
THEMIS-IR EMISSIVITY SPECTRUM OF A LARGE “DARK STREAK” NEAR OLYMPUS MONS. 
S. P. Brumby, Space and Remote Sensing Sciences Group, Los Alamos National Laboratory (Mail Stop D436,     
Los Alamos National Laboratory, Los Alamos, NM87545, USA. Email: brumby@lanl.gov ). 

 
 
Introduction: “Dark streaks” [1-4] appear across a 

large fraction of the surface of Mars [4], and many are 
observed in the vicinity of Olympus Mons. Also 
known as “slope streaks”, these transient surface fea-
tures are known to appear and fade away on timescales 
of years [4]. Various explanations have been proposed 
for their origin and composition, including dry ava-
lanches [3], and wet debris or precipitates from brines 
[2,4]. Previous investigations have been based on 
analysis of panchromatic imagery and altimetry from 
Viking and Mars Global Surveyor missions. We have 
obtained an infrared emissivity spectrum of a large 
dark streak on the north-western edge of Olympus 
Mons [5], using imagery from the THEMIS instrument 
[6] on the Mars Odyssey 2001 spacecraft. 

THEMIS Observations: Mars Orbital Camera [7] 
takes panchromatic images with a spatial resolution of 
a few meters per pixel, and many narrow dark streaks 
(~20m wide) and fewer larger (~200m wide) streaks 
are seen in these images.  THEMIS-IR [6] measures 10 
spectral bands, from 1650–600 cm-1, each ~1µm wide, 
at ~100meters/pixel. Hence, only the largest dark 
streaks are suitable for spectral studies that wish to 
minimize problems with mixed materials in pixels. 

We searched the database of publicly available 
20m/pixel, visible wavelength THEMIS-VIS [8] for 
large dark streaks, and found a suitable candidate 
(Fig.1) in panchromatic THEMIS image V02339006, 
collected 2002-06-25 at central latitude/longitude of  
21.412N/222.473E, on the north-western slopes of 
Olympus Mons.  Two daytime infrared images, col-
lected a month apart, are available for this area: 
I02339005 (2002-06-25) and I02701002 (2002-07-24).  
Night-time images for this region appear noisy and are 
not analyzed here.  We used the radiometrically cor-
rected (RDR) images for these scenes, and carried out 
a manual band-to-band coregistration of the imagery to 
correct for the residual band-to-band misregistration in 
the standard data product.  To avoid unnecessary ma-
nipulation of the spectra, we restricted our coregistra-
tion transformation to a simple band dependent transla-
tion. A vertical shift of 1.3 pixels/band and a horizon-
tal shift of 1pixel/band were used to produce the IR 
band (8,6,4) RGB composite image in Fig. 2 (bands 
with central wavenumbers of ~850, 1000, 1150 cm-1, 
respectively). The streak appears dark at visible wave-
lengths (~650nm) and appears bright in the infrared. 

 
Figure 1: THEMIS-VIS Image V02339006 
 

  
Figure 2: THEMIS IR Image I02339005, bands (8,6,4)  
 

Brightness temperatures: Following the prescrip-
tion for analyzing THEMIS-IR imagery described by 
the instrument team [9], we used the infrared band 3 
(~1300cm-1), which is believed to be minimally im-
pacted by atmospheric dust and water ice, to estimate 
the surface brightness temperature. For I02339005, we 
obtained brightness temperatures in the range 220K in 
the deepest shadows, to 269K on sun facing slopes. 
The 100m scale spatial distribution of temperatures is 
shown in Fig.3. The pattern of temperature variation 
appears consistent across scenes [5]. Notice that the 
dark streak region is spatially correlated with warm 
(~260K) temperatures. 
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Extraction of relative emissivity spectra: Given 
that we have estimated the surface temperature from 
band 3, we are only able to extract relative emissivity 
spectra from the remaining infrared bands (band 10 is 
also unavailable, as it was designed to observe a CO2 
atmospheric absorption band). We divided the spec-
trum at each pixel by a Planck function at the appro-
priate brightness temperature, convolved with the 
bandpasses of the THEMIS-IR instrument [9]. The 
result is shown in Fig. 4. The pattern of coloration in 
the infrared band (8,6,4) composite image appears 
broadly consistent across scenes [5].  The spectrum for 
a representative point within the dark streak is pre-
sented in Fig. 5. This pixel has an estimated brightness 
temperature of 263.2K.  A blackbody curve at this 
temperature is provided for comparison in Fig. 5.  The 
fall-off in the spectrum beyond   band 6 relative to the 
blackbody is consistent with the presence of water ice 
absorption in the atmosphere and/or on the surface.  
Detailed analysis of spectral shapes will be the subject 
of a future publication. 

Discussion: Spatially resolved infrared spectra of-
fer the opportunity to investigate the physical surface 
composition and temperature distribution at pixel 
scales (~100m for THEMIS-IR, ~3km for Mars Global 
Surveyor TES instrument [10]).  Multispectral imagery 
is limited in spectral depth, and it is important to con-
sider how atmospheric constituents affect individual 
bands without the advantages of radiative transfer 
modeling and hyperspectral imagery [10].  The consis-
tency of our results across images collected a month 
apart suggest that THEMIS-IR will be useful for fur-
ther investigation of dark streaks. 
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Figure 3: Band 3 brightness temperature map  
 

 
Figure 4: Relative emissivities for bands (8,6,4) 
 

 
Figure 5. Pixel emmisivity spectrum from the dark streak 
(solid line) and black body curve at 263.2K (dashed curve). 
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