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Introduction:  We have taken laboratory emissiv-

ity spectra of fine-grained powder mixtures of anor-

thite and forsterite in varying weight percentages, to 

constrain changes in the Christiansen feature (CF) 

position with mixture composition. Emission spectra 

were measured in a chamber that approximates the 

thermal environment of the lunar surface created by 

vacuum conditions [1]. 

Locations with olivine-bearing lithologies have 

been detected by both the Moon Mineralogy Mapper 

(M
3
) and Spectral Profiler (SP) [2,3,4]. These areas 

are generally associated with crater ejecta on thin 

portions of the lunar crust [4]. Both M
3
 and SP cover 

similar wavelength ranges in the visible and near-IR. 

The Diviner Lunar Radiometer Experiment (Diviner) 

has three “8μm” channels located at 7.80 µm (Ch 3), 

8.25 µm (Ch 4), and 8.55 µm (Ch 5). These were cho-

sen to distinguish the Christiansen feature (CF) of sili-

cate minerals [5]. The CF is a mid-IR emissivity maxi-

mum that moves to shorter wavelengths with increasing 

SiO2 polymerization [6]. As a consequence, felsic min-

erals will have CF positions at shorter wavelengths than 

mafic minerals. While Diviner is capable of detecting 

pure olivine, very few of the sites identified by visible 

near-IR instruments as “olivine-rich” look different 

from average lunar composition in Diviner emissivity 

data. This suggests that either (1) olivine abundances at 

these sites are quite low, or (2) that a high abundance 

of olivine relative to plagioclase is necessary to produce 

CF values that are distinguishable from average lunar 

mare.  

Plagioclase feldspar has a weak feature at 1.25µm 

due to minor Fe
2+

 incorporated into the crystal struc-

ture.. This absorption will be obscured in the presence 

of olivine or pyroxene, making it difficult to constrain 

abundances from nonlinear mixture modeling of near-

IR data [2]. In the mid-IR, pure or nearly pure olivine 

would be distinguishable by its concavity index and 

elevated CF position (>8.5 μm) [7]. However, the be-

havior of mineral mixtures in a simulated lunar envi-

ronment has so far not been investigated. The goal of 

this study is to constrain the amount olivine-enrichment 

necessary to be detectable in the mid-IR in a simulated 

lunar environment.  

Samples and Methods:  The olivine used for this 

study consisted of mm-sized forsteritic grains deter-

mined by electron microprobe to have an ~Fo93 compo-

sition. Anorthite samples were ~1cm single crystals and 

originated from Miyake Isla, Japan. Based on the 

measured CF, the anorthite is ~An 80-90. The pure 

minerals were ground and sieved to less than 63μm, 

then seven samples were prepared with compositions 

ranging from 100 wt. % anorthite to 100 wt. % olivine. 

Laboratory emissivity measurements were taken in two 

configurations for each sample. First, an ambient tem-

perature spectrum was acquired in a 1 bar N2 atmos-

phere with the sample cup heated to 80 °C and no 

overhead illumination. A second spectrum was then 

collected in a simulated lunar environment (SLE) at 

vacuum pressure with the chamber cooled to ~ -120 

°C, the sample cup heated to 120 °C and a solar-like 

lamp illuminating the sample from above. Spectra were 

Figure 1. Emissivity spectra of forsterite under dif-

ferent thermal conditions.  

 

Figure 2. SLE emissivity spectra of mixtures of 

anorthite and forsterite. 
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then convolved to Diviner’s filter functions for Chan-

nels 3-9. The CF position of each mixture was calculat-

ed based on the convolved emissivities for direct com-

parison with Diviner data. 

Results:  As has been seen previously, SLE condi-

tions greatly increase the spectral contrast and cause 

slight shifts in CF position towards shorter wavelengths 

(Figure 1) [6,8,9]. Under solar illumination, changes to 

sample cup temperature have very little effect on emis-

sivity.  

Full-resolution SLE spectra of the end-members 

and mixture samples are shown in Figure 2 and con-

volved spectra are shown in Figure 3. In both ambient 

and SLE conditions, the spectra do not mix linearly 

(Figure 4). While SLE spectra are close to the linear 

mixing trend for lower weight percent’s of anorthite, 

there is a significant departure for >50 wt. % anorthite. 

Discussion: For the CF position of an anorthite-

forsterite mixture to be elevated above average mare 

(~8.3) [7], there must be greater than about 90 weight 

percent forsterite present. The non-linearity of mixing 

makes it difficult to derive abundances from the spec-

tral shape of Ch 3-5 alone. Future work will examine 

whether the use of the thermal infrared Channels 6 (12-

25 μm) and 7 (25-50 μm) provides additional con-

straints.   

While the olivine used in this study was Fo93, lunar 

olivine consists of a wide range of Mg#  e.g. mare bas-

alts (Fo30-80) [10], alkali-suite (Fo40-80), Mg-troctolite 

(Fo73-90) and dunite (Fo87-89) [11]. Fayalite has a CF 

position long-ward of Ch 5 and would be distinguisha-

ble by its concave up spectral shape in Ch 3-5, with Ch 

5 emissivity greater than Ch 3 [7]. Both the longer-

wavelength CF position and unique spectral shape 

would lower the threshold for olivine detectability by 

Diviner, however, no regions have been found that are 

consistent with these properties. 

Conclusions: The difference in mixing behavior be-

tween ambient and SLE conditions shows SLE emissiv-

ity data is important for constraining the behavior of the 

CF for mixtures. The limited regions where olivine is 

detected by Diviner, such as the central peak of Eratos-

thenes [12], are probably of dunitic composition based 

on the large weight percent of forsterite needed for 

detection. 
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Figure 3. SLE emissivity spectra of endmembers 

and mixtures of anorthite and forsterite convolved to 

Diviner Ch 3-5.  
 

Figure 4. Diviner CF vs. weight percent anorthite of 

laboratory measurements (triangles) and assuming 

linear mixing of end members (squares). The blue 

markers are for ambient conditions, while the green 

are for a SLE. 
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