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かぐや衛星観測データに基づいた月上層玄武岩の誘電率と空隙率の推定
Estimation of the permittivity and porosity of the lunar uppermost basalt layer based on
the SELENE observation data
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Permittivity is an important parameter for understanding the results obtained from various radar observations. For the inves-
tigation of lunar subsurface structures, Lunar Radar Sounder (LRS) onboard the SELENE (KAGUYA) spacecraft emitted the
electromagnetic wave (4 - 6 MHz), and measured the delay (dt) between the electromagnetic waves reflected at a lunar surface
and at subsurface boundaries [Ono et al., 2009]. In this study, we define an apparent radar depth (D), which is expressed as
a function of D=(c∗dt)/2, where c is the speed of light in vacuum. The apparent radar depth relates to the thickness (T) be-
tween the surface and subsurface boundaries, at which the electromagnetic wave is reflected. However, we must note that the
apparent radar depth is not equal to its thickness. Because the lunar subsurface layer has a bulk permittivity (Ebulk), it varies
the velocity (v) of the electromagnetic wave in the subsurface layer. The thickness can thus be given as T=v∗dt/2=(c/(Ebulk
)0.5)∗dt)/2=D/(Ebulk)0.5. In radar observations, the information of the thickness of lunar basalt layer is significant for discussing
the lunar volcanic activity [e.g., Hiesinger et al., 2003].

The values of the bulk permittivity (4 - 11), based on Apollo basalt samples, have been used in previous works [e.g., Peeple
et al., 1978; Cooper et al., 1994; Oshigami et al., 2009]. We, however, cannot easily use the bulk permittivity. Because Apollo
samples were collected on the lunar surface, we suspect whether the bulk permittivities based on Apollo basalt samples reflect
the bulk permittivity of the lunar basalt layer. In this study, the bulk permittivity of the lunar uppermost basalt layer is estimated
from the rate of D and T. In general, the subsurface bulk permittivity relates to the subsurface porosity [e.g., Shkuratov and Bon-
darenko, 2001]. The information of the porosity is important for discussing lunar geological conditions, so that the porosity is
also estimated by using an empirical relationship between the bulk permittivity and porosity [Shkuratov and Bondarenko, 2001;
Huang and Wieczorek, 2012].

We have used data sets obtained from three instruments onboard SELENE: LRS, Multiband Imager (MI), and Terrain Camera
(TC). We first focused on the ejecta composition (FeO and TiO2) around two types of impact craters (the haloed crater and
non-haloed crater) due to the estimation of T. The non-haloed crater has the same ejecta composition with the surface compo-
sition of uppermost subsurface layer, while the haloed crater has the different ejecta composition from the surface composition
of uppermost basalt layer. The haloed craters would be formed when meteorites excavate a lower basalt layer with the different
composition from the uppermost basalt, which is lied on the lower basalt layer. The haloed crater and non-haloed crater are
identified on the basis of FeO and/or TiO2 maps created from the MI data. We would therefore constrain T from the depths of
haloed crater and non-haloed crater (dh and dnon) measured from the TC data: dnon<T<dh. We note that the distance between
haloed crater and non-haloed crater should be as short as possible. The true lunar subsurface boundary is probably oblique, so
that the oblique subsurface boundary produces a bad limitation of T. In this study, the distance is limited within 6 km. D is also
determined within 6 km from these craters by using the LRS data.

As the results, the bulk permittivity was estimated to be 2.3 - 4.2 in Unit 85 of Mare Humorum and 1.8 - 13.1 in Unit S13 of
Mare Serenitatis. In particular, the bulk permittivity of Unit 85 of Mare Humorum was limited within a low bulk permittivity.
This low bulk permittivity is indicative of a porous basalt layer with a porosity of 36 - 58%. This estimated porosity would be
explained mainly by two different sources: intrinsic voids (vesicles and micro cracks) and impact-induced cracks (micro and
macro cracks).
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