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2 3  The concentrations of p r k r d i a l  Pb as  Pb and of B i ,  T1 and Zn have 
been measured i n  A p l l o  16 samples and i n  Apollo 17 orange so i l  by neutron 
activation techniques. In addition, i n  order to gain scrme insights into the 
possible geochmistry of the heavy metals in lunar samples, selected meteori- 
t i c  and te r res t r ia l  samples were studied. These included basaltic aclaon- 
dri tes ,  metallic spherules frcnn Meteorite Crater, Arizona; Disko Island 
basalt and m t a l  frcm this basalt. 

Apollo 16 samples from Stone ~ u n t a i n  (64501, 64801), f m  the North Ray 
crater ejecta blanket (63501) and from station 1 on the rim of Plum crater 
(61221) were measured. Breccias 61016 and 66095 which have unusually high 
halogen contents were studied - since labile 204pb and B i  fractions correlated 
with halogens were observed in Apollo 1 4  and 15 samples (Allen et al., 1973). 
 noth her high halogen containing sample, -110 17 orange soil 74220, was also 
measured. AS in previous studies the samples w e r e  leached for Q10 minutes in 
a hot aqueous solution of HN03 a t  pH 5-6. The data are smmarized in  Table 1. 

The 204pb contents of a few ppb in the Apollo 16 soi l s  are similar to 
h s e  i n  other lunar s o i l  samples. B i  cancentrations i n  soils are 1-2 ppb and 
T1 a few ppb. The orange so i l  is dist inct  in  having an order of magnitude 
m r e  2 0 4 ~ b  and B i  and 3-4 times more T1 than any other soil measured. The 
fractions of leachable 204pb and B i  are s i m i l a r  to  h s e  of other soils. The 
breccia 66095 has a high 204pb and B i  content; hwer ,  it has an order of 
magnitude more T1  than the orange soil. Breccia 61016 has a 2O4pb content of 
~5 ppb l ike mst so i l  samples but it is enriched in B i  and T1. 

The correlations of 204~b,  with metal,  204~bg and B i g  with Brg and Bi r  
with P2O5 reported for  samples f m  Apollo 1 4  and 15 do not appear to apply 
for mst of the -110 16 samples masured. These samples may represent the 
early crust altered by events that mixed materials fran various sources 
(depths?). The caqxments of this mixture, never kmcgenized on a regional 
basis, may have been subjected to local alteration due to impact melting, 
shock brecciation and metamrphisn. I n  ccarrparison samples frcan the A p l l o  1 4  
and 15 s i tes  appear to have undergone a less cmplicated evolution since they 
have preserved a mre o r  less c m n  record. 

The lunar chermistry of 204pb in Apollo 1 4  and 15 samples involved extrac- 
tion of sane of this Pb into a metal related phase and the association of the 
remainder with halogens. A possible parallel in the geochgnistry of lunar 
samples with the non-lunar system l is ted above was explored. No leach data 
were a@ed since leaching was done primarily to ranove terrestrial contam- 
ination. The achondrites may be magmatic differentiates fran which a m e t a l  
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phase has been separated. For caparison with lunar samples the heavy metals 
in two basalt ic achondrites w e r e  measured. The results, Table 2, suggest 
that  204pb is highly partitioned into the s i l i ca t e  phase i f  the iron meteor- 
ites are representative of the m e t a l  phase. This is also true for  B i  on the 
basis of its concentration in iron meteorite tmilite and possibly also for  
T1. 

The m e t a l  in basalt  £ran Disko Island was f o d  i n  s i t u  by the reaction -- 
and equilibration of basal t ic  magma with carbonaceous shales (Melson and 
Switzer, 19jjW. This highly reduced basalt  may be coopared w i t h  lunar sinr 
ples. The Pb anl T1 are enriched i n  the s i l i c a t e  re la t ive to the metal 
and the B i  is  enriched i n  the metal. On the basis of these resul ts  2 0 4 ~ b  is 
not partitioned into Disko basalt  m e t a l  a s  it appears to be in m e t a l  in lunar 
samples. 

The impact of iron meteorites causes the ejection of spherules of metal- 
l i c  Fe containing eutectics w i t h  Fe, FeS and Fe3P caqmnents. The structures 
are similar to sane found in lunar metal (Blau e t  al . ,  1973). W e  have separ- 
ated the metal phase f m  associated oxides and s i l ica tes  in spherules f r m  
Meteorite Crater, Arizona. The m e t a l  bearing phase constituted about 36% by 
weight of the spherule mass and a f t e r  separation was 90-95% pure. The 204~b 
content i n  the metal phase is 122 ppb. The spherules themselves contain <62 
ppb 204pb and this l imit  is consistent with mst o r  a l l  of the 204pb being i n  
the metal. The high concentration of 204~b accanodated in this phase is 
probably due primarily to the presence of the eutectic. T m i l i t e  f r m  the 
Canyon Diablo meteorite contains 73 ppb 204pb (Mason, 1971). 

The 204pb contents of lunar samples are too high to be attr ibuted to Pb 
in the m e t a l  only. The 204pb contents of iron meteorites ( m e t a l  + t r o i l i t e )  
are too law to account for  the 204pb i n  lunar samples. A mechanism then has 
been operative on the moon that concentrates 204pb i n  a metal associated 
phase. The resul ts  discussed above suggest that  the process of spkcerule for- 
mation is an eff ic ient  way to accanplish this. mst of the m e t a l  i n  lunar 
samples is endogenous according to a numhsr of investigators. A constraint 
on the mechanism by which the metal is forrned is that  it must cause the ex- 
traction of 204pb into the metal o r  metal-related phase a t  least in basalt ic 
samples. A Canyon Diablo spherule type process would require that S be in- 
volved. Lunar f ines contain fran 0.05-0.1 wt % S, which i f  associated w i t h  
the 0.1-0.5 wt % metal could provide the t r o i l i t e  and/or eutectic. The 
amount of S and its isotopic c a p s i t i o n  varies with the apparent maturity of 
the soil (Thode and Rees, 1973). Whereas the m e t a l  can be formed in s i tu ,  the -- 
incrementals must be introduced £ran an external source. Since mst of the 
204~b is associated w i t h  the metal, increments of 204~b with increasing metal 
must also be supplied f r m  an external source. Since the 204pb i n  meta l  of  

ppb is  too high to be attributed even to meteoritic t r o i l i t e  another 
source is necessary. A lunar source would require transporting the 2 0 4 ~ b  
and probably S to surfaces frcm which it may becaw incorporated into splat- 
ter material involved in agglutinate formation. According to  &Kay e t  a l . ,  
(1972) agglutinates fonn i n  finer grained, more highly d u t e d  soils.  
These muld supply both the surfaces for  deposition of Pb and S and the 
hea t ing  and mel t ing,caused by micrometeor i te  impac t s , tha t  could  promote metal-  
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eutectic formation and Pb extraction. 
I f  such a nedmnim can account for the behavior of 2 0 4 ~ b  in -110 1 4  

and 15 samples lack of conformity by -110 16 samples which contain similar 
amounts of 204pbwtal and sulfur my  be due to lack of hmzqenization, as 
suggested earlier, or m y  be d x m i c a l .  In these highly anorthositic samples 
an alternate site may -te w i t h  the metal-eutectic for the Pb. 
Acknawledgements : W e  wish to thank Dr. C. more for the spheniies f ran 
Wteorite Crater. 
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Table 1. Lead, Bismuth, Thallium and zinc in Apollo 16 Samples 

and Apollo 17 Orange Soil. 

2 0 4 ~ b  Br TL Zn 
sample rt tt r L  e r e  

ppb P P ~  ppb Pm 

61221.17 <2.6 <0.65 0.67 0.81 
63501,41 4.920.5 0.4 20.3 0.7 - 3.8 0.41 11 0.7 
64501,18 3.220.5 0.5 50.2 0.62 1.1 
64801,41 1.9t0.9 0.4 t0.1 0.93 0.24 5.3 0.68 36 1.0 

61016,131 3.0t1.9 1.8 t0.9 9.7 2.5 57 2.7 2.9 2.3 
66095,23 41'6 4.820.9 12 0.6 197 79 18 0.99 

74220,111 36 t2 3.9 '0.4 9.7 2.5 16 6.2 

tr = residue after leach. E = leach, KN03 solution at pH 5-6. 

Table 2 .  Distribution of Lead, B i m t h  and Thallium in Shock Melted 

and nagmitic Meteoritic and Terrestrial Samples (in ppb): 

Shergotty, eucrite 
Moore County, eucrite 

Canyon Diablo 
metal frcm spherules 

Canyon Diablo 
spherules (2368 metal) 

Uisko basalt metal 

Disko basalt silicate 

canyon Diablo metalt 

Canyon Diablo pest 

t 
All samples were leached at pH 5-6 prhrily to remove assumed 
terrestrial contamination. The leach was discarded. 
A limit only is set because of excessive decay of the sample 
after tlm end of the irradiation. 

 h he concentrations are frao data cospilod in Mason (1971). 
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