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Introduction::  Mars  is  one  of  the  most 
intensively studied planets in the solar system other 
than Earth. Space probes observing Mars are sending 
back a huge amount of data every day. They give us 
information about the probable mineral composition 
of Mars surface and atmosphere [1], [4], [8]. 

Infrared spectroscopy is applicable as a method 
of structural analysis to research the composition of 
rocks  and  minerals.  We use  two  Martian  infrared 
spectra from TES (Thermal Emission Spectrometer) 
instrument  aboard  the  Mars  Global  Surveyor 
spacecraft  with atmospheric  contributions  removed 
by  the  Radiative  Transfer  Algorithm method.  The 
first  spectrum  is  of  a  pure  basalt  surface  which 
represents the Martian terrain -Cimmeria Terra and 
second an average dusty surface. We modeled these 
spectra by matching the infrared spectra of minerals 
from  mineralogical  library  (in  the  wavenumber 
range  1700-200  cm-1)  using  the  Deconvolution 
Algorithm without contributions of the atmosphere.

The infrared radiation (5 – 50 µm or respectively 
in wavenumber 1700 – 200 cm-1 ) is the best one to 
determine  the  mineral  composition  because  the 
surface  emits  the  radiation  in  this  range  of 
wavenumbers. Therefore we can obtain characteristic 
spectral features for different components of surface 
and  atmosphere  in  this  connection.  The  most 
important phenomena are absorption and emission by 
surface components as well as by atmosphere gases.

The major component of the Martian atmosphere 
is the carbon dioxide 95.3%, the other components 
are  nitrogen  -2.7%,  argon  -1.6%  and  trace 
admixtures  as  water  vapour,  carbon  oxide,  water 
ices,  and  dust.  The  largest  seasonal  and  diurnal 
variation of abundance are observed for dust. During 
the changes of season there appear dust storms. Then 
the  transparency  of  the  atmosphere  decreases  [6], 
[11]. The knowledge of the variations of abundance 
of dust and the atmospheric gases helps to eliminate 
their  influence  on  the  infrared  spectra  of  radiance 
emitted by the surface.

On the basis of TES measurements we find out 
Mars’  geological  dichotomy,  determining  that  the 
northern  hemisphere  and  some  terrains  on  the 
southern  hemisphere  like  Hellas  [45  S;  70  E]  or 
Daedalia  Planum  [18,4  S;  231,9  E]  consist  of 
lowlands  and  supposed  remains  of  an  ocean  [5] 
composed of andesite or weathered basalt,  whereas 
the  southern  hemisphere  displays  the  features  of 
alkali basalts [7]. This is confirmed by measurements 
of Viking 1 and 2 and Pathfinder, and Rovers: Spirit 
and  Opportunity.  Thanks  to  those  measurements 
have  been  estimated  the  basic  elements  of  Mars’ 

surface composition [2], [3], [9]. Unfortunately, the 
full  confirmation  of  these  measurements  was  not 
possible,  as  in  the  present  study  we used  the  data 
from  small  part  of  Mars  surface  only,  thus  not 
reflecting the global petrologic structure of the whole 
planet.  The  research  that  was carried  was devoted 
only to spectra from Cimmeria Terra. [37,8 S; 189,4 
E]  [4],  (Fig.2)  and  the  average  dusty  surface  [1], 
(Fig.4).

Methods:  First of all we would like to retrieve 
surface  emissivity  spectrum  without  contributions 
caused by atmospheric components. We present two 
methods  that  are  used  to  separate  the  spectral 
features  of  atmospheric  gases  and  surface.  One of 
them (Deconvolution Algorithm) relies on fitting the 
linear  combination  of  spectral  features  of  each 
mineral  and  of  atmospheric  components  to  the 
measured  spectrum  simultaneously.  This  method 
uses  the  spectral  mineral  library  to  find  the 
appropriate mixture of minerals. 

The second algorithm uses the radiative transfer 
through  the  atmosphere  (Radiative  Transfer 
Algorithm).  The  radiances  are  calculated  equation 
with  assumptions  regarding  the  amounts  of  dust, 
aerosols,  water  vapour.  Then  we  can  compare  the 
calculated  values  with  the  measured  ones  to  find 
successively the spectral shapes, first for atmospheric 
dust, then for water-ice aerosols and then, finally, for 
surface  emissivity  by  least  square  fitting. 
Additionally  we  can  assume  the  size  of  dust  and 
water ice crystals and seek the best fit. [4], [10], [12].

Results:  We modeled spectra  by matching the 
infrared  spectra  of  minerals.  We  added  spectra  of 
particular  minerals  from the  mineralogical  infrared 
library with size range 700-1000 µm for pure basalt 
and  powder  size  for  weathered  basalt  to  receive 
spectrum similar to Martian spectrum from TES. We 
used  the  Deconvolution  Algorithm  method.  The 
Martian  atmospheric  spectra  used  for  comparison 
were removed by Radiative Transfer Algorithm.

Basalt  spectrum is  modeled with Decan basalt 
and  weathered  basalt  spectrum  is  modeled  with 
weathered  basalt  with  clay  minerals  from  the 
Krzeniów, Sudetes.

The  Decan  basalt  contains  labradorite  65%, 
augite 28%, forsterite 4% and hornblende 3% (Fig.
2). For the purpose of modeling augite was replaced 
by bronzite to smooth out the spectrum between 900 
–1100  cm-1.  Then  the  fitting  to  Mars’  spectrum is 
better.  Bronzite  is  very  common  meteorite’s 
component (Fig.1).
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Fig.1 Basalt spectrum modeled with Decan basalt spectrum using 
the Deconvolution Algorithm 

Fig.2 Comparison of the spectra of Cimmeria  Terra  and Decan 
basalt  with  atmosphere  separated  by  the  Radiative  Transfer 
Algorithm [4]

The Martian surface is regarded as dusty when 
the albedo >0,18. Dust can be found on the surface 
and can be suspended in the atmosphere with particle 
sizes  <  70  µm.  We  claim  that  a  dust  has  in  its 
composition  weathered  basalt  with  clay  minerals- 
phyllosilicates. 

The composition of a weathered basalt (waste) 
from  Krzeniów  contains  90-100%  of  smectite, 
5-10% of  kaolinite  (clay  minerals),  magnetite  and 
goethite. For the purpose of modeling we set up the 
composition: 90% of smectite, 7% of kaolinite and 
3%  of  magnetite  (Fig.3).  We  believe  that  water 
existed on Mars in the past and  Mars’ atmospheric 
pressure in some places allows water to remain in a 
liquid state,  so clay minerals can appear on Martian 
surface.

This waste the best match to the dusty surface of 
Mars, but makes a problem with fitting minimum at 
800-900  cm-1.  This  minimum  is  shifted  toward 
shorter  waves  with components  available  from the 
used library.

0,86
0,88
0,90
0,92
0,94

0,96
0,98
1,00
1,02

300 500 700 900 1100 1300 1500 1700

wavenumber 1/cm

E
m

is
s

iv
it

y

Fig.3 Weathered  basalt spectrum modeled with the weathered 
basalt with clay minerals from the Krzeniów, Sudetes using the 
Deconvolution Algorithm. 

Fig.4 Comparison of  the  spectra  of  Mars  surface  dust  and fine 
basalt  with  atmosphere  separated  by  the  Radiative  Transfer 
Algorithm [1]

Summary:  The  spectrum  of  Cimmeria  Terra 
surface (Fig.2) best matched by the spectrum of the 
Decan basalt where augite was replaced by bronzite. 
It  is  surface  without  dust  (Fig.1).  A  dusty  Mars’ 
surface  is  compared  to  a  spectrum  of  weathered 
basalt from Krzeniów Sudeten (Fig.3) but the fitting 
agrees roughly with the Mars’ spectrum (Fig.4). 
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