
HIGH-VOLUME MEANDERING CHANNELS IN TITAN’S SOUTH POLAR REGION.  M. Malaska1, J. 
Radebaugh2, A. Le Gall3, K. Mitchell3, R. Lopes3, S. Wall3.  1SCYNEXIS, Inc., P.O. Box 12878, Research Trian-
gle Park, NC 27709-2878 mike.malaska@scynexis.com, 2Brigham Young University, Provo, UT, 3Jet Propulsion 
Laboratory, California Institute of Technology, Pasadena, CA. 
 

 
Introduction:  In 2005, the Cassini ISS instru-

ment detected a dark channel in Titan’s south polar 
region [1].  This region was later examined in detail 
by the synthetic aperture RADAR (SAR) instrument 
during the T39 flyby [2] and revealed a terrain heavily 
dissected by fluvial and erosional processes 
[2,3,4,5,6].  In particular, a portion of the channel 
identified by ISS was observed to be part of a network 
of high-volume sinuous channels (Fig. 1). 

 
 
Fig.1: (A) Contrast-enhanced crop of T39 SAR Swath. 

(B) valley/channel trace.  Grey region in upper NE corner is SW Mez-
zoramia.  Green indicates RADAR darker regions.  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 were defined, traced, and measured as pre-
viously described [6,8].  In the northern part of the 
study region, a large high-order channel can be seen 
to enter SW Mezzoramia from the south.  Upstream 
from this intersection, a large RADAR-dark kidney-
shaped region can be discerned that has two sinuous 
RADAR-dark channels or canyons that enter from the 
West and the South, referred to in this abstract as the 
West Fork and South Fork Channels.  Each channel 
fork contains some meanders that appear free of evi-
dent structural control and also display point bars on 
the convex side of this channel, indicating possible 
deposition.  These unconfined meanders were meas-
ured using previously described methods to determine 
the average channel width (W), sinuosity (K), radius 
of curvature (Rc), meander wavelength (Lm), and 
meander belt width (B) [7]. 

West Fork Channel:  This channel appears to 
drain the west end of an eroded upwarp[8] and con-
sists of a wide RADAR-dark meandering stretch that 
then narrows significantly upstream after only a few 
meanders.  The sinuosity of the meandering stretch 
was determined to be 1.31.  Two of the meanders were 
selected for measurement, and the radius of curvature, 
wavelength and belt width were determined to be 3.2 
km, 15.2 km, and 7.9 km, respectively.  The average 
channel width is 4.0 km. 

South Fork Channel:  This channel enters from 
the eastern edge of the T39 SAR Swath as a wide 
RADAR-dark channel that flows to the NW where it 
undergoes several meanders, including a distinctive 
double-headed meander [9] that can be correlated to 
the ISS image.  From the T39 swath edge to just be-
fore the kidney-shaped region, the sinuosity was 
measured to be 1.23.  Five meanders in this stretch 
were selected for measurement and the average radius 
of curvature, meander wavelength, and meander belt 
width were determined to be 3.2 km, 20.3 km, and 8.2 
km.  The average channel width is 2.3 km. 

Comparison with terrestrial rivers:  The ratio of 
radius of curvature (Rc) and width (W) is considered a 
key ratio for terrestrial rivers [7].  When plotted againt 
a literature data set of terrestrial channels with a si-
nuosity > 1.2 [7], these two Titan channels fit the pre-
viously observed correlation (Fig. 2).  When other 
empirically derived relationships for terrestrial chan-
nels are examined such as Rc vs. Lm, Rc vs. B, and Lm 
vs. B, the ratios are also close to their terrestrial ana-
logs [7,10].  The noteable exception is that the ob-
served widths of the Titan channels are larger than 
their terrestrial counterparts, although previous theo-
retical work has predicted that Titan channels should 
be 1.6 times wider due to the lower gravity [4].  The 
measured parameters for the two Titan channels are 
similar to those of high-volume terrestrial rivers.  In 
both planform and measured values, the Titan South 
Channel is a close match to a stretch of the Mississip-
pi River near Mayersville, MS. (Fig. 3) 

Streamflow estimates for the Titan Channels:  
Using the previously determined relationship by Lo-
renz et al.[3] for bankfull discharge Qbf (in m3/s-1) to 
meander wavelength Lm (assuming free meanders) for 
Titan channels:  Qbf = 1.02E-5[Lm]2.174, the average 
discharge Qbf  for the West Fork Channel was deter-

1562.pdf42nd Lunar and Planetary Science Conference (2011)



mined to be 12,500 m3s-1 and for the South Fork 
Channel 23,700 m3s-1.  The formula derived by Jau-
mann et al.[4] (Qave = 0.0119 W1.71) from measured 
channel widths, provided an estimated Qave of 16,600 
m3s-1 for the West Fork Channel and a Qave of 6,800 
m3s-1 for the South Fork Channel.  The Q estimates 
are consistent with high-volume channels.  For com-
parison, the Mississippi River Qave is 17,600 m3s-1. 

 
Fig. 2:  Plot of channel width vs. meander radius of curvature for 

terrestrial channels and Titan West Fork and South Fork Channels 
 
ISS correlation and possible seasonal changes:  

Alignment of the T39 SAR Swath and the correspond-
ing ISS mosaics [1,11] reveals that the South Fork 
Channel is both ISS-dark and RADAR-dark.  In the 
ISS image, the channel can be traced upstream where 
it crosses the eastern T39 boundary and curves back 
into the plain just south of Sikun Labyrinthus [6].  
Comparison of ISS images taken in 2004 and 2005 
reveals that two of the regions appear darker in 2005.  
Some of the changing darker zones in South Polar 
terrain had previously been described as transient 
lakes resulting from precipitation [11]. 

Estimated runoff production rate of region:  The 
runoff production rate is given by P=Q/A where A is 
the areal extent of the catchment area.  Using channel 
traces to conservatively estimate drainage divides and 
taking the T39 Swath edges as a boundary gives an 
estimated drainage area (A) of 100,000 km2.  An esti-
mated combined channel Qave of 30,000 m3s-1 furnishes 
a production rate of 1.1 mm/hr.  This is in line with 
previous estimates for rainfall production rates in di-
verse locations on Titan [3,4], although it is possible 
that these channels could be fed in whole or in part by 
subsurface seepage from a regional or global “metha-
nofer” with recharge from a distant location. 

 
Fig. 3:  (A) T39 SAR image of South Fork Titan Channel. 

(B)  Google Earth image of Mississippi River near Mayersville, MS.  
In both images the channel midline is traced in blue.  Streamflow is 
from right to left in both images. Table shows measured parameters. 

 
Conclusions:  Measurement of the meander and 

widths of two channels using Cassini RADAR data 
provides evidence for a high-volume drainage network 
on Titan.  Morphometric parameters and derived ra-
tios show that these channels have characteristics sim-
ilar to high-volume terrestrial rivers.  This provides an 
example of how channels made from different mate-
rials, conditions, and working fluids on two different 
planets can have similar morphological properties and 
relationships. 
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