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I n t r o d u c t i o n 

At the end of the f i f t i e s the f i r s t man-made o b j e c t s l e f t the 
g r a v i t a t i o n a l f i e l d of the Earth i n an attempt t o reach the c l o s e s t 
c e l e s t i a l body, the Moon. Those attempts, many of them u n s u c c e s s f u l , gave 
r i s e t o the e x p l o r a t i o n of the Solar System. Some t h i r t y - f i v e years l a t e r , 
P l u t o i s the only planet of the Solar System as yet unexplored; men have 
walked on the Moon, three comets have been flown-by, Mars has re c e i v e d the 
v i s i t of a good number of o r b i t i n g and/or landing v e h i c l e s as has Venus, 
the gaseous giants have been v i s i t e d by four probes. 

The reconnaissance p a r t of the e x p l o r a t i o n of the S o l a r System i s almost 
concluded and a new phase needs t o be s t a r t e d . 

In the past - and up t o the present day - there were two main motivations 
which convinced a d m i n i s t r a t o r s t o i n v e s t funds i n space e x p l o r a t i o n : 
competition between p o l i t i c a l b l o c s and science. 
For a number of reasons these motivations are l o s i n g momentum and the 
space business i s desperately searching f o r new j u s t i f i c a t i o n s a t a time 
c h a r a c t e r i s e d , on the one hand, by the disappearance of worldwide 
p o l i t i c a l c onfrontations and, on the other, by the c u r t a i l i n g of funds 
on the object i o n a b l e assumption that science i s a s o c i a l l u x u r y . 
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The new concept of space e x p l o r a t i o n w h i c h i s p r e s e n t l y d e v e l o p i n g w i t h i n 
t h e s p a c e - f a r i n g n a t i o n s makes use o f a m i x t u r e o f s c i e n c e , t e c h n o l o g i c a l 
advancement, s o c i o - p s y c h o l o g y , e c o l o g y and e x p l o i t a t i o n i n an at t e m p t t o 
j u s t i f y major i n v e s t m e n t s i n t h i s f i e l d . 
From t h i s s t a n d p o i n t t h e e x p l o r a t i o n i s o b v i o u s l y i d e n t i f y i n g space 
t a r g e t s w h i c h can o f f e r an o p p o r t u n i t y t o s a t i s f y a l l o f t h e above 
m o t i v a t i o n s . The c h o i c e i s c o n s e q u e n t l y v e r y l i m i t e d : s e n d i n g a p r o b e t o 
a comet i s a t e c h n o l o g i c a l (and i n d u s t r i a l ) c h a l l e n g e and c e r t a i n l y 
p r o v i d e s us w i t h f u n d a m e n t a l and n o v e l s c i e n c e ; however, a comet w i l l 
i n d e e d n e v e r be c o n s i d e r e d e i t h e r as a p l a c e f o r t h e s e t t l e m e n t o f a 
manned base ( s o c i a l and p s y c h o l o g i c a l a s p e c t s o f t h e e x p l o r a t i o n , i . e . t h e 
a d v e n t u r e ) o r as a p o t e n t i a l space o r e d e p o s i t ( e x p l o i t a t i o n a s p e c t ) . By 
t h e same t o k e n a v e r y l a r g e manned o r b i t i n g f a c i l i t y ( t e c h n o l o g y a s p e c t ) 
w i l l be d i f f i c u l t t o r e a l i s e i n t h e absence o f c o m p e l l i n g s c i e n t i f i c , 
i n d u s t r i a l o r even e c o l o g i c a l ( t r a n s f e r t o space o f dangerous p r o d u c t i o n s ) 
m o t i v a t i o n s . 

The o n l y b o d i e s o f t h e S o l a r System w h i c h o f f e r t h e o p p o r t u n i t y o f merging 
t o g e t h e r t h e v a r i o u s m o t i v a t i o n s and j u s t i f i c a t i o n s j u s t m e n t i o n e d a r e t h e 
Moon, Mars and perhaps t h e a s t e r o i d s ; n e v e r t h e l e s s , t i m e s c a l e s o f f u t u r e 
e x p l o r a t i o n and uses m i g h t d i f f e r d r a m a t i c a l l y . 

Past Discoveries and Future Exploratory Needs 

The Moon 

The US P i o n e e r Program r e p r e s e n t s t h e f i r s t a t t e m p t t o t a r g e t a man-made 
o b j e c t t o t h e Moon: r e s u l t s were n o t e x c i t i n g b u t a t l e a s t t h e s e f i r s t 
l a u n c h e s t r i g g e r e d a t e c h n o l o g i c a l advancement w h i c h i n a s h o r t t i m e would 
have b r o u g h t a man t o w a l k on t h e s u r f a c e o f t h e Moon. I n USSR t h e Luna 
Program had a b e t t e r f a t e , and a l r e a d y a t t h e se c o n d l a u n c h t h e Moon was 
s t r u c k by t h e l i t t l e R u s s i a n p r o b e . Luna-3, i n 1959, was a b l e t o t a k e t h e 
f i r s t p h o t o g r a p h o f t h e f a r - s i d e o f t h e Moon: i t was n o t an e x c e p t i o n a l 
q u a l i t y p i c t u r e b u t i t showed, f o r t h e f i r s t t i m e , some f e a t u r e s o f t h e 
s u r f a c e w h i c h , seven y e a r s l a t e r , were c o n f i r m e d by t h e images t r a n s m i t t e d 
by t h e US Lunar O r b i t e r . A n o t h e r f i r s t i n t h e e x p l o r a t i o n o f t h e Moon was 
s c o r e d by t h e R u s s i a n s i n 1966 who succeded i n making t h e Luna-9 
s p a c e c r a f t l a n d s a f e l y on t h e s u r f a c e o f o u r n a t u r a l s a t e l l i t e . S i n c e 
t h e n , s u c c e s s f u l US and S o v i e t m i s s i o n s t o t h e Moon have i n d e e d been 
numerous, c u l m i n a t i n g i n t h e w e l l known manned m i s s i o n s . T h e s e m i s s i o n s 
have c o n t r i b u t e d t o t h e d i s c o v e r y o f many f a s c i n a t i n g and u n e x p e c t e d 
phenomena s u c h , as mascons, moonquakes, l u n a r magnetism, d e p l e t i o n i n 
v o l a t i l e e l e m e n t s . None o f t h e s e has been t h o r o u g h l y e x p l a i n e d and t h e 
l i m i t a t i o n s i n t h e amount and q u a l i t y o f t h e d a t a a v a i l a b l e a t p r e s e n t a r e 
p a r t l y r e s p o n s i b l e f o r t h i s . 
The s c i e n t i f i c c a s e f o r f u r t h e r l u n a r s t u d i e s can be summarised as 
f o l l o w s : u n d e r s t a n d i n g o f t h e o r i g i n and e a r l y e v o l u t i o n o f t h e S o l a r 
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System; h i s t o r y o f t h e Earth-Moon system; i d e n t i f i c a t i o n o f l u n a r 
r e s o u r c e s . 

Once t h e s c i e n c e o f t h e Moon i s c o m p r e h e n s i v e l y a s s e s s e d i t i s t h e use o f 
o u r n a t u r a l s a t e l l i t e and t h e e x p l o i t a t i o n o f i t s r e s o u r c e s w h i c h need t o 
be s t u d i e d and r e a l i s e d . 

The Moon has r e t a i n e d , t h r o u g h t h e absence o f s i g n i f i c a n t e r o s i o n and 
d e p o s i t i o n , as w e l l as t h e e v i d e n t l a c k o f p l a t e m o t i o n s and t h e e a r l y 
c e s s a t i o n o f the v o l c a n i s m , a more c o m p l e t e r e c o r d o f p r i m e v a l e v e n t s i n 
t h e S o l a r System than any o t h e r major body i n i t . D a t a from t h i s r e c o r d i s 
o f key importance i n a t t e m p t i n g t o answer t h e q u e s t i o n o f t h e o r i g i n o f 
t h e S o l a r System. Moreover, t h e t h e o r i e s about t h e E a r t h d e v e l o p e d by 
g e o l o g i s t s , g e o p h y s i c i s t s and g e o c h e m i s t s r e q u i r e t e s t i n g on o t h e r t h a n 
E a r t h d a t a . F o r t h i s e s s e n t i a l s c i e n t i f i c p r o c e d u r e t h e Moon o f f e r s a most 
s u i t a b l e c h a l l e n g e : w h i l e a t e r r e s t r i a l body, i t i s p r o b a b l y t h e one t h a t 
d i f f e r s t h e most from E a r t h . 

I t has been known s i n c e t h e l a s t c e n t u r y t h a t l u n a r t i d a l f r i c t i o n i s 
c a u s i n g t h e Moon t o r e t r e a t f r o m t h e E a r t h ; f r o m t h e A p o l l o and Luna 
samples c h e m i c a l a f f i n i t i e s between t h e E a r t h and Moon have been 
d i s c o v e r e d . The i n t e r p r e t a t i o n o f t h e meaning o f t h i s c l o s e e a r l y 
r e l a t i o n s h i p i s one o f t h e p r o f o u n d q u e s t i o n s o f astronomy and a key t o 
t h e o r i g i n o f our p l a n e t and i t s n a t u r a l s a t e l l i t e . 

D e s p i t e t h e 382 Kg o f samples r e t u r n e d by s i x A p o l l o m i s s i o n s and 250 g r 
b r o u g h t back by R u s s i a n a u t o m a t i c v e h i c l e s , we can s t a t e t h a t a number o f 
f u n d a m e n t a l q u e s t i o n s about t h e Moon a r e s t i l l a w a i t i n g an answer. 

The s a m p l i n g was i n d e e d adequate f o r us t o d e v e l o p a f i r s t o r d e r 
u n d e r s t a n d i n g o f t h e n a t u r e o f t h e l u n a r s u r f a c e and i t s s t r a t i g r a p h y , 
t h a n k s t o t h e s i m p l i c i t y o f t h e o v e r a l l l u n a r g e o l o g y c h a r a c t e r i s e d by a 
b a s i c t w o - f o l d d i v i s i o n i n t o t h e d a r k m a r i a and t h e h i g h l a n d s . B e f o r e 
A p o l l o we knew v i r t u a l l y n o t h i n g about t h e c h e m i c a l c o m p o s i t i o n o f t h e 
Moon: even t h a t o f t h e s u r f a c e r o c k s and s e d i m e n t s was an open q u e s t i o n . 
Now we know t h a t , a p a r t f r o m m e t a l l i c i r o n and t h e s i d e r o p h i l e s ( m a i n l y 
n o n - v o l a t i l e elements w h i c h c o n c e n t r a t e i n m e t a l l i c p h a s e s ) and v o l a t i l e 
e l e m e n t s , t h e Moon i s s i m i l a r t o E a r t h i n i t s e l e m e n t a l abundances, and 
i t s r o c k s and m i n e r a l s a r e p a r a l l e l l e d by t h e i g n e o u s r o c k s o f t h e E a r t h ' s 
c r u s t . Y e t t h e d e p l e t i o n o f s i d e r o p h i l e s and v o l a t i l e s have t o be f u l l y 
e x p l o r e d . 
To p r o c e e d f u r t h e r i n o u r u n d e r s t a n d i n g o f t h e Moon, and e s p e c i a l l y t o 
p r o v i d e d e f i n i t i v e answers t o t h e above key q u e s t i o n s , s e l e n o c h e m i c a l and 
s e l o n o p h y s i c a l mapping o f t h e e n t i r e s u r f a c e , p a r t i c u l a r l y t h e f a r - s i d e 
and t h e p o l a r r e g i o n s , i s needed. H i g h r e s o l u t i o n s p e c t r a l r e f l e c t i v i t y 
measurements and m u l t i s p e c t r a l / s t e r e o i m a g i n g o f t h e l u n a r s u r f a c e i n t h e 
v i s i b l e and near i n f r a r e d have n o t y e t been p e r f o r m e d f r o m l u n a r o r b i t e r s 
s i m p l y because t h e methods were n o t a v a i l a b l e . W i t h p r e s e n t day t e c h n o l o g y 
u n i q u e i n f o r m a t i o n on t h e m i n e r a l o g i c a l / c h e m i c a l c o m p o s i t i o n o f t h e l u n a r 
s u r f a c e , i t s d e t a i l e d morphology and a l t i m e t r y c o u l d be c h e a p l y o b t a i n e d . 
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T h i s b a s i c i n f o r m a t i o n on t h e s u r f a c e s h o u l d be complemented by 
o b s e r v a t i o n s o f the o v e r a l l shape o f t h e Moon, as deduced f r o m al m o s t 
c o n v e n t i o n a l r a d a r a l t i m e t r i c measurements, and t h e d e t e r m i n a t i o n o f t h e 
low d e g r e e and o t h e r s p h e r i c a l h a r m o n i c s o f t h e l u n a r g r a v i t a t i o n a l f i e l d 
w ould h e l p us t o d e t e r m i n e t h e i s o s t a t i c s t a t e o f t h e Moon o v e r v a r i o u s 
s c a l e s . 
P r i o r t o A p o l l o , t h e Moon was b e l i e v e d t o have no magnetism. However t h e 
remnant m a g n e t i s a t i o n o f t h e l u n a r samples and t h e d i s c o v e r y o f 
s u p e r f i c i a l magnetic a n o m a l i e s have p r o v e n t h e e x i s t e n c e o f a m a g n e t i c 
h i s t o r y o f the s a t e l l i t e . The o r i g i n o f t h e p r i m e v a l f i e l d w h i c h 
m a g n e t i s e d t h e r o c k s i s s t i l l somewhat c o n t r o v e r s i a l : a c o m p l e t e map o f 
t h e l u n a r magnetic f i e l d a n o m a l i e s would go a l o n g way t o r e s o l v i n g t h e 
q u e s t i o n . 

These and a number o f o t h e r s c i e n t i f i c q u e s t i o n s on t h e p a s t p r o d u c t i o n 
and p r e s e n t d i s t r i b u t i o n o f t h e v o l a t i l e s o r t h e t h e r m a l h i s t o r y o f t h e 
Moon s h o u l d be answered as a " c o n d i t i o s i n e qua non" t o a f u r t h e r manned 
e x p l o r a t i o n o f the s a t e l l i t e . 

From t h i s s t a n d p o i n t i t i s e s s e n t i a l , i n t h e c o u r s e o f a se c o n d s t a g e o f 
e x p l o r a t i o n , t o a s c e r t a i n t h e e x i s t e n c e o f u s a b l e r e s o u r c e s f o r t h e 
e s t a b l i s h m e n t o f manned f a c i l i t i e s and p e r h a p s , on a much l o n g e r 
t i m e - s c a l e , f o r the s e t t l e m e n t o f a l u n a r c o l o n y . 

The f i r s t a v a i l a b l e s o u r c e o f m a t e r i a l [ f o r c o n s t r u c t i o n and/or 
p r o t e c t i o n ] on t h e Moon i s t h e r e g o l i t h whose m e c h a n i c a l p r o p e r t i e s 
( c o m p a c t i o n c o e f f i c i e n t , h a r d n e s s , e t c ) must be e v a l u a t e d as w e l l as 
g r a i n - s i z e d i s t r i b u t i o n and g e o g r a p h i c a l d i s t r i b u t i o n and t h i c k n e s s . Once 
t h i s i n f o r m a t i o n i s a v a i l a b l e t h e r e g o l i t h can be u s e d as " b u l k m a t e r i a l " 
t o be e x c a v a t e d , packaged and t r a n s p o r t e d w h e r e v e r needed. 

More " n o b l e " r o c k s a r e t h o s e w h i c h can be u s e d o r t r e a t e d f o r t h e 
p r o d u c t i o n o f fund a m e n t a l m a t e r i a l s s u c h as i r o n , t i t a n i u m , a l u m i n i u m and 
s i l i c o n . These m i n e r a l s a r e p r i m a r i l y i l m e n i t e and p l a g i o c l a s e as w e l l as 
o l i v i n e s and pyr o x e n e s w h i c h c o n t a i n s i g n i f i c a n t q u a n t i t i e s o f i r o n . 

I l m e n i t e i s c o n c e n t r a t e d i n t h e Mare r e g i o n s o f t h e Moon and i s s u p p o s e d l y 
abundant. I t s p r e s e n c e on t h e l u n a r s u r f a c e can be i d e n t i f i e d f r o m o r b i t 
by means o f gamma-ray and o p t i c a l / i n f r a r e d s p e c t r o s c o p y . On t h e s u r f a c e , 
e l e c t r o m a g n e t i c s o u n d i n g t e c h n i q u e f o l l o w e d by r a p i d X - r a y f l u o r e s c e n c e 
a n a l y s i s can p r o v i d e us w i t h good i n f o r m a t i o n on l o c a l c o n c e n t r a t i o n s o f 
m e t a l l i c m a t e r i a l s . 
P l a g i o c l a s e i s v e r y common i n t h e l u n a r c r u s t and i s c o n s i d e r e d as one o f 
t h e m a j o r p o t e n t i a l s o u r c e s o f aluminum and s i l i c o n . Remote s e n s i n g 
t e c h n i q u e s t o a c q u i r e r e g i o n a l d i s t r i b u t i o n s and g e o p h y s i c a l / g e o c h e m i c a l 
p r o b i n g t o d e t e r m i n e l o c a l c o n c e n t r a t i o n s do n o t d i f f e r f r o m t h e ones j u s t 
m e n t i o n e d . 

This article from International Institute of Space Law is published by Eleven international publishing and made available to anonieme bezoeker



The existence of metallic deposits cannot be excluded "a pr ior i" . 
Terrestr ial type deposits must be excluded due to lack of transport and 
concentration by f luids. However, magmatic segregations or fractionation 
related to major impacts can have taken place and attention should 
therefore be focused on vents, dark material regions and orange glass 
regions. 
Volati les such as carbon, hydrogen, nitrogen and noble gases are mostly 
originated by trapping solar wind in the regol ith; degassing during 
meteorite impacts cannot be ruled out. Search for trapped gases should not 
be neglected, nor the possible existence of water in cold traps in the 
polar regions. Should a preliminary search at lunar scale be unsuccessful, 
the strategy of lunar exploration and manned base settlement should 
immediately be re-focused. 

The exploration phases devoted to the identif icat ion of the lunar 
resources, besides i t s pract ical aspects, serve beautifully the so-called 
"Science of the Moon" whose goal is the understanding of the origin and 
evolution of the Moon and the Earth-Moon system. 

The following phases of exploration might deal with the "Science from the 
Moon", i . e . astronomy and astrophysics in the broadest sense, due to the 
very favourable observing conditions created by the lack of atmosphere and 
by the high stabi l i ty of the crust; and "Science, on the Moon" i . e . 
exporting l i f e on the Moon. 
This last aspect has obvious relevance for the setting of boundary 
conditions for human adaptation to the new environment, safety, health and 
working efficiency. The establishment of an autonomous ecosystem is 
another aspect of the l i f e science on the Moon and represents a 
challenging project but not a huge r isk given the proximity of mother 
Earth. 

Mars 

The space exploration of Mars started in 1962 with the launch of the 
Russian Mars 1 probe which was supposed to f ly by the planet and send 
back photographs of the surface. Since then 20 spacecraft have been sent 
to the red planet; these missions have revealed a planet characterised by 
many s imi lar i t ies to our planet but also with some str iking differences. 
Mars is a highly evolved planet with a large variety of superficial 
morphologies and a complex geologic history. Its internal evolution and 
the exogenic processing of i t s surface, which have extended over b i l l i ons 
of years, are reflected in the large diversity of surface features 
morphologically different from similar structures on Earth. 

The red planet surface is very asymmetric: most of the southern highlands 
are densely cratered while the northern hemisphere i s sparsely cratered 
and has many large volcanoes. The boundary between the two hemispheres is 
roughly a great c i rc le inclined 35 degrees to the equator. The most 
apparent structures of the martian surface are the huge shield volcanoes 
in the northern hemisphere and the tectonic canyon "Valles Marineris" over 
2000 Km long and 100 Km fiftejJc..Other significant features include the polar 
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caps and l a y e r e d d e p o s i t s , dune f i e l d s and s e v e r a l c o m p r e s s i v e r i d g e s o f 
p l a n e t - w i d e d i s t r i b u t i o n . 

D e s p i t e t h e e x t e n s i v e e x p l o r a t i o n e f f o r t o f Mars d u r i n g t h e l a s t t h r e e 
decades a l a r g e number o f q u e s t i o n s on i t s e v o l u t i v e h i s t o r y , i t s b u l k 
c o m p o s i t i o n and s t r u c t u r e , t h e m i n e r a l o g y o f i t s s u r f a c e e t c s t i l l need t o 
be answered. T h i s i s due t o b o t h t h e c o m p l e x i t y o f t h e p l a n e t e v o l u t i o n 
and t h e l a c k o f g e o p h y s i c a l and g e o c h e m i c a l d a t a . F u r t h e r m o r e , u n l i k e t h a t 
o f t h e Moon, th e s u r f a c e o f t h e r e d p l a n e t p r e s e n t s t r a c e s o f v a r i o u s 
e n d o g e n i c p r o c e s s e s w h i c h have c o n t r i b u t e d t o t h e " g a r d e n i n g " o f t h e 
p r i m e v a l s u r f a c e i n t h e c o u r s e o f hundreds o f m i l l i o n s o f y e a r s , as i n t h e 
c a s e o f t h e E a r t h . 

We may a s k o u r s e l v e s : Why Mars? 

There a r e a l a r g e number o f j u s t i f i c a t i o n s , p r i n c i p a l l y s c i e n t i f i c , as t o 
why Mars has been and w i l l be c o n s i d e r e d a p o s s i b l e , and l o g i c a l , g o a l o f 
t h e e x p l o r a t i o n o f t h e S o l a r System. 

We know t h a t Mars, d e s p i t e t h e p r e s e n t d i f f e r e n c e s , has gone t h r o u g h an 
e v o l u t i v e h i s t o r y w h i c h m i g h t n o t be d r a m a t i c a l l y d i f f e r e n t f r o m t h a t o f 
o u r p l a n e t . Traces o f e r o s i o n o f t h e m a r t i a n s u r f a c e by f l o w i n g o f f l u i d s , 
p e r h a p s w a t e r , have been d e t e c t e d ; t e m p e r a t u r e s c o m p a t i b l e w i t h t h e 
e x i s t e n c e o f human l i f e have been measured a t l e a s t i n t h e e q u a t o r i a l 
r e g i o n s i n summertime. Water i s p r e s e n t on t h e s u r f a c e , e i t h e r i n t h e f o r m 
o f i c e s o r t r a p p e d i n t h e r e g o l i t h , and i t i s e a s i l y a c c e s s i b l e . There a r e 
adequate s o u r c e s o f oxygen i n t h e ( w a t e r and c a r b o n d i o x i d e ) i c e s and i n 
t h e gaseous c a r b o n d i o x i d e i n t h e atmosphere t o s u p p o r t human p r e s e n c e on 
Mars. 
R a d i a t i o n i s o f t e n c o n s i d e r e d as a p o s s i b l e impediment t o t h e manned 
e x p l o r a t i o n o f Mars. T h i s i s b a s e d on o u r r e l a t i v e l y s m a l l e x p e r i e n c e i n 
t h e f i e l d w h i c h makes us adopt a c o n s e r v a t i v e a t t i t u d e . Though t h e e f f e c t s 
o f r a d i a t i o n cannot be e l i m i n a t e d , t h e y can be r e d u c e d t o an a c c e p t a b l e 
l e v e l by means o f a p p r o p r i a t e p r o t e c t i v e equipment and e a r l y w a r n i n g 
d e v i c e s . 

The f u t u r e e x p l o r a t i o n o f Mars has t o p r o v i d e b a s i c i n s i g h t s i n t o t h e 
p r o c e s s e s by which t h e p l a n e t a c c r e t e d from t h e c o n d e n s i n g s o l a r n e b u l a , 
i n c l u d i n g t h e e f f e c t s o f i n i t i a l t e m p e r a t u r e s , p r e s s u r e s and c o m p o s i t i o n s 
on t h e subsequent e v o l u t i o n o f t h e p l a n e t . The i n t e r n a l s t r u c t u r e o f t h e 
r e d p l a n e t and t h e c o m p o s i t i o n and masses o f t h e c o r e , m a n t l e and c r u s t as 
w e l l as t h e p r e s e n t s e i s m i c i t y must become t h e o b j e c t o f e x t e n s i v e 
s t u d i e s . By u n d e r s t a n d i n g t h e i n t e r n a l p r o c e s s e s o f Mars p e r h a p s t h e 
o r i g i n o f t h e h e m i s p h e r i c d i c h o t o m y w i l l be u n d e r s t o o d as w e l l as t h e 
c h r o n o l o g y o f t h e e v e n t s w h i c h c o n t r i b u t e d t o model i t s s u r f a c e . A n o t h e r 
f u n d a m e n t a l p i e c e o f i n f o r m a t i o n on t h e e v o l u t i o n o f t h e r e d p l a n e t can be 
o b t a i n e d by s t u d y i n g t h e c o m p o s i t i o n o f s u r f a c e r o c k s and s o i l on Mars. 
The c o m p o s i t i o n o f t h e s u r f a c e m a t e r i a l s o f a p l a n e t i s i n d e e d r e l a t e d t o 
t h e c o m p o s i t i o n o f t h e i n t e r i o r . The a n a l y s i s o f t h e s u r f a c e m a t e r i a l s 
w i l l 
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p r o v i d e us w i t h i n f o r m a t i o n on t h e h i s t o r y o f r o c k s t h r o u g h v o l c a n i c , 
metamorphic, s e d i m e n t a r y , i m p a c t and w e a t h e r i n g p r o c e s s e s . 
O t h e r i m p o r t a n t q u e s t i o n s t o be answered a r e t h o s e on t h e o r i g i n and 
e v o l u t i o n o f v o l a t i l e s on Mars. P a r t o f t h e p r e s e n t v o l a t i l e s a r e not 
e a s i l y a c c e s s i b l e b e i n g t r a p p e d i n p o l a r d e p o s i t s , i n p e r m a f r o s t , bound i n 
t h e s u p e r f i c i a l r e g o l i t h . A n o t h e r p a r t c o n s t i t u t e s t h e atmosphere which 
i s i n d e e d e a s i l y a c c e s s i b l e and m e a s u r a b l e . Compared w i t h t h a t o f t h e 
E a r t h , t h e m a r t i a n atmosphere r e p r e s e n t s o n l y a m i n o r p o r t i o n o f t h e 
v o l a t i l e s t h a t have p r o b a b l y been o u t g a s s e d f r o m t h e p l a n e t and w h i c h a t 
some t i m e r e s i d e d i n t h e atmosphere. An adequate u n d e r s t a n d i n g o f t h e 
e v o l u t i o n o f Mars r e q u i r e s t h a t t h e atmosphere's e v o l u t i o n and i t s p r e s e n t 
s t a t e be u n d e r s t o o d i n d e t a i l . B e t t e r knowledge o f t h e e a r l i e r e x i s t e n c e 
o f p e r i o d s o f more moderate c l i m a t i c c o n d i t i o n s on Mars, maybe 
c h a r a c t e r i s e d by f l o w i n g w a t e r , h i g h e r and c o n s t a n t t e m p e r a t u r e s and a 
d e n s e r atmospheres, s h o u l d be a c q u i r e d . 

I t goes w i t h o u t s a y i n g t h a t t h e s c i e n t i f i c e x p l o r a t i o n o f a c e l e s t i a l body 
c a n n o t be s e p a r a t e d f r o m t h e p r e c u r s o r m i s s i o n s needed t o p r e p a r e t h e way 
t o manned e x p l o r a t i o n . I n t h e p a r t i c u l a r c a s e o f Mars, t h e p r o f o u n d 
knowledge o f i t s g e o l o g y and atmosphere a r e " c o n d i t i o s i n e qua non" t o 
p r e p a r e t h e way f o r t h e e s t a b l i s h m e n t o f any human s e t t l e m e n t , even a 
t e m p o r a r y one. 
From t h i s s t a n d p o i n t t h e s t r a t e g y d e v e l o p e d i n t h e s i x t i e s f o r t h e 
e x p l o r a t i o n o f the Moon r e p r e s e n t s a r e p r o d u c i b l e example p r o v i d e d t h a t a 
more s c i e n t i f i c s l a n t i s g i v e n t o t h e i n e v i t a b l e p r e p a r a t o r y m i s s i o n s i n 
o r d e r t o m i n i m i s e t h e i r number and maximise t h e o u t p u t . 

A s t e r o i d s 

The f i r s t a s t e r o i d was d i s c o v e r e d by t h e I t a l i a n a s t r o n o m e r P i a z z i i n 
1801. T h i s c e l e s t i a l body was named C e r e s and was i n i t i a l l y b e l i e v e d t o be 
t h e famous " m i s s i n g " p l a n e t . Somewhat l a t e r , a s t r o n o m e r s r e a l i s e d t h a t 
C e r e s was o n l y one o f a v e r y " l a r g e p o p u l a t i o n o f a b out 20.000 i n d i v i d u a l s 
c h a r a c t e r i s e d by a g r e a t d i v e r s i t y o f s i z e s , s h a p e s , m i n e r a l o g i e s and 
d y n a m i c a l c o n d i t i o n s . 
About 5000 a s t e r o i d s a r e t o - d a y known t o o r b i t t h e Sun i n a p a r t i c u l a r 
b e l t s i t u a t e d between t h e o r b i t o f Mars and t h a t o f J u p i t e r t h e s o - c a l l e d 
"main b e l t " . Few a s t e r o i d s have o r b i t s t h a t r e a c h t h e o r b i t s o f t h e 
E a r t h , Venus and M e r c u r y : t h e y a r e t h e s o - c a l l e d A p o l l o - A m o r a s t e r o i d s . 
O t h e r members o f t h e a s t e r o i d a l p o p u l a t i o n , t h e T r o j a n s , a r e f o u n d a t 
about 5 a s t r o n o m i c a l u n i t s (A.U.) f r o m t h e Sun i n two p a r t i c u l a r d y n a m i c a l 
p o i n t s , named a f t e r t h e I t a l i a n s c i e n t i s t L a g r a n g e , o f t h e J o v i a n 
g r a v i t a t i o n a l f i e l d . Those grouped i n a b e l t a t about 4 A.U. c o n s t i t u t e 
t h e H i l d a s f a m i l y . 
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A s t e r o i d s c o n t i n u e t o be d i s c o v e r e d due t o t h e p r o g r e s s o f t h e 
ground-based o b s e r v a t i o n a l t e c h n i q u e s b u t a l s o , sometimes, by a c c i d e n t . 
The more r e c e n t a v a i l a b i l i t y o f E a r t h o r b i t i n g t e l e s c o p e s (IUE,IRAS,HST, 
and ISO i n t h e near f u t u r e ) has a l l o w e d i m p r o v e d s t u d y o f t h e known 
a s t e r o i d s and w i l l d o u b t l e s s l e a d t o t h e d i s c o v e r y o f many more i n t h e 
f u t u r e . 
951 G a s p r a i s the f i r s t a s t e r o i d e v e r t o be t h e o b j e c t o f a s p a c e c r a f t 
f l y - b y . I n October 19991 t h e NASA G a l i l e o s p a c e c r a f t has approached t h i s 
a s t e r o i d o f t h e S-type a t a d i s t a n c e o f about 1600 Km, o b t a i n i n g t h e f i r s t 
s p a c e - b o r n e h i g h r e s o l u t i o n image o f a r e p r e s e n t a t i v e o f t h e l a r g e s t 
f a m i l y o f o b j e c t s i n t h e S o l a r System. The G a l i l e o s p a c e c r a f t , on i t s way 
t o J u p i t e r w i l l e n c o u n t e r a n o t h e r a s t e r o i d , 243 I d a . 
Space b o r n e o b s e r v a t i o n s o f a s t e r o i d s a r e e x t r e m e l y v a l u a b l e because t h e y 
o f f e r t h e p o s s i b i l i t y t o c a l i b r a t e t h e o r e t i c a l models needed t o i n t e r p r e t 
t h e ground-based o b s e r v a t i o n s b a s i c a l l y l i m i t e d t o p h o t o m e t r y , s p e c t r a l 
r e f l e c t a n c e , p o l a r i m e t r y and r a d i o m e t r y . N e v e r t h e l e s s , t h o s e d a t a w i l l 
- r e p r e s e n t a v e r y l i m i t e d i n c r e a s e o f i n f o r m a t i o n on t h e whole a s t e r o i d a l 
p o p u l a t i o n , w h i l e t h e i n t e r e s t i s p a r t i c u l a r l y f o c u s e d on t h e a s t e r o i d s ' 
m u l t i p l i c i t y . Indeed, b o t h t h e v a r i e t y o f a s t e r o i d a l f a m i l i e s , as w e l l as 
t h e s i m i l a r i t y o f a c e r t a i n number o f p a r a m e t e r s , a l l o w us t o s t u d y t h e 
d y n a m i c a l and m o r p h o l o g i c a l e v o l u t i o n o f grou p s o f o b j e c t s w h i c h a r e , 
t o g e t h e r w i t h t h e comets, t h e a l m o s t u n c o n t a m i n a t e d " l e f t - o v e r s " o f t h e 
m a t e r i a l s u s e d t o b u i l d t h e S o l a r System. 
Knowledge o f t h e a s t e r o i d s ' s u p e r f i c i a l c o m p o s i t i o n i s f u n d a m e n t a l t o t h e 
u n d e r s t a n d i n g o f t h e p r i m o r d i a l p r o c e s s e s o f f o r m a t i o n o f t h e S o l a r 
System. The d e t e r m i n a t i o n o f t h e s p e c t r a l and p h o t o m e t r i c c h a r a c t e r i s t i c s 
o f t h e s u r f a c e o f a body i s t h e o n l y p o s s i b l e way t o d e v e l o p c l u e s on t h e 
m i n e r a l o g i c a l d i f f e r e n t i a t i o n o f a s t e r o i d s . On t h i s b a s i s c o m p o s i t i o n a l 
c l a s s e s c a n be d e t e r m i n e d and e v o l u t i o n a r y p a t h s c a n be i n f e r r e d . F o r 
i n s t a n c e , when t h e c h e m i c a l c o m p o s i t i o n o f a c l a s s o f o b j e c t s i s 
c h a r a c t e r i s e d by l i m i t e d q u a n t i t i e s o f v o l a t i l e e l e m e n t s ( h y d r a t e d 
s i l i c a t e s ) i t can be i n f e r r e d t h a t t h e y formed a t v e r y h i g h t e m p e r a t u r e . 
On t h e o t h e r hand, a s t e r o i d s w h i c h a p p a r e n t l y r e t a i n a l a r g e q u a n t i t y o f 
v o l a t i l e s ( c a r b o n / o r g a n i c - r i c h s i l i c a t e s ) can be c l a s s i f i e d as more 
p r i m i t i v e . The i n t e r p r e t a t i o n i n e v o l u t i o n a r y t erms o f t h e taxonomie 
c l a s s e s p r o d u c e s a f a i r l y d e t a i l e d d e s c r i p t i o n o f t h e p r o c e s s e s t h a t gave 
o r i g i n t o t h e a s t e r o i d a l p o p u l a t i o n . The o r i g i n a l c o m p o s i t i o n o f t h e 
l a r g e r a s t e r o i d s can be m o d i f i e d by an e n d o g e n i c p r o c e s s s u c h as t h e 
magmatic d i f f e r e n t i a t i o n o r by e x o g e n i c p r o c e s s e s s u c h as i m p a c t s , w h i c h 
r e s u l t s i n more complex m i n e r a l o g i e a g g r e g a t e s . 

I s t h e r e any need t o e x p l o r e t h e a s t e r o i d s , a p a r t f r o m t h e o b v i o u s 
s c i e n t i f i c d e s i r e o f knowledge? 

I n t h e e v e n t o f t o t a l e x h a u s t i o n o f t e r r e s t r i a l r e s o u r c e s , t h e a s t e r o i d s 
c o u l d r e p r e s e n t a s o u r c e o f raw m a t e r i a l f o r s p a c e - b o r n e and ground-based 
p r o c e s s i n g . T h i s may i n d e e d sound somewhat f u t u r i s t i c ; we s h o u l d b e a r i n 
mind,however, t h a t o b j e c t s s u c h as t h e A p o l l o - A m o r a s t e r o i d s c a n g e t v e r y 
c l o s e t o o u r p l a n e t and, g i v e n t h e i r s m a l l mass, t h e i r o r b i t s can be 
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s u f f i c i e n t l y easy p e r t u r b e d i n a c o n t r o l l e d manner s o as t o p l a c e them 
e i t h e r on an E a r t h o r b i t o r t o c a use them t o f a l l on t h e s u r f a c e o f t h e 
Moon. 

O b v i o u s l y b e f o r e embarking upon such an a m b i t i o u s p r o j e c t we need t o know 
much more about the a s t e r o i d a l p o p u l a t i o n i n o r d e r t o i d e n t i f y p o t e n t i a l 
t a r g e t s . T h i s can o n l y be done by means o f ad hoc m i s s i o n s d e s i g n e d t o 
a c q u i r e d e t a i l e d i n f o r m a t i o n on mass, s i z e , s u r f a c e morphology and 
m i n e r a l o g y . These d a t a can be combined t o i n f e r t h e b u l k c o m p o s i t i o n o f 
t h e body under i n v e s t i g a t i o n ; d e t e r m i n a t i o n o f o f t h e shape o f t h e 
g r a v i t a t i o n a l p o t e n t i a l s u r f a c e p r o v i d e s means o f e s t a b l i s h i n g t h e 
i n t e r n a l mass d i s t r i b u t i o n and homogeneity. 
S u r f a c e m e c h a n i c a l s t r e n g t h c a n be measured e i t h e r i n s i t u o r i n t h e 
l a b o r a t o r y by a n a l y s i n g r e t u r n e d samples. The i n t e r i o r s t r e n g t h can be 
measured i n s i t u by means o f s e i s m i c s o u n d i n g s . 

Conclusions 

B o t h unmanned and manned e x p l o r a t i o n and e x p l o i t a t i o n m i s s i o n s t o t h e 
Moon, Mars and t h e E a r t h - c r o s s i n g a s t e r o i d s have f u n d a m e n t a l s c i e n t i f i c 
r e l e v a n c e and c o n s t i t u t e t h e new space f r o n t i e r f o r humanity. 

The t e c h n o l o g i c a l , p o l i t i c a l , f i n a n c i a l and p r o g r a m m a t i c e f f o r t s w h i c h 
w i l l be r e q u i r e d t o make t h e s e m i s s i o n s a r e a l i t y w i t h i n t h e n e x t 20-30 
y e a r s a r e f o r m i d a b l e b u t n o t i m p o s s i b l e . The s u p p o r t o f many d i f f e r e n t 
c o m m u n i t i e s i s needed as w e l l as an e f f o r t t o i n t e r n a t i o n a l i s e a t t h e 
h i g h e s t l e v e l t h e p r o j e c t s w h i c h have been d e s c r i b e d above. 

S h o u l d t h e s e c o n d i t i o n s be s a t i s f i e d h umanity w i l l e n t e r a new e x c i t i n g 
and c h a l l e n g i n g space e r a . 
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