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Normalized Response

LRO Diviner Overview

Azimuth Observation Primarily nadir pushbroom mapping
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How Do We Measure Composition with Diviner?

Balloon-borne Observations Laboratory Measurements
TN of Apollo Soils in Simulated
Copermcus : . Lunar Environment (SLE)
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Plagioclase (7.85 um)

Pyroxene (8.13 um) Olivine (Fo 70; 8.92 um)
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Greenhagen et al., 2010

CF vs. Composition

Christiansen Feature shifts to
shorter wavelengths with increasing
silicate polymerization

CF position is most sensitive to
plagioclase/olivine abundance

—  Large variation of CF for olivine

composition (~8.6 to 9.5 um)

CF can shift illumination/viewing
geometry (Greenhagen et al., 2011)

CF can shift with space weathering
(Lucey et al., 2013)

Optical thermal gradients (e.g.
Logan & Hunt, 1970)

—  Strong surface boundary gradients are

caused by inefficient heat transfer in
the absence of convecting gases



Surface Boundary Thermal Gradients
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Initial Work: CF vs. FeO

RELAB CF vs. FeO
Diviner CF vs. FeO
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Work by Allen et al., 2012 showed the correlation between CF and FeO
* Reasonable correlation for CF measured in laboratory reflectance
e Better correlation for CF measured by Diviner

Allen et al., 2012 study used a single data point, representative of each Apollo site
and one for the Taurous Littrow orange glass

We wanted to utilize the high spatial resolution to resolve individual sampling
stations for the Apollo sites and extend these analyses



Apollo 11

Clementine Albedo

Apollo 12

Clementine Albedo

Apollo 14

Clementine Albedo
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Apollo 15 Apollo 16 Apollo 17

Clementine Albedo lementine Albedo Clementine Albedo
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Extended Diviner analysis to 4 Apollo 14, all
Apollo 15 and all Apollo 17 sampling stations

Used single point average for Apollo 11 and 12

Correlated each sampling station observation
to measured soil geochemical properties

Apollo 17




Diviner Observations — Soil Geochemistry

Diviner Observations (FeO) Diviner Observations (Al,0O,)
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Strong correlation between CF and FeO / Al,O, content for Diviner observations

Similar trends have been used to determine FeO content of pyroclastic deposits
(e.g. Allen et al., 2012; Bennett et al., 2014)



Feldspar Mafic Ratio

Diviner Observations — Soil Geochemistry

Diviner Observations (F/M) “ Diviner Observations (Al,0O,)
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Also a strong (expected) correlation between CF and feldspar-mafic ratio

Diviner constraints on feldspar-mafic ratio combined with near-infrared
identifications of iron-bearing minerals enable good estimates of bulk mineralogy



Diviner Observations — Soil Geochemistry
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No clear correlation with soil maturity for a given FeO composition

Indicates assumption that returned soils have similar maturity to 100s m scale in
situ surfaces is not good - drives need for new laboratory measurements



Diviner Simulated Lunar Environment Experiments
Solar Input Beam mmm

o Vacuum Chamber Apollo1l LM 10084 78 UCLA-BRDF (Paige)
Apollo 12 LM 12001 5g 56 UCLA-BRDF (Paige)
/NS Apollo 14 LM 14259 35¢g 85 TIRES-LSCC (Pieters)

Apollo 15 LM 15021 35¢g 70 TIRES-LSCC (Pieters)

Silica
Lens

Ry N
—

Apollo15 Sta.1 15071 5g 52 UCLA-BRDF (Paige)
Apollo15 Sta.7 15411 35¢g 43 TIRES-LSCC (Pieters)
Apollo15 Sta.9a 15601 35¢g 29 TIRES-LSCC (Pieters)
Apollo16  Sta.1l 61141 5g 56 UCLA-BRDF (Paige)
Apollo 16  Sta.6 66031 3.5¢g 102 TIRES-LSCC (Pieters)
Apollo16 Sta.11 67701 35¢g 39 TIRES-LSCC (Pieters)
Apollo17 LM 70181 5g 47 UCLA-BRDF (Paige)
Apollo17  Sta.2 72501 35¢g 81 TIRES-LSCC (Pieters)
Apollo17 Sta.9a 79221 35¢g 81 TIRES-LSCC (Pieters)

Initial characterization suite

Heated Co.ole.d chosen to be representative of
Sample Cup Radiation remote sensing datasets
Shield

Our study includes new samples and Future suites will focus on soil
maturity and vitrification

extended spectral range (5-25 um) 15




Diviner Simulated Lunar Environment Experiments

Lunar Soils in SLE
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FeO Correlation: Observations vs. Lab

Diviner Observations (FeO) SLE Laboratory Measurements
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Strong Correlation between CF and FeO / Al,O, content for Diviner observations
Reasonable Trend between CF and FeO content for SLE lab experiments

Significant efforts to ensure properly prepared samples and environment
* See poster by Kerri Donaldson Hanna et al.



Conclusions

* Correlations between Diviner observations of Apollo
sites and SLE laboratory measurements enable
guantitative analyses of global Diviner data

* Preliminary analyses are encouraging; future work in
this direction includes

— Measurement of additional lunar soils in simulated lunar
environment (more stations, different levels of space
weathering exposure)

— Refinement of Diviner MIR “photometric” and space
weathering corrections

— Investigation of different optical periods (e.g. times of day
and spacecraft altitudes

— Applications to science investigations



