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Introduction:  Alluvial fans within an unnamed 

crater in far western Terra Tyrrhena show morphologi-
cal, thermal and spectral variations that indicate epi-
sodic formation.  This study analyzed multiple datasets 
including visible images (CTX and HiRISE), infrared 
images (THEMIS) and elevation data (HRSC DEM) to 
unravel the geologic history of this site. 

Observations:   Morphological Properties: An al-
luvial fan complex located on the north-eastern rim of 
an unnamed crater centered at 21.9° S, 66.8° E (Fig. 1), 
labeled Crater M by [1], has two discrete source re-
gions that are separated by an ~350 m medial ridge 
with the eastern source region smaller in size (40 ver-
sus 60 km2).  Three distinct surface units were identi-
fied based on morphology, spectral and thermal charac-
teristics. 

Unit 1 (Fig. 1, red polygon) is characterized by 
long (<20 m), low-relief (<10 m), flat-topped radiating 
ridges that originate at the fan apex and traverse down 
slope, sometimes branching at their distal ends.   Im-
pact craters on this unit are rimless and lack a discerni-
ble ejecta blanket.  Consistent with the classic terrestri-
al alluvial fan form [e.g., 2], unit 1, hereafter ‘eastern 
fan’, has a conical shape with the fan apex at the distal 
end of the eastern alcove. We infer that the fan surface 
has been subjected to aeolian erosion, which has de-
graded the impact craters, stripped away fines and ero-
sive-resistant gravel center beds or indurated materials 
remain as ridges.  Collectively, these observations are 
supportive of the hypothesis that the fan was dominant-
ly fluvial rather than debris fed.  Near the fan apex 
(within ~5 km) is a circular sector of lighter-toned ma-
terial than the distal reaches of the fan, which may 
represent late-stage flows.   
      More difficult to unravel is the western portion of 
the complex, which is topographically lower than the 
conical eastern fan and is bounded to the north by an 
escarpment on the crater wall. Two low-elevation re-
gions (Fig. 1, labeled 2a and 2b) have ridges with simi-
lar attributes to those found on the eastern fan, but are 
buried by a rugged material that obscures their source 
region.  Ridge orientations are consistent with material 
originating at the mouth of the western alcove.  Similar 
to the eastern fan, there are rimless craters superposed 
on the flat-topped ridge regions.  Both 2a and 2b are 
considered to be exposures of the same fan surface, 
hereafter ‘western fan,’ that formed via fluvial 

processes very early in the development of the alluvial 
fan complex.   
      The ridges are buried by several tens of meters of 
rugged material that forms an approximately linear 
path from the mouth of the western source region 
southwest to the crater floor surface, unit 3.  This 
rugged ‘swath’ (Fig. 1), ranges up to 2.5 km wide, is 
devoid of the long, flat-topped ridges and has a bould-
er-strewn surface.  We speculate that this is a heavily 
degraded debris flow.   
     Age:  Relative age was determined via superposition 
relationships, with the final flow events in each region 
proceeding sequentially from western fan to eastern 
fan.  Unit 3 post-dates the western fan, but the timing 
of its emplacement relative to the eastern fan is ill-
constrained.  
     There are inherent problems in interpreting crater 
counts for D < 1 km craters [3, 4].  The issue is further 
complicated at this site where the impact craters are 
clearly degraded and likely exhumed landforms.  Cra-
ter counts were conducted on the fan surfaces to look 
for differences in crater populations (craters on unit 3 
were too few to be meaningful).  The crater counts are 
consistent with a Noachian-aged surface.  No statisti-
cally meaningful difference in crater density was ob-
served between the two fans; therefore any hiatus in fan 
formation between the two fans is not discernible with 
this technique.   
     Spectral Properties:  The eastern and western fan 
surfaces have a comparable decorrelation stretch 
(DCS) spectral signature (pink in Fig. 2) distinct from 
unit 3 (yellow in Fig. 2).  These two spectral signatures 
form end-members for the scene.  Interestingly, a com-
parable spectra signature to unit 3 was observed in two 
locations proximal to the alluvial fan complex:  in the 
western source region and northwest of unit 2b in an 
arc of material that is topographically above the fan.  
DCS analysis indicates the swath is more silicic than 
the fan materials and is similar to TES Surface Type 2 
spectra observed elsewhere on Mars [5].  The enriched 
silica content within the swath could be due to the 
presence of extra amorphous silica or less olivine and 
pyroxene relative to the western fan deposits.     
      Thermophysical Properties:  Regions of compara-
ble thermophysical properties coincide with the surface 
units identified above.  THEMIS nighttime IR images 
revealed the coldest surfaces associated with unit 3 and 
the eastern fan, whereas the western fan surface was 
slightly warmer (Fig. 1). The low to minimal TES-
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derived dust coverage index values [6] at this site sup-
port the contention that these thermal variations are not 
due to differences in dust cover.  The THEMIS night-
time band 9 brightness temperature is correlated with 
the [7] lookup table for the best fitting season, time of 
day, latitude, surface pressure, dust opacity and albedo 
to arrive at an optimal thermal inertia.  For materials of 
the same composition, thermal inertia increases with 
grain size, denser packing, and/or reduced pore space 
and therefore interpretation of thermal inertia values 
cannot be uniquely assigned [e.g. 7,8].  Western fan 
thermal inertia values were higher (493+/-41 J m-2 K−1 
s−1/2) than the eastern fan (448+/-24 J m-2 K−1 s−1/2) and 
unit 3 (451+/-25 J m-2 K−1 s−1/2) values.  These values 
are typical for coarser and/or well indurated materials 
on Mars, consistent with a surface that is erosion-
resistant.  Recent terrestrial analog studies of inverted 
paleochannels are examining the thermophysical prop-
erties of inverted landforms.  For example, the tech-
nique of using a simple day-night temperature differ-
ence image can be used to reveal surface heterogenei-
ties in particle size and degree of induration [9, 10]. 
    Discussion:  The synthesis of new data reveals a 
complex geologic history for this alluvial fan complex.   
Three distinct geologic deposits have been identified 
based on morphological, spectral and thermophysical 
properties: an eastern fan surface, a western fan surface 
and a swath of rugged material.  The spectral match 
supports the contention that material from the swath 
originated from the western alcove.  Furthermore, the 
spectral and topographic similarity between the swath 
and an arcuate deposit to the northwest suggests former 
lateral continuity of these materials.  We conjecture 
that aeolian erosion has stripped away much of this 
younger deposit (unit 3) creating an erosional window 
to the older western fan deposits (units 2a and 2b).   
     Altogether, this study has demonstrated discrete 
depositional lobes with separate source regions.  Fluvi-
al processes emplaced the bulk of surface-exposed ma-
terial.  In the western half of the complex, depositional 
processes transitioned from earlier fluvial to late-stage 
debris-fed flows that formed the swath. The proposed 
scenario is episodic depositional pulses in the devel-
opment of this alluvial fan complex, similar to typical 
terrestrial alluvial fan aggradation which occurs incre-
mentally.  Although alluvial fan formation on Earth is 
frequently tied to seasonal thunderstorms [e.g. 2], evi-
dence for the fluid source for the martian alluvial fans 
is lacking.  
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Fig. 1.  THEMIS I33375006 thermal inertia values 
draped over CTX mosaic.  Source regions are outlined 
by circles and exposed fan surfaces are outlined by 
polygons with labeled surface units (yellow=western, 
red=eastern, black = unit 3).  Color scale ranges from 
350 to 650 J m-2 K−1 s−1/2.  Higher thermal inertia sur-
faces at lower left are inferred to be bedrock exposures 
on the crater floor.  
 

 
Fig 2.  A decorrelation stretch (DCS) image using 
bands 8-7-5 as R-G-B was created for THEMIS 
I08075003 (left) and I15226002 (right).  Eastern and 
western fan surfaces have a comparable spectral signa-
ture.  Locations with comparable spectral signature to 
the swath (yellow) are marked by a black arrow for the 
arcuate band of material northwest of unit 2b and a 
white arrow in the western alcove.    
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