
PLANS FOR A 1996 MARS SAMPLE RETURN MISSION; D. P. Blanchard,  NASA 
Johnson Space Center ,  J .P.  deVries  and R.D. Bourke, J e t  Propuls ion Laboratory.  

The s c i e n c e  o b j e c t i v e s  f o r  t h e  s tudy  of Mars i n  t h e  post-Viking e r a  a r e  
p r i m a r i l y  g e o l o g i c a l  and geophysical .  With t h e  first o r d e r  knowledge t h a t  
p resen t  l i f e  on Mars is u n l i k e l y ,  t h e  o b j e c t i v e s  f o r  f u r t h e r  s t u d y  a r e  de f ined  
by t h e  need f o r  primary in fo rmat ion  about t h e  p lane t  Mars and i t s  atmosphere 
which is e s s e n t i a l  t o  unders tanding i ts  p lace  i n  t h e  e v o l u t i o n  of t h e  s o l a r  
system. Th i s  same in fo rmat ion  has  important  second o r d e r  e f f e c t s  on t h e  
debate  over  t h e  p r o b a b i l i t y  of p a s t  l i f e  on Mars. 

The h i g h e s t  p r i o r i t y  post-Viking s c i e n c e  o b j e c t i v e s  as o u t l i n e d  by t h e  
Committee on P lane ta ry  and Lunar Exp lora t ion  (COMPLEX) a r e :  

1 .  The i n t e n s i v e  unders tanding t h e  d e t a i l s  of  t h e  d i v e r s i t y  of l o c a l  
m a t e r i a l s  a t  t h e  s u r f a c e  of  Mars. 

2 .  Understanding t h e  c i r c u l a t i o n  of t h e  atmosphere. 
3 .  Understanding t h e  dynamics of t h e  i n t e r i o r  of t h e  p lane t .  
4 .  Understanding of  t h e  i n t e r a c t i o n  of t h e  s o l a r  wind, t h e  magnetic f i e l d  

and t h e  upper atmosphere. 
5 .  Understanding of t h e  chemis t ry  and geology of  t h e  p lane t  a t  a  g l o b a l  

s c a l e .  

The p o s t e r  t h a t  t h i s  a b s t r a c t  accompanies d e s c r i b e s  a Mars Sample Return 
Mission t h a t  d i r e c t l y  a d d r e s s e s  t h e  f i r s t  of t h e s e  o b j e c t i v e s .  The miss ion is  
being designed t o  r e t u r n  v a r i e t y  of both  s u r f a c e  and subsur face  samples. The 
most a c c u r a t e  l and ing  techniques  w i l l  be used t o  p lace  t h e  l ander  near 
g e o l o g i c a l l y  i n t e r e s t i n g  f e a t u r e s .  A capable rover  w i l l  be a n  e s s e n t i a l  
element of t h e  sample c o l l e c t i o n  s t r a t e g y  t o  maximize t h e  d i v e r s i t y  of  t h e  
samples. The sample c o l l e c t i o n  and r e t u r n  systems w i l l  keep t h e  samples a t  
Mars ambient c o n d i t i o n s  o r  c o l d e r  t o  p rese rve  t h e  abundances and d i s t r i b u t i o n  
of v o l a t i l e  components. Ins t rumenta t ion  w i l l  be c a r r i e d  t o  conduct 
experiments on ly  f e a s i b l e  i n  s i t u  and t o  perform some l i m i t e d  pre l iminary  
c h a r a c t e r i z a t i o n  f o r  purposes of choosing among cand ida te  samples f o r  r e t u r n .  

The r e t u r n e d  sample s u i t e  w i l l  i nc lude  s o i l s ,  smal l  pebbles ,  c o r e  tubes  of  
s o i l  up t o  1 meter i n  l e n g t h ,  c o r e s  of  s o l i d  rocks ,  c h i p s  of rocks  and 
atmospheric samples. The o b j e c t i v e  is t o  c o l l e c t  a v a r i e t y  of  f r e s h  and 
weathered m a t e r i a l s  from a v a r i e t y  of s i t e s .  The i n v e s t i g a t i o n s  on t h e s e  
samples w i l l  i nc lude  complete chemical and pe t rograph ic  a n a l y s i s ,  c l a s s i -  
f i c a t i o n  of t h e  v a r i o u s  rock t y p e s ,  a n a l y s i s  of t h e  o x i d a t i o n  s t a t e s  of t h e  
m a t e r i a l s ,  a  complete i n v e s t i g a t i o n  of  t h e  d i s t r i b u t i o n  and abundances of  t h e  
v o l a t i l e s  i n  t h e  first two meters  depth  of t h e  s u r f a c e ,  and i n v e s t i g a t i o n s  of  
minor c o n s t i t u e n t s  and phys ica l  p r o p e r t i e s  of t h e  samples. From t h i s  s e t  of  
i n v e s t i g a t i o n s  w i l l  come in fo rmat ion  on e lements  (C,N,P,S,Na,Cl) v i t a l  t o  l i f e  
and t h e  more complete in fo rmat ion  on t h e  r o l e  of  water  on t h e  s u r f a c e  of  Mars. 

There a r e  s e v e r a l  advantages  t o  a sample r e t u r n  miss ion:  
1 .  Laboratory  ins t ruments  have g r e a t e r  p r e c i s i o n  and s e n s i t i v i t y  than  

f l i g h t  ins t ruments .  
2.  There i s  i n f i n i t e  o p p o r t u n i t y  f o r  r econf igur ing  experiments t o  t a k e  

advantage of i n i t i a l  r e s u l t s  and unexpected d i s c o v e r i e s .  
3 .  The range of t echn iques  a v a i l a b l e  i n  a l a b o r a t o r y  o r  a consort ium of  

l a b o r a t o r i e s  can not be d u p l i c a t e d  on a space c r a f t .  
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F l i g h t  i n s t r u m e n t s  w i l l  never have t h e  r e s o l u t i o n ,  and s e n s i t i v i t y  of 
l a b o r a t o r y  ins t ruments .  Many ins t ruments  i n  a  s t a t e  of  t h e  a r t  a n a l y t i c a l  
l a b o r a t o r y  have requirements  f o r  components which a r e  very  massive o r  r e q u i r e  
l a r g e  amounts of s t a b l e  power. Nei ther  of  t h e s e  a r e  e a s i l y  accommodated on a  
s p a c e c r a f t  ins t rument .  There is extremely l i m i t e d  oppor tun i ty  f o r  
r e c o n f i g u r a t i o n  of  e i t h e r  t h e  ins t rument  o r  t h e  experiment t o  t a k e  advantage 
of  t h e  in fo rmat ion  i n  t h e  f i r s t  r e s u l t s .  Space c r a f t  ins t rumenta t ion  a l lows  
t h e  exper imenter  a  narrow avenue of a t t a c k  which is l i m i t e d  by t h e  
preknowledge of  t h e  problem t o  be a t t a c k e d  and by t h e  s t a t e  of t h e  a r t  i n  
i n s t r u m e n t a t i o n  which is  f r o z e n  i n t o  t h e  s p a c e c r a f t  des ign s e v e r a l  y e a r s  
be fo re  launch.  

P l a n e t a r y  Quaran t ine  i s  a n  important  c o n s i d e r a t i o n  f o r  both t h e  Mars 
l a n d e r  and t h e  Ear th  r e t u r n  veh ic le .  Quaran t ine  of t h e  Ear th  r e t u r n  v e h i c l e  
o r  a t  l e a s t  t h o s e  p a r t s  o f  i t  t h a t  w i l l  e n t e r  E a r t h ' s  b iosphere  is  an open 
i s s u e  a t  t h i s  s t a g e  i n  our planning.  Options range from f u l l  b i o l o g i c a l  
cha l l enge  i n  an  i s o l a t e d  module of t h e  space s t a t i o n  t o  t h e  concept of a  
h e r m e t i c a l l y  s e a l e d  c a n i s t e r  d e l i v e r e d  unopened from t h e  s u r f a c e  of Mars t o  
t h e  s u r f a c e  of  Ear th .  

The p r o t e c t i o n  of  Mars is a l s o  a mat te r  f o r  a  p o l i c y  d e c i s i o n .  For t h e  
Viking miss ion  t h e  " P r o b a b i l i t y  of  Growthn of a  hardy t e r r e s t r i a l  organism on 
Mars was es t ima ted  a t  Pg = 3 X 10-9. NASA adopted a  conse rva t ive  va lue  of 
10-6 which r e q u i r e d  t h e  complete hea t  s t e r i l i z a t i o n  of t h e  Viking l a n d e r s .  I n  
l i g h t  of t h e  r e s u l t s  from t h e  Viking miss ions ,  COMPLEX est imated t h a t  a  va lue  
of  Pg = 10-10 would not  be a n  unreasonable working va lue  " fo r  t h e  subpo la r  
r e g i o n s  w i t h i n  6 cm o f  t h e  s u r f a c e , "  Pg = 10-9 f o r  dep ths  g r e a t e r  than  6  cm 
and Pg = 10-7 f o r  p o l a r  r eg ions .  These new e s t i m a t e s ,  i f  adopted,  might 
permit  a n  u n s t e r i l i z e d  l a n d e r  and a n  o r b i t e r  a l t i t u d e  of  l e s s  t h a t  500 mi les .  

Quaran t ine  procedures  must be c o n s i s t e n t  wi th  t h e  primary s c i e n t i f i c  
o b j e c t i v e s  of t h e  miss ion  and must not compromise t h e  i n v e s t i g a t i o n s  on t h e  
r e t u r n e d  samples. The most s t i n g e n t  o p e r a t i o n a l  c o n s t r a i n t  on any quaran t ine  
measure is t h e  p r e s e r v a t i o n  of  t h e  v o l a t i l e s  both i n  abundance and i n  
d i s t r i b u t i o n  w i t h i n  t h e  r e t u r n e d  samples. 
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