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Introduction: The multispectral Diviner Lunar Radi-

ometer carried by LRO collects data at three wave-

lengths near 8 microns to characterize an infrared 

emissivity maximum called the Christiansen Feature 

(CF) [1]. The position of this spectral feature has been 

established in laboratory experiments as a composi-

tional indicator that show that the CF is related to sili-

cate polymerization, occurring at shorter wavelengths 

for feldspathic minerals and longer wavelengths for 

mafic minerals [2]. Laboratory experiments regarding 

the effect of space weathering on this feature suggested 

that there should be little observed affect by space 

weathering [3].  However, this work only examined the 

effect of vitrification and did not address the host of 

other physical and compositional effects of space 

weathering.  

Diviner data shows that the Christiansen Feature 

is detectably influenced by space weathering [4]. The 

global CF image, stretched from high to low wave-

lengths and viewed in black and white, appears strik-

ingly like an image of visual albedo, with known fresh 

craters showing distinct anomalies (Figure 1).  Space 

weathering appears to systematically shift the CF to-

ward longer wavelengths by about 0.1 microns with 

increasing maturity (about 20% of the full range of CF 

variation).  Thus while composition dominates the 

Christiansen feature position (especially for surfaces 

with similar maturities), space weathering has a signifi-

cant effect that should be taken into account in detailed 

analysis. 

 

 

Figure 1. Global (latitude +/- 50 degrees) image 

of the CF [5].  Strong excursions are apparent at 

large fresh highland craters, including Tycho, 

Jackson and Giordano Bruno. 

 

Hypotheses for space weathering effects:  Space 

weathering of lunar materials is accompanied by a host 

of physical effects:  grain size distributions evolve, 

composition fractionates among grain size fractions, 

agglutinates (aggregates of rock and mineral fragments 

welded by impact melt glass) accumulate, and grains 

acquire vapor deposited coatings rich in nanophase 

iron, among the many effects.  The effects of maturity 

in the optical and near-IR is dominated by the abun-

dance of nanophase iron that causes darkening, redden-

ing, and loss of spectral contrast with space exposure.  

There are several potential causes for the Christi-

ansen feature position sensitivity to space weathering.  

The position of this feature is strongly dependent on 

the thermal structure of the optically active surface as 

demonstrated by its variation between observations in 

air and vacuum [2].  Space weathering may affect this 

structure either with physical evolution of the micro-

structure of the surface, or by changing the average 

albedo and hence the optical penetration depth, and 

hence the thermal gradient.  Composition evolves with 

soil maturity in the form of conversion of minerals to 

glass, and changes in the composition of different grain 

size fractions, though vitrification experiments seem to 

indicate that this process does not affect the Christian-

sen feature position [3].  

 

 
Figure 2. Fine quartz powder (black), quartz powder 

with a small amount of particulate iron (blue) and 

quartz with iron, irradiated with a pulsed laser in 

vacuum (red). 

 

Measurements:  To test if the space weathering effect 

is due the effect of nanophase iron--as in the near-IR--

we artificially space-weathered a particulate sample of 

quartz via laser irradiation [6]. A small amount of fine 

grained (but not nanophase) iron was added to the 
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sample to provide a source for nanophase iron produc-

tion.  These laser-irradiated samples show the usual 

space weathering effect of darkening and reddening in 

the near-IR.  Similar samples examined with TEM 

show coatings rich in nanophase iron spherules on 

grains.  Spectra of the samples were then measured at 

Oxford University [7] at thermal wavelengths in a sim-

ulated lunar environment (in vacuum with LN2-cooled 

shroud, illuminated by solar-like radiance from above). 

Spectra of three samples are shown in Figure 2: pure 

quartz powder, quartz powder with fine-grained iron, 

and quartz powder with fine-grained iron irradiated 

with pulsed laser radiation.  The largest shift in CF 

among the samples was between the pure quartz and 

the iron-bearing samples with a shift of about 0.1 mi-

crons.  The irradiated sample shows a slightly longer 

CF of about 0.05 microns relative to the iron-bearing 

sample that was not exposed.  

The measurements show that the effect of laser ir-

radiation, an analog to micrometeorite impact, does 

influence the thermal IR spectra of particulates, though 

the relative role of the coatings themselves and the 

nanophase iron they contain is not established.  The 

difference between the spectrum of the pure quartz and 

those of both iron-containing samples is larger than the 

effect of laser irradiation.  This may be due to the ef-

fect of the large albedo difference between the pure 

and iron-containing samples on the thermal gradient.  

Both of these effects associated with space weathering 

(reduced albedo and nanophase iron-bearing coatings) 

produced effects with proper sign, that is, a shift of the 

CF to longer wavelengths relative to pure material.  

Resolving the relative importance of these effects may 

require application of a detailed radiative transfer 

model [8]. 

 

Mitigation:  In our prior work we suggested the use of 

the OMAT maturity parameter for a correction to these 

data [4] , but OMAT itself contains residual composi-

tional effects and has other issues so we developed a 

correction using Diviner data itself. Hypothesizing that 

space weathering would affect the intensity of the CF,  

we derived a “band depth” parameter based on the pa-

rabola fit to Diviner channels 3-5, from which the CF 

wavelength position is derived. The area under the pa-

rabola between channel 3 and 5 is calculated for each 

pixel and then zero-meaned and scaled to provide a 

correction value. The correction image (not shown) is 

clearly sensitive to maturity, showing strong anomalies 

at fresh craters but is insensitive to background compo-

sition, for example not showing mare-highland bounda-

ries.  Based on the initial analysis, we found that the 

mare and highlands require slightly different treatments 

of this correction value, so the two terranes are sepa-

rated using a CF threshold value of 8.23 microns. Pix-

els with CF values less than 8.23 microns are consid-

ered to be highlands material, and the correction factor 

is subtracted from the original CF value. The correc-

tion factor is added to (rather than subtracted from) the 

original CF value for the mare pixels (CF > 8.23 mi-

crons). 

Figure 3 shows the result of the correction where 

the major excursions of CF at fresh craters is greatly 

subdued, and the CF variations across the Moon are 

reduced and are very similar to FeO images. This 

shows that there are no major units of extreme compo-

sition, such as ultramafic but magnesian material that 

may not be detectable in FeO images.  On the other 

hand silicic anomalies previously identified are still 

apparent in the full resolution data.  There is a residual 

space weathering effect (for example near Tycho) that 

we hope to reduce. 

 

Conclusion:  Space weathering effects on the Christi-

ansen Feature was not anticipated prior to the Diviner 

multispectral imaging experiment.  Simulated space 

weathering of quartz reproduces the observed effect, 

but the current experiments cannot separate relative 

importance of albedo from that of vapor deposited 

coatings and nanophase iron. Space weathering influ-

ences the position of the Christiansen Feature to a suf-

ficient degree that mitigation is required to make com-

positional inferences. We have developed such a cor-

rection for use in future compositional analyses using 

Diviner data. 
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Figure 3. Corrected CF using the scaled intensity of 

the CF feature.  Variations due to maturity variations 

are greatly reduced. 
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