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     Introduction:  Several structures on Pluto's surface seen 
in the images and supported by spectroscopic data from the 
New Horizons spacecraft appear to have originated by cryo-
volcanic processes.  The pronounced constructional edifices 
known as Piccard Mons  and Wright Mons south of Sputnik 
Planitia exhibit high relief and deep central pits, and may be 
cryovolcanic in origin [1].  In the broad arc west of Sputnik 
Planitia, some tectonic fractures and graben structures appear 
to be conduits through which cryolavas have emerged onto 
the surface from one or more subsurface reservoirs.  Crustal 
fractures comprising the Virgil Fossae complex, which cuts 
through the north rim of Elliot crater, are seen in New Hori-
zons data as sources of a cryolava consisting of H2O contain-
ing NH3 or an ammoniated compound, and that is  strongly 
colored by a red-orange pigment (Fig. 1).  The pigment is 
regarded as a tholin, a complex organic component that can 
be synthesized in the laboratory by energetic processing 
(UV, charged-particle, and thermal) of hydrocarbons and 
other C- and N-bearing molecules, and probably occurs in 
fluids in Pluto's subsurface reservoirs (see also [2]).   
     In Fig. 2, the distribution of the NH3 spectral signature is 
shown, with high concentration within the main trough of 
Virgil Fossae and decreasing concentration with distance 
from the trough.  From the spectral band at ~2.2 μm attrib-
uted to NH3 in some form, we are unable to distinguish amo-
ng an ammonia hydrate (NH3•nH2O), an ammoniated salt 
(e.g., NH4Cl), and, although unlikely, pure NH3 in H2O.   
Ammonia can be destroyed by UV radiation and charged-
particle radiolysis.  Accordingly, Cruikshank et al. [2] evalu-
ated the effects of the potential destructive forces at Pluto 
and estimated that the ammoniated H2O was emplaced some-
time in the broad timeframe ~105 to 109 y ago, but in any 
case not on the primordial surface of the planet. 
     Additional Evidence of Cryovolcanism:  North of Virgil 
Fossae is another fault complex in Viking Terra that exhibits 
evidence of cryovolcanic flooding.  In the section of a major 
graben trough running from northwest to southeast there is a 
~100-km reach that is mostly filled with colored material 
presumed to be tholin carried in the fluid that erupted onto 
the surface.  An adjacent 28-km crater has been embayed 
with the same material.  At the southeast extremity of the 
trough, there are three, possibly four, narrow troughs or 
faults about 40-50 km long, and the same colored material 
appears to have ponded at the distal ends of at least two of 
them (Fig. 2).  The smooth upper surface of both the crater 
and the filled fossa trough suggest that the filling material 
was originally a fluid.  In support of this view, elevation 
transects across the region and the topographic features 
(Figs. 3,4) show that the upper surface of the fossa fill and 
that of the crater lie at the same depth (~1 km) below the 
local mean datum.   

     We have processed New Horizons LEISA spectral images 
of this crater-fossa complex and find the spectral signature of 
NH3 that is similar or greater in strength than found previ-
ously in the Virgil Fossae region [3].  As in the case of Virgil 
Fossae, the colored H2O ice appears to have emerged onto 
the surface from multiple sources in the same general vicin-
ity, some in craters and some associated with surface fis-
sures.  The Virgil Fossae exposures and the exposures in 
Viking Terra  presented here, as well as other patches of red-
colored H2O seen in other locations along the broad arc of 
structurally modified terrain west of Sputnik Planum point to 
an origin in Pluto's subsurface.  The view reached in the 
present investigation is that surface fractures in the bedrock, 
which is presumed to be H2O ice, create pathways for inter-
nal water-rich fluids at some relatively shallow depth to 
reach the surface.  That fluid also carries one or more am-
monium components, the red material of presumed organic 
composition, and most likely other chemical components not 
identified in our data.  In the case of Virgil Fossae, Cruik-
shank et al. [2] have presented evidence for an explosive 
cryovolcanic component to the effusion of the cryolava, 
although in the Viking Terra fossa-crater complex, it is un-
clear if the fluid was debouched only along the faults defin-
ing the main fossa trench or if there is an explosive compo-
nent of the emplacement. 
     As in the case of Virgil Fossae, the presence of the am-
monium signature in the filling material in the fossa and 
crater in Viking Terra is an indicator of the relative youth of 
its emplacement, and suggests that water-rich fluid existed 
late in Pluto's history, and may still be present in shallow 
reservoirs accessible to fractures and areas of structural 
weakness in the planet's crust. 
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Fig. 1.  Virgil Fossae and Elliot crater.  Distinct red 

color in fossa trough and surroundings represent the 
ammoniated H2O that carries the red chromophore.  
The white frame denotes the region in Viking Terra 
with the flooded trench and embayed crater. 

 

 
Fig. 2.  Distribution of NH3 in the Virgil Fossae re-

gion, showing concentration (arbitrary units) derived 
from the strength of the spectral absorption band at-
tributed to an ammonia hydrate or an ammoniated salt 
[3,4].  Gray regions of the image show no absorption 
of H2O or NH3, and appear to be largely covered with 
CH4 frost or ice. 

 
Fig. 3.  Filled fossa trough and embayed crater in 

Viking Terra.  Filling material is H2O ice with the 
spectral signature of ammonia, and also carries the 
orange-brown chromophore.  Black arrows (lower 
right) indicate ponded material at the distal ends of 
fractures or graben troughs. 

 

 
Fig. 4.  Positions of elevation transects across the 

fossa trough, embayed crater, and surroundings. 
 

 
Fig. 5.  Elevation profiles along transects shown in 

Fig. 4.   
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