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Introduction: It is important to understand crustal 
properties associated with Martian fluvial systems for 
several  reasons.   How  channels  and  valleys  formed 
must have been strongly influenced by the properties 
of the crust—its density,  porosity,  cohesiveness, geo 
logic structure and rock type, among others.   Sediment 
derived from channel incision must be directly related 
to the crust from which it was eroded.  In places, it is 
likely that  fluvial  systems co-evolved with the crust, 
such  that  volcanic  and  tectonic  activity  were  inter 
spersed  with fluvial  activity.   The  timing,  frequency 
and longevity of fluvial systems might be constrained 
from their chronostratigraphic relationships with sedi 
mentation, volcanic resurfacing and tectonic deforma 
tion.  Understanding the crust of Mars and how it re 
lates both physically and temporally to fluvial features 
will provide valuable insight into how fluvial systems 
formed on Mars, and may help to explain differences 
between fluvial systems across the Martian landscape.

We  are  investigating  the  relationship  between 
crustal  properties  and  fluvial  features  in  the 
Uzboi-Ladon-Margaritifer (ULM) system (Fig 1).  We 
are determining crustal properties primarily from com 
bined spectral  and thermophysical observations made 
using data from the Mars Odyssey Thermal Emission 
Imaging System (THEMIS), and assessing their mor 

phological  properties  and  stratigraphy using imaging 
data from THEMIS, the Mars Reconnaissance Orbiter 
Context Camera (CTX) and High Resolution Imaging 
Science Experiment (HiRISE).  Previous studies have 
used  THEMIS  spectral  [1]  and  thermophysical  [1,2] 
data to demonstrate how crust and regolith properties 
control erodability and channel incision, which may be 
closely controlled by variations in the competence of 
crustal materials. Here  we  present  results  describing 
the  distribution  and  nature  of  olivine-rich  mafic 
bedrock in the ULM system and describe some impli 
cations for understanding fluvial development.

Geologic setting: The ULM system extends from 
the northern rim of Argyre through the ancient plains 
of Margaritifer Terra into Margaritifer Chaos and Ares 
Vallis. The ULM is comprised of the ancient and in 
filled large impact features of Holden, Ladon and Mar 
garitifer  Basins,  which  are  connected  and,  in  some 
cases,  throughcut  by  the  large,  incised  channels  of 
Uzboi, Ladon, Morava, and Margaritifer Valles (Fig 1). 
The channels were cut by overland flow of water and 
retain  fluvial  terraces  in  places  [3-5].  Basins  are 
thought to have been sites of ponding as well as sinks 
for sediment carried in the fluvial system, which ap 
pears to be corroborated by the presence of clay miner 
als detected in ULM basins [7]. The ULM is dotted by 
variably developed chaos terrains, which become more 
prominent toward the northern portion of the system. 
The southern  portion of  the  fluvial  system is  super 
posed by Holden and Eberswalde Craters, which host 
well-preserved fluvial deposits [8,9].

Observations:  Olivine-rich materials are observed 
throughout the ULM system—in basin floors, channel 
floors and walls, and in chaos blocks that occur in por 
tions of the system. Olivine-rich materials are recog 
nized as purple tones in THEMIS decorrelation stretch 
(DCS) images of bands 8, 7 and 5 due to the low emis 
sivity of olivine in band 7 (Fig 2). The olivine-rich na 
ture  of  materials  is  confirmed  by  spectra  from  the 
Compact  Reconnaisance  Imaging  Spectrometer  for 
Mars (CRISM).  These surfaces have high nighttime 
temperatures  (relatively  high  thermal  inertia),  and 
bright-toned,  blocky  morphology  in  high-resolution 
images.  Observations  indicate  these  are  olivine-rich 
bedrock,  similar  to  olivine-rich  bedrock  observed  in 
other locations on Mars [10,11].  These properties indi 
cate that the olivine-rich materials are igneous rather 
than sedimentary concentrations of olivine.

1324.pdfEighth International Conference on Mars (2014)

mailto:mdkraft@asu.edu


Olivine-rich bedrock forms extensive units in the 
large Holden and Ladon basins.  Although the units are 
disrupted by local structures or partly covered by crater 
ejecta, they are generally flat-lying and contiguous ex 
posures  that  lack  signs  erosion  by  fluvial  activity. 
Where basin floors grade to chaos in areas breached by 
downstream channels,  chaos  blocks commonly show 
olivine  enrichment  in  THEMIS  DCS  images.   The 
olivine-rich  bedrock  seen  in  channels  in  Uzboi  and 
Ladon Valles occurs near channel bottoms and is gen 
erally associated with fluvial terraces [2].

Discussion: The mafic bedrock units have impor 
tant  implications  for  how  the  ULM  fluvial  system 
evolved.  Large  exposures  of  olivine-rich  material  in 
Holden  and Ladon Basins  indicate  that  igneous  pro 
cesses  may have  played  an  extensive  role  in  filling 
basins.  Knowledge of the composition of these materi 
als in Ladon basin helps to constrain the origin of ma 
terials  that  had been  mapped as  sedimentary or  vol 

canic [12]; we can conclude with a high degree of con 
fidence that these are volcanic surfaces.

 Olivine bedrock may have exerted controls on flu 
vial development of the ULM, by acting as resistant 
layer(s)  that  inhibited  channel  incision,  resulting  in 
benches  and  terraces  in  channels.  This  phenomenon 
has been suggested for Ares Vallis [1] and Kasei Vallis 
[2]. Similarly, olivine bedrock may have played an im 
portant role in chaos development, by forming a com 
petent upper layer that was preserved during the col 
lapse  associated  with  chaos  formation.  Furthermore, 
the  olivine  bedrock  potentially  contributed  to  chaos 
formation by acting as an aquaclude that trapped sub 
surface water or ice within more porous and less cohe 
sive layers and was later debauched catastrophically.

Origin and timing of olivine-rich bedrock.  We 
conclude  that  the  olivine-rich  bedrock  is  likely  vol 
canic and occurs throughout the ULM system. A major, 
outstanding question is whether all olivine-rich materi 
als are related by process and time over the entire re 
gion. It is presently uncertain exactly how they formed, 
whether they are genetically related, or how volumetri 
cally important they are.  Channels may have been in 
cised  down  to  preexisting  cohesive  olivine-bearing 
bedrock; however, it  is very unlikely that  the olivine 
materials  in  basins  existed  prior  to  the  basins  them 
selves, because basins were formed by large impacts 
that  would  have  disrupted  preexisting  bedrock. 
Olivine-rich volcanics may have formed in basins as a 
results of impact melting or related igneous activity, or 
simply by subsequent volcanic activity.  

We are pursuing more localized studies within the 
ULM  to  determine  the  nature  of  the  olivine-rich 
bedrock, its stratigraphic relationships and the timing 
of  its  formation.  Understanding  how  olivine-rich 
bedrock formed is important for determining its role in 
the geologic evolution of the ULM and fluvial devel 
opment in Margaritifer Terra.  
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