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As a r e s u l t  of  t he  heterogeneous d i s t r i b u t i o n  of  t h e  i:. tooes 
of oxygen i n  the e a r l y  so;ar nebula, the  var ious planets,  
astevoids and meteor i tes have i s o t o p i c  l abe ls  which permit  
recogn i t i on  o f  samples der ived from common sources. It i s  
thus poss ib le  t o  see genet ic associat ions between meteor i te  
classes, such as group I 1  E i r o n s  w i t h  H-group o rd ina ry  
chondri tes, and e n s t a t i  t e  meteor i tes a i  t h  the Ear th  and Moon. 
These associat ions he lp  i n  def;ning the  complexity of  t he  
parent bodies, and i n  d e t e n i r - i n s  t h e i r  reg ion o f  o r i g i n  
w i t h i n  the  so la r  system. 

Th2re a re  two poss ib le  explanat ions f o r  the  i s o t o p i c  heterogenei ty o f  the nebu?a: 
pre-5o:ar so l  i d  gra'ns enr iched i n  160, o r  a nuc leosynthet ica l  l y  processed gas i n j e c t e d  
in?:: the nebula i o l  lowed by r a p i d  condensation. The h ighest  concentrat ions o f  the 160- r ich  
c:mponent are found i n  high- temperature condensate minerals i n  C3 carbonaceous chondri tes  . 
It~i s observat ion i s  cons is tent  w i t h  the pre-so lar  g r a i n  hypothesis if these gra ins  were re-  
f rac tory  minerals which served as condensation n u c l e i  f o r  t he  s o l a r  system condensates. I f  
the 160- r ich  component was introduced i n t o  the  s o l a r  nebula from a nearby suoernova explo- 
sion, then the  high-temperature condensates i n  C3 meteor i tes were probably formed i n  the  
outermost pa r t s  o f  the  s o l a r  nebula nedr the supernova s h o c ~  f ront .  
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The oxyqerl i s o t o p i c  compositions of the major stony and s tony- i ron meteor i tes are 
shown i n  Figure 1, on a graph o f  170/160 versus 180/ 160. The oxygen i s o t o p i c  compositions 
of mat ter  i n  t he  e a r l y  s o l a r  system were modi f ied by a t  l e a s t  two processes: (1 ) a d d i t i o n  
of  t he  160-r ich component, which displaces the covposi t i o n  toward the lower l e f t  o f  the 
graph, a long a 1 i n e  of  u n i t  slope; (2 )  mass-dependent i s o t o p i c  f r a c t i o n a t i o n  associated 
w i t h  chemical o r  phys ica l  processes, which displaces the composit ion along a l i n e  o f  
s lope 112, i n  e i t h e r  d i rec t i on ,  depending on the p a r t i c u l a r  process. The heavy l i n e  i n  
Figure 1 i s  the  locus o f  compositions o f  t e r r e s t r i a l  mater ia ls ,  and i l l u s t r a t e s  the  e f fec t  

37 

1 - --y.--*-? -":1-- 
IL._-J_._~_ : -  --- d. ' 1 - . . A  A L .  : -.,.--_ 

L E' Tsz 

INTRODUCTION 

I n  order  t o  understand the imp l i ca t i ons  o f  a l l  of  t he  d e t a i l e d  measurements which are  
made on meteor i tes,  we must sonehow e s t a b l i s h  t h e i r  " f i e l d  r e l a t i o n s "  r . i t h i n  the s o l a r  
system. We need t o  i d e n t i f y  t h e i r  parent bodies, and reconst ruc t  t h e i r  h i s t o r i e s  o f  con- 

. - 

1 .  
densation and accre t ion .  Oxygen iso tope " f i n g e r p r i n t s "  prov ide a unique method g i v i n g  1 

in format ion on the number o f  parent bodies represented by the meteor i tes.  The s o l a r  
nebula was c o t  completely homogenized w i t h  respect  t o  the isotopes o f  oxygen p r i o r  t o  
condensation and acc re t i on  o f  the  p lanets  and meteor i te  parent bodies (Clayton c t  a:. , 
1973). Ma te r ia l s  which condensed i n  d i f f e r e n t  regions o r  a t  d i f f e r e n t  times acquired v a r i -  
ab le  proport ions o f  a component enr iched i n  160. This i s o t o p i c  " f i n g e r p r i n t "  remains w i t h  
the mater ia l ,  and no amount o f  chen~ical  processing o r  m3ss-fract ionat ion can erad icate  it. 



Fig. 1. Ohygen i s o t . o p i ~  composit ions o f  var ious nleteori t e  qrcups. F rd ina te  i s  
173 /  l"0, dl, ' abscissa i s  1 H O / 1 6 0 ,  bo th  expressed as perrni 1  (pd r t s  per thousand! 
d e v i a t i o l ~ s  trom an arbitra1.y t e r r e s t r i a l  standard (SMOW). Tbe hedvy l i n e  w i t h  
s l3pe 1/2 i s  the  lccus o f  a l l  t e r r e s t r i a l  ma te r i a l s ,  wnich 5pread along the 
1  i ne  due t o  mass-dependent i s o t o p i c  f r a c t i o n . ~ t i o n .  The mean ~ a l u e  f o r  tne 
Ear th  i s  p;-obab!y i n d i s t i n g u i s h a b l e  from t h a t  f o r  the Moon. The ddshed l i n e  
w i t h  u n i t  s lope i s  the ex t rapo la t i on  o f  the It1O mix ing  l i n e  b h e r v e d  i n  sew-  
ra ted  phases o f  C 3  cbondr i tes,  most o f  wh'ch are  off-;ca;e t o  the lower l e f t  3 f  

t h i s  f i gu re .  A n a l y t i c a l  unce r ta in t i es  i n  the  data d r e  sonlewhdt s l~ la l le t -  thdn 
the p l o t t e d  po in t s .  

,I I 1 I .  ' top ic  conipositions on Ear th  i s  n t ? u t  s i x  ti ldes as qreat  as the span o f  F igurs  1 .  The 1 

o f  mass- f rac t ionat ion  processes . ~ i  t h i n  a  s i n g l e  p lane t .  The ac tua l  range o f  o :n t> r~ed  i s o .  

# I  I f dashed l i n e  i n  F igure  1  i s  the ~ n i x i ~ q  l i n e  o f  u n i t  s lope which i s  qenerated hy i n d i v i d u d l  

i I ; i nc lus ions  and n i i n ~ r a l  samples from several  C 2  and C3 n~e teo r i  tes (Clayton i.' , I . ' .  . l Q 7 7 j .  b 
The observed range o f  con~pos i t ions  extends w e l l  o f f  the d iaqra~n t o  values o f  <IR(! o f  - t O  . 

i ; The va r i a t i ons  i n  composit ion o f  a l l  o f  the  o the r  meteor i tes  are  p,'esumably due t o  a  



canbination o f  these two processes o f  mixing and f ract ionat ion.  Thus meteorites l y i n  % dbove the t e r r e s t r i a l  l i n e  (Cl, ordinary chondri tes, I I E  i rons)  contain less of the ' 0- 
r i c h  component than the Earth. whereas the C2, C3 carbonaceou; chondrites and most of  the 
d i i f e ren t i a t ed  meteorites contain more than the Earth. 

I t  sholild be considered whether a p lsnet  o r  meteori te parent bop;. mipht, as a conse- 
quence o f  heterogeneous accretion, be i n t e rna l l y  heterogeneous w i t h  respect t o  oxynen iso-  
t o p s  ( i n  addi t ion t c  the obvious e f f ec t s  o f  isotop ic  f ract ionat ion) .  The evidence  fro^ 
t e r r e s t r i a l  and lunar samples s t rongly  indicates tha t  a l l  mater ials s.impled have corn om 
a s ing le  homogenized reservoir ,  as would be expected f o r  such large d i i fe ren t ia ted  bl tes. 
At the other extreme, i t  i s  know,, t ha t  C2 and C3 carbonaceous chondrite? are i so top '~d1  l y  
heterogeneous on a submill imeter scale. The evidence bearing on h~moger~ei ty  i n  parent 
M i e s  o f  o ther  meteorites i s  less d i rec t .  For exanple, a l l  L ;r.;d LL chondri tes apoear 
t o  3e derived from a comnon reservoir ,  possibl) a s ing le  parent bcdy, ana a l l  H chondrites 
are derived from some other reservoir ,  a lso possibly a s ing le  parent body. I t  i s  obviously 
impossible. i n  pr inc ip le ,  t o  d is t inguish between two noninteract ing r eg ims  of a s ing le  
parent, on the one hand, and two d i s t i n c t  parents on the other. However, lack ing any ev i -  
dence i n  favor o f  large-szale in te rna l  heterogeneit ies, I sha l l  assum tha t  i so top i ca l l y  
d i s t i n c t  source reservoirs imply d i f f e r e n t  parent bodies. 

I n  the fol lowing sections, the various major meteorite grou$; ~i 11 be discussed, w i t h  
particu!ar referer.:e t o  the in te r re lz t ionsh ips  among aroups and the inferences u i t h  respect 
to  t h e i r  parent bodies. 

CARBONACEOUS CHONDRITES 

It Ci.? be seen i n  Figure 1 t h ~ t  the C1, C2, and CJ meteorites occupy three d i s t i n c t  
regions 6,' the oxygen isotope diagram. The C2s are a special case, since they are composed 
o f  approximately equal amounts o f  h i  yh--temperature anhydrous s i  1 icates (01 i vine and pyrox- 
ene) and a low-temperat-lre phy l l o s i i i ca te  matrix. The region o f  Figut-e 1 labeled C2 i s  for  
the nlatrix material; the data f o r  o l i v i n e  and pyroxene are d i s t r i bu ted  along the 150 r i x i n g  
l i n e  determined by the minerals from C3 meteorites. C1 and C2 matr ix mater ials are d i s t i n c t  
f r o m  one another and, in terest ing ly ,  l i e  on o p p o s i t  sides o f  the te r res t r ia :  f rac t iona t ion  
l i ne .  They c l ea r l y  represent d i f f e r e n t  source regions. Since both types are thcught t o  be 
very p r im i t i ve  so lar  sy5tem materials, and since many asteroids appear t o  be s im i l a r  t o  C1 
or  C2 meteorites, i t  i s  t o  be hoped that  observations o f  asteroids can be improved t o  a1 low 
d i s t i n c t i on  between these two types o f  mater ial  . 

The d i f ference i n  isotop ic  compositions between C1 and C2 matr ix requires that  tney be 
iormed from nebular gasec o f  d i  f t e ren t  isotop ic  compositions, separated e i t h e r  i n  space o r  
i n  time. Since both C1 meteorites and :2 matr ix cons is t  o f  hydrous s i l i c a t e s  formed a t  low 
temperatures, probably by in te rac t ion  w i t h  water vapor i n  a nebular gas, the i so top i r  d i f -  
ference between the two groups imp1 ies gaseous regions o f  the nebula w i t h  d i f fe ren t  160 
abunuances. The C1 mater ial  could be derived from the same source as the H-group ordinarv 
chondri tes, since these two groups appear t o  l i e  along a comnon f rac t iona t ion  1 ine. Ther-. 
i s  no group o f  chondri tes bearing a s im i l a r  r e l a t i o n  t o  the C2 matr ix mater ial .  However, 
the unique chonarite Kakangari and the achondri t ic par ts  c f  Bencubbin ard Weatherford may 
have such a re la t ionship.  I n  each case. the temperature e f f ec t  un t h t  isotop ic  f ract iona-  
t i o n  between gas and so l ids  would account f o r  the enrichments i n  heavy isotopes i n  the low- 
temperature phyl l o s i  1 icates re la  t i  ve t o  the higher- temperature 01 i v i n e  and pyroxene. (Note 
tha t  no low-temperatare phyl l o s i  1 i ca te  counterpart t o  the L-group chondri tcs  has y e t  been 
observed. ) 

Although thv C3 neteor i tes are i so top i ca l l y  heterogeneous on a submil 1 imeter scale 
(Clayton e t  a l . ,  1977), t h e i r  bulk i so top ic  compositions are very s im i l a r  t o  one another, 
and only subt le di f ferences between the subciasses C39 and C3V are detectable. Detenina-  
t i o n  o f  the locat ion and mode of o r i g i n  o f  these meteorites i s  of the utmost import3nce i n  
deducing so lar  system history,  since they are the p r inc ipa l  hosts o f  the nucleosynthetic 



isotope anomalies i n  oxyger,, magnesi m, calcium, ba r i  um ar~d neodymi um (Clay ton e t  a l .  , 
1977; Lee e t  at.. 1977; Lee e t  a l . ,  i978; McCulloch and Wasserburg, 1978). I n  the case o f  
the anomalies i n  minor eletnents, t h e i r  observation i n  C3 meteorites may simply r e f l e c t  
more favorable condit ions f o r  preservation. However, i n  the case o f  the oxygen anomaly, 
the bu lk  meteorites show a greater 160-excess than any others, w i t h  the exception o f  the I 

I .  
unusual pd l  l a s i  tes Eagle Stat ion and I tzawisis.  The C4 meteorites Karoonda and Coolidge i 
have oxygen i so top ic  compositions which are essen t ia l l y  the same as the C3s. The in te rna l  I 

i so top ic  f rac t iona t ion  among minerals i n  C4s i s  consistent w i th  metamorphic recrysta l  1 iza-  
i i o n  a t  a temperature near 600°C (Clayton e t  a;.,  1977). 1 )  

f I 

A few carbonaceous chondrites have unique i so top ic  compositions, and do not f a l l  wi th- 
i n  the three main groups. A1 Rais and Renazzo, c m l o n i y  classed as C2, have d i s t i n c t  com- 
pos i t ions un l i ke  the C2 group. rlokoia, usual ly  classed as C3, has an i so top ic  composition 
which appears t r ans i t i ona l  between C3 and C2. i ; 

I n  addi t ion t o  macroscopic carbonaceous chondri te meteorites, fragments o f  s im i l a r  
mater ial  have been observed as inclusions i n  o ther  meteorites (Wilkening. 1978). Some o f  
chest! have been found t o  have isotop ic  compositions d i f f e r e n t  froid the main carbonaceous 
chondri te groups. a1 though most are ra ther  s im i l a r  t o  the C2 group chemically and i so top i -  
c a l l y  (Clayton and Mayeda, lQ78a). Thus, i t  would appear tha t  condit ions f o r  production 

i 
o f  C2-l ike mater ial  occurred i n  many places i n  the so la r  system; the observation many 
asteroids w i t h  C2-l ike surfaces (Chrpman e t  a l . ,  1975) i s ,  o f  course. co t~s is ten t  w i t h  t h i s  
observation. 

ORDINARY CHONDRITFS 

Two d i s t i n c t  source reservo i rs  are required f o r  the ord'nary chondrites: one for  the 
group, another f o r  the L and LL groups. The l a t t e r  two are not  resolved from one an- 

bcher, and could be chemical d i f f e ren t i a t es  from the same sour-e. The two reservoirs are 
displaced from one another i n  the d i r ec t i on  o f  160 mixing, implying condensation under . I 

- r - .  
s im i l a r  condit ions from two i so top i ca l l y  d i s t i n c t  par ts  o f  the nebula. 

. . . ::g -"i .Lj :3 
Possible associat ion o f  H-group chondrites w i t h  C1 chondrites has been discussed above. 

They may a lso have been derived from the same oxygen reservo i r  as the s i l  icates i n  t y ~ e  I I E  
i rons (Clayton and Mayeda, 1978b). There i s  no genetic associat ion between the ordinary 
choadri tes and any o f  the achondri tes. I n  fact, where chondri t i c  and achondri t i c  fragnlents 
t r e  folrnd together i n  brecciated meteorites, they are found t o  have d i s t i n c t l y  d i f f e ren t  
oxygen i;otope abundances, thus requi r ing der ivat ion from separate parent bodies (Clayton 
and Mayeda, 1978a!. 

ACHONDRITES, MESOSIDERITES AND PALLASITES 

Most o f  the d i f f e ren t i a t ed  stony ar:d stony- iron meteorites f a l l  i n t o  a s ing le  group i n  
the oxyyen-isotope diagram. This class includes the eucr i tes, howardites and diogenites, , 

as wel l  as the mesosiderites and pa l las i tes .  I t  also includes the wel l -studied achondrite I 
Angra dos Reis. the igneous d i f f e r e n t i a t i o n  o f  which was complete 4.55 Gy ago (Lugmair ?nd 
;.iarti, 1977; Wasserburg e t  ul., 1477). Were d l 1  o f  these meteorites derived from the same 
parent body? Differences i n  i n i t i a l  e 7 S r / 8 6 S r  imply t ha t  they were not. Nevertheless the I !  
uniformity o f  oxygen isotop ic  c~mposi+ ion requires tha t  t h i s  large group of d i f fe ren t ia ted  
meteorites was der ived from a comnon reservo i r  i n  the nebula. 

. - . i :  ., I 

A few achondrites form smaller, separate isotop ic  classes. The u r e i l i t e s  fon l  s ing le  j j 
group w i t h  isotop ic  compositions more l i k e  carbonaceous chondri tes than achondri tes.  Nakhla ,, 
and Lafayette. presumably fragments o f  the same parent, have a unique i so top ic  composition 
not obviously re la ted t o  other groups. Shergotty and Zagami 1 i kewise form a separate group. 
Bencubbin and Weatherford are meta l - r ich breccias wi t h  a d i s t i n c t  and complex i s o t ~ p i c  ! 
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signature. Eagle Stat ion and I t zaw is is  a1.9 h i ~ h l y  unusual i n  both chemical and i so top ic  
compcsltions r e l a t i v e  t o  other pa l l a s i  tes. Their  parent body appears t o  have formed w i t h  
an except ional ly large comp!ement o f  high- temperature condensates, labeled w i t h  the 160- 
excess recognized f i r s t  i n  the C3 chondri tes (Clayton and Mayeda, 1978b). 

The aubr i tes are discussed i n  the next section. 

ENSTATITE CHONDRITES AND ACHONDRITES 

The ens ta t i t e  chon j r i  tes  and aubri  tes form a s ing le  class (Clayton et at. ,  1976), con- 
s i s t en t  w i t h  der i va t ion  from a comnon parent body, as has been suggested on chemical grounds 
by Wasson a,,d Wai (1970). This raises doubts about e i t h e r  the associat ion of the E spectral  

i type o f  asteroids w i t h  the aubri tes (Zel lner  e t  a t . ,  1977) o r  the RF and RR spectral  t j p e  
+ 

w i t h  the ens ta t i t e  chondrites (McCord, 1978). Such problems are not unexpected due t o  the 
b lack of charac te r i s t i c  features i n  the ref lectance spectrum o f  ens ta t i  t e  (Gaffey, 1976). 

A renarkable aspect o f  the oxygen i so top ic  composition of the ens ta t i t e  chondrites i s  
tha t  i t  i s  very near tha t  o f  the Earth and Moon. The composition appears t o  1 i e  squarely 
on the t e r r es t r i f i l  f ract ionat ion l i ne ,  perhaps a l i t t l e  enriched i n  the heavy isotopes r e l -  
a t i v e  t o  t e r r e s t r f a l  l w n t l e  rocks. It i s  curious t ha t  the Earth should be so s im i l a r  i n  
i so top ic  composition t o  t h i s  n~eteor i  t e  group, since the high degree o f  reduct ion o f  the 
ens ta t i te  chondrites would appear t o  requi re  t h e i r  condensation i n  a region o f  the nebula 
i n  which the C/O r a t i o  was s i gn i f i can t l y  greater than elsewhere (Larimer, 1975). Further 
chemical and i so top ic  studies o f  ens ta t i  t e  chondri tes are important t o  invest igate t h e i r  
re la t ionships t o  the inner >lanets. 

IRON METEORITES 

Type I I E  irons, which contain coarse-grained s i l i c a t e  minerals, may have a comnon 
parentage w i t h  the H-group ordinary chondrites, as discussed above. The type IAB i rons are 
breccias containing s i l i c a t e  rock fragments o f  chondr i t ic  composition (B i ld ,  1977). They 
f a l l  i n  a s ing le  group i n  the oxygen isotope diagram, which may be re la ted  t o  the ens ta t i t e  
chondri t e  group by 160 addit ion. Tbis associat ion w i t h  the ens ta t i  t e  chondrites i s  also 
suggestea by the low i r o n  content of the mafic s i l i c a t e s  i n  the IAB meteorites. Perhaps 
these meteorites are good candidates f o r  the RF-type asteroids. 

PROSPECTS FOR REMOTE ISOTOPIC ANALYSIS OF ASTEROIDS 

The problems i n  performing s u f f i c i e n t l y  accurate 1e0/170 and 17C/160 measurements with- 
out sample re tu rn  are foimidable. Although 160 i s  abundant, the heavier isotopes are not. 
Reralut ion o f  the d i f f e r e n t  meteori te classes, f o r  example H chondrites from L chondrites, 
requires a prec is ion i n  the 170/160 r a t i o  o f  be t te r  than 5 x lr4. Since the absolute value 
o f  t h i s  r a t i o  i s  only 4 x lo-", the measurement requires detennination o f  170 concentrations 
t o  be t t e r  than 2 x 10" r e l a t i v e  t o  160. Mass spectrometry i s  the only feasible technique, 
and the e l im in? t ion  o f  i n t e r f e r T n g  species, such as hydrides, would be exceptional 1y d i f f i -  
cu l  t without the chemical processing used i n  laboratory analyses. Techniques without chem- 
i c a l  sample preparation, such as laser-probe o r  ion-probe mass spectrometry f a l l  far  shor t  
o f  the necessary prec is ion i n  terms o f  both random and systematic er rors .  There i s  no ob- 
vious fundamentat l i m i t a t i o n  t o  such remote isotop ic  analysis, but  a very large amount o f  
instrument development would be a prerequis i te .  
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there i s  one percent o f  c a l c i t e  That po i n t  l i e s  qu i t e  a long way from the matr ix  bu t  
i s  on the same f ract ionat ion l i n e  as the matr ix.  So there i s  p re t t y  good evidence, I 
think, t ha t  these are not  mechanical mixtures and t ha t  they acquired t h i s  composition 
by in te rac t ion  w i t h  a gaseous mater ial  t ha t  l i e s  somewhere along the f rac t iona t ion  l i n e .  

FANALE: I s  i t  possible, a t  l eas t  i n  the case o f  carbonaceous chondrites, t ha t  the l e O -  
enrichment i s  due t o  a nonthermal ac t i va t ion  process dur ing an i n t e rac t i on  w i t h  nore 
180-rich vapor a t  high vapor pressures? O r  d i d  we r e a l l y  have a homogeneous nebula 
where a t  the surface o f  a progenitor body, such as Ceres, there was p re fe ren t ia l  escape 
of 160 from the base o f  the exosphere leaving a surface which was, therefore, l e O -  

CLAYTON: You ask whether the low temperature minerals could have been formed from ordinary 
chondri te mater ial  by low temperature exchange w i t h  an lBO-enriched gas. I would say 
t ha t  i s  a poss i b i l i t y ,  pa r t i cu l a r l y  i f  the gas i s  a large reservo i r  compared t o  the 
meteorites, SG tha t  they ended up w i t h  no memory of t h e i r  o r i g i na l  composition. There 
i s  one th ing  t ha t  leads us t o  th ink t ha t  something l i k e  t ha t  might be going on. I n  
samples from other meteorites we saw points tha t  were near the dashed l i n e  fo r  C3s 
( i n  Figure 1) and we s ta r ted  tak ing apart  some o f  the C3 meteorites which contain a l o t  
of i r on - r i ch  anhydrous s i l i ca tes .  We f i n d  t ha t  the 01 iv ines w i th  d i f f e r e n t  chemical 
compositions move up and down the dashed l i n e  and as we get t o  the most i r on - r i ch  we 
have a t  l eas t  one po in t  tha t  i s  on the f rac t iona t ion  l i n e  t o  the C2 matr ix  region. I 
can' t  c i t e  any s im i l a r  evidence, connecting Cls w i t h  anything else. Your second possi- 
b i l i  t y  was tha t  everything was once homogeneous and was subsequently enriched i n  180. 
Presumably you would have t o  s t a r t  w i th  very 180-def ic ient mater ial  l i k e  C3 meteorites. 
I th ink i t ' s  h igh ly  un l i ke l y  tha t  a l l  o f  the planets and the Moon and everything were 
made by t ha t  k ind o f  a l te ra t ion ,  a t  l eas t  based on what we have seen so far i n  Allende 
which i s  j u s t  a few grams o f  very pecul iar  C3 matr ix i n  a very pecul iar  chemical s ta te .  
I would be more inc l ined,  so t ha t  you don ' t  have t o  move so many atoms, t o  say t ha t  the 
mater ials l i k e  the C1 and C2 chondrites are normal and tha t  C3 mater ial  i s  abnormal. 

McCORD: I f  the instrumentation d i d  e x i s t  f o r  doing oxygen isotope analysis on the surface 
o f  an asteroid,  what s o r t  o f  sample hand1 ing would you require? 

CLAYTON: I f  the analysis were done by some k ind o f  a laser  probe o r  an i on  probe mass spec- 
trometer, no sample preparation i s  needed. We are working here on the development of 
an ion  microprobe mass spectrometer, not  f o r  ex t r a t e r r es t r i a l  analysis, but  f o r  ter res-  
t r i a l  analysis, and sample preparation there simply involves using a polished rock sur- 
face. We do have t o  put on a conducting coat ing t o  keep i t  from charging up. That i s  
the only preparat ion we need. 


