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BASALT-ILMENITE MIXTURES: SPECTRAL REFLECTANCE CHANGES AS A FUNCTION OF
GRAIN SIZE AND ILMENITE ABUNDANCE. E.A. Cloutis. Department of Geography, Univergsify\Winni-
peg, 515 Portage Avenue, Winnipeg, Manitoba, CaR8 2E9;e.cloutis@uwinnipeg.ca

Introduction: The spectral reflectance properties 250 pm) basalt powder. One potential complicat®n i
of the lunar surface are affected by a number abfa, that the two basalt powders show different spectral
including abundances and compositions of the major shapes as a function of grain size (Figure 1); liais
silicate phases (pyroxene, olivine, plagioclasal-fel been observed in other basalt samples as wellT[H.
spar), opaque oxide minerals (predominantly ilm@nit  ilmenite spectrum shows the expected broad absorpti
and nanophase iron (npFe) which is produced byespac feature in the ~0.5-0.7 um region, a local reflecéa
weathering [1]. Previous studies [e.g., 2, 3] hsivewn maximum near 1.0 um, and a broad longer wavelength
that ilmenite most noticeably affects lunar refteate absorption band centered near 1.3 um; reflectamce i
spectra in the ultraviolet-visible region. This s@s creases shortward of ~0.5 pm, as expected (Fig. 1).
from the fact that the major silicate minerals &itha Given these spectral characteristics, we chosedosf
reflectance decrease shortward of ~0.4-0.5 um; npFeon a few selected spectral parameters: the 5021290
also exhibits a similar decrease in reflectanceatow reflectance ratio (matching available HST lunaradat
shorter wavelengths for abundances common to the[2]), a 560/315 nm reflectance ratio (matching LROC
lunar surface [1]. This reflectance decrease r#batt band passes), some additional reflectance ratiés no
able to metal-oxygen charge transfers, particulary previously analyzed but which are available for HST
volving Fe. By contrast, ilmenite spectra generally and LROC band passes, and the wavelength position o
show increasing reflectance shortward of ~0.5 pn [4 the absorption feature in the 1.0-1.3 pm regiore Th
this is due to the presence of an intense Fe-Tigeha reflectance spectra of the mixtures are showndn Ei
transfer absorption near 0.5 pm which is more sgen Results - band minimum: The reflectance spectra
than the shorter wavelength metal-oxygen chargestira for the <45um series show subtle spectral variations
fer bands. As a result, ilmenite reflectance insesa  over the 1-20 wt% ilmenite abundance range (Fiy. 2a
shortward of ~0.5 um (Figure 1). This spectral etif In these spectra, the band minimum is near 1.06-1.0
ence between ilmenite and other lunar surface cempo pm up to 10 wt% ilmenite, then shifts to 1.29 um fo
nents can potentially be used to constrain ilmenite 20 wt% ilmenite, and 1.32 pm at 100 wt% ilmenite. |
abundances by incorporating both UV and visible the <45 pm ilmenite + 90-250 pm basalt mixtures,
wavelength data in analysis of lunar spectra [2, 3] there is no well-defined minimum in the 100 % bgsal

To better constrain the spectrum-altering effeéts o the minimum is at 1.42 pym with 1 wt% ilmenite, and
ilmenite we have measured UV-vis-NIR reflectance 1.32-1.33 pum for 2-100 wt% ilmenite. This indicates
spectra of a series of basalt + ilmenite mixtures. that ilmenite has a strong influence on absorption

Experimental Procedure: Mixtures of <45 pm bands in the 1 um region when it is finer-grainieaint
synthetic (F&-free) ilmenite (ILM200) with either  the host silicates.
<45pum or 90-250um basalt (BAS204) were generated  Results - reflectance ratios: Band ratios, particu-
using the following abundances of ilmenite: 0, 142 larly those involving a band in the UV, provide goo
7, 10, 20 wt%. Reflectance spectra were measurtd wi discrimination of ilmenite from mafic silicates and
an ASD spectrometer (0.35-2.5 pm), and an OceannpFe [1, 4]. The results for the basalt + ilmemitix-
Optics S2000 spectrometer with a deuterium light tures suggest that these ratios are also usefuldior
source for the 0.2-0.4 pm range, or a QTH source fo straining ilmenite abundances. We examined the fol-
the 0.37-0.86 um interval [4]. lowing reflectance ratios, some of which have been

Results: A previous study of ilmenite reflectance used previously for analysis of HST [2] and LROC [6
spectra [4] demonstrated that reflectance ratidz-ut  data: 502/290, 560/315, 560/360, 344/290, 600/360,
ing one band shortward of ~0.35 um provide good and 600/315 nm. We examined the % change in these
discrimination of ilmenite from other lunar surface ratios from pure basalt to pure ilmenite.

constituents. Here we extend this work to simpiehy The 344/290 nm ratio showed a slower change
mixtures with basalt. Our interest is to examinavho when moving from the pure basalt end member to the
differences in grain size may affect spectral disicra- pure ilmenite end member than any of the otheecefl
tion of ilmenite. To overcome the practical diffites tance ratios (which all utilized a visible regioanl

in producing micron- and submicron-sized ilmenite, pass ratioed to a UV region band pass). Fig. 3 show

instead chose to focus initially on <45 pm ilmenite the change in reflectance ratios as a functionnadn-
mixed with comparable-sized (<45 pm) and larger (90 ite content for both mixture series; the 344/290 nm



41st Lunar and Planetary Science Conference (2010)

ratios for both mixture series are shown, as aeeaih

erages of all the other vis/UV region reflectanatos
for the two mixture series.

On average, the vis/UV ratios showed a greater
change with increasing ilmenite content when the il
menite is finer-grained than the basalt. For the g
ilmenite + 90-250 pm basalt series, the vis/UVeaefl
tance ratios reach the midpoint (50% change) betwee
the pure basalt and pure ilmenite at an ilmenitgema
of ~7 wt%; reaching the same 50% change for the <45
pm ilmenite + <45 pm basalt requires ~35 wt% ilmen-
ite. For the 344/290 nm ratio, the ilmenite aburgan
required to reach the same (50% change) value re-
quires ~13 wt% ilmenite (for the mixtures involving

90-250 pm basalt), and ~45 wt% ilmenite (for the-mi
tures involving <45 pm basalt).

Discussion: While these mineral mixtures obvi-
ously do not reproduce the physical characterigifcs
the lunar surface, they do provide some insights in
how ilmenite may affect lunar surface spectra:

« the finer the average grain size of the non-ilngenit
components, the more ilmenite is required to effect
a specific spectral change.

« ilmenite detection and characterization is probably
best determined using a combination of visible re-
gion (~500-500 nm) and UV (<~400 nm) region
band passes.
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Mlmenite (ILM200, <45um) + basalt (BAS204, <45 pm): Fig. 2a

« Even a few wt% ilmenite will lead to measurable
changes in reflectance ratios regardless of grain
size.
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Figure captions. Fig. 1. ASD (0.35-2.5 um) reflectance
spectra of the two grain sizes of basalt and <45 sjiged
synthetic ilmenite.Eig. 2. Reflectance spectra of the two
series of basalt+ilmenite mixtures (a) <45 um Waaal
ilmenite; (b) <45 um ilmenite + 90-250 um basélig. 3.
Percent change in the average of various vis/U\écttnce
ratios and the 344/290 nm reflectance ratio fortie mix-
ture series. The % change is a measure of hovefleetance
ratio changes from pure basalt (0% change) to ihnenite
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