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MRD 140- Mineral and Chemical Maps, Global & Site-specific  

Data Product Overview  
 

These global and site-specific maps are a graphical and numerical display of the spatial 

distribution of minerals and chemicals identified on the surface of Bennu. They are derived from 

binned values (abundances or parameter strengths) obtained from linear least squares models of 

OTES emissivity and OVIRS reflectance spectra, respectively. Note that detection requirements 

are for spectral features with band depths >5%; however, these maps will include all calculated 

values, along with a second map containing the calculated uncertainties. It is incumbent on the 

user to ensure that any apparent detections below 5% are valid by examining the original spectral 

data. 

Overview  
 

OTES and OVIRS spectra from Detailed Survey Phase observations will be processed to derive 

mineral and chemical abundances (OTES) and spectral parameter strengths (OVIRS) for the 

global map.  Data from the Reconnaissance phase will be used to produce the site-specific maps. 

These data will be mapped to the Bennu shape model at TBD resolution to produce mineral and 

chemical maps that will contribute to assessing science value and long-term science, as well as 

sample site selection. Producing maps will require that OTES and OVIRS calibrated spectral 

data are available (along with reconstructed geometry) and have been processed to retrieve 

mineral and chemical abundances; at present, we expect that getting to that stage may take up to 

four days, including validation. Map-making requires the selection of data (i.e., a database 

query), binning, plotting, and validation. A conservative estimate would add up to two full days 

for making maps once processed OTES and OVIRS data are available (for a total of 

approximately six days).  

 

Note that detection of organics features on the surface of Bennu is a top priority for this 

mission.  This document explains some time-of-day constraints on the OVIRS observations of 

Bennu that will maximize our chances of detecting organics on Bennu: 

Data Product Structure and Organization  
 

SAWG will use software produced by the project for mapping of mineral and chemical 

abundances/parameters, specifically, make_maps and associated tools. 

 

For both global and site-specific scales, there will be one pair of maps for each mineral or 

chemical identified from OTES data and one pair of maps for each mineral or chemical 

identified from OVIRS data.  The first map is the value (abundance of parameter strength) and 

the second map is the calculated uncertainty value. 

https://sciwik.lpl.arizona.edu/wiki/pages/B3w8e1o/Spectral_map_processing_and_generation_algorithm.html


 

The list of OVIRS-derived maps will not be finalized until spectral parameter development is 

complete and the detectability of various candidate mineral and chemical bands has been 

established. Likewise, until a spectral library for OTES data is finalized, we cannot finalize the 

full set of minerals and chemicals for which we will be able to make maps. The spreadsheet file 

below summarizes the spectral parameters for which the SAWG has been working to develop 

algorithms; green rows represent parameters for which we have relatively high confidence 

detections will be possible, yellow rows represent parameters for which we have moderate 

confidence detections will be possible, and red rows represent parameters for which we will not 

pursue algorithm development at this time. After the Blind Test, this list and the parameters 

themselves are undergoing revision. 

Data Format Descriptions  
 

SAWG will use get_spots software to compile OVIRS and OTES spot data into OBJ files that 

will be used for mapping the data onto the Bennu shape model using the make_maps software.  

Data Product Generation  
Mineral and chemical maps are produced by processing OTES and OVIRS spectra to produce 

spot values for the abundance and/or parameter strength of each mineral or chemical.  Software 

produced outside the SAWG (get_spots and make_maps) will be used to select data and map 

them onto the Bennu shape model.   

 

Required inputs for generating spot values are:  

• OTES spot emissivity data 

• Photometrically corrected OVIRS spot reflectance data from the 10:30 am station 

(Detailed Survey phase, global map) or spot reflectance data Reconnaissance phase (site-

specific maps) 

• Derived abundance of mineral/chemical from linear least squares model of OTES 

emissivity spectra 

o Algorithm:  Derived mineralogy (linear least squares) algorithm 

• Parameter strength value for mineral/chemical from spectral parameter algorithms 

applied to OVIRS reflectance spectra 

o Algorithm:  Spectral parameters (band indices) algorithm 

• User inputs for the constraints (quality, local time, etc) needed to create a specific map 

• Any other information required by get_spots and make_maps (TBD, e.g., sclk) 

 

The format of the final map products produced using these spot values is described in a 

separate map generation algorithm description  currently in progress (March 2016). 

 

https://sciwik.lpl.arizona.edu/wiki/pages/u6t0R4t26/Derived_mineralogy_linear_least_squares_algorithm.html
https://sciwik.lpl.arizona.edu/wiki/pages/n2v9U6U0/Spectral_parameters_band_indices_algorithm.html
https://sciwik.lpl.arizona.edu/wiki/pages/B3w8e1o/Spectral_map_processing_and_generation_algorithm.html


Co-I Hamilton has been assigned responsibility for delivering these products and is responsible 

for the linear least squares mixing model used to generate phase abundances from OTES 

data.  Collaborator Howell is responsible for the spectral parameters software used to identify 

phases in OVIRS data. 

 

New versions of the products would be produced if significant changes occurred in:   

1) the OTES or OVIRS calibration or emissivity/reflectance algorithms;   

2) changes in the photometric model;  

3) changes in the versions of the linear mixture algorithm or spectral parameter algorithms; 

4) the shape model used to determine the longitude, latitude and local time of each spot 

observation;   

5) changes in Bennu longitude/latitude reference system;   

6) changes in the spacecraft or Bennu locations as contained in the SPICE kernels.  

 

Data Product Validation  
 

Data processing at each step is rapid (a few sec/spectrum), but validation requires human 

examination; e.g., of the best-fit linear mixture models to OTES spectra and assessment of the 

validity of the OVIRS spectral parameter results. Then, once data are assembled into map 

format, they will be validated by inspection for any obviously spurious data (e.g., unusually large 

values) or data gores, which could indicate missing data or unexpected exclusion of data through 

incorrect or overly limiting constraints.      

Data Flow  
 

OTES spot emissivity and OVIRS spot calibrated radiance spectra will be retrieved from the 

SPOC. OTES emissivity spectra will be modeled to derive abundances of minerals and 

chemicals using the linear mixture model.  OVIRS radiance spectra from the Detailed Survey 

phase (but not Reconnaissance phase) will be photometrically corrected using the photometric 

model and then spectral parameters for minerals and chemicals will be calculated using the 

spectral parameter algorithms.  

 

The make_maps algorithm will merge spot data for mapping onto the Bennu shape model. 

 

The data flow diagram, as of April 2015:  

https://sciwik.lpl.arizona.edu/wiki/pages/B3w8e1o/Spectral_map_processing_and_generation_algorithm.html


 

 

 

Observation requirements 
 

Global maps (MRD-140): The primary mission phase data that will be used for generating 

spectral parameter values from photometrically corrected OVIRS spectra will be the 10:00 am 

Detailed Survey station. The primary mission phase data that will be used for generating phase 

abundances from OTES emissivity data will be the 3:00 pm Detailed Survey station.   Data from 

other stations may be used if necessary to fill gores, but with potentially lower quality. For both 

input spot datasets to meet the expected areal coverage and spatial resolution requirements, the 

spacecraft must be within the stated delivery uncertainty of the range, latitude, and longitude.  

 

Site-specific maps (MRD-118): The data that will be used for generating spectral parameter 

values from OVIRS reflectance spectra and phase abundances from OTES emissivity spectra 

will be the Reconnaissance phase.  For both input spot datasets to meet the expected areal 

coverage and spatial resolution requirements, the spacecraft must be within the stated delivery 

uncertainty of the range, latitude, and longitude. The size of each map will depend on the size of 

the area covered and the spatial resolution; area covered and spatial resolution will be determined 

when the Recon pass viewing geometry is finalized and will likely be similar to the expected 

instrument resolution. 

 

As stated above, optimal detection of organics features places time-of-day constraints on the 

OVIRS observations of Bennu that will maximize our chances of detecting organics on Bennu - 

please see the document in the Overview section above for more information. 

 

 

https://sciwik.lpl.arizona.edu/wiki/pages/e1T8U5F1/Global_mineral_and_chemical_maps_MRD140.html
https://sciwik.lpl.arizona.edu/wiki/pages/e1T8U5F1/Global_mineral_and_chemical_maps_MRD140.html


Mineral/Chemical Index definition (English) Index definition (math) Citation

Is index 
general or 
specific?

Threshold 
 value Particle size(s)

Sample spectra from which 
indices were derived (e.g., 
RELAB sample #)

VNIR 
viewing 
geometry

Sample 
purity

Chlorite 0.71 micron band (R(0.701)-[R(0.853)-R(0.550)]*0.4984) / R(0.550) < 0.99 Vilas, 1994, Icarus 101, 456 0-125 micron Relab samples txh/cl/c2cl14 n/a n/a

Chlorite 2.325 micron band R2.3-[R2.19+(R2.41-R2.19)*0.5]< -0.01
specific for 
Chlorite. 0-125 micron Relab samples txh/cl/c2cl14

Chlorite_OH-/H20
2.8-2.9 micron band: BAND 
DEPTH

1-(R3000/(R2530*(R2530/R2210))) ; or fit a continuum 
near 2.6 and 3.6 µm such that the depth of the 2.8-mm OH 
absorption and the equivalent width (or integrated band 
depth) from 2.6 to 3.6 mm can be measured 

Sunshine et al. [2009]; Pelkey 
et al. 2007 general 0-125 micron Relab samples txh/cl/c2cl14 n/a n/a

Mica 1.4 micron band

BD1.4=(1-X1.4), with X1.4=the ratio of the 
sample spectrum  reflectance
to the fitted continuum at 1.4 micron Clark et al. 1983, JGR 88, 635 0-500 micron Relab sample plh/cy/c1cy19 n/a n/a

Montmorillonite 1.4 micron band

BD1.4=(1-X1.4), with X1.4=the ratio of the 
sample spectrum  reflectance
to the fitted continuum at 1.4 micron Clark et al. 1983, JGR 88, 635 0-850 micron Relab sample rea/ss/c1ss12 n/a n/a

Montmorillonite 1.9 micron band
1-((R1.93+R1.94)/(R1.80+R2.20))   ; or  1-
(((R1930+R1935)*0.5)/(a*R1857+b*R2067))

Michalski et al. 2010, Icarus 
206 , 269-289); or Pelkey et 
al. 2007 0-850 micron Relab sample rea/ss/c1ss12 n/a n/a

Montmorillonite 2.2 micron band 1-(R2.21/(a*R2.14+b*2.25)) 0-850 micron Relab sample rea/ss/c1ss12 n/a n/a

saponite 1.4 micron band

BD1.4=(1-X1.4), with X1.4=the ratio of the 
sample spectrum  reflectance
to the fitted continuum at 1.4 micron Clark et al. 1983, JGR 88, 635 0-125 micron

Relab SAMPLE 
txh/sa/lasa51.txt

saponite 1.9 micron band
1-((R1.93+R1.94)/(R1.80+R2.20))   ; or  1-
(((R1930+R1935)*0.5)/(a*R1857+b*R2067))

Michalski et al. 2010, Icarus 
206 , 269-289); or Pelkey et 
al. 2007 0-125 micron

Relab SAMPLE 
txh/sa/lasa51.txt n/a n/a

saponite
2.8-2.9 micron band; band 
depth

1-(R3000/(R2530*(R2530/R2210))) ; or fit a continuum 
near 2.6 and 3.6 µm such that the depth of the 2.8-mm OH 
absorption and the equivalent width (or integrated band 
depth) from 2.6 to 3.6 mm can be measured 

Sunshine et al. [2009]; Pelkey 
et al. 2007 general 0-125 micron

Relab SAMPLE 
txh/sa/lasa51.txt n/a n/a

talc 1.4 micron band

BD1.4=(1-X1.4), with X1.4=the ratio of the 
sample spectrum  reflectance
to the fitted continuum at 1.4 micron Clark et al. 1983, JGR 88, 635 45-150 micron

Relab sample 
jfm/sr/bir1sr052a.txt

talc 2.31-2.32 micron band 1-(R2.29/(a*R2.25+b*2.35))
Pelkey et al. [2007], JGR 112, 
EO8S14 45-150 micron

Relab sample 
jfm/sr/bir1sr052a.txt n/a n/a

talc
2.8-2.9 micron band; band 
depth

1-(R3000/(R2530*(R2530/R2210))) ; or fit a continuum 
near 2.6 and 3.6 µm such that the depth of the 2.8-mm OH 
absorption and the equivalent width (or integrated band 
depth) from 2.6 to 3.6 mm can be measured 

Sunshine et al. [2009]; Pelkey 
et al. 2007 general 45-150 micron

Relab sample 
jfm/sr/bir1sr052a.txt n/a n/a

chrysotile 2.72um (OH)   The continuum is determined by two maxima at  2.63–
2.65 um and 3.07–3.85 um for the 3 um band                                  
BD2.72  = 1 - R2.72/Rc; Rc is the reflectance of the continuum at 
the band center.                                                                              

Clark and Roush 1983; Takir 
et al. (2013)

less than 2um 
(transmission)

JPL/ASTER n/a

Cronstdetite 2.85um(OH) The continuum is determined by two maxima at 2.63–
2.65 um and 3.07–3.85 um for the 3 um band                           
BD2.85  = 1 - R2.85/Rc; Rc is the reflectance of the continuum at 
the band center.                                       

Clark and Roush 1983; Takir 
et al. (2013)

20-150 um USGS-M3542 W1R1Bb AREF unknown n/a

Ferrous+ferric 
phyllosilicate 0.7 µm absorption band (R(0.701)-[R(0.853)-R(0.550)]*0.4984) / 

R(0.550) < 0.99
Specific <1 unlimited RELAB/HOSERLab 30/0 100%

Ferrous phyllosilicate 0.9 µm band depth (R(0.8)+R(1.0))/2 - R(0.9)<1 Specific <1 unlimited RELAB/HOSERLab 30/0 100%

Ferrous phyllosilicate 1.1 µm band depth (R(1.0)+R(1.2))/2 - R(1.1)<1 Specific <1 unlimited RELAB/HOSERLab 30/0 100%



Biotite 1.3-1.4 micron band R1.3-[R1.0+(R2.2-R1.0)*0.3]< 0

WARNING : the band width 
varies with sample.

specific for 
Relab 
samples 
sjg/sh/c1sh4 0-500 micron Relab samples sjg/sh/c1sh42; unknown unknown

Biotite 0.71-0.72 micron band (R(0.701)-[R(0.853)-R(0.550)]*0.4984) / R(0.550) < 0.99 Vilas, 1994, Icarus 101, 456 0-500 micron Relab samples sjg/sh/c1sh42; unknown unknown

Mica 2.21 micron band 1-(R2.21/(a*R2.14+b*2.25))
Pelkey et al. [2007], JGR 112, 
EO8S14 0-500 micron Relab sample plh/cy/c1cy19 n/a n/a

Mica 2.4 micron band R2.44-[R2.29+ 0.5*(R2.54-R2.29)]<0 0-500 micron Relab sample plh/cy/c1cy19 n/a n/a

Montmorillonite 0.5 micron band R0.50-[R0.47+0.5*(R0.57-R0.47)]< 0 0-850 micron Relab sample rea/ss/c1ss12 n/a n/a

saponite 2.3 micron band 1-(R2.29/(a*R2.25+b*2.35))
Pelkey et al. [2007], JGR 112, 
EO8S14 0-125 micron

Relab SAMPLE 
txh/sa/lasa51.txt n/a n/a

saponite 3.4 micron band R3.40-[R3.324+ 0.5*(R3.544-R3.324)]<0 0-125 micron
Relab SAMPLE 
txh/sa/lasa51.txt n/a n/a

talc 2.38 micron band R2.38-[R2.34+0.5*(R2.41-R2.34)]<0 45-150 micron
Relab sample 
jfm/sr/bir1sr052a.txt n/a n/a

talc 2.49 micron band R2.49-[R2.41+0.5*(R2.60-R2.41)]<0 45-150 micron
Relab sample 
jfm/sr/bir1sr052a.txt n/a n/a

talc 3.38 micron band R3.38-[R3.26+0.5*(R3.56-R3.26)]<0 45-150 micron
Relab sample 
jfm/sr/bir1sr052a.txt n/a n/a

chrysotile 0.7 um & 1.1 um(Feric iron)                              (R(0.701)-[R(0.853)-R(0.550)]*0.4984) / 
R(0.550) < 0.99

Vilas, 1994 general  
index<0.9
9 ; if the 
feature is 

74-250 micron JPL/ASTER Unknown n/a

Hornblende 0.7 and 1um(Fe2+-->Fe3+) (R(0.701)-[R(0.853)-R(0.550)]*0.4984) / 
R(0.550) < 0.99

 Borg and Smith (1969) 190um USGS-HS16.3B W1R1Bb AREF

Fluorapatite ~3um(OH) The continuum is determined by two maxima at 2.63–
2.65 um and 3.07–3.85 um for the 3 um band                           
BD2.85  = 1 - R2.85/Rc; Rc is the reflectance of the continuum at 
the band center.                                       

J.S. Huebner,J. Pickrell, T. 
Schaefer unpublished data, 
written communication, 
USGS, Reston, VA (1994)

unknown USGS-WS416 W1R1Ba AREF unknown 

Greenalite 0.72 (Ferric iron); n/a <45 um RELAB i=30°/e=0
°

Mg-bearing serpentine 2.32 µm band depth (R(2.22)+R(2.42))/2 - R(2.32)<1 Clark et al. (1990) Specific <1 unlimited RELAB/HOSERLab 30/0 100%
OH-bearing 
phyllsilicates 1.4 µm band depth (R(1.3)+R(1.5))/2 - R(1.4)<1 Clark et al. (1990) General <1 unlimited RELAB/HOSERLab 30/0 100%
Hornblende ~2.70um (OH) The continuum is determined by two maxima at 2.63–

2.65 um and 3.07–3.85 um for the 3 um band                           
BD2.70  = 1 - R2.70/Rc; Rc is the reflectance of the continuum at 
the band center.                                       

Salisbury et al. 1987 190um USGS-HS177.3B W1R1Bc 
AREF

Biotite 2.37 micron band not specified 0-500 micron Relab samples sjg/sh/c1sh42; n/a n/a
Chlorite 0.89 micron band not available 0-125 micron Relab samples txh/cl/c2cl14 n/a n/a

Montmorillonite 0.64 micron band not available 0-850 micron Relab sample rea/ss/c1ss12 n/a n/a
chrysotile 2.2 and 2.3 um(metal-OH) 1-(R2.29/(a*R2.25+b*2.35)) Pelkey et al. [2007]; Clark et 

al. 2007
<200um USGS-HS323.1B W1R1Ba 

AREF
Pure



chrysotile 1.4um BD1.4=(1-X1.4), with X1.4=the ratio of the 
sample spectrum  reflectance
to the fitted continuum at 1.4 micron

Clark et al. 1983; King & 
Clark(1989)

unknown USGS- ML99-12A Coar Fib 
W1R1Fb AREF

n/a

chrysotile 1.9um 1-((R1.93+R1.94)/(R1.80+R2.20))   ; or  1-
(((R1930+R1935)*0.5)/(a*R1857+b*R2067))

Salisbury et al. 1991; Takir et 
al. (inpress)

general unknown USGS-_Gneiss ML99-12C 
DESCRIPT

n/a

Apatite  1.4um BD1.4=(1-X1.4), with X1.4=the ratio of the 
sample spectrum  reflectance
to the fitted continuum at 1.4 micron

0-45um

Apatite 1.9um 1-((R1.93+R1.94)/(R1.80+R2.20))   ; or  1-
(((R1930+R1935)*0.5)/(a*R1857+b*R2067))

45-125um;125-
500um;0-45um

Chlorapatite  1.4um BD1.4=(1-X1.4), with X1.4=the ratio of the 
sample spectrum  reflectance
to the fitted continuum at 1.4 micron

J.S. Huebner, J. Pickrell, T. 
Schaefer, unpublished data, 
written communication, 
U.S.G.S., Reston, VA (1994)

unknown USGS-WS423 W1R1Bb AREF unknown 

Chlorapatite 1.9um 1-((R1.93+R1.94)/(R1.80+R2.20))   ; or  1-
(((R1930+R1935)*0.5)/(a*R1857+b*R2067))

J.S. Huebner, J. Pickrell, T. 
Schaefer, unpublished data, 
written communication, 
U.S.G.S., Reston, VA (1994)

unknown USGS-WS423 W5R4Nbb_ 
RREF

unknown 

Hydroxyl-Apatite 2.2um(metal-OH) 1-(R2.29/(a*R2.25+b*2.35)) J.S. Huebner J.Pickrell, T. 
Schaefer, unpublished data, 
written communication, 
USGS, Reston, VA (1994)

unknown USGS-WS425 W1R1Bb AREF unknown 

Hydroxyl-Apatite ~3um(OH) n/a unknown USGS-WS425 W5R4Nbb_ 
RREF

unknown n/a

Greenalite 2.3um(metal-OH) 1-(R2.29/(a*R2.25+b*2.35))



Notes

Depth > 70%, band associated to 
the 0.7 and 2.3 micron band

broad band (0.8-2.2 micron)
Broad band extends from 1.35 to 
1.5  micron (>10% depth); 
associated to the 2.2 and 1.9 

Broad band extends from 1.85 to 
2.0  micron (>25% depth)
band extends from 2.14 to 2.28 
micron (around 15% depth)
band extends from 1.3 to 1.6 
micron (depth 6-27%, depending 
on relab files)
band extends from 1.85 to 2.12 
micron (depth > 18%, depending 
on relab files)

broad band, very deep

'Narrow ' band extends from 
1.32 to 1.46 micron (>20% depth)
'Narrow ' band extends from 
2.25 to 2.32 micron (>30% depth)

Broad band extends from 2.6 to 
3.6 micron (>40% depth)

M3542 W5R4Nbb_ RREF

Very characteristic of 
ferrous+ferric phyllosilicates
Best used in conjunction with 
next (1.1 µm) parameter
Best used in conjunction with 
previous (0.9 µm) parameter



Very broad band 0.8-2.2 microns

broad band (0.54-0.82 micron, 
12% depth), still present in 
band extends from 2.25-2.34 
micron ( depth > 9%)

'Narrow ' band extends from 
2.34 to 2.41 micron (around 15% 
'Narrow ' band extends from 
2.41 to 2.6  micron (around 8% 
Band extends from 3.26 to 3.6  
micron (> 13% depth)

Associated with Mg-OH in 
phyllosilicates; weak in 
Band in this region is 
characteristic of OH/H2O-bearing 

band extends from 0.57 to 0.56 
micron (15% depth)
The 0.45um band is located 
between 0.6 and 0.8 
um(shoulders) and 



also USGS-WS416 W5R4Naa_ 
RREF



Will OVIRS be able to detect organics on 101955 Bennu at 3.4-3.5 microns? 
Josh Emery 
30 November, 2011 
 
There are three facets to this questions: 1) Do asteroids show organics at these wavelengths, and 
how deep and broad are the bands.  2) Since this wavelength range is in the transition between 
thermal and reflected light for the expected surface temperatures of RQ36, will the thermal 
emission fill in the absorption band?  If so, how much will the contrast be reduced?  3) Will 
OVIRS have sufficient sensitivity to detect these reduced-contrast absorptions? 
 
The answer to question 1 has been made much easier by the recent detection of organics on two 
asteroids (Rivkin & Emery 2010, Campins et al. 2010, Licandro et al. 2010).  The asteroid 24 
Themis, which is the same taxonomic type as 1999 RQ36, shows an absorption band centered 
near 3.4 µm that is well-matched by complex organic materials.  More specifically, the 
absorptions from –CH2 and –CH3 groups in relatively long-chained aliphatic compounds provide 
the best match to the asteroid data.  The band on Themis has a width of about 0.2 µm and a depth 
(contrast) of about 6%.  Spectral evidence for organics has also been reported on the asteroid 65 
Cybele.  The band on Cybele is centered closer to 3.3 µm and is slightly narrower (0.1 to 0.15 
µm) than the band on Themis (likely indicating more aromatic structure), and also has a depth of 
about 6 or 7%.  The OVIRS requirements of R=200 (Δλ~0.017 at 3.4 µm) and relative 
photometric calibration of <2% would be more than sufficient to detect either of these bands. 
 
[Could also add a few sentences about organic features in meteorite spectra, but I don’t have 
that info at my fingertips] 
 
Question 2 depends critically on the thermal and reflected flux, which both vary across the 
surface.  We modeled both thermal and reflected flux using the known parameters of 1999 RQ36 
(size, albedo, rotation stated, etc).  For this case, we used the lower bounds of thermal inertia 
(400 J m-2K-1s-1/2) as an upper limit on the thermal contribution.  The sub-solar point was 
assumed to be at the equator (and is placed 180o longitude in the figure below).  Thermal and 
reflected continuum fluxes were calculated at 1 degree bins in both latitude and longitude, 
assuming each surface element is viewed normally at the appropriate time of day.  A model 
spectrum of organics (ice tholins) was calculated (in reflectance) to match the observed Themis 
band (6% depth).  The same mixture was then used to calculate an emissivity spectrum.  Band 
contrast is generally reduced in emissivity as compared to reflectance (Hapke 1993), and in this 
case the emissivity features has a contrast that is about 0.1 times the contrast of the feature in 
reflectance (i.e., about 0.6% of the continuum).  We then convolved the reflectance spectrum 
with the calculated reflected continuum flux and the emissivity spectrum with the calculated 
thermal continuum flux, then added the two together to get the total flux expected at each 
wavelength.  We then divided this total flux by the calculated continuum flux and calculated the 
band contrast that we would see.  As expected, the final contrast depends strongly on the relative 
thermal and reflected fluxes.  The band contrast is largely unchanged on the coldest parts of the 
surface (near the poles and the morning terminator), but is highly reduced in the hottest regions.  
Nevertheless, a significant portion of the surface retains a band depth greater than the 2% relative 
calibration requirement of OVIRS. 
 



A higher thermal inertia leaves an even larger fraction of the surface with band depths greater 
than 2%.  The relative reduction in band depth is only weakly dependent on the initial band depth 
in reflectance.  So, if the initial band had a depth of 10%, the 4 and 2% contour lines in the figure 
below would map to about 6.7 and 3.3%, respectively, again leaving a larger fraction of the 
surface with band depths greater than 2%. 
 

 
Figure.  Map of band calculated band contrast, as seen in reflectance, after including the effects 
of thermal emission filling in the band.  The initial band depth in reflectance is 6%, which is 
retained near the poles.  The two black contour lines mark 2 and 4% contrast.  With a thermal 
inertia of 400, the thermal emission is shifted toward the evening side of the asteroid, 
significantly decreasing the contrast on that hemisphere.  The contrast is not reduced nearly as 
much on the morning hemisphere. 
 
 
The remaining question is whether OVIRS will meet the 2% requirement even at high latitudes 
and near the morning terminator, where the reflected flux will be lower than near the sub-solar 
point.  I leave that question to the OVIRS team. 
 



 
Figure.  Reflected fluxes (blue), thermal fluxes (red), and total fluxes (black) for the sub-solar 
point (solid) and a point on the morning hemisphere at 130o longitude (dotted).  The flux 
calculation assumed a distance of 0.1 AU from the asteroid.  All fluxes would scale the same 
with distance. 
 


