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Introduction:  The Cassini spacecraft’s T39 flyby 

of Titan revealed a south polar terrain heavily dis-
sected by fluvial and erosional processes [1,2,3,4].  A 
portion of this swath was released as PIA10219 and 
this area was selected for analysis of the valleys and 
channels revealed by the SAR RADAR instrument 
[4,5]. 

 

 
 

Fig.1: (A)  Contrast-enhanced section of T39 Swath and (B) val-
ley trace.   Color key to valley/channel networks:  Dark red – Polygon-
al karst-like valleys; Dark green – Fluviokarst-like valleys; Light green 
– Polygonal-Tower karst-like valleys; Purple – Tower karst-like val-
leys; Blue – channels in Corrosion Plain; RADAR-bright depressions 
indicated by closed red lines.  North is towards the top of the image. 

 
Study region and methods:  Using Photoshop 

CS3 Extended, the valleys and channels present in the 
selected area were manually traced as midline vector 
Paths following examination of RADAR shading.  
Valleys were defined as eroded portions in RADAR-
bright terrain with dark floors, while channels were 
defined as incised grooves inside RADAR-dark ter-
rain.[4]  For both types of features (Fig. 1B), key pa-
rameters were recorded including:  X,Y pixel coordi-
nates of one of the valley terminii, orientation of the 
midline relative to the y-axis of the image, length of 
the valley down the midline, Strahler order number of 
the valley, estimated width of the valley (from uprange 
dark edge to downrange bright edge), the estimated 
interfluve distance between parallel valleys (uprange 
bright edge to downrange dark edge), and the esti-

mated distance between center lines of parallel val-
leys.  In addition, determination of the valley being 
“open” or “closed” at the limit of resolution of the 
image (6 pix/km) was also recorded. 

In the southern portion of the PIA10219, a spec-
trum of several different types of valley networks can 
be observed, several of these appear to resemble terre-
strial karst-like terrains.[6] 

 

 
 
Fig.2 (A): Polygonal karst-like terrain (Titan T39);  (B): 

Fluviokarst-like terrain (Titan T39); (C): Tower Karst-like terrain 
(Titan T39); (D):  Polygonal Karst, Darai Hills, Papua New Guinea 
[7] (E): Labyrinth Karst, Gunung Kidul kegelkarst, Java, Indonesia [8] 
(F): Residual Cone Karst, Gunung Kidul kegelkarst, Java, Indonesia 
[8].  Note difference in scale. 

 
Closed Polygonal-walled region (Polygonal 

Karst-like terrain):  This region (dark red network 
in Fig. 1B) is characterized by numerous closed de-
pressions separated by dividing ridges that are orga-
nized into polygons - giving the appearance of rectan-
gular “rooms”.  The apparent valley density is rela-
tively high, on the order of 0.36 km/km2.  Many of the 
rectangular valley networks appear to be of low order 
(only a few Strahler order 3 networks) with a weighted 
bifurcation ratio of 9.2.  Some of the higher order 
networks appear to drain into closed depressions con-
tained inside the region.  Many small low order closed 
valleys are present, possibly analogous to terrestrial 
dolines.  Dolines are considered index landforms for 
karst terrain.[6]  This area appears similar to “Poly-
gonal Karst” terrain on Earth (Fig. 2D). [6,7,8,9] 

Dissected Plateaux region (Fluviokarst-like ter-
rain):  This region (dark green network in Fig. 1B) is 

1544.pdf41st Lunar and Planetary Science Conference (2010)



characterized by amphitheatre-headed wide flat-
floored valleys with RADAR-dark fill and wide inter-
fluves organized in a contorted network.  Widths are 
roughly constant along the entire length of the valley.  
In the W, several low-order valley networks can be 
seen to drain to the S.  In the E, several low order 
networks that originally drained to the S appear pi-
rated into a higher order network (Strahler order = 4) 
that then drains into a RADAR-dark depression.  In 
one of the widest valleys, an incised channel is ob-
served in the flat valley floor.  At the limit of RADAR 
resolution, several closed valleys can be observed.  
This region appears consistent with sapping canyons 
in karst terrians that have been modified by surficial 
flow near base level (Fig. 2E).[6,9] 

Remnant Ridges terrain (Tower Karst-like ter-
rain):  This region (purple network in Figure 1B) 
contains thin ridges projecting out of a RADAR-dark 
plain.  While the amount of RADAR-dark valley fill 
has increased, the valley density has decreased to 0.20 
km/km2.  These landforms are interpreted as being the 
remnant walls of the valley terrains described above 
that have been eroded and now stand proud above a 
dark corrosion plain with RADAR-dark alluvium.  
This is comparable to the accepted definition of 
“Tower Karst” for Earth landforms (Fig. 2F).[6,9]. 

RADAR-dark plain (Corrosion Plain):  This re-
gion (blue network in Fig. 1B) consists of a RADAR-
dark plain with remnant isolated ridges.  The ridges 
account for 6% of the overall area, furnishing a valley 
area of 94% for the RADAR-dark plain.  At the south-
ern reaches, the plain narrows to RADAR-dark valleys 
bound by rougher terrains on either side.  Taking into 
account the Strahler order of neighboring regions, the 
wide valley network is of high order (Strahler order 5) 
but with a low valley density (0.05 km/km2).  In the 
middle of the wide valleys or plains, incised narrow 
V-notched channels can be observed which form a 
dendritic network with a low drainage density (0.06 
km/km2).  This region is consistent with a “Corrosion 
Plain” or “Baselevel Polje” composed of eroded sedi-
ments and incised channels.[6] 

RADAR-bright flat-floored depressions (possi-
ble Poljes):  In the center of PIA10219, several appar-
ently flat-floored depressions can be seen (red closed 
regions in Fig. 1B).  These have sharp edges with sev-
eral straight sections and appear to have a relatively 
uniformly RADAR-bright floor.  Few if any valleys 
appear to flow into or out of the flat-floored depres-
sions (Fig. 3).  The valley networks closest to the de-
pressions appear to have a very weak orientation away 
from the feature, consistent with the depressions being 
elevated above the neighboring valley networks.  

While these depressions resemble dried lakebeds, they 
also share many characteristics of terrestrial structural 
poljes, including close association with karst-like ter-
rains, steep margins, and upgradient placement.[6,9] 

 

 
 

Fig. 3. (A) Contrast-enhanced crop of T39 area showing RADAR-
bright flat-floored depression.  (B) Annotated image showing outline of 
depression in red and valley trace in black.  Blue arrows show 
downgradient direction (increasing Strahler order) in surrounding 
valley networks. 

 
Conclusions:  In summary, several valley network 

terrains on Titan appear to span a spectrum that is 
consistent with the corresponding karst terrains on 
Earth:  Fluviokarst, Polygonal karst, Tower Karst, and 
Corrosion Plains and Poljes.  It is possible that similar 
dissolution processes operate on Titan, whereby sur-
face deposits are partially dissolved and dissected into 
a karst-like landscape.[7]  We propose one possible 
model where hydrocarbon solvent percolates through 
Titan’s surface to form wide flat-floored valleys as the 
base level is reached, which then widen further into 
corrosion plains, which later may be incised with 
channels after a lowering of the solvent-table. 
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