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ON THE EXCESS LEAD IN CARBONACEOUS CHONDRITES E. Jagoutz, Q. 2. Yin, 
and H. Wanke. Max-Planck-Institut fiir Chemie, Saarstrasse 23, D6500 Mainz, F. R, Germany 

All meteorites, Moon, Mars and Earth show a depletion in volatile elements compared to C1- 
chondrites. The reason for this depletion is thought to be fractionation in the solar nebular. Pb can 
be used as isotopic tracer to reveal the history of the volatile element budget. Meteorites form a 
4.55 Ga Pb-Pb isochron and Earth, Moon and Mars (SNC's) plot close to this isochron, 
However, in chondrites the U concentrations are to low to account for the amount of Pb. Unruh 
[I] attributed this excess Pb to terrestrial contamination, while Manhes [2] interpreted this excess 
Pb as an exhalation product from the meteorite parent body possibly caused by impact. 

Our study was designed to elucidate some implications of this subject. The first Pb and U-Pb 
results are shown in Figs. 1 and 2. The data form a reasonable Pb-Pb isochron of 4.50 Ga (Fig 1) 
with an isotopic variation similar to enstatite chondrites [2]. Uranium concentrations of 10 to 20 
pgb and Pb concentrations up to 3 ppm were found in carbonaceous chondrites. All samples 
investigated contain considerable fractions of excess Pb as shown in Fig. 2. 
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2) The radiogenic Pb produced by the in situ decay of the intrinsic U resides in the LJ host 
phases. Host phases for U in meteorites are whitlockite as well as refractory aggregates [3] and 
their minerals [4]. They give concordant U-Pb ages between 4.4 and 4.6 Ga, reflecting the 
crystallization age of the U-bearing minerals. (Fig 2: U-M.: ganium minerals). 

3) Finally there is excess radiogenic Pb. This Pb causes the deviation of the data points 
from a line thought between C. D. and U. M. in Fig. 2, The 238UPPb ratios in C-chondrites 
ranges up to 1, which in 4.55 Ga could only increase the 206Pbf 204Pb ratio by about 10% from 
C.D.lead. The observed 206Pb1204Pb ratio, however,' is nearly 50% higher than C.B.lead, 

Sources of the excess radiogenic Pb in meteorites: 
A) Blank Pb added by the lab-chemicals is less than 0.1% of the total Pb measured in each 

, sample and can therefore be excluded as a significant source of radiogenic Pb. 
B) Pb contamination of the meteorites on Earth: Such a contamination is a possible source 

of the excess radiogenic Pb. In order to minimize only samples of observed meteorite falls were 
used for this study. Also, only interior parts of freshly broken fragments were used and all sawed 
surfaces and fused crusts were avoided. The inmnsic Pb contained in carbonaceous meteorites 
ranges from 2 to 3 ppm according to the general high volatile content of these meteorites which 
also makes contamination less significant than in the case of achondrites or ordinary chondrites, 
Although contamination is very unlikely, a detailed investigation of those samples containing the 
radiogenic Pb component is planned to further exclude this possibility, 
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C) An extra-terresmal source of the 
excess radiogenic Pb in carbonaceous chon- 
drites: Within the C-chondrites excess radio- 
genic Pb is only found in those meteorites 
which contain solar type rare gases. 
Furthermore enstatite chondrites which do 
not contain solar rare gases do not contain 
excess radiogenic Pb. Hence, an extraterres- 
trial origin of this Pb component is strongly 
suggested. . . 

This finding has important impli- 
cations irrespectively to the specific 
source crf this Pb component: 

0.2 0.4 , a  1.0 1,2 1) The age significants of the 4.5 Ga 
UU81Pb206 Pb - Pb isochron is questionable since there 

are good arguments that it can be considered as a simple mixing line. 
2) The age of compaction of the carbonaceous meteorites might be as young as the expo- 

sure age since the Pb-Pb mixing line will be disturbed, if the samples would contain unsupported 
radiogenic Pb since more than 0.2 Ga. Schultz and Signer [5] found that the age of compaction 
might be younger than 1.4 Ga. 

3) Although there is a general depletion of volatile elements in various objects, the original 
depletion might be bigger than the observed one, since later contamination especially in the case of 
highly volatile elements cannot be excluded. 

Constraints on the source of the excess radiogenic Pb: 
The excess radiogenic Pb requires a source which was depleted in Pb relative to U and C1 

and remained a closed U-Pb system for 4.55 Ga. From such a source the Pb must have been 
recently extracted and incorporated together with the solar wind into the regolith from which the 
meteorite was derived. No meteorites containing "old" excess radiogenic Pb are found yet. The 
207Pb1206Pb ratio of the source must lay between 0.85 and 0.61. 

Possible sources for the excess radiogenic lead: 
1) Exhalation from the hot interior of parent body of these meteorites (might fail the 

requirement of the closed system) 
2) Mobilization of Pb on the parent body due to impact heating. (However, the signature of 

old impacts are not seen) 
3) Lead evaporated into space from heated objects of the right composition, which after 

ionization travels with the solar wind. 
Dust particles heated by approach to the Sun or objects with a high surface temperature 

or strong volcanic activity , i.e. planet Mercury or the Jovian satellite 10 would be suitable objects. 
A more quantitative treatment of such models will be possible if we measure U, Pb and rare gases 
on the same meteoritic fragment. 
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