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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 as seen by the 
synthetic aperture RADAR (SAR) instrument[1,2,3,4].  
Measurements of valley widths, lengths, and analyses 
of erosional patterns in this region previously under-
taken show variability likely related to differences in 
materials, slopes, and structure [4,5,6,7].  In this study 
we focus on a specific region near Sikun Labyrinthus 
[77.9 S,-28.9 W] that presents evidence of being an 
eroded regional upwarp.  

 
Fig.1: (A) Contrast-enhanced crop of T39 SAR Swath near [74S, 

33 W] section and (B) valley/channel trace.  Color key to val-
ley/channel networks:  Blue and aqua – Dendritic dark channel net-
work; Purple – Rilles network; Dark red – Thin Rectangular Valley 
network; Bright green line and yellow region – sinuous RADAR-bright 
streambed and fan deposit.  Black line delineates apparent scarp.  Ar-
rows indicate direction of increasing valley order.   Grey region in 
upper NE corner is SW Mezzoramia.  North is at top. 

Study region and methods:  A section of the T39 
SAR swath centered near [-74 S, 33 W] was imported 
into Photoshop CS3 Extended, and the valley and 
channels defined, traced, and measured as previously 
described [7].  Valleys were defined as eroded portions 
in RADAR-bright terrain with dark floors, while 
channels were defined as incised grooves inside 
RADAR-dark terrain [4].  The Strahler order of the 
valleys and channels was determined from examina-
tion of the valley/channel network trace; the order of a 
channel increases as tributaries of similar order join 
together.  Thus, increasing Strahler order indicates the 
downstream direction of a channel network. 

Dendritic Network Basin:  The northern portion 
of the study area is dominated by an extensive dendrit-
ic channel network that collects and empties into a 
large RADAR dark region corresponding to the SW 
portion of the Mezzoramia ISS dark region, likely a 
once-filled lake [8] (Fig. 1).  The network is dominat-
ed by a high-volume meandering channel that enters 
from the T39 swath edge [9] on the right side of Fig-
ure 1.  The channel density here is 0.03 km/km2 and 
appears etched into RADAR-gray alluvium sediments.  
Based on RADAR shading, cuspate scarps surround 
this dendritic network region, indicating it is a local 
basin.  The maximal width between scarps is approx-
imately 110 km, while the long axis from the western 
cusp to the E edge of the T39 swath is 165 km.  Fur-
ther examination of the valleys on the surrounding 
plateaus show that the stream gradient on the plateaus 
is away from the dendritic network basin.  The sole 
exception is a sinuous RADAR-bright streambed, in-
dicated by a yellow arrow in Figure 1, that enters from 
the north and appears to disgorge into the dendritic 
network basin, leaving a 310 km2 triangular shaped 
RADAR-bright deposit bound by one of the dendritic 
network channels.  The deposit is consistent with 
blocky debris larger than the Cassini RADAR wave-
length (2.2 cm) that was transported through the gap 
and emplaced on the basin floor as an alluvial fan 
[10].  The bright sinuous channel may have preexisted 
the development of the upwarp and cut a defile 
through the surrounding scarp.   

Parallel Valley Network (Rilles Network):  
Perched on the northwestern scarp of the dendritic 
basin, a network of sub-parallel valleys is etched into 
terrain slightly RADAR-brighter than the basin floor.  
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The valley density is 0.23 km/km2 with an average 
valley spacing of 2.3 km.  The valleys are relatively 
thin, with an average maximal measurement of 0.8 
km (image scale = 180 m / pixel).  The Strahler chan-
nel order increases radially outward from the dendritic 
basin, consistent with a topographic gradient away 
from the scarp.  The furthest E section appears to 
drain to the NE, directly into Mezzoramia, as a series 
of parallel channels. 

Thin Rectangular Valley Network: On the pla-
teau SW of the dendritic basin, a network of thin val-
leys with flat floors is etched into moderately 
RADAR-bright terrain.  The valley density is 0.18 
km/km2 with an average valley spacing of 3.8 km.  
Closest to the scarp/basin margin, the valleys radiate 
directly away from the scarp.  However, farther from 
the scarp edge, the valley orientation appears more 
structurally controlled, with higher order valleys zig-
zagging away from the dendritic basin.  The valley 
heads appear set back from the scarp edge, consistent 
with a minimum drainage area required for these ma-
terials before valley formation can occur [12].  

 

 
Fig. 2:  Hypothetical cross section across the dendritic channels 

(blue) showing the Rilles network (purple) and the Thin Rectangular 
Valleys (red).  Arrows indicate presumed gradient. 

 
Eroded Upwarp:  The observation that valleys on 

the plateaus consistently slope away from the dendritic 
network is consistent with the network lying in a basin 
surrounded by remnants of an eroded anticlinial up-
warp (Fig. 2).  On Earth, anticlinal arches are quickly 
attacked, breached, and eroded in fluviokarst land-
scapes [12].  Given that karstic morphologies have 
been observed in these regions [7], similar processes 
could occur on Titan.  Other possible processes for 
this feature include upwarping caused by diapir for-
mation, a Titan equivalent of a “salt dome”, cryovol-
canic doming, or laccolith formation which is then 
followed by subsequent erosion of the upwarp. 

Putative Evolution Sequence:  Analysis of the 
drainage patterns provides evidence for an eroded 
regional upwarp on Titan.  An evolution sequence is 
invoked (Fig. 3) that begins with meandering chan-
nels eroding a plain and draining into SW Mezzora-
mia.  This is followed by an upwarping, possibly tec-
tonic in nature, to form an anticlinal arch.  Fractures 
and joints in the arch were subsequently attacked and 
eroded to remove the materials at the arch crest, creat-

ing a basin.  During the uplift and subsequent erosion, 
one of the channels is able to cut through the upwarp, 
creating a “hydrocarbongap”. On the remnant up-
lands, erosion created valley networks that radiate 
away from the initial uplift.  Continued erosion and 
possibly ongoing fluid flow maintained large, mean-
dering stream channels in the basin.  These studies 
demonstrate that Titan has complex erosional and 
surface processes that are similar in behavior and 
morphology to their terrestrial counterparts. 

 

 
Fig. 3:  Hypothetical evolution sequence of the uplifted dome re-

gion from Fig 1.  a) Meandering channels (dark blue) flow across a 
plain to SW Mezzoramia (purple).  b) Regional uwarp occurs as chan-
nel cuts through as upwarp progresses.  c) Erosion attacks upwarp and 
forms scarps.  Erosion attacks uplifted sides and forms radial network.  
Breached scarp forms alluvial fan of RADAR-bright deposits. 
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