. We also looked for any defining characteristics that
may help determine how and why these features form.

Figure 1: Total extent of
the blades in Tarturus Dorsa.
2382 blades in total drawn
in red.

Procedure: We
used ArcMap 10.3.1
and a global basemap of
Pluto with a 300m/pixel
resolution. The blades
were traced as poly-
lines along their highest
extent using color,
elevation, slope, and
stereo data. The
elevation data has a res-
olution of 315m/pixel.
Sharp changes in the
stereo data from light
to dark were used to
resolve a majority of
the blades with color
and elevation used to

confine them to certain areas and elevations. Around
the terminator in the Southeast region of the blades the
elevation and slope data helped to resolve the blades.
Once the blades were mapped the length of each one
was calculated using one of ArcMaps built in functions
for finding the length of a polyline. The orientations
were found by calculation through a Python function.
Orientations from 0� to 360� were generated based on
which direction the line started and ended. 180 was
subtracted for each measurement that was over 180� to
negate this preference for which direction the line was
drawn. Using two more built in functions in ArcMaps,
the X and Y coordinates of the midpoint of the blade
were calculated.

Results: In total we mapped 2382 individual blades
(Figure 1). The blades range in length from 2 to 20 kilo-
meters with an average length of 8 kilometers. There
was a general trend of northeast to southwest or around
35� to 45� from North taken from figure 2. A major-
ity of the blades are within 15 degrees of this preferred
orientation. They range in latitude from 10�S to 40�N
and in longitude from 215� to 240�. There appears to
be no indication of multiple sequences of these features
and detailed analysis does not show much, if any, degra-
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dation or variation in the morphology of these features.

Figure 2: Rose dia-
gram of all the blades,
plotted with reverse
azimuths for symme-
try.. Binned at 5� with
0� as north.

Discussion: In determin-
ing the preferred orientation
of the blades we looked at as
many of the available charac-
teristics as possible. Specif-
ically, we looked at how
the orientation of the blades
changed as a function of lat-
itude, longitude, elevation,
and length. We also looked at
how these other factors cor-
related with each other, how-
ever no significant correlation
was detected. We have an
example below in figure 3
where we attempted to corre-
late the orientation with the
blades latitude.

Figure 3: Orientation of the plots plotted as a function
of latitude. Blades around 180� are in the same direction
as those at 0� except taking magnitude into effect.

We also looked at the morphological shape of the
penitentes. Using elevation data, we found the shape
of them to be almost symmetric across one wavelength,
tending to lean towards the west slightly. Four eleva-
tion profiles are and plotted in figure 4. We confirmed
the average height of the blades to be around 400 to 500
meters. However, we noticed significant variance in the
sizes of the blades, the smallest of them being about 100
meters in height to just over a kilometer. This could be
due to the initial parabolic shape of the blades; as more
sublimation occurs, the blades become distinct from each
other and can be interpreted as separate blades. This vari-
ation could also arise from the elevation profiles being
relatively near each other along the length of the blades.
This causes the same blade showing up in both the red
and blue profile and the green and mahogany profile but
at different heights. More analysis should be conducted

on the variation of the symmetries of the blades and if
there is any correlation between elevation, length, loca-
tion, or orientation.

(a) (b)

(c) (d)
Figure 4: Elevation profiles of the blades.

Conclusion: We did not observe any statistically
significant change in the orientation of the penitentes
with respect to any observational parameter. Therefore
we think that it is unlikely that Pluto has reoriented sig-
nificantly in the past tens of millions of years. We also
did not find any correlations between elevation, orienta-
tion, and latitude that would lead us to suggest that re-
orientation occurred while these features were forming.
This study does not preclude that Pluto reoriented, sim-
ply that it did not happen while these features were form-
ing. Further work should include deeper analysis into the
optimal formation periods of penitentes in Pluto’s orbit
and how the expected blade morphology changes over
tens of millions of years.
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