


Crater Ray

* Fresh materials not be affected by space weathering

-> Bright compared with the surrounding
materials

* Formed by excavation and deposition of fresh materials
from both the primary crater and the secondary craters
(Hawke et al., 1999, 2000)




Space Weathering (1)

e Surface materials are modified by exposure to cosmic
rays, solar wind, and meteorite bombardments (Sasaki
et al., 2001)

Sasaki et al. (2001)



Space Weathering (2)

e Effects of space weathering
— Darkening: Surface reflectance becomes low

— Reddening: Visible range is darker than near infrared
— Weakening of absorption band depths
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Crater Ray

* Fresh materials not be affected by space weathering

-> Bright compared with the surrounding
materials

* Formed by excavation and deposition of fresh materials
from both the primary crater and the secondary craters
(Hawke et al., 1999, 2000)
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Reasons for Disappearance of Rays

* Rays disappear in 1.1 Gyr (Wilhelms, 1987) .
750 Myr (0.75 Gyr) (Werner and Medvedev, 2010)

* Space weathering acts directly on surface materials

 Gardening

— Surface materials are mixed with surrounding space
weathered materials by micrometeorite
bombardments
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Reasons for Disappearance of Rays

* Rays disappear in 1.1 Gyr (Wilhelms, 1987) .
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* Space weathering acts directly on surface materials
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— Surface materials are mixed with surrounding space
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Objective

4 A

Investigate retention time of crater rays
using high-resolution data from Terrain
Camera and Multiband Imager
onboard Kaguya
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Crater with Bright Ray
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Optical Maturity ParameTer
(OMAT) (Lucey et al., 2000)

* Optical index representing the degree of space
weathering (Low OMAT value means mature soil)

e Definition:

2
R
OMAT = _|(R,;,—x, | +£( 95°j —yO)

R750

R-5,: Reflectance at 750 nm
Rysy: Reflectance at 950 nm
x,=0.08, y,=1.19

* Calculate from multiband data obtained by Ml



Space Weathering (2)

e Effects of space weathering
— Darkening: Surface reflectance becomes low

— Reddening: Visible range is darker than near infrared
— Weakening of absorption band depths
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Average OMAT Value

 OMAT value of ray materials is high

OMAT and Crater Rays

e OMAT value of rayed craters
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OMAT Profiles

* Calculate radial average OMAT
value

* Normalized distance from crater
center by crater diameter



Rayed Craters Extraction

1. ldentify craters larger than 300 m in diameter in TC image
2. Extract rayed craters based on the following criteria:

— OMAT value at the crater rim is larger than 0.15
— OMAT value decreases with the distance from crater rim
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Rayed Craters Extraction

1. ldentify craters larger than 300 m in diameter in TC image

2. Extract rayed craters based on the following criteria:

— OMAT value at the crater rim is larger than 0.15
— OMAT value decreases with the distance from crater rim
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Number of All Craters and Rayed Craters

Num. of all craters Num. of rayed craters
area .......................................................................................................................................................................................................
Total D>1km Total D>1km
1 124 13 77 11
2 133 18 53 3
3 109 11 56 5
4 151 26 /76 12
Total 517 68 264 36




Crater Size-Frequency Distribution
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Cumulative Crater Frequency, 1/km?

Werner and Medvedev (2010)

O Werner and Medvedev (2010)
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Average OMAT value

Rayed Craters Extraction
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Normalized OMAT Value at the 2.5 Diameter
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Pattern of Ray Disappearance
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Plots of normalized

OMAT value

* The craters larger than
800 m in diameter and that
smaller than 800 m are
plotted.
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Crater Size-Frequency Distribution
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Precise Inspection of Rayed Craters

* Confirm existence of rays using image data

* Focus on craters larger than 1 km in diameter

* |nvestigate based on M| 750 nm image, OMAT, and
OMAT profile
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Precise Inspection of Rayed Craters
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* OMAT values at the rim affect due to tiny fresh craters
around a crater

e OMAT values also affect due to overlapped ejecta from
a neighborhood rayed crater

mm) Eliminate such craters



Comparison with
Werner and Medvedev (2010) =~

e Our result obviously shows that there are
more rayed craters in these areas than
Werner and Medvedev (2010)

* We also strongly suggest that retention
time of rays is substantially longer than
750 Myr

Werner and
Medvedev (2010)
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Space Weathering (1)

e Surface materials are modified by exposure to cosmic
rays, solar wind, and meteorite bombardments (Sasaki
et al., 2001)

Sasaki et al. (2001)



Lunar lron Map

Lucey et al. (2000)

Fe (wt %)
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Space Weathering (2)

e Effects of space weathering
— Darkening: Surface reflectance becomes low
— Reddening: Visible range is darker than near infrared
— Weakening of absorption band depths
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Conclusion

 OMAT is useful for ray detection

— Need to investigate based on not only OMAT profile,
but also OMAT map

* Retention time of rays
— Longer than the previous results
— Highly depending on crater size

— Valuable information to understand mechanism of
rays disappearance



Thank you for your kind attention.



