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The possi  b i  1  i t y  and desi  ra t j i  1  i t y  o f  sc ier~ce on hard lander 
~n i ss ions  t o  as tero ids  are  examined using the Westphal Pene- 
t r a t o r  Study ar. a  basis.  Imagery and chemical i n fo rma t ion  
appear t o  be the most s i g n i f i c a n t  science t o  be obtained. 
The l a t t e r ,  p a r t i c u l a r l y  a  de ta i l ed  chemical ana lys is  per-  
formed on an uncontaminated sample, may he necessary t c  
unequivocal ly answer quest ions about the re1 a t ionsh ips  of 
as tero ids  t o  meteor i tes and the p lace o f  as tero ids  i n  
theor ies  of the  formation o f  the s o l a r  system. 

INTRODUCTION 

A few ph i losophfca l  comments a rc  perhaps p e r t i n e n t  r e l a t i v e  t o  the general sub jec t  of  
shop: the  study o f  as tero ids .  There i s  a  frame 9 f  t h i n k i n g  about a l l  un inves t i -  
ec ts  o f  the  s o l a r  system t h a t  r e l a t e s  them t o  the meteor i tes t h a t  we have a v a i l -  
i n t e n s i v e  study i n  our l abo ra to r i es .  Th i s  i s  c e r t a i n l y  a  p r a c t i c a l  zero order 
- -meteor i tes do represent a  ra the r  d iverse s e t  of  ob jec ts ,  ana, as previous papers 
n, o p t i c a l  observat ions prov ide c o r r e l a t i o n s  t h a t  a1 low c l  dssi  f i c a t i o n  of  as ter -  

types t h a t  might  correspond t o  the meteor i tes we have i n  the labolqatory.  

he o the r  hand, i t  may be reca l l ed  t h a t  none o f  t he  three s o l a r  system ob jec ts  t h a t  
nvest igated i n tens i ve l y - - the  Earth, Moon, and Mars--have turned out  t o  be s imply 
o any meteor i te  c lass .  This, i n  s p i t e  o f  speculat ions about t h e  Moon and Mars, 
t o  t h e i r  i n t e n s i v e  i nves t i ga t i ons ,  t h a t  tended t o  f o l l o w  the same pathways as the 
iscussions about as tero ids .  

Thus, w i thou t  minimiz ing the meteor i te  framework of  t h ink ing  about as tero ids ,  l e t  us 
minds open f o r  the  types o f  surpr ises  t h a t  were uncovered i n  tne  i nves t i ga t i ons  o f  

the Moon and Mars. 

S i m i l a r l y ,  a  more d e t a i l e d  framework o f  t h i n k i n g  about the s o l a r  system i s  b u i l t  about 
o f  v o l a t i l i t y ,  o r  inverse ly ,  condensation. Whether o r  no t  t h i s  tu rns  ou t  t o  be 
a l ,  i t  i s  usefu l  i n  focusing a t t e n t i o n  on the concentrat ions o f  a  few key elements. 
me time, here too, we should no t  r e s t r i c t  ourselves a t  t h i s  stage t o  analyzing j u s t  

maqic key elements, o r  we run the  danger o f  missing the important  new knowledge 
t h a t  t he  study o f  new ob jec ts  may provide.  
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A second general po ln t ,  w i t h  s p e c i f i c  relevance t o  the  t o p i c  o f  t h i s  paper, i s  the  

r o l e  o f  hard landers i n  the study o f  an e x t r a t e r r e s t r i a l  ob jec t .  A general c l a s s i f i c a t i o n  
o f  i nves t i ga t i ons  o f  such ob jec ts  might  be ordered as i n  Table 1. 

) . I  ~' 
. p i t  

, , 
- 4  

- ,  

Table 1. C l a s s i f i c a t i o n  o f  E x t r a t e r r e s t r i a l  Object I nves t i ga t i ons  I 
1. Earth-based Studies 

2. Studies f r u m  Near-Earth O r b i t  

3. Flybys 
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4. Object  Orb i te rs  
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than many o thers  i n  t h i s  workshop. The authors have knowledge o f  on l y  one i n tens i ve  study 
o f  t k  p o s s i b i l i t y  o f  doing science on hard landers, namely the  F i n a l  Report and Recowmen- 

5. Hard Landers 

6. Soft Landers 

7. Sample Return 

I 
, , 

I n  t h i s  l i s t ,  there  i s  some experience r e l a t i v e  t o  each o f  these modes of  exp lo ra t i on  
except f o r  Number 5. Thus, t he  top i c  o f  t h i s  paper has less  concrete data t o  support  i t  

t '  

$, 

1 du t ions of the  Ad Hoc Surface Penet ra t ion  Science Corntilttee (Westphal, 1976), which was 
! d i rec ted  mainly towards Mars exp lora t ion .  
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Fig.  1. Sequence fo r  penet ra tor  emplantation. 
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I n  addl t i on ,  t he re  have been less  ex tens ive  s tud ies  o f  o the r  hard lander types o f  
missions; we w i l l  base our  remarks on the  poss ib i  1 i t i e s  o f  science using penetrators-  
ob jec ts  t h a t  a re  dropped from an o r b i t i n g  o r  f l y b y  type o f  vehic le,  which have s u f f i c i e n t  
brak ing power t o  reduce t h e i r  impact v e l o c i t y  t o  about 0.1-0.2 kmlsec. The penet ra tors  
t y p i c a l l y  w i l l  cons i s t  o f  two parts--a forebody which i s  a torpedo-type o b j e c t  which pene- 
t r a t e s  and comes t o  r e s t  1-10 m below the surface and which contains most of  the  science 
payload, and an afterbody which remains on the  surface, provides communication w i t h  t!le 
mother veh ic le  ( o r  Earth) ,  and has minimal science (Manning, 1977) (see F iguro  1 ). 

The f i gu re  shows a schematic wission sequence considered by the Westphal Comni t t e e  
fo r  a Mars Penetrator. Table 2 (again from the  Westphal r e p o r t )  shows nominal Mars Pene- 
t r a t o r  cha rac te r i s t i cs .  Note the small science payload--7 kg-- t h a t  presumably wi 11 always 
be c h a r a c t e r i s t i c  o f  such hard landers. 

Tahle 2. Nominal Mars Penetrator  ~ h a r a c t e r i c t i c s ~  

Complete Penetra t o r  
Weight 31 kg 
Pr incsps l  Diaaeter 9 cm 
Frontd l  Area 64 cm2 
Sect ional  Densi ty 3.5 kg/cm2 
L ~ ~ g t h  140 cm 

b 
Pay 1 oad 

Ueight  7 kg 
Yo 1 ume 4500 cm3 
Power Output (RTG) 0.3 wa t t  
Bat tery  Supplement 1.0 wa t t  h r l day  
Data Storage 2 x l o 5  b i t s  

Forebody Probe -- 
Weight 28 kg 
P r inc ipa l  Diameter 9 cm 
Fronta l  Area 64 cm2 
Sect i ona 1 Dens i ty 0.5 kg/cm2 
Length 123 cm 

Detachable Afterbody 
Weight 3 kg 
P r i n c i p a l  Diameter 23 cm 
Fronta l  Area 350 cm2 
Sect i ona 1 Dens i t y  0.01 kg/cm2 
Length 28 cm 

a ~ r o m  F ina l  Report and Recomnendations o f  the  Ad Hoc 
Surface Penetrator  Science Committee !.!.A. Westphal , 

bChairman, August 1976). 
Includes science and support ing e lec t ron i cs .  

-. 

given t o  prov ide some general framework f o r  t a l k i n g  about hard land ing missions t o  as te r -  
oids. I t w i l l  be assumed t h a t  t he  type o f  science t h a t  was ccnsidered by the Westphal 
Committee f o r  a Pevet ra t ion  Mission t o  Msrs i s  renresenta t ive  o f  the  type o f  science t h a t  



A f i n a l  genersl  c o m n t  might  be made about the  appropr iateness o f  hard landers i n  
the study o f  as tero ids .  An important  c h a r a c t e r i s t i c  t h a t  has been es tab l ished about as te r -  I- ! , 
o ids  i s  t h a t  there  a re  several  s i g n i f i c a n t l y  d i f f e r e n t  types, as judged by the observa- 1 
t i o n a l  techniques a v a i l a b l e  so f a r  (McCord, 1978; Morrison, 1978). Thus, a s t e r o i d  missions . 
i n  the  foreseeable f u t u r e  a re  t y p i c a l l y  thought o f  as i n v ~ l v i n g  i n v e s t i g a t i o n  o f  several  
as tero ids- - th ree,  four, o r  more--on the same mission.  Since such a  miss ion  may very we l l  
i nvo l ve  a  f l yby  o r  r e l a t i v e l y  short- term encounter w i t h  each as te ro id ,  there  i s  a  premium 
on the  type o f  science t h a t  r I be performed on several  as te ro ids .  The empldntat ion o f  
one o r  w r e  penet ra tors  un c :k a s t e r o i d  as the mcther veh i c le  passes by i s  an a t t r a c t i v e  

I'  feature o f  a  miss ion  c i r r y i n g  penet ra tors .  I t  cou ld  p rov ide  much more i n fo rma t ion  than 
could be obtained by remote sensing; a lso,  i t  would not  have the  weight  requirements of 
ldnd ing a  Surveyor o r  V i k i ng  type spacecra f t  on each as te ro id .  
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Before going i n t o  the science possi  b i  1  i t i e s ,  the authors must make the obvious caut ion-  
ary  statement: the on1 y  p r a c t i c a l  and eng ineer i  tig aspects t h a t  have bcen considered are  
the assumptions t h a t  the Westphal Penet ra tor  s tudy- -d i rec ted toward Mars--represents a  
zero- th  order  approximation f o r  the c a p a b i l i t y  o f  a  hard lapd ing science miss ion  t o  , ' tster- 
o ids .  

One more comnent about penet ra tors  as a  s p e c i f i c  type o f  hard lander; one o f  t h e i r  
c h a r a c t e r i s t i c s  i s  t h a t  they examine ma te r i a l  t h a t  i s  some d is tance (1-10 m) below the 
surface. This has spec ia l  science i m p l i c a t i o n s  and i s  1-1 c o n t r a s t  t o  the type o f  infonna- 
t i o n  ob ta i red  by o p t i c a l  and x-ray techniques, e i t h e r  from Ear th  o r  on f l y b y  o r  o r b i t a l  
missions. The topmost sur face o f  i n  e x t r a t e r r e s t r i a l  o b j e c t  may be modi f ied so as t o  be 
s i g n i f i c a n t l y  d i f f e r e n t  fror t h a t  o f  the ma te r i a l  :reper down. This m o d i f i c a t i o n  may be 
due t o  i n t e r a c t i o n  w i t h  the atmosphere o r  w i t h  i n t e r p l a n e t a r y  r a d i a t i o n s  o r  p a r t i c l e s ,  and 

POSSIBLE HARD LANDER SCILNCE 
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I n  consider ing the poss ib le  s c i e n t i f i c  r e s u l t s  t ha t  might  be achieved o: a penet ra tor  1 
on aq as te ro id ,  t h i s  paper s t a r t s  from the r e s u l t s  o f  t he  Wectphal Conmittee. Table 3 1 
l i s t s  ( w i t h  a  l i t t l e  adapta t ion)  the t yu t s  o f  meas~remerts t h a t  a re  considered p r a c t i c a l  an 1 , 
such a  mission.  

may produce bo th  phys i ca l  and chemical e f f e c t s .  An example i s  the permafrost  expected by 
many t o  be present below the sur face o f  Mars, whereas the  sur face examined by V i k ing  wds 

I very dry.  Penetrators are  e s p e c i a l l y  su i t ed  f o r  de tec t i ng  such e f fec ts .  I 

Table 3. Poss ib le  Astero id  Hard Lander ,cience 
( a f t e r  Westphal , 1976) 

- -- - - -. - -. - -- - . - . - . - . . - . . . . - - 
Probe F o r e b ~ d y  

. . . . - . . - . - - . - - - . 

Se ismic i ty  

Chemical Lunlposi t i o n  

- - - -  ~ 

Detachable Afterbody 
- - - - - - - - - - .  - .  . .  

lmayery 

Ne3t'-Space En~ironl !~t .nt  

I i I I  Hydrogen; Water Measuren~ents Maqnetic Propert ie: 

I i i l  Heat t low 
. - . - . . - - - - - - - . . . . . . - .  . . . . . .  

1 
\ 

The Wes~phal Co~rini t t e e  considered i t p r a c t i c a l  t o  have sollie i . laq i  ng c . l p ~ b i  1 i t i e s  on ! i 
the a f te rbody,  ever; tl.;nut;h the acce le ra t i on  experienced would bt appt.ecldbl y  g rea te r  than 
on the penet ra tc r  foreboay i t s e l f .  The he ight  from which p i c t u r e s  could be obtait led would 
be small,  b u t  the s c i e n t i f i c  i n f o r w t i o n  would be s i g n i f i c a n t .  I t  would bear no t  on l y  on 
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the  pldcesses occu r r i ng  on the  a s t e r o i d  sur face ( s . g . ,  c r ~ t e r i n g ,  presence o r  absence o f  a 
reg01 1 t h )  b u t  e l  so cou ld  a f f ec t  the i r l t e r p r e t a t i o n  o f  renote  sensing measurements such as 
radar r e r i e c t i v i  ty .  

Heasurements cou ld  a l s o  be made i n  the  af terbody on the  near-space environment o f  the 
as tero id .  For example, the  s teady-s ta te  presence o f  gases and ions could provide informa- 
t i o n  on the  degassing o f  the  o b j e c t  even i f  no, o r  m,rlimal, mass anslyses were invo lved.  
 similar!^, the  presence o f  magnetic ma te r i a l  on the  s ~ . , f a c e  o f  the  a s t e r o i d  cou ld  be estab- 
l i s h e d  ( t o  the  l e v e l  performed by Sut~veyor o r  V i k i ng )  using p r i m i t i v e  imaging capabi l'l t i e s .  

I 
The dcce le ra t i on  p r o f i l e  on the foiebody probe o f  a penet ra tor  as i t  came t o  r e s t  i n  

the subsurface ma te r i a l  should be a very s e n s i t i v e  d i s t i n ~ u i s h i n g  i n d i c a t o r  between the 
d i f f e r e n t  classes of meteor i tes  t h a t  a re  proposed as models f o r  as tero ids  ( p a l l a s i t e s ,  

i . i 

ord inary  chondr i  tes and carbon~ceous chondr i  t e s ) .  I n  fac t ,  p lanning fo r  the complete range 
of mechanical p rope r t i es  represented by such models may represent a s i g n i f i c a n t  c o n s t r a i n t  
on a miszion planning t o  go t o  d i f f e r e n t  as tero ids .  

The m p l a n t a t i o n  o f  a seismometer by penet ra tors  has, i n  the past ,  been a p r i ~ ~ r e  reason 
fo r  advocating such missions t o  t e r r e s t r i a l  type bodies. The usefulness o f  seismometers on 
as tero ids  i s  no t  so obvious. The very low s e i s m i c i t y  o f  the Moon, and the paucit:! ( i f  any) i ' of res . , l t s  from V ik ing  cm Mars, make dirn the prospects f o r  s i gna l s  from dn instrument OII an 
as tero id .  Before d ismiss ing  such measurements completely. however, more complete ana l ys i s  
should be made o f  the p o s s i b i l i t y  t h a t  seismic signal: cn an as te ro id  would be er hdnced due 
to, f o r  example, an increased frequency o f  impacts by nearby massive ob jec ts .  Also, the 
engineer ing p o s s i b i l i t i e s  o f  ob ta in ing  s i g n i f i c a n t  seismic i n f o m a t '  r r ;  by s e t t i n g  o f f  ex- 
p l o s i v e  charges on an as te ro id  a f t e r  seismometer ~ m p l a n t a t i o n  should be examined (Wood, 
persona 1 comnuni ca t i on, 1978). 

Perhaps the most s i g n i f i c a n t  s c i 2 n t i  f i c  r e s u l t  t h d t  ,oula ~on le  from a penet ra tor - typ? 
mission t o  an as te ro id  would be the more complete chemical c h a r a c t e r i z ~ t i o n  tt-:n can be 
deduced from e i t h e r  Earth-based, E a r t h - o r b i t  o r  f l y b y  observat ions.  As i i d ' c a t e d  i n  the 
i n t roduc t i on ,  such remote observat ions p r  . i d e  the f i r s t  gross c l a s s i f i c a t i o n  o f  an o b i e c t  # 

from in format ion  e i t h e r  about the  mo;t abundant n l in - ra ls  o r  about <.me s o e c i f i c  chemicdl 
eln..ents t h a t  a re  i d e n t i f i e d  (Haines s t  a ? . ,  1976). The experievc. or! the Moon and Mars ha: 1 ; 

stlown t h a t  a complete chemical ana l ys i s  provides surpr ises  and dc td i l ;  no t  ob ta inab le  by 1 

such remote sensing devices. O f  cout :-, the u l t i m a t e  technioue--sample ro turn- -can be ex- I 

pected t o  be even more product ive,  es:. x i a l l y  as regards ch?onological and o ther  i s o t o p i c  

Because o f  the  p o t e n t i a l  o f  t h i s  chemical dr?r~crzCI, i t  i s  f o r t h  fucusing on some p r a r -  
t i c a l  d e t a i l s  as we1 1 as on some d e t a i l v d  r e s u l t s  tha: r,i(lht be sxpected. i 

Table 4 sumnarizes the techniques t h a t  have been c,\nsidered f o r  a pcne t ra to r - t ype  
mission f o r  s tudy inq the chemical cornposition and chemical scate o f  the ma te r i a l  around an 

e t r a t o r .  I n  a l l  f o v r  cases, there  i s  some ev idmce  t h a t  the hardware invo lved 

\ 
can su rv i ve  tne  dece lera t ions  i n v o l v l d  i n  emplantat ion.  The f i r s t  two techniques a easure 

a i n i n g  an una l te red sample. i s  needed. Somf* work has been L ~ n r  i n d i c a t i n g  t h a t  
such a sample a c q u i s i t i ~ n  system i s  p r a c t i c a l .  I n  t h r  cdbe ~f bard id1i1er.s c;t'ler than 
penetrators,  t h i s  uncontaminated sample acou is i  i isr l  may be eve11 5 i ~ l l ~ l e r  to  a-compl i s h .  

,389 
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Table 4. Possible Techniques f o r  Studying Chemical S ta te  and 
Composition on Penetrator  Missions t o  Astero ids  - 

1 .  I n  sCtu Ganna-Ray Measurements 

a. "Natural"  Rad ioac t i v i t y  of  Surroundings (K, Th, U) 

b. Nuclear Processes Induced by Cosmic-Rays o r  RTG Neutrons 
(e.g., 0, Si, Fe, H I  

i Thermal Neutron Measurements 

(Sens i t i ve  t o  H) 

3. Chemical Analyses o f  Procured Sample 

;A1 1 p r i n c i p  .' chemical elements except H; se lec ted minor and 
t race  elements. ) 

4. Analyses of  Sta te  o f  Water i n  Procured Sample 

("Free-water," absorbed water, water o f  hydrat ion,  chemical ly  
bound water)  

they would prov ide data on the concent ra t icn  of a r e l a t i v e l y  v o l a t i l e  element, potassium, 
and o f  the  r e f r a c t o r y  elements, uranium and thorium. I n  add i t i on ,  t he  data would bear on 
the rad ioac t i ve  heat product ion  i n  the as tero id .  

I f  the gamma-ray measurement cou ld  be extended t o  include, e.g. , S i  , Fe and H (making 
use o f  t he  neutrons from the  RTGs o r  cosmic-rays), t he  d i sc r im ina t i on  between candidate 
meteor i te  classes would be complete. Again, i n  somewhat more basic terms, the cha rac te r i -  
za t i on  of the  as te ro id  i n  terms o f  i t s  p o s i t i o n  i n  a condensation type scenar io of the  
formation o f  ti;? s o l a r  system bodies would be c l a r i f i e d .  

Another measurement t h a t  could prov ide data on the bu l k  p rope r t i es  o f  the  mat ter  sur-  
rounding the emplanted penet ra tor  i s  t h a t  o f  the thermal neutrons present. The RTG power 
sources c u r r e n t l y  considered f o r  penetrators produce some l o 5  neutrons per second. This i s  
the  range o f  i n t e n s i t y  t h a t  has been used i n  t e r r e s t r i a l  app l i ca t i ons  o f  hydrogen detenni-  
na t i on  by neutron moderation techniques (e.9. . Long and French, 1967). I t  i s  expected 
t h a t  t h i s  technique cou ld  determine kydrogen w i t h  a s e n s i t i v i t y  o f  0.059; by weight  (water 
content  down t o  0.5% by weight)  although, of  course, i t  would no t  d i s t i n g u i s h  between hy- 
drogen i n  the form o f  water and t h a t  i n  t he  form o f  carbon compounds. Both forms kou ld  be 
i nd i ca t i ons  o f  carbonaceous chondri t e  mater ia l ,  o r  more bas i ca l l y ,  o f  the  presence of very 
v o l a t i l e  const i tuents  i n  the  body. I n  terms of poss ib le  eventual uses o f  as tero ids  f o r  
s e l f - s u f f i c i e n t  e x t r a t e r r e s t r i a l  a c t i v i t i e s ,  the a v a i l a b i l i t y  o f  hydrogen i s  an extremely 
important resource. 

More corllplete chemical cha rac te r i za t i on  of  a sample on a hard lander miss ion depends 
on the a c q u i s i t i o n  o f  an uncontaminated sample. As mentioned above, t h i s  does not  appear 
t o  be an impossible ob jec t ive ,  p a r t i c u l a r l y  f o r  a body t h a t  i s  not  appreciably harder than 
a b a s a l t i c  rock.  M in ia tu re  hardened instruments appear t o  be a v a i l a b l e  t o  perform ra the r  
complete chemica, analyses o f  such a sample. A c u r r e n t l y  considered instrument would use 
an alpha p a r t i c l e  technique f o r  the l i g h t  chemical elements and x-ray de tec t i on  f o r  the 
heavier  elements. 
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Table 5. Chemical Analyses on Hard 
Lander Missions t o  Asteroids 

(Expected accuracies !s t  9O"onf idence 
l i m i t )  i n  weight  percent :or p r i n c i p a l  
chemical elementsa) 

Element a + p + x-ray Modes 

C t 0.2 
0 _+ 0.7 
Na 0 0.2 
Mg k 0.8 
A 1 _+ 0.4 

S i  + 1.2 
K t 0.2 
Ca _+ 0.2 
T i  _+ 0.15 
Fe t 0.4 

a ~ r o m  Economou and Turkevich, 1976. 

Table 5 gives the  present ly  considered achievable a c c u r a ~ i e s  o f  such analyses f o r  the 
r i n c i p a l  chemical elements (Economou and Turkevich, 1976). The accuracies are such t h a t  
espec ia l ly  i f  a separate hydrogen determinat ion i s  made), more than 99% o f  atoms i n  the  
ample wi  11 be i d e n t i f i e d  and determined, a reasonable normative mineral  conposi t i o n  can 
e deduced, as we1 1 as the s t a t e  o f  ox ida t i on  o f  the  system. 

Thus, the  mdter ia l  examined would be character ized considerably beyond the meteori t e  
c l a s s i f i c a t i o n  and even beyond t h a t  achieved on the Surveyor missions t o  the Moon, cer-  
t a i n l y  beyond t h a t  achieved on Vik ing.  The establishment o f  the major const i tuents  would 
e r m i t  more soundly based i n t e r p r e t a t i o n s  o f  t he  abundances o f  the  minor and t race  elements. 

Table 6 gives examples o f  the  s e n s i t i v i t y  considered achievable by present dsy i n s t r u -  
n t s  f o r  minor elements (Economou and Turkevich, 1976). These s e n s i t i v i t i e s  depend some- 
a t  on the s ta te-o f - the-ar t  of  semiconductor x-ray detec tors  which i s  c o n t i n u a l l y  improv- 

ing.  Be t te r  s e n s i t i v i t i e s  may we l l  be achieved by the t ime an actual  as te ro id  mission i s  
undertaken. Even the  present s e n s i t i v i t i e s  provide examples o f  chemical elements (e.g.  , 

, Zr),  whose abundances are used t o  character ize  condensation cond i t ions  a t  the 
formation o f  s o l a r  system bodies. 

I n  conclusion, i t  i s  l i k e l y  t h a t  remote sensing measurements w i l l  no t  answer d e f i n i -  
t i v e l y  very important  questionc obout the nature  o f  as tero ids ,  t h e i r  h i s t o r y  and r e l a t i o n -  
sh ip  t o  o ther  bodies o f  the s o l a r  system. In situ chemical analyses are  probably requ i red 
t o  es tab l i sh  conc lus ive ly  the  re la t i onsh ips  o f  as tero ids  t c  the meteor i tes w i t h  which they 
are  f requent ly  compared. Such analyses w i l l  a lso  be needed t o  p lace as tero ids  i n  the con- 

nsat ion  scenar io o f t e n  invoked f o r  the h i s t o r y  o f  the  s o l a r  system. It i s  by such more 
l e t e  chemical analyses t h a t  the  spect ra l  c h a r a c t e r i s t i c s  of t h e  Moon and Mars have been 

establ ished and i t  should there fore  be a good be t  t h a t  as tero ids  w i l l  l i kew ise  prov ide new 
i n t r i g u i n g  data. 

Even such i n  situ measurements, however, a re  no t  l i k e l y  t o  prov ide the  i s o t o p i c  data 
needed t o  e s t a b l i s h  the c h r o t ~ o l o y , ~  o f  as te ro id  fo tmat ion and o f  t h e i r  exposure t o  the  space 
environment. Nor w i  11 i t  be poss ib le  t o  place them i n  the  h ierarchy of  oxygen iso tope anom- 
a l y  systematics t h a t  i s  emerging f(r s o l a r  system bodies. For such data, returned samples 
appear t o  be required.  
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Table 6. Chemical Analyses on Hard Lander Yissions t o  Asteroids--Examples o f  
Expected a + p + x-ray S e n s i t i v i t i e s  f o r  Minor Elements, Edaluated fo r  
a Basa l t  Ma t r i x  Using Alpha and A u x i l i a r y  Sourcesa 

E l  ernent S e n s i t i v i t y  
(Weight % )  Element S e n s i t i v i t y  

(Weight X) 

a From Economou and Turkevich, 1976. 

b ~ s i  ng thermal neutron de tec t i on  techniques. 

C ~ e n s i t i v i t y  fo r  K expected i n  the presence of  a few weight  % of Ca. 
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D l  SCIISS ION 

ARNOLD: A connent on the 1 i s t  of penet ra tor  instruments. This paper re in forces my i m -  
pression t h a t  the  combined a lp% instrument i s  best  f o r  penet ra tor  use. There i s  a 
p o t e n t i a l  instrument being developed by Trombka using a pulsed neutron source which I 
t h ink  can make the gamna-ray experiment more a t t - a c t i v e  than the simple gamna-ray 
experiment described here. The b iggest  disadvantage of  t h i s  gamna-ray experiment i s  

r y s t a l  because temperatures are  too h igh (about 1!iO0K). 
- ray  and alpha-ray instruments are  complementary. Gamna- 

ermanium i n  o r b i t  and the alpha spectrometer down below 
t o f  both worlds. We were r e a l l y  d iscussing the t radeof f  
t would be f a n t a s t i c  i f  you could put  both ins t r~rments  i n  

NIEHOFF: HOW about an x-ray d i f f rac tomete r?  There was a V ik ing proposal f o r  a small de- 
v i ce  of  t h i s  type. I f  mineralogy i s  t h a t  much more important  than e l m e n t a l  abundances, 
then some instrument o f  t h i s  type should be looked a t .  

FANALE: Mineralogy i s  i n  many ways more important  because you can take the same mass ba l -  
ance and put  i t ,  as nature  has, i n  a thousand d i f f e r e n t  c r l rc ib lcs  and produce a v a r i -  
e t y  o f  mineralogies.  We might be b e t t e r  o f f  spendinq our money doinq a minera log ica l  
experiment t h a t  i s  designed t o  look a t  the bland mater ia ls  you f i n d  i n  carbonaceous 
chondr i tes and which g ive  no x-ray l i n e s  on a labora tory  d i f f rac tomete r .  So I t h i n k  
you ought t o  th ink  ser ious ly  abcvrt t ha t .  

1 1  

, 
the  two o r  th ree most abundant minerals i n  t y p i c a l  mixtures such as are found i n  na- 
tu re .  I t  cannot cope we l l  w i t h  the 1e.s abundant minerals i n  such a mix ture  unless 

t .  
' . -  

; ' I *  
I .  

I -  
t ,  

device t o  main ta in  the a t t i t u d e  froni the  time o f  launch u n t i l  impact and tha t  weighs 
, , 

one o f  these unconsolidated ob jec ts .  w i l l  i t  go too deep I * '  
and r i p  the umb i l i ca l  cord? 

NIEHOFF: Yes, i t  cuuld. There are design a l t e r n a t i v e s  which could a l l e v i a t e  t h i s  problem. 

: \  
SHOEMAKER: How does the alpha sca t te r i ng  instruinent look a t  the s o i l  o r  rock? . . 
ECONOMOU: The mater ia l  adjaccnt t o  the penet ra tor  i s  modif ied by the impact, so to  get  a 

sample we must penetrate t h i s  boundary l aye r  which i s  a few m i l l ime te rs  t h i c k .  We 

I 
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