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Introduction: Clementine ultraviolet-visible
(UVVIS) data have been merged with empirically cali-
brated multispectral data from the Clementine near-
infrared (NIR) camera in order to characterize the re-
flectance properties of the Moon’s major mare depos-
its. The high spatial resolution and global coverage of
the merged Clementine data provides an opportunity to
compare the spectral properties (0.4 to 2.0 um) of cra-
ters small enough to have sampled individual volcanic
deposits [1,2,3]. The spectral properties of optically
immature craters are especially important targets for
remote sensing because crystalline lunar materials ex-
hibit diagnostic absorption features related to their
mineralogy [e.g. 4,5].

Empirically calibrated Clementine NIR data:
The addition of calibrated NIR data to previous studies
of lunar basalts provides new information for deter-
mining the abundance and composition of pyroxenes,
olivine and glass components within unsampled mare
deposits. A major component of this research has been
the empirical calibration and merging of Clementine
NIR data with exising UVVIS data in order to obtain
the data necessary for global spectral comparisons.
These empirical calibrations are in addition to previous
radiometric and photometric calibrations of the NIR
camera [6,7,8] and have been included in a recent
global release of 500 m/pixel NIR data by the U.S.
Geological Survey [9].

After radiometric and photometric calibrations,
frame offset corrections were derived for every NIR
frame to adjust for residual problems in the characteri-
zation of specific camera modes and the drift of ra-
diometric properties over the two month Clementine
observation period. Frame offset corrections were
derived by identifying truth sets where various camera
settings exhibited the least amount of radiometric vari-
ability, and by differencing the global ratio of each
NIR band to the UVVIS 0.75 um channel by the same
ratio after applying spatial filtering. The global NIR
data was then normalized to reflectance based on con-
volution of Apollo 16 soil measurements [10] through
the first four NIR filter transmission curves and com-
parison of results to NIR data of the Apollo 16 location
used to calibrate the UVVIS data. The longest NIR
bands (2.6 and 2.7 um) were not normalized to these
soil measurements because reflectance information at
these wavelengths may be complicated by thermal
emissivity. These calibrations are described in more
detail in [9], which accompanies the USGS calibrated
NIR dataset.

Application to Mare Basalts: A broad range of
near and far side mare deposits have been selected for
global comparisons of mare crater spectra. The spec-
tral properties of small mare craters from each deposit
were compared with associated mature soils to define
the optical weathering of individual basalt types based
on the approach of Staid and Pieters [3]. Spectra rep-
resenting mare soils with low levels of feldspathic con-
tamination and the least weathered mare crater materi-
als (0.5 an 0.1% of each surface) were then derived
using the merged 500 m/pixel UVVIS and NIR dataset
described above.

Clementine 415/750 and 750/1000 um band ratios
are plotted for fifteen mare desposits in Figure 1. This
plot provides a comparison of estimated titanium con-
tent and ferrous band strength for each mare deposit.
Mare deposits appear to fall into three groups: basalts
with low-titanium contents and weak 1 wm mafic
bands outside of the major basins (e.g. Australe, Som-
niorum, Moscoviense), basalts with moderate to high
titanium contents and a range of iron contents within
major basins (e.g. Serenitatis, Tranquillitatis, South-
Pole-Aitken and Orientale) and the compositionally
unique high-titanium, high-iron Procellarum basalts
which include the youngest major volcanic deposits on
the Moon [e.g. 11].

Figure 2 compares the Clementine 0.95/1.1 ym ra-
tio (determined by 1 um band position and width) to
the 1.5/2.0 um band strength for the freshest 0.5% of
each mare surface. Because the relative proportion of
olivine, pyroxene and glass components affect the 1
pm band shape as well as the relative strength of the 1
and 2 um bands, Figures 1 and 2 provide insight into
the mineralogical diversity of lunar basalts. The ba-
salts plotted in Figure 2 also appear to fall within three
major groups. Several very-low titanium basalts iden-
tified in Figure 1 tend to have narrow, short wave-
length 1 pum absorptions and relatively high 1.5/2.0 pm
ratios (perhaps related to a lack of opaques rather than
abundant pyroxenes). The majority of basalts, how-
ever, fall in the center of the plot and have a range of
1.5/2.0 um ratios but similar 0.95/1.1 pm band shape
ratios. Only immature mare materials from the West-
ern Procellarum basalts exhibit very unique spectral
properties in this plot. The strong, broad, and long
wavelength 1 um absorption and a relatively weak 2
pm absorption of these materials are consistent with
these last major eruptions of lunar basalt having a
unique iron-rich composition with an abundant olivine
component [12,13].
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Figure 1. Spectral ratios derived for
uncontaminated areas of 15 major mare
deposits. Near side maria are shown as
plus symbols while far side maria are
represented by circles. The UV/VIS ratio
provides an estimate of titanium content
while the 1 um mafic band strength is
related to the abundance of ferrous min-
erals such as pyroxenes and olivine for
surfaces with similar average optical ma-
turities. Mare materials within Oceanus
Procellarum (upper right) have both
strong mafic bands and high UVVIS ra-
tios, indicating basalts with uniquely high
iron and titanium compositions.

Figure 2. Spectral ratios derived from
mare crater materials after merging data
from the Clementine UVVIS and NIR cam-
eras. Clementine ratio values are shown
along the x-axis for the UVVIS 0.95 um
channel over the NIR 1.1 um channel in
order to examine the band center and
width of optically immature craters. The y-
axis plots a measure of the 2 um band
strength. Of all mare materials examined,
optically immature craters from Oceanus
Procellarum have a uniquely long wave-
length 1 um band and a relatively weak 2
pm absorption. These spectral properties
combined with the strong 1 um absorption
demonstrated in Figure 1 are consistent
with abundant olivine in these basalts.

References: [1] Nozette et al. (1994) Science, 266,1835-1839. [2] Staid and Pieters (1996) LPSC, 27, 1259-1260. [3] Staid,
M.I. and C.M. Pieters (2000) Icarus, 145, 122-139. [4] McCord, T.B. and J.B. Adams (1973), The Moon, 7, 453-474. [5]
McCord, T.B. et al. (1981) JGR, 86, 10883-10892. [6] Lucey et al. (1998) LPSC 29, no. 1576, [7] Lucey et al. (2000) LPSC 31,
no. 1273. [8] Eliason et al. (2003) LPSC 34, mno. 2093. [9] Staid et al, 2004 URL:
/astrogeology.usgs.gov/projects/ClementineNIR/ [10] Pieters, C. M. et al. (1999) New Views of the Moon II, LPI Contrib. 980
[11] Hiesinger et al., JGR, 108, E7, 5065. [12] Pieters, C.M. et al. (1980), JGR, 85, 12393-12413. [13] Staid, M.I. and C.M.
Pieters (2001), JGR, 106, 27,887-27,900.

1925.pdf




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


