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Abstract:

The Hyperspectral data provides a platform to discriminate
different minerals on the lunar surface which leads to better
understand the origin, evolution, and composition on the
surface of the moon. Compositional mapping of the lunar
surface is considered as a standard approach for mineral
mapping. This paper reports surface mineralogy of the lunar
surface from Mare Crisium wusing Chandrayaan-1
Hyperspectral remotely sensed data from HySi sensor.
Because of the limited coverage of HySi, a comparative study
of the same area is carried out using data from on board
Chandrayaan-1 Moon Mineralogy Mapper (M?®) which
provides VIS-NIR spectral data of the lunar surface. False
color composites is created using different band shaping
algorithms like band strength, band curve and band tilt
parameters at crucial wavelength for spatial analysis. Spectral
analysis has been done from derived reflectance spectra from
both data sets. Spectral reflectance obtained from M3 sensor
helps to confirm the mineralogy on the area under study. The
result reveals different categories of minerals which are high-
Ca pyroxene (Clinopyroxene), olivine and low Ca-pyroxene
(Orthopyroxene).

KEY WORDS: Hyperspectral Imager (HySi), Band Strength,
Band Curve, Band Tilt

1. Introduction

Imaging spectroscopy considered to be a useful approach for
understanding the composition of the earth and planetary bodies.
It provides data in narrow continuous bands with fine spectral and
spatial resolutions. An approach based on color differences has
been used as a primary technique to study the composition of the
earth and planetary surfaces. Compositional mapping of the lunar
surface can be done by examining the reflectance spectra derived
from the hyperspectral data. The moon mineral can be well
distinguished in visible to near infrared region of the spectrum by
characteristic absorption bands [1].the diagnostic absorption
features for specific minerals are generally prominent in the near

infrared region of the spectrum [2]. The particular diagnostic
Features at different wavelengths across the electromagnetic
spectrum is mainly because of electronic transitions and
vibrational processes [3]. The shape and strength of the
absorption and the wavelength position across the spectrum is
depends on compositional structure of the mineral [4-6]. Mineral
mapping of the lunar surface provides an opportunity to better
understand the origin, evolution and geological history of the
moon [7]. The iron bearing silicate minerals like olivine and
pyroxene which are the most abundant mafic minerals have
electronic transition absorption band due to ferrous ion at near
infrared wavelengths [8]. The Fig. 1 shows the reflectance spectra
of common mafic minerals. The most common mafic minerals are
pyroxene [9] and olivine has characteristic absorption in the near
infrared region which varies with the composition of the mineral
[10]. The mineralogy of the lunar surface from different
lithological areas helps to predict the material composition.

Many satellite missions has flown to moon for different
objectives and applications. The Moon Mineralogy Mapper (M?)
[8] and Hyperspectral Imager (HySi) [11] onboard Chandrayaan-
1, The India’s first mission to moon [12] provides hyperspectral
data of the lunar surface. This paper demonstrates the
compositional mapping of lunar surface to identify lunar surface
minerology using Hysi and M3 hyperspectral data which helps to
understand the crustal composition of the lunar surface. A
comparative study of the selcted area is carried out using data
from the mentioned hyperspectral sensors out of which the M?®
sensor provides contineous data with better spectral coverage that
helps to discriminate among different minerals such as High-Ca
pyroxene and olivine both have strong absorption near 1000 nm,
plagioclase has absorption at 1250 nm which is quite ambigous
in case of HySi data due to its limited spectral coverage.
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Figure 1. Reflectance Spectra of Typical Lunar Minerals

(Adams,1974).

2.The Study Area

The mare Crisium is located at the near side of the moon and
centered at 17° N and 60° E. The Main ring diameter is 740 km
and the basin depth is 4.57 km the Mare Crisium is a multi-ring
basin has 555 km in diameter. It is having flat floor and ring
of wrinkle ridges at its outer boundaries.

Figure 2. Hysi and M® Coverage Shown on LRO LROC WAC
Image.

3. Materials and Method

Hyperspectral Data from Hyperspectral Imager (Hysi) Sensor and
Moon Mineralogy Mapper (M®) Onboard Chandrayaan-1 for
mineral mapping in the southern part of mare Crisium was used in
this study. The Hysi sensor records the data in pushbroom mode
covering 430-964 nm having 64 contineous bands with the
spectral resolution of 15 nm and spatial resolution of 80 m with
20 km swath[11]. Band to band registered level-4 Hysi image was
downloaded from issdc.gov.in. The image subset covering the
study area from orbit number 684 with product |Id
HYS_NREF 20090104T161501992 and data set from M*® was a
guest instrument of NASA onboard Chandrayaan-1 [10].the
sensor records the data in push broom mode and the spectral

coverage is 400 nm to 2900 nm with 84 spectral bands with 20-40
nm bandwidth and the spatial resolution is 140-280 meters [8].
The data set was downloaded from PDS geosciences node lunar
orbital data explorer (www.ode.rel.wustl.edu/moon) with product
id m3g20090104t161446_v01_rfl.shown in Fig (3). Environment
for visualizing images (ENVI) software was used for processing,
analyzing and deriving spectra from varying locations for both
data sets. The Band to band registered level-4 HySi data has been
used for the study. The data product was opened in Envi software
by defining new header and The BBR-4 level hysi data then
converted to apparent reflectance using spectral math tool. The
data set was geometrically corrected using geometry information
provided with the data set. The spatial subset of the Hysi image is
considered covering the southern part of the area under study
shown in fig 3(a). photometrically calibrated reflectance data
(REFIMG) from Moon Mineralogy Mapper (M3) was
downloaded and spatial subset pertaining to study area was
obtained as shown in fig 3(b).

Figure 3. (a) HysSi reflectance image band 15, (b) M?® reflectance
image band 15.
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Figure 3. (c) Spectral profile derived from HySi in green
superimposed on M3 spectra in blue showing the spectral
coverage of both sensors.

3.1 Mineral mapping using Band shaping algorithm

The band parameter mapped spectral and spatial variation more
easily then the qualitative assessment .The use of different
Spectral band parameters for Compositional mapping of lunar
surface is a standard technique [13-19]. there are three band
parameters which was originally derived for UV-VIS data later
extended and applied on the Hysi data by [20] using HySi data for
lithological mapping of the lunar surface for mare Mascovience
and identified different lithological units based on different mafic
minerals. The approach has also been employed on the M3 data to
discriminate the specific minerals and it also provides a
mechanism for clustering similar pixels together and helps to
derive the spectral reflectance effectively across the study area
[21] The band parameters are band strength; band curve and band
tilt which is used primarily for mapping the mafic minerals on the
lunar surface. The following section gives the detail about the
band parameters.

3.1.1 Band Strength

The band strength parameter helps to estimate the abundance of
the mafic minerals by the analyzing the strength of the 1000 nm
absorption band. the band strength parameter for clementine data
by [8] which was originally derived for clementine data is given
by the following equation and later due to the band limitation of
hyperspectral imager sensor it was modified by [19] and for M3
data the curvature is derived by [21] The band strength is directly
related to the depth of the absorption band and it is indicative of

the relative presence of the mafic minerals and insensitive to the
type of minerals. Areas with high values of BS parameter
showing anorthosite and mature soil with a weak ferrous band
where as strong ferrous band for unweathered areas have low bs
values. In the color composite the BS parameter is assigned to
blue channel. Thus the weathered and well developed soil appears
in dark shades of blue and the fresh area with mafic mineral will
not appear in significant blue shades. The band strength
parameter can be derived for HySi and M? data set using equation
(1) and (2) respectively.

BS = R94-7.7/R74-8.3 -———(1

BS = R1008/R750 -———(2)

3.1.2 Band Curve

The band curvature is indicative of the type of the mafic mineral
present and it is specifically sensitive to pyroxene composition.
This parameter can be derived using hysi bands by the following
equations suggested by [22] with minor modification according to
HySi and M2 bands. the curve decreases from low Ca pyroxene
LCP bearing noritc rock to high Ca pyroxene HCP bearing
gabbroic rock and it is further decreases for the olivine dominant
rocks. The spectral Curve increases towards the longer
wavelength as the wavelength of the absorption band moves
towards the longer wavelengths. thus areas with LCP have high
values in BC and areas with HCP having low curvature values
and areas rich in olivine has very low curvature values[15]. Thus
in the false color composite this parameter is assigned to red
channel, the areas rich in LCP appears red to pink. The equation
(3) and (4) gives formulation for band curvature using Hysi and
M3 respectively.

BC = (R7483/Rog63 ) + (Roa77/Rogs3) ———(3)

BC = (R7483/Rop63 ) + (Roa77/Roge3) ———(4)

3.1.3 Band Tilt

The band tilt parameter is the intensity ratio and it is
complementary to the band curvature as shown in the expression.
The high values of band tilt show the area which is abundance of
Clinopyroxene and olivine. The parameter defined by [15] as
difference in reflectance at crucial wavelengths and later modified
by [23] as the ratio of 900 nm and 1000 nm. The formulation was
implemented on the Hysi data by [20] and due to the band
limitations of Hysi it is further modified as in given in the
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equation (5). For M3 bands the band tilt parameter was derived by
[24] and it is given in equation (6).

BS = Raga.o/R947.7 -——(5)

BS = Rg19/R100s —— — (6)

3.1.4 Spectral reflectance analysis

The spatial subset of the Hysi and M3 image was obtained
covering the southern part of the area under study. Fig. 4 shows
the subset of the Hysi and M2 image where the mare and highland
boundary have been marked.the ENVI image processing
application software was used for calculating band parameters
creating false color composite. The areas in different colors are
the reflectance spectra sampling locations. Around 50 reflectance
spectra of 3x3 pixel averages were derived from spatially varying
locations and only 16 representative spectra were selected for
further analysis. For reflectance spectra derived from M2 data set
the Automatic straight-line approximation continuum removal
Method was used for removing the continuum [25, 26] for better
representation and analysis and to filter the residual absorption
band shapes. The average reflectance spectra from the spatially
and spectrally varying areas are shown in different color boxes
has been derived from the HySi and M3 data. Fig. (4) Shows the
reflectance spectra from the highlighted areas.

R1

nheit crater

> G1
Gi

G2«

G3

Mare-Highland Boundary

Mare-Highland Boundary

Figure 4. (a)Hysi Image and (b) M3 image Covering study area
and the Representative locations from where the reflectance
spectra has been derived.

6. Results and Discussion

Fig (5) shows the reflectance spectra scaled at 748.3 nm derived
from HySi and fig (6) and (7) shows the continuum- removed
reflectance spectra obtained from M?® data set from the marked
areas as discussed in previous section. fig (8) shows the resultant
image from the ratio of 2018 nm and 1008 nm, the area appearing
bright in the grayscale image indicating the probable assemblages
of olivine rich minerals as suggested by [21 and 22] and can be
observed at the highland area in the lower part of the image. Fig.
9 shows the color composite images derived from HySi and M?®
data sets using different band shaping algorithms and. high band
strength values are appearing in shades of blue color indicating
weathered rich rocks/Anorthositic where blue color from highland
(lower part of the image) showing lack of 1000 nm absorption
represented by R2 and R3 areas and the spectra for the same areas
can be seen in Fig (5) where steep slope can be observed
probably because of the effect of space weathering which leads to
reddened slope. Similar steep slope can also be seen from mare
area R1 as similar to the highland spectra R2 and R3. Space
weathered area shows high band strength values [24]. The spectra
derived from M? image represented by R1 and R2 areas from fig
4(b) and the continuums-removed reflectance spectra for the areas
shown in fig (7) indicating weak or no absorption near 1000 nm
and the strong absorption near 2000 nm probably due to the
presence of Fe-Mg-spinel [27, 28 and 29].
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The High values of band curvature indicate the presence of LCP
rich areas which appears in the shades of red to pink. The areas
B1, B2 and B3 at the lower part of the composite and the spectra
derived from the area can be seen in Fig. (5). shows strong
absorption feature near 900 nm indicative of (orthopyroxene)
LCP rich noritic rocks at the lower part of the color composite
image. Whereas the same area in M? scene represented by B1 and
the reflectance spectra showing strong absorption near 1000 nm
and 2000 nm in fig (7) is also indicating the presence of LCP rich
area however the color composite of the M® does not shows the
significant red to pink component as in it appears in case of HySi
color composite indicated in fig (9).

1.2

Reflectance

T
7oOo
Wwavelength

Figure 5. Reflectance spectra derived from different areas scaled
at 748.3 nm from HySi image.
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Figure 6. Reflectance spectra derived from different areas from
M3 image.
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Figure 7. Reflectance spectra derived from R1 and R2 areas from
M3 image

1000

The Higher band tilt values appearing in the shades of green to
yellow from the area G1,G2 and G3 from Fig 9(a) there are many
small craters appearing in green to yellow. Spectral reflectance
from these areas shows strong absorption going towards the
longer wavelengths indicating the probable presence of high-Ca
pyroxene (clinopyroxene) or olivine or plagioclase represented by
spectra G1,G2 and G3 in fig (5). However data at longer
wavelength is required to confirm the characteristic absorption
but here on the basis of the color composite and the reflectance
spectra shows the mafic rich areas. On the other hand the areas
G1,G2 and G3 from M?® image as shown in fig 4(b) and the
spectral profile from these areas can be seen in fig (6) by G1,G2
and G3 areas respectively. The high-Ca pyroxene (HCP) mineral
is identified with the absorption around 1000 nm and 2300 nm.
The unweathered areas and the freshly exposed small young
craters have large values of band tilt parameter. Thus the area
appears green to yellow in the false color composite represents
area rich in HCP (Clinopyroxene).

the spectra G1,G2 and G3 in fig(5) as already discussed shows
str ong absorption towards 1000 nm however to confirm this the
spectra from M2 in fig (6) shows the high-ca pyroxene rich areas.
thes pectra OL from fig (6) shows strong absorption near 1000
nm and no significant absorption near 2000 nm showing the
presence of Olivine.[30].the lower part of the color composite in
fig 9(a) appears in deep pink color indicating noritic composition
and the spectra B1,B2 and B3 also shows an absorptions near 900
nm confirming the LCP rich areas however in the color composite
in fig 9(b) the pink component is not significant however the
spectra derived from B1 region shows the absorption at 1000 nm
and 2000 nm wavelength regions by spectra B1 in fig (6).
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Figure 8. The gray scale image of ratio 2018 nm /1008 nm.

Figure 9. False Color Composite of HySi and M®images using
BC, BT and BS assigned to RGB respectively.

Conclusion
A comparative analysis of the lunar surface mineralogy using
HySi and M?® data was carried out in southern part of mare

Crisium. Band shape parameters and their composite is an
efficient approach towards mineral mapping and employed on
both data sets. The spectral profile analysis for particular mineral
is useful in mineral identification. The hySi data reveals the Areas
rich in low-Ca pyroxene mineral have been identified. Small fresh
high-Ca pyroxene craters are distinct in the mare region of the
false color composite image is prominent in color composite of
data sets. In case of HySi Spectra having no absorption around
900 nm with steep slopes could be because of high space
weathered soil. Spectra with strong absorption around 900 nm
indicating olivine and/or high Ca-pyroxne and/or plagioclase, due
to limited spectral coverage of HySi, data from M3 sensor was
used and the spectral reflectance derived from M2 data and color
composite is created to discriminate different minerals and the
spectral profile analysis gives the clear picture with characteristic
diagnostic absorptions at crucial wavelength which confirms the
mineralogy in the area under study and it is found that the results
from both data sets are in accordance.
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