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Abstract

Here we compare the free-air gravity anomaly model by the GRAIL (Gravity Recovery and Interior
Laboratory) mission and the topographic model from the LRO (Lunar Reconnaissance Orbiter) laser
altimetry. They showed a high correlation up to degree/order ~400. The gravity-topography
admittance showed typical behaviors, i.e. it is low for degree/order below 50 (i.e. wavelengths
longer than ~220 km), increased sharply, and kept constant at ~110 mgal/km. Such a wavelength
dependence provides the information on the thickness of the surface elastic layer floating on ductile
lower layer. We estimated the elastic thickness of the Moon to be ~14 km. This thickness is not
significantly different from those found in the present Earth in spite of the smaller dimension of the
Moon. This may suggest that the significant portion of the topographic features on the Moon was

formed in the early ages of the Moon, when the heat flow was comparable to the present Earth.
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Figure 1. The black curve shows the correlation between the lunar gravity
and topography as a function of the degree of spherical harmonics obtained
by comparing the GRAIL gravity model (gggrx_0660pm_sha.tab) and the
LRO topography model (LRO_LTMO1 _PA_1080_SHA.TAB). The light
gray curve shows the correlation using the SELENE gravity model
(GRAV_COEF_2.txt) and the topography model (LALT_SH.TAB). We

divide the degree into three ranges, i.e. Range A, B, and C.
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Figure 2. [A] The gravity-topography admittance of the Moon as a function of
spherical harmonics degree is shown with the black curve. The gray curve is the
admittance calculated using equations (4)-(6) with the crustal density p. of 2.6x10°
kg/m3 and Te of 14 km. For the wavelengths shorter than 220 km (degrees more than
50), the admittance remains almost constant at 110 mgal/km. [B] Behavior of the RMS
for different combinations of pc and Te. RMS shows the minimum for pc = 2.6 X103
kg/m3, and Te =14 km.
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Figure 3. The gravity-topography admittance of the Moon obtained from the models
by gravity and topography models by SELENE (Kaguya). The smooth gray curve
shows the admittance calculated assuming the same values for Te and p as Figure 2A.
Unlike the case shown in Figure 2 (GRAIL/LRO), the admittance does not show a

stable plateau for the degree over 60.

4. BHYIC

AT, W EOSCERIZ L 5 A 2 HiEk R g O MR DIE S Te &, A & k4% . McKenzie and
Fairhead (1997) IXHuER EDER 4 7o HUBIZ 31T 25 Te 2 Ll LTV 5203, il 21X ek >~
AR T ERMICI T D Tl 15.5km, WBEETF L — kBT, o kITEEIREARANAT A — K
BUFLFNCEIT D Teld 284km EHEL TS, (E- T, AFZETHE LI 14km 2 H
A ORI 72 Te 1X, HER ETHRS/NEIOREE VRS,

BT HIBRR BRSO A T, RN EWIEE, RIS T D BRI R 5 R mRE 23
BINZRE W, AR OWREICmERETe. 207z, HIERO 35D 1 L TFO¥REL
DIRVH T, BEOBREIT/NEL TIRENWZ ENRFHEND. L, AD Te A
EREFREINENWZ &L, ZoFREITRRD. ZHUTENEEZE> T\ 25 A OHIE
DI, HEROH-FEOENR L D IXDITH N LA L TV D AN E . Y
RO RBIZERE B 20> TR LT, BIEOHEREED LRV EWEGEEZRF>TEBY, Th
METHNS T L LTRESN TS EEZ LN,



PR AR SUIEFHE OERLGLEBEROBMNTCHEINE. £, AU —F 0 FKZED
Sander J. Goossens [H 11213, EARHEOET VI L THELX RBIE2 W7 \\We, =2
2R LG 5.

BE
Araki, H., S. Tazawa, H. Noda, Y. Ishihara, S. Goossens, S. Sasaki, N. Kawano, I. Kamiya, H. Otake,
J. Oberst, C. Shum (2009) : Lunar Global Shape and Polar Topography Derived from
Kaguya-LALT Laser Altimetry, Science, 323, 897-900.
Croshy, A. and D. McKenzie (2005) : Measurements of the elastic thickness under ancient lunar
terrain, Icarus, 173, 100-107.
Konopliv, A. S., A. B. Binder, L. L. Hood, A. B. Kucinskas, W. L. Sjogren, and J. G. Williams
(1998) : Improved gravity field of the moon from Lunar Prospector, Science, 281, 476-480.
Lognonné, P., G. B. Jeannine, H. Chenet (2003) : A new seismic model of the Moon: implications for
structure, thermal evolution and formation of the Moon, Earth Planet. Sci. Lett., 211, 27-44.
McKenzie, D., D. Fairhead (1997) : Estimates of the effective elastic thickness of the continental
lithosphere from Bouguer and free air gravity anomalies, J. Geophys. Res., 102, 27,523-27,552.
Namiki, N., T. Iwata, K. Matsumoto, H. Hanada, H. Noda, S. Goossens, M. Ogawa, N. Kawano, K.
Asari, S. Tsuruta, Y. Ishihara, Q. Liu, F. Kikuchi, T. Ishikawa, S. Sasaki, C. Aoshima, K.
Kurosawa, S. Sugita, and T. Takano (2009) : Farside Gravity Field of the Moon from Four-Way
Doppler Measurements of SELENE (Kaguya), Science, 323, 900-905.
Simons, M., S. C. Solomon, and B. H. Hager (1997) : Localization of gravity and topography,
constraints on tectonics and mantle dynamics of Venus, Geophys. J. Int., 131, 24-44.
Watts, A. B.  (1994) : Crustal structure, gravity anomalies and flexure of the lithosphere in the
vicinity of the Canary Islands, Geophys. J. Int., 119, 648-666.
Watts, A. B. (2001) : Isostasy and lithospheric flexure, Cambridge University Press, pp. 458.
Zuber, M., D. E. Smith, F. G. Lemoine, and G. A. Neumann (1994) : The shape and internal structure
of the Moon from the Clementine mission, Science, 266, 1839-1843.
Zuber, M., D. E. Smith, M. M. Watkins, S. W. Asmar, A. S. Konopliv, F. G. Lemoine, H. J. Melosh,
G. A. Neumann, R. J. Phillips, S. C. Solomon, M. A. Wieczorek, J. G. Williams, S. J. Goossens,
G. Kruizinga, E. Mazarico, R. S. Park, and D.-N. Yuan (2013) : Gravity field of the Moon from
the Gravity Recovery and Interior Laboratory (GRAIL) mission, Science, 339, 668-671.



	測地学会誌、第61巻, 3号, pp.167-171, 2016(2015)
	地形と重力場の全球アドミッタンスからみた月の弾性体厚さ
	Elastic Thickness of the Moon Estimated from the Global Admittance of Gravity and Topography
	1. はじめに
	2. 重力と地形の相関
	3. 重力と地形のアドミッタンスと月の弾性体厚
	4. おわりに
	謝辞　本論文は査読者の建設的な意見のおかげで改善された．また，メリーランド大学のSander J. Goossens博士には，重力や地形のモデルに関して様々な助言をいただいた．ここに記して感謝する．

