
PRIMITIVE BODY EXPLORATION IN THE SOLAR SYSTEM AND ASTROBIOLOGY

Hajime YANO

Planetary Science Division, Institute of Space and Astronautical Science
3-1-1 Yoshinodai, Sagamihara, Kanagawa 229-8510  JAPAN

Fax: 042-759-8457 E-mail: yano@planeta.sci.isas.ac.jp
(Received 20 August 2002, Accepted 21 August 2002)

Key Words: Asteroids, Astrobiology, Comets, Leonids, Meteors, Meteorites, Micrometeoroids, MUSES-C, Solar
System Minor Bodies, Planetary Exploration,

Abstract
Origins of planetary systems and life are common goals among astronomers, biologists and planetary scientists.

In the context of planetary exploration, astrobiology can be defined an interdisciplinary subject which answers fp, ne
and fl parameters for the Drake-Sagan equation. The new concept of habitable zones also demands better understanding
of primitive bodies of the solar system while “cosmic dust” is one of the key components that relates all the
evolutionary stages (from the birth to the death) of the planetary systems and terrestrial life, for both the panspermina
theory and the Urey-Miller paradigm. In particular, it is essential for us to properly conduct optical and spectroscopic
observations of meteor showers such as the Leonid MAC and in-situ measurement and sample return missions to minor
bodies such as MUSES-C, in order to connect between ground observation data of asteroids and comets and analytical
data of cosmic dust and meteorite samples. For the latter, organic and prebiotic material analyses are important for both
scientific outputs and space quarantine issues. Thus the primitive body exploration program should seek more
collaboration with the astrobioloy community not only within the current program but also for new missions in the
coming decade.
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Fig. 1.Concept of circumstellar and galactic habitable zones
proposed by the “Rare Earth Hypothesis”. (Courtesy: Scientific
American) [3]
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Fig. 2.Star birth, disk formation and death of old stars within
one image by the Hubble space telescope. (Courtesy:
NASA/STScI)

Fig. 3.Idea of the current state of the solar system.�Modified
from D. Yeomans (JPL)�

�8��5��

i¨/A����N>î?{�_��5T-��

ÄÅ
���X]�N��[��/^_�X{�_~

no{
�F2-6ræS
N���XKfgH��

/V�_
�¤�jV�_K-iN99.9�T7�§

&,����5{�t?jV�_(Fig. 4)[4]~��

&-34
!ZH��5
��H�Ô_�
{�t

V-�[T���U�N�XrsNp[ ¡{}_~

jH-34�è�{TB¢¼£S*�èæCK{


ï��]¬{�_K-��5�è�H�_
¤/P

CM,CI¥HX£S*�èæN§¨H-T_>H¦§

H�6�[¨¤�è�Kï��]¬
�_~fgH

藤井　智彦
Viva Origino 30 (2002) 144-156


藤井　智彦
- 146 -



��/V�_©ª«{TM¬KG¬[­®/V©&-

B��
��CNÄ¯>?
-�N°±T²\H³

^_~

��5N��T-ÄÅ]�{T17x´NCassiniH

§_Bµ�¶CNlmN¡µ-·c]�N]�{T

19x´N¸¹Nuº�	»HMS Challenger¼H§_

½u¾N¿>?N��lmgÀB£�OPÙÉÁÂ

ÛÃ(ÒCNÇ@H�{Ä_[5]~20x´M�HT

�ÅÆßÇfÈÉ>?N·c
��±A~¹	Çf

���T-1997F
1999FHÊË�jAÌÇÄÅÍ

H§±V-ÌÇNÈ[Î>/V��5[é«H·c

/A~X9-��pº{T-1957FNÉ�(æ�Ù

7¼NÏÂTÐeM>?-fÀ�N0ÑÒ��K«

¬N��,�HÎÏ_ÓÔÕ[Ö×^_At-fÀ

�NiN^ìÅß·c
Ø��jA~1980F:HÉ

Ù(ÉQÚæÒNnxK��_
-éêH�Û^_

GN��5[fgÜ��{Ý�ÏV-fTH�ÂÞ

j_§¨H�±A~�AI�ºNnxK��±A«

ßã�[àá/V-iN¸óH{}A��5H§_

��âNã�ä	
å*Hæ�j_§¨H�±A~

ã�H0ÑÒ{��^_��5T-iN��â>?-

fTNçJHT����èé�Òõ-êc9ë-�

��y�ß�Õ-�
Zt?j_��ÕK�_~�

ì{
1996F-10í�º��Hîï�jASFUã�

KQÚæÒ{àá�j-¸óTNf,Ùá(�(K


ðH�	�jA~�Ano-¹ ��ÉÚ(QR

STH-�ìñòNBóÉæÝcôCKõö�jV

�_~�?H-�ìNÝ��	6BNk¦C[¨¤-

xyøN��	6NVÕH-BóÉæìÅôCK÷

øùú�jV�_~

Fig. 4. Extraterrestrial material influx to the Earth
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Fig. 5. Nuclei of comet Halley imaged by Giotto spacecraft.

(Courtesy: ESA) [6]

Fig. 6. Murchison meteorite. [10]

Fig. 7. Tagish Lake meteorite. [11]
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Fig. 8. Extraterrestrial liquid water in halite found inside the
Monahan H5 ordinary chondrite. (Courtesy: M. Zolensky
(NASA/JSC)) [12]

Fig. 9. Visible-UV spectroscopy of the Leonid fireball in 2001
imaged at the Subaru site, Mauna Kea, Hawai’I.  (Courtesy: S.
Abe, H. Yano, et al.,) [13]
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Fig. 10. Examples for precursor organics of life. (Courtesy: ESA)

Fig. 11. A 10-micron chondritic porous interplanetary dust
particle captured in the stratosphere. (Courtesy: NASA/JSC)

Fig. 12. Greenberg model of the shell structure of cosmic dust
monomer grains. (Courtesy: M. Greenberg (Leiden
University) )[14]
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Fig. 14. An artist’s impression of a 10-km sized asteroid
impacting on the Earth. (Courtesy: NASA/ARC)
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Fig. 15. Connecting between spectroscopy of minor bodies and analyses of meteorite and cosmic dust samples.
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Table 1. Space quarantine recommendations for sample return mission from minor bodies by the NRC-USA [25].

I II
No special containment and handling warranted beyond Strict containment and handling warranted
what is needed for scientific purposes

Ia Ib
High degree of confidence Lesser degree of confidence

The Moon Phobos Europa
Io Deimos Ganymede
Dynamically new comets Callisto P-type asteroids
Interplanetary dust particles C-type asteroids D-type asteroids

Undifferentiated metamorphosed asteroids Interplanetary dust particles
Differentiated asteroids
All other comets
Interplanetary dust particles

藤井　智彦
Viva Origino 30 (2002) 144-156


藤井　智彦
- 154 -



	6[Ãfg�,��{ÉÙÙæÒ�8´N��h

¶»H�SÑý(�)-��T�2(ØÒåPdS

�åPdS�-©§�¢t6�ATf,452(Ø

H§_¸Å�ª�IJNiN^ìÅ[/AM-¸ó

�X[fgH�ÂÞ_~�	ªUT-MUSES-Cß

!¹NNEOåÒZ�SÑý(9�S�ÒÛ�(S

ìíBHeraCOPQRS[27]�ë
�:/V-ij

kj��_ÉÙÙæÒ�[(�-U�
/VV=N

ÉÙÙæÒ�,��N�S�ÒÛ�(S[	�º{

��H^_~

(2) Á;OÛ(OPQRS+�èSmÒæ,��<

åÒZÁ�èØè9�S�ÒÛ�(S[26, 28]

����N�{>?
jA,��<[ ½-+�

�Nª�IJ-���{N=G-34N"�[¡µ

^_~MUSES-C½¾[>?/A�	6T-3-6Fº

HS��ýÙ�ÉN��_£2�É<3-5»-�_�

T2-3FºH!X<{
ÉÙÙæÒ�N��_Öè

��þ�(Ö<<»qYÃ^_��>?-no-]

¶-45Å¤-óÉæ�N��]�[æ¨~Á�è

Øè^_z��¸óHT-ò¹cæ6�[�±V@

6
AÍêæ[æ¨BÛÜCx�6[EF/-ÃY

no[æ��K?0ÑÒ���)_~ijH§&-

f�¶ãâ(ó(N½�>?EF^_çJ[lÜ2

YÂÒN§¨�B�{Ýc�X{·c/V-

MUSES-C
!ZN9º{fgHàá^_~

(3) CAT��QS�Ò�SÑý(9�S�ÒÛ�(

S[26, 29]

NEONX={�&-CD/A.��
9�j_

CAT��(Comet-Asteroid Transition Objects)Nø{
-

{
��ìí]Hæ}ß^�P/Wilson-Harrington.

�H-MUSES-C��	6[é�­ê�r
EDVEGA

cº[ü°/V-2010FH�_~�SÑý(/AM

H,�/V���¸óHYà/VçJ·c[æ�-

2018FHfgH�ÂÞ_~���Æk{K&L�j

A�6�K-.�ø{ë��{rs^_>[�	^

_~A£/EÇÕ�]Nòq9º-fgÞQMNB�

�äøC-]��º�ëHT-��½¾NFÛK�

��{�_~

��
��NÄ¯T-jH(1)
(3)NOPQRS

.{4�
�_~�A-ISAS{Tno-­ê�r-

�(�(ÒèÒ-®^ÒèÒ�ë-�/�Bs��

Ü�5�r6�NØÇKrt?jV©&-ij?N

½¾±¼OPQRSNæ}¥HT-,��K67H

TK_��ÕKÑ�~jHà�b>N�	K��H

�_^_-ÈÛáâã�ß�è�SbÆH��
�

�N�ùKc�_�	ªU
/VT-Èã�ß

EKBO-�_�Ti�>?Ê
/A
9�j_ÒS

�4ÒÉ��ßà�ÆkGæã��ëKHÐ?j_~

128�
t

��
��H©î_B���	CN�¥T-Xó

{TDrake & Sagan9:;N���(�fp-ne-flq

N±¼]�ÍE[ÎÏ_�

aÏ§¨~jH��

�N����N�	T-B�Æ���N�ËC
B�

�5>?
hGü�XqNrsC[��/^_~&

[I±V�_~iNø{
Ãfg�,��T]^T-

fg
hN�

é«©�N�9H��±V}A�

�ÕK�&-��
��NÄ¯>?
-Ý�ßl4

2�
�*{,F½������{�_~jH-Ã

FN�X]�N�h>?-fTHTL
��5ß3

4-�_�T1�]¶N�{ä-'-<¬-ÜO×

�[¨¤V¶N�6�K
A?�jV�_�
K]

>±V}A~�N�
T-B�SÉÙÒOÜ=C


BUrey & MillerC��óè2N��H��V-J�

]�ÍE[ÎÏ¨_£P¨~

B��HF��.��	C
/VN//01�

8ÄÅT-�6�ßä�:NfgqN'ÚÛÜ
/

VN1�2-��5N��Õ[�Õ-./A~X9-

,��¡��N��g¢qNKX�
/V-xy�

N,���S�ÒÛ�(SìíBMUSES-CCKISAS

H§±VÃÕÏÂTÐ?j_~2007FÄHfgH


A?�j_a¤N·cçJT-
hGü�X
S�

,��N��H��Vground truth[ÎÏ_��ÕK

�_~iN��]�ß
ð]�H©�VT-�6]

���¬N,LK�M�j_~þÉæMUSES-C�

:N,���	.H��V
-ÉÙÙæÒ�8´

NEONh¶�SÑý(9�S�ÒÛ�(SK-¹

ªÆ>Hä��jV�_~fT{ÜÖ2�34KÇ

@�jV����è�N,��ß-CD/A.�

��CAT��N�SÑý(9�S�ÒÛ�(SH�

�VT-N��B��äøCN±bK���jV©

&-��{
��
��¬
���	N��T��

�
�_~

���de�ûü�ýÒþ(Sß-
hGü�X

n�H[¤�jA�SÉÙÒOÜ=-i/V,��

��H§_=Né«©��ë-ÃF���	H§±

V@�>±A�O¼PTUV-fg
i�HQ¤


hK-��
�&÷�jA�o{T�Õ-ïH,�

藤井　智彦
Viva Origino 30 (2002) 144-156


藤井　智彦
- 155 -



�>?N���XNr�[�î�K?iN]^[y

*{}A�
[-./V�_~ij�ÏH-��


��
�����	T-LM
��H>¼^_��

\÷Hë>±V�5/�¨�
K-�?H4�H�

±V�Õ£P¨~

RS

ì¬T2002FB
hNl�©§�rs��CNjT

ÒPQRS{UV/AªW[GH-�}�P/A


N{�_~��H®XM6Õ


H-ìA­/N

6�[ÎÏV6�A!ÒPQRSY°��Z[¡N

H\Õ]^[_/TÐ_~

References
1. Dick, S. J. Life on Other Worlds: The 20th-Century

Extraterrestrial Life Debate. pp. 290, Cambridge
University Press, Cambridge, UK (1998)

2. Ward, P. D. and Brownlee, D. E. Rare Earth: Why
Complex Life is Uncommon in the Universe. pp.
333, Copernicus, NY, USA (2000)

3. Gonzalez, G., Brownlee, D. E. and Ward, P. D.
Refuge for life in a hostile universe. Scientific
American 10, 54-59 (2001)

4. Love S. G. and Brownlee, D. E. A direct
measurement of the terrestrial mass accretion rate of
cosmic dust. Science, 262, 550-553 (1993)

5. Yano, H., Japanese contribution to in-situ meteoroid
and debris measurement in the near Earth space.
Earth Planets Space, 51, 1233-1246 (1999)

6. Huebner, W. F. (Ed.) Physics and Chemistry of
Comets. pp. 376, Springer-Verlag, Heidelberg,
Germany (1990)

7. Delsemme, A. H. Cometary origin of the biosphere.
Icarus, 146, 313-325 (2000)

8. Chyba C. F. and Sagan C. Comets as a source of
prebiotic organic molecules for the early Earth. In
Comets and the Origin and Evolution of Life (Eds.
Thomas P. J., Chyba C. F. and McKay C. P.) pp.
147-173, Springer-Verlag, NY. USA (1997)

9. Brearley, A. J. and Jones, R. H. Chondritic
meteorites. In Planetary Materials (Ed. Papike, J. J.)
pp. 3.01-3.398 Mineralogical Society of America,
Washington, D.C., USA (1998)

11. Hiroi, T., Zolensky, M. E. and Pieters, C. M. The
Tagish Lake meteorite: A possible sample from a D-
type asteroid. Science, 293, 2234-2236 (2001)

12. Zolensky, M. E., Bodnar, R. J., Gibson Jr, E. K. et
al. Asteroidal water within fluid inclusion-bearing
halite in an H5 chondrite Monahans. Science, 285,
1377 (1998)

13. Abe, S., Yano, H., Ebizuka, N., Kasuga, T.,
Sugimoto, M., and Watanabe, J. Ultra-violet
spectroscopy of hydroxyl features in the 2001
Leonid meteor storm. Astrobiology, submitted.

14. Greenberg, M. The core-mantle model of interstellar
grains and the cosmic dust connection. In
Interstellar Dust (Eds., Allamandola L. J. and

Tielens, A. G. G. M.) pp. 345-355, Dordrecht:
Kluwer Academic Publ. (1989)

15. Jenniskens, P., Butow, S. J. and Fonda, M. The 1999
Leonid Multi-Instrument Aircraft Campaign – An
early review. Earth, Moon & Planets, 82-83, 1-26
(2000)

16. Alvarez, L. W., Alvarez, W., Asaro, F. and Michel,
H. V. Extraterrestrial cause for the Cretaceous-
Tertiary extinction. Science, 208, 1095-1108 (1980)

17. Rampino, M. R. and Haggerty, B. M.
Extraterrestrial impacts and mass extinctions of life.
In Hazards due to Comets & Asteroids (Ed. Gehrels,
T.) pp. 827-857 The University of Arizona Press,
AZ, USA (1994)

18. Tholen, D. J. and Barucci, M. A., Asteroid
taxonomy. In Asteroids II (Eds. Binzel, R. P.,
Gehrels, T. and Matthews, M. S.) pp. 298-315, The
University of Arizona Press, AZ, USA (1989)

19. �������A-�ìN����NOcI�-
pp. 30, ������������ (2001)

20. Kawaguchi, J., Uesugi, K. and Fujiwara, A.
Readiness of the MUSES-C project and the
spacecraft flight model status. Proc. 22nd ISTS,
2000-o-3-06v (2000)

21. Binzel, R. P., et al., MUSES-C target asteroid
1998SF36: A reddened ordinary chodnrite.
Meteoritics & Planet. Sci. 36 (2001)

22. Clark, B. E., Lucey, P., Helfenstein, P., Bell III, J. F.,
Peterson, C., Veverka, J., McConnochie, T.,
Robinson, M., Bussey, B., Murchie, S., Izenberg, N.,
and Chapman, C. Meteoritics & Planet. Sci., 36,
1617-1638 (2001)

23. Sasaki, S., Nakamura, K., Hamabe, Y., Kurahashi,
E., and Hiroi, T. Production of iron nanoparticles by
laser irradiation in a simulation of lunar-like space
weathering. Nature, 410, 555-557 (2001)

24. Yano, H., Hasegawa, S., Abe, M., and Fujiwara, A.,
Asteroidal surface sampling by the MUSES-C
spacecraft. Proc. Asteroids, Comets, Meteors 2002,
ESA-CP, in press.

25. Space Studies Board-National Research Council,
Evaluating the Biological Potential in Samples
Returned from Planetary Satellites and Small Solar
System Bodies. pp. 100, National Academy Press,
Washington, D.C., USA (1998)

26. ���- `aXb-c5Vd-,���	
Á5(�2-·���������	OPQ

RSä��-K<à����QSþY42á

e  pp. 335-344, ������������
(2001)

27. Sears, D. W. G., Allen, C., Britt, D., Yano, H. et al.,
The case for near-Earth asteroid sample return.
Amer. Inst. Aeronauticas & Astronautics, submitted
(2001)

28. Yano, H., Abe, M., Yamakawa, H., Yoshikawa, M.,
and Fujiwara, A. The Family Mission: Multiple fly-
bys and sample returns to the main belt asteroid
families. Abst. Asteroids 2001, 131 (2001)

29. Kawaguchi, J., A comet nucleus sample return
mission using solar electric Earth gravity assist.
Adv. Space Res., 29, 1215-1220 (2002)

藤井　智彦
Viva Origino 30 (2002) 144-156


藤井　智彦
- 156 -




