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Mercury’s moment of inertia from spin and gravity data
MARGOT, Jean-Lu&*
LUniversity of California, Los Angeles

Rotation studies coupled with gravity measurements provide powerful
probes of planetary interiors (e.g., Munk and MacDonald 1960, Peale
1976, Lambeck 1980, Wahr 1988, Dickey et al 1994). Peale (1976) has
shown that measurements of Mercury’s obliquity and amplitude of
longitude librations, together with a knowledge of the second-degree
coefficients of the gravity field, can illuminate the size and state

of the core.

Over the past ten years we have used the Goldstone Solar System Radar
(GSSR) in conjunction with the Green Bank Telescope (GBT) to
characterize the spin state and interior of Mercury. We implemented a
technique (Holin et al, 1988, 1992) that provides instantaneous spin

rate measurements with 10 ppm fractional precision and spin axis
orientation at the arcsecond level. On the basis of measurements at 21
distinct epochs between 2002 and 2006, we found observational evidence
that Mercury closely follows a Cassini state and that it exhibits

forced librations in longitude, as predicted by theory. The amplitude

of the librations indicates that the mantle of Mercury is decoupled

from a molten outer core (Margot et al 2007). A long-period (712

year) libration signature may be present in the data.

Analysis of the radio science signal from the MESSENGER spacecraft
(Solomon et al, 2001) has provided measurements of the low-degree
gravitational harmonics with a precision of better than 1% (Smith et
al, 2012). The combination of spin and gravity data permits a
determination of the polar moment of inertia of the entire planet and
that of the outer librating shell. The moments can be used with
interior models (Hauck et al, 2004, 2007) to arrive at an estimate of
the core size. The core size error budget indicates that the

precision of the ground-based estimates of obliquity and librations
will ultimately dictate the quality of the core size determination, as
well as the attendant inferences regarding the interior structure,
thermal evolution, and magnetic field generation of the planet.

Spin measurements obtained since 2006 are being used to (1) refine the
determination of the obliquity and of the libration amplitude; (2)

confirm the presence or absence of a long-period libration component;
(3) quantify deviations of the pole from the strict Cassini state.
Departures from the expected spin orientation can provide information
about core properties and dynamics. Such an offset in the spin
orientation of the Moon has been used to quantify dissipation in the
lunar interior, with both dissipation due to solid-body tides and
dissipation at a liquid core/solid body boundary playing a role (Yoder
1981, Williams et al 2001).
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Some preliminary estimates of the possibility of determining the Lunar physical libration
in the project ILOM

Natalia Petrovh, Tagir Abdulmyano¥, HANADA, Hideo?*

IKazan Federal University,RussiZKazan State Power Engineering University, RusSRISE Project, National Astronomical
Observatory, Japan

A brief description of targets and problems of the future Japanese project ILOM (In situ Lunar Orientation Measurement),
which is planned to be realized as one of kinds of observations of lunar rotation at the second stage of SELENE-2 mission, i
given in the report. One of the important elements of the project is placing of a small optical telescope on the lunar surface witf
the purpose to detect the lunar physical libration with high accuracy 0.001 arc sec. Computer simulation of the future observatiol
is being done with the purpose of their optimization: effective placement of measuring system on the lunar surface and formatiol
of scheduling of observations for monitoring the physical libration of the Moon. The results of the first stage of the simulation are
presented in the paper. At this stage the tracks for the selected stars are constructed and analyzed, their sensitivity to the inter
characteristics of the lunar body, in the first place, to the selenopotential coefficients, is tested.

Analyses of simulated stellar tracks observable from the lunar surface (in a polar zone) revealed a difference from daily
parallels of stars in comparison with ground based observations. During one "lunar day” equal to 27.3 terrestrial days, a sta
moves along a spiral. In dependence on the longitude of the star, these spi-rals can be untwisted or twisted. In the latter case a ¢
can describe a loop in the sky of the Moon during the observation period. The reason of such unusual astrometry phenomenc
is combination of the slow rotation of the Moon as compared with the Earth and the fast precession motion of the lunar pole (in
comparison with precession motion of a terrestrial pole).

Due to physical libration the shifts of all tracks will be observed towards direction opposite the Earth. The tracks are sensitive
to gravity model of the Moon and are different even for the most accurate modern gravity field models LP150Q and SGM100h.

In the current report we present formulation of the inverse problem of the lunar libration and the application of gradient method
for solution of this problem. Itis shown that longitudinal libration can not be revealed from observations of polar stars. Itis shown,
that measuring inaccuracy E in selenographic coordinates x and y causes the inaccuracy in libration angles less tian sqrt(2)
Residuals in comparing libration angles of inclination (rho) and nogsidina) calculated for two kinds of lunar body model
(deformable and rigid Moon) are analyzed. FFT applied on the residuals spectra reveals several periodical components which a
sensitive to the Love number k2 Identification of the components with origin harmonics in analytical series of libration is carried
out, what can be useful for the future spectral analyses.

References:

Hanada H et al. Science China Vol.54, (2011)

Petrova, N., Hanada, H., Planetary and Space Science (2011), do0i:10.1016/j.pss.2011.10.002.
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VtLBItmission proposed for SELENE-2 and its contribution to constrain the lunar internal
structure

MATSUMOTO, Kojit*, KIKUCHI, Fuyuhiko!, Sander GOOSSENSKAMATA, Shunichi*, IWATA, Takahiro’>, HANADA,
Hideo!, ISHIHARA, Yoshiaki', YAMADA, Ryuhei!, SASAKI, Shd

INational Astronomical Observatory of JapaNASA Goddard Space Flight CentédAXA, University of Tokyo

Internal structure and composition of the Moon provide important clue and constraints on theories for how the Moon formed
and evolved. The Apollo seismic network has contributed to the internal structure modeling. Efforts have been made to detec
the lunar core from the noisy Apollo data (e.qg., [1],[2]), but there is scant information about the structure below the deepest
moonquakes at about 1000 km depth. On the other hand, there have been geodetic studies to infer the deep structure of the Mo
For example, LLR (Lunar Laser Ranging) data analyses detected a displacement of the lunar pole of rotation, indicating tha
dissipation is acting on the rotation arising from a fluid core [3]. Bayesian inversion using geodetic data (such as mass, moment
of inertia, tidal Love numbers k2 and h2, and quality factor Q) also suggests a fluid core and partial melt in the lower mantle
region [4]. Further improvements in determining the second-degree gravity coefficients (which will lead to better estimates of
moments of inertia) and the Love number k2 will help us to better constrain the lunar internal structure.

Differential VLBI (Very Long Baseline Interferometry) technique, which was used in the Japanese lunar exploration mission
SELENE (Sept. 2007 - June 2009), is expected to contribute to better determining the second-degree potential Love humber k
and low-degree gravity coefficients. In SELENE, the VLBI radio sources (called VRAD) were on board the two sub-satellites,
Rstar and Vstar. The differential VLBI data, when both the radio sources were within the beam-width of the ground antennas
were of particular importance because they are highly accurate with atmospheric and ionospheric disturbances almost cancell
out by the simultaneous observation. Such tracking data, i.e. "same-beam differential VLBI data” were useful for precision orbit
determination [5] and also used to develop an improved lunar gravity field model SGM100i [6].

SELENE will be followed by the future lunar mission SELENE-2 which will carry both a lander and an orbiter. We propose to
put the VRAD-type radio sources on these spacecraft in order to accurately estimate k2 and the low-degree gravity coefficient:
By using the same-beam VLBI tracking technique, these parameters will be retrieved through precision orbit determination of
the orbiter with respect to the lander which serves as a reference. The VLBI mission with the radio sources is currently one o
the mission candidates for SELENE-2.

We have conducted a preliminary simulation study on the anticipated k2 accuracy. With the assumed mission duration of abot
3 months (84 days) and the arc length of 14 days, the k2 accuracy is estimated to be better than 1 %, where the uncertainty
evaluated as 10 times the formal error considering the errors in the non-conservative force modeling and in the lander position.

Through forward model calculation, we will show that the k2 error as small as 1 % is sensitive enough to the change in the
liquid core radius of about +/-40 km. We will also show that the k2 accuracy has sensitivity to possible partial melt layer and
contribute to narrow the range of the plausible internal structure models. Although k2 by itself can not distinguish the effect of
core size from that of partial melt layer, it is expected that the combination with other geophysical data such as seismic data a
well as geochemical data will establish a realistic lunar interior model.

References

[1] Weber et al. (2011), Science, 331, 309-312, doi:10.1126/science.1199375

[2] Garcia eta |. (2011), PEPI, doi:10.1016/j.pepi.2011.06.015

[3] Williams et al. (2001), JGR, 106, E11, 27,933-27,968

[4] Khan and Mosegaard (2005), GRL, 32, L22203, doi:10.1029/2005GL023985
[5] Goossens et al. (2011), J. Geod.,85, 487-504, doi:10.1007/s00190-011-0446-2
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Comparison of changes in Earth rotation with temperature changes in the recent century
ZOTOV, Leonid*, Nikolay Sidorenko¥, YongHong Zhod

ISternberg Astronomical Institute of Moscow State University, Rusbkiggro-Meteorological center of Russia, MoscéBhanghai
Astronomical Observatory, Chinese Academy of Sciences, China

Chandler wobble is the resonant motion of the Earth pole, which was discovered more than a century ago. It is supposed th:
atmospheric and oceanic processes supply energy for it. To reveal the sources of the Chandler excitation and their spatiotempo
behavior, we study atmospheric angular momentum (AAM) geographical maps since 1948 yr, by applying multichannel singulat
spectrum analysis (MSSA, [1]) and Panteleev filtering in the Chandler frequency band.

We also try to find explanations for similarities between the curves of Earth rotation changes and global mean temperatur
anomalies. The latter, besides the global worming "hockey stick”, shows about 20-year period variability. In [2] presence of a
18.6-year amplitude modulation in the Chandler excitation was revealed. In [3] it was shown that the Moon tide could play an
important role in the weather variability and atmospheric circulation.

This joint study is an attempt, to draw attention to these interesting facts and to obtain pro and contra of the hypothesis of th
existence of a common factor, that influences both Earth rotation changes and climate variability.

[1] http://Infm1.sai.msu.ru/"tempus/science/MSSA/index.htm

[2] Sidorenkov N.S., The interaction between Earth’s rotation and geophysical processes. WILEY-VCH Verlag GmbH and Co.
KGaA, Weinheim, 2009, 305 pp.

[3] L. Zotov, Dynamical modeling and excitation reconstruction as fundamental of Earth rotation prediction , Artificial Satel-
lites, Warsaw, Vol. 45, N. 2, 2010, p. 95-106.

The first author is supported by the Chinese Academy of Sciences Fellowship for Young International Scientists grant.
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The mechanism and regularities of heat planets and satellites due to the excitation of the
shells by external celestia

BARKIN, Yury!*
ISternberg Astronomical Institute

Mechanism, providing a high endogenous activity of the Earth and other celestial bodies, was proposed by the author in 199¢
2002 (Barkin, 2002). Its essence lies in the fact that the external celestial bodies are not only deform the Earth’s mantle layer
and excite the system itself, its shells, primarily the core and mantle. The gravitational attraction of non-spherical shells of the
earth by external celestial bodies, occupying, generally speaking, the eccentric positions relative to each other, inevitably caus
a small relative displacements of the shells and their relative rotations (swinging) and as a consequence deformations, addition
to the classical tidal deformations, and new dissipation processes.

In this paper we study the deformations, changes of the elastic energy, of the energy of dissipation in a viscous-elastic mant|
as a result of the polar drift and oscillations of the core, both globally across the planet, and in relation to the northern and
southern hemisphere. The basis of study is a solution of problem of elasticity theory of deformation of the mantle at the polar
displacements and oscillations of the core under certain boundary and initial conditions (Barkin, Shatina, 2005). It is assume
that the core and mantle separated by a thin viscous-elastic layer, similar to the corresponding layers of zone D”, whereby |
becomes possible the small oscillations of the core and its secular drift, which have been confirmed with modern data on spac
geodesy about the displacements and oscillations of the mass center of the Earth. That is, the core-mantle system is conside
as not rotating. In the unperturbed state the mantle is characterized by concentric density distribution. The excess (superfluou
mass of the core by its displacements and due to its gravitational attraction causes the deformation of all layers of the mantle
Deformations of the planet are described by the linear model of a viscous - elastic Kelvin-Voigt body. As the basic parameter:
the appropriate parameters of elasticity and viscosity of the Earth and their average values in accordance with the classical moc
of the Earth (PREM) have been taken (Dziewonski, Anderson, 1981). For these deformations the elastic energy of the planet ar
energy of dissipation is determined and estimated.

The northern hemisphere plays dominant role, and (at the northern drift of the core) obtains the elastic energy and therme
energy by about 30% more than in the southern hemisphere. Thus, the geomodel explains the observed in present the natu
phenomena: activation of volcanic and seismic activity in the northern hemisphere, more active increased warming and cata:
trophic events in the northern hemisphere compared to the southern hemisphere and oth. On the basis of this model an explanat
of fundamental geodynamic phenomena of tidal acceleration of Earth’s axial rotation, the secular drift of the Earth’s pole in the
present epoch, the global rise in sea level and contrast of secular changes in mean sea level in northern and southern hemisphe
has been given.

An explanation of the phenomenon of dichotomy of geological structures and geophysical phenomena and natural process
on Mercury, the Moon, Mars, Vesta, Titan, Enceladus, Pluto, Charon and other bodies of the solar system has been given. Simil
phenomena of inversion, contrast, asymmetry, cycling, curling of hemispheres and polar regions, ordering, synchronization, et
will be opened in the near future for celestial bodies in others exo-planetary systems and for pulsars (Barkin, 2007-2011).

The work was supported by the Russian Japanese and Russian Chinese grants of RFBR N 11-02-91160 and RFBR N 11-C
92113 and Russian grant RFBR N 11-05-01134.
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Dependence of the tidal response on the internal structure of the Moon: Geodetic impli
cation to the partial melt layer

HARADA, Yuji *, Sander GoossehsKoji Matsumot@, Jianguo Yaf, Jinsong Ping, Hirotomo Noda
ISHAO, CAS,2GSFC, NASA 2NAOJ, NINS,*LIESMARS, Wuhan Univ.”’NAOC, CAS

Generally, internal energy dissipation associated with tidal deformation and physical libration of a planetary body depends or
its internal structure, especially viscosity structure. Here magnitude of the tidal dissipation is mainly represented by the quality
factor (Q) and the Love number 4k These values inevitably depend on its viscosity structure, and thus, give us clues of its
thermal state and history.

Although dependence of the tidal dissipation on the viscosity structure of the Moon has already been demonstrated by prev
ous research, its parameter study unfortunately has certain limitations. First, it assumes the lunar interior as a uniform spher
However, the realistic interior on the Moon has been revealed to be differentiated by observation of the moonquakes. Therefor:
it should be based on the seismic velocity structure instead of a homogeneous body. Second, Only Q has been calculated. Ho
ever, geodetic observation actually show us not only Q but als@tkerefore, both of them need to be estimated. Third, in the
past, there are no observational values which correspond to the calculation results. However, both, QratitekMoon has
been derived from rotation and gravity field measurements by lunar laser ranging and precise orbit determination of the orbiter:
respectively. Therefore, the parameter study should be confronted with the current result of Q and k

By resolving the above issues, we would be able to put a new constraint on the interior structure on the Moon. That is, it allows
us to consider what kind of viscosity structure can explain both Q analith no contradiction. Moreover, such consideration
further enables us to tell what should be investigated in the framework of the lunar exploration project in the next generation.

Therefore, parameter studies on visco-elastic deformation are performed based on more realistic interior structure, and the
its calculation results are compared with pre-existing results derived from selenodetic observation. Concretely speaking, by en
ploying the density and elasticity structures from seismic inversion, and by defining the viscosity of the asthenosphere as a fre
parameter, Q andskare calculated. The knowledge of seismology also indicates the presence of a strong attenuation zone at th
lower-most part of the lunar mantle. The viscosity in this zone is probably lower than that in the upper part. Therefore, this study
prepares two extreme viscosity structures for the sake of simplification. One is the case in which the viscosity of the astheno
sphere is regarded to be uniform and changed over several orders of magnitude in this parameter study. The other is the ce
in which just the viscosity of the high attenuation zone is changed over the same range. After that, by comparing the result fo
each of the above cases with the observational values obtained from Kaguya, Chang’e-1, and LRO, it is examined whether tt
viscosity value satisfying Q and lat the same time is admissible or not.

As a result, it is clarified that the viscosity solution consistent with geodetic observations of both rotation and gravity field
exists only if the interior structure includes the specific low viscosity zone, and also if the value from Kaguya or Chang’e-1 is
referred. This case defines only one narrow range of viscosity corresponding to the observational Q. This viscosity range de
termines a numericalokwhich is consistent with each of the observed values. On the other hand, this determined value is not
consistent with the observed value from LRO because it is slightly larger than the others. In contrast to the above case, if it doe
not include the low viscosity zone, this case defines two ranges of corresponding to the observational Q. However, both thes
ranges are not consistent with any of the values from either Kaguya, Chang’e-1, or LRO.

As a conclusion, the seismic attenuation zone inside the lunar interior is probably equivalent to the low viscosity zone.

Keywords: the Moon, tidal response, internal structure, partial melt, quality factor, Love number
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The expanding Earth confirmed by geodetic observations
SHEN, Wen-Bint*, Zi-Yu Shert, Rong Suh
1School of Geodesy and Geomatics/Key Lab of Geospace Env and Geod, Wuhan Univ, Wuhan, China

Whether the Earth is expanding or contracting is an interesting question in geoscience. Some scientists support the viewpoi
of the Earth expansion, and some are against this viewpoint. This study focuses on estimating the Earth expansion rate usi
the space-geodetic data over land, global gravimetric observations, and altimetry data over oceans. Space-geodetic data recor
at stations distributed over land areas were used to estimate the Earth expansion rate, and the results suggest that the Eart
expanding at a rate about 0.24mm/a. Based on the EGM 2008 and the secular variation rates of the second-degree coefficiel
determined by satellite laser ranging and Earth mean-pole data, the principal inertia moments of the Earth (A, B, C) and ir
particular their temporal variations were determined, and the results show that the Earth is expanding at a rate ranging fror
0.17 mm/a to 0.21 mm/a, which coincides with the space-geodetic evidences. Further, by examining the sea level rise observe
by satellite altimetry, taking into account the contributions of the mass migration due to glacier and ice sheet melting, global
temperature increase and post-glacier respond effects, we find that the Earth is expanding at a rate around 0.9+/- 0.6 mm/a.
relative large uncertainty (+/- 0.6mm/a) is due to the fact that the sea level rise and the relevant contributions to it cannot be
relatively well estimated at present, and further investigations are needed. Finally, a possible expansion mechanism is provided
this investigation. This study is supported by Natural Science Foundation of China (grant No. 41174011; 40974015; 40637034)

Keywords: Earth expansion, space-geodetic data, gravimetric data, sea level rise
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The theory of the unperturbed and perturbed rotational motion of celestial bodies in the
Sadov and Kinoshita variables

BARKIN, Mikhail 1*, BARKIN, Yury?
IMoscow Aviation Institute?Sternberg Astronomical Institute, Moscow

The analytical theory of the unperturbed and perturbed rotational motion of a rigid celestial body (planet or satellite) is devel-
oped. As the unperturbed motion it is accepted and developed the free rotational motion of a rigid triaxial body with unequal
principal moments of inertia (the case of the Euler-Poinsot). The body has any triaxiality and arbitrary dynamic oblateness. Alsc
another class of celestial bodies ? non-rigid, and weekly deformed, with a variable geometry of the densities. A new theory of the
unperturbed rotational motion of celestial bodies, which takes into account own rotational deformation of the body, is constructec
and developed (Chandler-Euler motion, Barkin Yu., 1998). In both cases, the unperturbed rotational motion is a motion on the
Euler-Poinsot. However, for weekly deformed celestial body this motion is characterized not by its real moments of inertia, and
some the changed constant moments of inertia, taking account of its tidal deformations caused by its own rotation.

Hamiltonian formalism is developed and the unperturbed rotational motion of rigid and weekly deformed celestial bodies are
described by <action-angle-> variables in the form introduced in the well-known works of Yu. Sadov (1972), H. Kinoshita
(1977) and Yu. Barkin (1992, 1998). The of paramount importance for the study of the perturbed rotational motion of the planet
(satellite) in the gravitational field of the perturbing bodies has the construction of expansions of the force function of the New-
tonian interaction of the body with the surrounding celestial bodies in "action-angle” variables. The first attempts to construct
such expansions in the theory of rotation of the Earth have been made in the work of H. Kinoshita (1977) for the second harmoni
of the force function. In this case the author has made some simplifications and some restrictions on the dynamic oblatenesses
the planet. But it was in the works of Yu Barkin (1992, 1998), these expansions were obtained in an exact representation in th
form of Fourier series on multiple variables "angle” with the coefficients represented by functions of the variables "action.” This
representation of the coefficients is not trivial, and makes extensive use of the apparatus of elliptic functions, theta functions
hyperbolic functions and elliptic integrals of three kinds.

In the papers (Yu. Barkin, 1992, 1998), the expansion of the force function was obtained for the main terms of the seconc
harmonic proportional to the coefficients of the gravitational field of the body C20 (zonal harmonic) and C22 (the main tesseral
harmonic). In this paper, a complete expansions in Fourier series of all components of the second harmonic of the gravitation:
potential, i.e. additional terms proportional to the geopotential coefficients C21, S21 and S22 have been obtained (M. Barkin
2011). The expansions are presented in a compact form convenient for applications.

Analytical formulas for the first-order perturbations in "action-angle” variables in this more general formulation of the per-
turbed rotational motion of the planet (the Earth) under the gravitational attraction of external celestial bodies (Moon, Sun) have
been obtained in explicit form. We studied also the changeable Earth’s rotation with variable coefficients of the gravitational
potential C20 (t), C22 (t), C21 (t), S21 (t) and S22 (t). Separately the dynamic effects due to the observed secular changes
these coefficients and the observed annual variations obtained by the long-term observations of geodetic satellites (Cheng et
1997, 1999) have been studied.

Follow to modern studies and works of astrophysicists (Link et al., 2001) we developed a number of applications of the for-
mulas of our unperturbed rotational motion to study the kinematics and dynamics of isolated pulsars with precession.

Keywords: Kinoshita variables, Sadov variables, unperturbed and perturbed motion, gravitational attraction, celestial bodies
< <action-angle-> variables
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Reconstruction of paleoselenoid using surface shapes of mare basalts and flow directiol
of sinuous rilles

OGAWA, Tatsuhikd*, HEKI, Kosuké
IDept. Nat. Hist. Sci., Hokkaido Univ.

It is believed that the Moon has kept synchronous rotation throughout the history of the Earth-Moon system. However, the
current selenoid (geoid of the Moon, an equipotential surface) has imbalances in its degree-2 coefficients as pointed out b
Garrick-Bethell et al. (2006). For a synchronously rotating satellite, the ratio of the centrifugal potential to the tidal potential
becomes 1:3. Then the ratio betweefy G=-J) and G should be 10:3 in hydrostatic equilibrium. However, the ratio determined
recently with Kaguya is 9.09 (Namiki et al. 2009), that isjsltoo large relative to &.

In order to further study this problem, we try to recover a snapshot of the ancient selenoid during the heavy bombardmen
period using the surface shapes of lunar maria. We use the results of laser altimeter (LALT) of Kaguya in order to reconstruc
the shape of selenoid when mare basalt filled the basins. We will also use the data of the terrain camera (TC) to discuss flo
directions of sinuous rilles and difference between the current and past selenoid.

We investigate if the mare surface in a mascon basin is parallel with the present day selenoid by comparing topographic dat
from LALT (Araki, et al., 2009) and the lunar gravity model (SGM100h, Matsumoto et al., 2010). Because basaltic lava of the
Moon has a viscosity lower than any lava flows on the Earth (Murase and McBirney, 1970), its surface might preserve the fossi
selenoid when the lava solidified. This was the case for the three mascon basins, Imbrium, Serenitatis, and Humorum, i.e. tt
LALT data showed subtle curvatures consistent with the selenoid shapes within the basins calculated from the lunar gravit
model. In addition to the localized curvatures, selenoid shapes within these basins showed overall tilt relative to the averag
lunar sphere. The estimated two-dimensional gradients of the Maria Humorum and Serenitatis showed directions consistent wi
the hydrostatic degree-2 shape: @22 = 10:3), but the Mare Imbrium showed anomalous gradient. Although the Mare Imbrium
should have a (upward) slope toward SE under hydrostatic equilibrium, the observed slope was toward SW. In short, the Mar
Imbrium seems to have an unexplained westward slope.

In order to confirm this with other evidence, we analyzed the TC topographic data and flow directions of sinuous rilles. Sinuous
rille, a channel or valley, is considered to have been formed by thermal erosion of basaltic lava flow. Their flow direction should
be downward relative to the current selenoid like rivers on the Earth. R. Nakamura (2011, pers. comm.), however, found ar
intriguing case that the sinuous rille, Rimae Plato (northeast of Imbrium) seems to have flown upward relative to the current
selenoid. This might suggest certain fossilized differences between the present and ancient selenoid. Lots of sinuous rilles exi
around the Mare Imbrium, and some sinuous rilles, including Rimae Plato, showed upward flow relative to the current selenoid
Then we found some interesting cases in these sinuous rilles. For example, Rima Suess, which is in the SW of Mare Imbriurr
seems to have flown against gravity relative to the current selenoid. However, this flow becomes downward if we correct for the
unexplained tilt of Mare Imbrium region assuming that it occurred after the rille formation. So this might support the abnormal
tilting of Mare Imbrium. Some sinuous rilles, such as Rima Suess, showed similar signatures, but others did not. So we will
systematically survey the flow directions of these rilles to establish a possible scenario of the tilting motion of the Mare Imbrium.

Keywords: Moon, Selenoid, sinuous rille, basaltic lava, Mare Imbrium

1/1



	PPS04_O_e
	PPS04-01_e
	PPS04-02_e
	PPS04-03_e
	PPS04-04_e
	PPS04-05_e
	PPS04-06_e
	PPS04-07_e

	PPS04_P_e
	PPS04-P01_e
	PPS04-P02_e


