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MARS SAMPLE RETURN: RECOMMENDED SITES;  D. H. Scott ,  U.S. 
Geological Survey, 2255 N. Gemini Dr., F lags ta f f ,  Ar iz.  86001 

INTRODUCTION 

t h e  r i s k s  due t o  t e r r a i n  t h a t  a f f e c t  t h e  successful descent and m o b i l i t y  o f  
t h e  sampling vehic le.  A t  t h i s  t ime, evaludt ions o f  t e r r a i n  roughness can be 
made on ly  i n  a very general way. For t h i s  reason, t h e  two candidate s i t e s  
d i  scussed are  p rov i s iona l  l y  recommended p r imar i  l y  on t h e  bas is  o f  t h e i  r 
s c i e n t i f i c  value; however, no adverse sur face conditJons a re  d i s c e r n i b l e  a t  
these loca t i ons  a t  t h e  r e s o l u t i o n  o f  V ik ing  images. 

b i t e - s e l e c t i o n  p r i o r i t i e s  f o r  a Mars sample r e t u r n  a re  const ra ined by 

SITE-SELECTION RATIONALE 
I d e a l l y ,  t h e  s i t e  should be located where a s u i t e  o f  rocks and s o i l  i s  

r e a d i l y  access ib le  t o  t h e  sampling vehic le.  The rocks should be i n  p lace  
and have a wide range i n  age, l i t h o l o g y ,  composition, and mode o f  o r i g in .  
They should be c o r r e l a t i v e  w i t h  o ther  major geolog ic  u n i t s  i n  t h e  g loba l  
t i m e - s t r a t i g r a p h i c  system. Some o f  t he  ma te r ia l s  should be associated w i t h  
impor tant  vo lcano- tectonic  episodes and magmatic h i s t o r i e s ,  o thers  w i t h  
f l u v i a l ,  eo l ian,  and p o l a r  processes t h a t  are i n d i c a t o r s  o f  c l ima te  and 
atmospheric h i s to ry .  
where evidence o f  present o r  former b i o l o g i c a l  a c t i v i t y  would most l i k e l y  be 
found. 

where such optimum cond i t i ons  ex i s t .  
known where rock samples would reso lve  s p e c i f i c  p rob l  em-oriented 
questions. 
aspects o f  Mars geology and h i s to ry .  

based ob jec t i ves  and s p e c i f i c ,  bu t  h i g h l y  important,  problems t h a t  cannot be 
resolved w i thout  ma te r ia l  samples. They were se lected on t h e  bas is  of 
in fo rmat ion  gained dur ing  t h e  g lobal  geologic mapping o f  Mars (1,2,3). 
Locat ions a re  biased toward t h e  western equator ia l  and p o l a r  regions, w i t h  
which t h i s  i n v e s t i g a t o r  i s  most f am i l i a r .  

1 2 . 5 " n o n g  125.5", w i t h i n  t h e  r e l a t i v e l y  f l a t ,  smooth-appearing p l a i n s  
member o f  t h e  Olympus Mons Formation ( u n i t  Aop1). 
member i s  composed o f  some o f  t h e  youngest lava f lows on Mars. It extends 
f o r  more than 2,000 km around t h e  eastern and southern p a r t s  o f  t h e  basal 
scarp o f  Olympus Mons. 
f rac tu red  c rus t  ( u n i t  H f )  ds we l l  as t h e  lowermost member ( u n i t  Aoal) Of t h e  
Olympus Mons aureole deposi ts  o f  Ear ly  Amazonian age. The s i t e  i s  w i t h i n  15 
km o r  less  o f  both o f  these o l d e r  un i ts .  
these th ree  u n i t s  would (1) reveal  stages i n  t h e  vo lcano- tectonic  h i s t o r y  of 
one o f  t h e  l a r g e s t  and most g e o l o g i c a l l y  important regions o f  Mars, ( 2 )  
p rov ide  an upper t ime  l i m i t  on t h e  cessat ion o f  major f a u l t i n g  i n  t h e  
western hemisphere, (3 )  c l o s e l y  de f i ne  t h e  t ime o f  occurrence o f  t h e  l a s t  
major vo lcan ic  episode o f  both Olympus Mons and Tharsis Montes, (4)  answer 
con t rove rs ia l  quest ions on t h e  composition and o r i g i n  o f  aureole deposi ts  
around Olympus Mons, (5) p rov ide  an upper l i m i t  on t h e  t ime  o f  major 
f lood ing  i n  Kasei Val les,  and (6)  determine i n d i r e c t l y ,  by enabl ing 
c o r r e l a t i o n s  o f  geolog ic  u n i t s  (poss ib ly  supplemented by c r a t e r  counts), t h e  
t imes o f  format ion o f  o ther  ma te r ia l s  i n  a l a r g e  area. 

U l t ima te l y ,  t h e  i dea l  s i t e  would a l s o  be i n  an area 

With our present knowledge o f  Mars, we have found no s i n g l e  l o c a l i t y  
On t h e  o ther  hand, many areas a r e  

Such a narrow focus, however, would leave untouched t h e  broader 

The two sample s i t e s  considered represent a compromise between broad- 

S I T E  1 (Fig. 1) Tharsis-Olympus Region. The l o c a t i o n  i s  about l a t  

This Upper Amazonian 

The f lows embay a l a rge  b lock o f  o l d  (Hesperian) 

Sample ages and compositions of 
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S I T E  2 (FIG. 2) Chasma Boreale (North Polar)  Region. The l o c a t i o n  i s  
a b o u t m 2 '  N., l ong  57", w i t h i n  p o l a r  i c e  and layered t e r r a i n  m a t e r i a l s  
( u n i t s  Api, Apl) of probable very l a t e  Amazonian age. The dusty i c e  sur face  
appears smooth and f l a t  t o  gen t l y  s lop ing ;  gen t le  slopes a re  a l s o  suggested 
by a broad streaked appearance such as would occur where a s l i g h t l y  i n c l i n e d  
surface t ransec ts  nea r l y  ho r i zon ta l  l aye rs  o f  con t ras t i ng  albedo. Samples 
could be obtained here from f o u r  d i f f e r e n t  types o f  ma te r ia l s  ranging i n  age 
from probably very recent t o  Hesperian: 
mater ia l  ( s i l i c a t e  dust?)  surrounding t h e  land ing  s i t e  f o r  tens o f  
k i lometers.  (2) Grooved and po lygona l ly  pat terned ma te r ia l  ( u n i t  Hvg) 
under ly ing  t h e  layered t e r r a i n  and w i t h i n  25 km o r  l ess  from t h e  land ing  
s i t e ;  t h i s  ma te r ia l  occurs i n  patches throughout t h e  nor thern p l a i n s  and 
south o f  l a t  40" S. i n  Mare Acidalium. (3) E jec ta  from a sharp-rimmed, 
5-km-diameter c r a t e r  w i t h i n  20 km o f  t h e  s i t e ;  t h e  c r a t e r  ( u n i t  c )  l i e s  on 
grooved mate r ia l  ( u n i t  Hvg) and i s  p a r t l y  embayed by layered t e r r a i n  
mater ia ls.  
w i t h i n  15 km o f  t h e  s i t e ;  t h i s  ma te r ia l  o f  unknown age, o r i g i n ,  and 
composition under l i es  some layered deposi ts  bu t  may be interbedded w i t h  
others. It appears t o  o v e r l i e  t h e  Hesperian grooved un i t .  The geo log ica l  
i n t e r p r e t a t i o n  shown i n  Fig. 2 was made from a photomosaic (1:500,000 sca le )  
compiled from V ik ing  2 images taken a t  approximately LS 53" (spr ing).  
v i s i t  t o  t h i s  s i t e  dur ing  l a t e  nor thern  summer would probably reveal  
geolog ic  ma te r ia l  u n i t s  covered by l ess  i c e  and f ros t .  

Geol ogi  ca l  and geochemical data from these sampled ma te r ia l  s woul d 
c o n t r i b u t e  t o  understanding c l i m a t i c  and atmospheric changes and processes 
a f f e c t i n g  t h e  development o f  Mars' p o l a r  caps. 
geolog ic  secrets  o f  t h e  vast nor thern  lowlands t h a t  p resent ly  elude 
observation. 

Other Mars sample-return s i t e s  have been inves t i ga ted  (4, 5, 6) t h a t  
would a l so  y i e l d  va luab le  data, bu t  t h e  two s i t e s  discussed above a r e  
be l ieved t o  be among t h e  best  a t  t h i s  stage i n  our understanding o f  t h e  
geologic  h i s t o r y  o f  Mars. 

(1)  Interbedded i c e  and dark 

(4)  C l i f f - f o r m i n g  ma te r ia l ,  appearing as a t h i c k ,  massive l aye r ,  

A 

They would a l s o  unlock some 
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Fig. 1 Site #1 Tharsis-Olympus Region 
Location: lat 12.5"N., long 125.5" 

O d  km 
Fig. 2 Site #2 Chasma Boreale 

Location: lat &?ON., long 57" 
(North Polar) Region 


