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Introduction: A portion of asteroids are highly in-
clined. It is generally believed that such asteroids were
born in the ecliptic plane, then were scattered by gravi-
tational perturbation of protoplanets. Secular reson-
ances [1] or gravitational scattering [2] are considered
as the cause of the gravitational perturbation. The per-
turbation by the secular resonances increased the incli-
nations of the asteroids but did not change their semi-
major axes. On the other hand, the perturbation due to
the gravitational scattering increased the inclinations of
the asteroids and decreased their semi-major axes.

Aims: In order to identify the cause of the pertur-
bations, we searched for highly inclined D-type main-
belt asteroids (MBAS). The main-belt is the region with
the semi-major axis of 2.1 - 3.3AU. D-type asteroids
are primordial asteroids and common in the region with
the semi-major axis of 3.3 - 5.2AU [3][4][5]. If highly
inclined D-type MBAs are frequent in the region be-
tween 2.1AU and 3.3AU, compared to the less inclined
MBAs, we consider that the highly inclined MBAs
were scattered due to the gravitational scattering. Else
if the highly inclined D-type MBAs have same fre-
quency with the less inclined MBAs, the highly in-
clined MBAs were scattered by the secular resonances.
The spatial distribution of the D-type asteroids with
highly inclination gives us the clue of origin and orbital
evolution of MBAs.

Observations and Results: We obtained optical
spectra of 41 highly inclined MBAs using the UH88
telescope with WFGS2 spectrograph and the IUCAA
2-meter telescope with IFOSC spectrogtaph. We used
the low-dispersion grism, the 1.4 width slit, and the
order sort filter for the UH88 run. For the IUCAA run,
No.5 grism and the 1.5” width slit were used. Observa-
tion dates were 19-20 Oct. 2008 and 28-29 Dec. 2008.
The wavelength range of the spectra is 440 — 920 nm.
The spectral resolution was 0.8 nm and typical signal -
to - noise ratio of the spectra is 25 with 300 — 600
seconds exposures. We determined spectral types of
the asteroids by the overall shapes of the spectra be-
tween 440 nm and 830 nm. We compared them with
the template spectra of C, S, X, D, and V-type astero-
ids[5]. We classified the spectral types of 23 asteroids.
It is revealed that highly inclined D-type MBAs are
more populated than the less inclined MBAs. This ab-
undant population suggests that gravitation scattering

events occurred during the formation process of the
Solar system.
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Fig.1 Obtained optical spectra using the UH88 tele-
scope. Top left: S-type. Top right: C-type. Bottom left:
X-type. Bottom right: D-type.



