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Abstract 

The initial estimates of the optical constants of 

dolomite are presented for the ~0.4-5 µm wavelength 

region.  These values provide the ability to undertake 

radiative transfer calculations relevant to quantitative 

abundance estimates of these materials in the Martian 

environment. 

1. Introduction 

Carbonate minerals are germane to questions 

involving volatile and climate history on Mars [e.g., 

[1,2].  In particular, the abundance of carbonate-

bearing minerals can provide broad useful bounds on 

the amount of CO2 out-gassed into the atmosphere 

over its history and their spatial distribution and 

mineralogy can yield constraints on the environments 

in which they were produced.  Infrared spectral 

observations from aircraft and Earth-orbiting 

satellites provided evidence for the presence of 

carbonates in the Martian environment [1,3].  

Infrared observations made from space craft near 

Mars were interpreted to indicate the presence of 

carbonates [4,5].  [5] associated the carbonates with 

the surface dust and interpreted the mineralogy as 

being consistent with magnesite (MgCO3).  Recent 

near-infrared observations from Mars orbit have been 

interpreted to show carbonate outcrops in restricted 

locations and again the favored carbonate is 

magnesite [6,7]. 

Quantitative estimates of the abundance of 

carbonates on Mars range from 0-3% [1], 2-5% [5], 

less than a few percent [8], and <10% [7].  With the 

growing evidence for magnesite on Mars additional 

quantitative estimates can be provided via theoretical 

modeling of the reflectance from the Martian surface.  

However, such modeling efforts rely upon optical 

constants of the candidate materials. 

Calcite (CaCO3) and dolomite ((Ca,Mg)CO3) are 

identified in Asian [9] dust and Calcite in Saharan 

dust [10-13].  The importance of optical constants at 

visible and near-infrared wavelengths, as proxies for 

estimating the effects at infrared wavelengths, is 

beginning to be investigated [13]. 

The growing evidence for Mg-carbonates on Mars, 

the presence of calcite and dolomite in terrestrial 

aerosols, and general lack of optical constants for 

these materials in the visible- to mid-infrared (vmir, 

~0.3-6 µm) has motivated a broader effort [14] to 

estimate the optical constants of calcite, dolomite, 

and magnesite in the vmir.  Here I report the initial 

estimates of the optical constants for dolomite. 

2. Available Data 

In the near-infrared there is a lack of optical 

constants for dolomite.  At infrared wavelengths the 

optical constants for dolomite were reported by [15-

17].  Given the agreement among the [15] and [16] 

values and the fact that [15] studies all three 

carbonates under consideration for the broader study, 

I select to rely upon the [15] data for dolomite in the 

infrared. 

There are several on-line digital spectral libraries that 

potentially contain dolomite reflectance spectra that 

can be used to estimate the optical constants of the 

carbonates in the VMIR [18-22].  Each library was 

searched for available data and a total of 23 possible 

samples were identified.  All but one sample was 

eliminated due to the availability of only a single 

grain size, the presence of spectral features associated 

with other materials, the presence of odd spectral 

behavior, and/or lack of data at wavelengths that 

overlap with the infrared data.  The reflectance 

spectra of the three grain size separates of this 
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remaining sample are shown in Figure 1. 

 

Figure 1.  Reflectance spectra of dolomite sample 

C5-C of fine (<45 µm), medium (45-125 µm), and 

coarse (125-500 µm) grain size separates from the 

ASTER spectral library. 

3. Analytical Approach 

Here the approach of [23] is used.  The basic 

approach is to use multiple grain sizes of the same 

sample and assume all grain sizes have the same 

composition.  Unless independently known as a 

function of wavelength an additional assumption 

must be made regarding real index of refraction.  A 

model of the interaction of light with particulates 

surfaces is used to iteratively determine the 

imaginary index by iteratively calculating the 

reflectance and comparing the result to the measured 

reflectance using a χ
2
- criterion.  The interested 

reader is referred to [23] for more details. 

The model of Hapke [24,25] [1981, 1993] is used as 

presented in equations (1)–(6) of [26] and equations 

(1)–(4) of [27]. Scattering is assumed isotropic, h, the 

width of the opposition surge, is assumed to be 0.05, 

and Hapke’s internal scattering parameter, s, is 0. 

The first two of these parameters require 

observations at multiple viewing geometries that 

were not obtained for the laboratory data used for 

these analyses. The third parameter is poorly 

characterized for natural materials and setting it to 

zero effectively forces the absorption coefficient to 

account for all the spectral behavior.  The median 

grain size for each particle size separate is used for 

initially estimating the imaginary index of refraction. 

Following [23] the imaginary indices are used to 

estimate the real index and this process is iterated 

until the values do not change significantly.  The 

approach uses a subtractive Kramers-Konig analysis 

to determine the wavelength dependence of the real 

index.  This is possible by using existing infrared 

data of [15] to estimate the wavelength behavior of 

the real index in the vmir region.  [15] presents the 

dispersion analysis for data from both optical axes of 

dolomite at infrared wavelengths.  Because the 

diffuse reflectance of the samples used in the current 

study is obtained from relatively fine grains, the 

contribution from each optical axis in the infrared is 

represented by an average. 

Using the oscillator parameters and high frequency 

dielectric constants from [15], and assuming a 2 cm
-1

 

spectral sampling that was not specified in [15], the 

real and imaginary indices of refraction for the range 

of the [15] data, 4000-20 cm
-1

, the average of the 

crystallographic axes is shown in Figure 2. 

 

Figure 2.  Imaginary Index of refraction calculated 

from [15] compared to the initial estimate from each 

individual grain size of the reflectance data.  The 

inset shows the region of overlap between the data 

sets in the vmir and ir regions. 

To create a single data set from the vmir reflectance 

measurements the coarsest grain size results are 

preferred, then the medium, and finally the finest 

grain size.  This is due to the sensitivity of the largest 

grain size to weaker features [28].  However, in a few 

restricted wavelength regions, the coarsest grain size 

reflectance measurement is saturated (reflectance 

<0.02), and the medium grain size imaginary indices 

are used.  In the regions were the medium grain size 

reflectance is saturated, then the imaginary indices 

estimated from finest grain size reflectance are used.  

The imaginary indices are combined with those 

calculated from [15] and then the Kramers-Kronig 

analysis is performed.  The initial results for the real 

and imaginary indices are shown in Figure 3. 



 

Figure 3.  The real (blue, right axis) and imaginary 

index  (red, left axis) of  refraction of dolomite.  The 

inset shows the region of overlap between the values 

derived from the reflectance measurements and those 

calculated from [15]. 

4. Summary and Conclusions 

The initial estimates of the optical constants of 

dolomite are presented.  These values, along with 

those for magnesite [14], begin providing the ability 

to undertake radiative transfer calculations relevant to 

quantitiative abundance estimates of these materials 

in the Martian atmosphere. 
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