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We report here Bi and 208~b microdistributions, electron nicroprobe, 
SEM and metallographic etching studies of two sections of the L3 chondrite, 
Hallingeberg. Tl~ere are similarities, but also striking contrasts with our 
previous studies of another L3 chondrite, Khohar(3). Using nuclear-particle- 
based radiography techniques for Bi and Pb-208 microdistribution studies(l,2), 
we have observed strong localizations of Bi and Pb-208 in association with 
some of the metals in Hallingeberg. Figure 1 shows the results of both our 
Bi and Pb-208 metal determinations. Focussing first on Bi, based on scans 
of the central - 113 region of the sanple, bulk values of 25 and 28 ppb Bi 
were obtained for the two samples. Compared to these values, concentrations 
of up to 1700 ppb-Ri were obtained for the metal grains, corresponding to Bi 
metal/bulk enrichment factors of - 80. On the other hand, not all metals are 
Bi rich; concentrations as low as 15ppb-Bi have been observed. The compounded 
experimental errors of these metal data(1 o )shown are quite large and are 
primarily the result of counting statistics, except for the larger, most 
Ri-rich grains where dosimetry correction errors are comparable. Neverthe- 
less,it is clear that some of the Hallingeberg metals are Bi-rich, while 
others are Bi-poor. Hallingeberg metals also show a wide variability in their 
Pb-208 contents, and although there is not a good correlation with Bi,those 
grains rich in Ri also tend to be rich in Pb. Bulk Pb-208 values of 1.0 and 
2.7ppm were obtained for sections H3 & H4,respectively.These are based on ran- 
don scans of only ahout 3X of the total sample (.29cm2) because of the much 
higher track densities and, thus, must be considered as only rough estimates. 
For comparison,5.27 ppm total Pb was obtained for the L3, Mezo Madaras(4).The 
hulk data suggest that H4 nay have suffered some Pb contamination; also, H4 
grains show consistently higher ~b/Bi ratios. Pb contamination is a serious 
concern for samples where some relief is unavoidable, and for this reason, we 
focus primarily on our Bi data. For the case of H3,Pb-208 enrichments are low- 
er than those for Ri, with factors ranging up to - 5.The larger metal grains 
in Hallingeberg studied here clearly do not account for the hulk of the Pb ob- 
served; sulfides which appear to have been a result of late nohilizations, but 
not massive sulfides, appear to be likely candidates. 

Similar Bi and Pb-208 results were obtained in our earlier Khohar studies, 
where there were a few cases of large, Bi-rich, 2-phase metal grains from 
which it was clear that the Ri and Pb were localized only in the kamacite(1ow- 
Ni neta1)phase. The Bi/Pb-rich metal grains in our Xallingeberg sections are 
smaller on the average and are predominantly, or solely, kamacite. Only one 
grain had a taenite region with cross-sectional dimensions comparable to our 
spatial resolution, but it was not among the most volatile-rich grains. The 
track distributions for this grain are consistent with the Khohar kamacite- 
taenite distinction but it is a less striking example. Figure 2 shows the re- 
sults of electron probe Ni analyses of the kamacite grains plotted vs their Bi 
contents. The points plotted show the mean Ni value for each kamacite and the 
"error bars" show the full spread in the data obtained. Only 1 analysis was 
obtaine'd for one of the grains, but an average of 3-4 analyses were obtained 
for the others. Khohar metals were distinguished on the basis of their Ni, as 
well as their Bi, contents. The Bi-rich grains showed - 2-5.5% Ni, whereas 
the Bi-poor grains were Ni rich( - 6-7%Ni). There is some suggestion of such 
a correlation in these data, but the Hallingeberg kanacite appear much more 
equilibrated with respect to Ni. m'e same is true of Co. Kamacite Co values 
0-1.6X were obtained in Khohar, and 0.3-0.8% in Hallingeberg(Figure 3). 
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One of the most striking differences between our Hallingeberg and Khohar 
data is the kamacite minor element chemistry. All Hallingeberg metals studied 
show > 0.1% of either Si or Cr, or both. Focussing on Si, it's not possible 
to distinguish Bi-rich and -poor metals on the basis of their Si contents,but 
the range of Si values for grains with <100ppb Bi is 0.02-.12%, whereas the 
corresponding range for grains with >500ppb Bi is 0.03-.go%. The Bi-rich 
grains also show somewhat greater intra-grain Si heterogeneity. In one 
extreme case, 0.11 to 0.90% Si variation was observed. In the case of Cr, 
there is again no correlation with Bi content, and both Bi-rich and -poor 
grains show large inter- and intra-grain Cr variability. Further, there 
is no correlation of the Si and Cr contents of the grains. Cr analyses for 
Bi-poor grains range from 0-.91% and between 0-1.42% for those Bi-rich. 
Corresponding intra-grain variabilities range up to 0.5% and 1.2%, respective- 
ly. Quantitative P analyses are available for - 3/4 of the grains. In 
contrast to the cases of Cr and Si, P was rarely detected(in only 2 of the 
41 analyses, at the - 0.45% level). SEM observations (with a back-scattered- 
electron detector and an energy-dispersive X-ray attachment) shed some 
light on the microprobe data. More that half the grains, both Bi-rich and 
-poor, were canvassed. Ca-P-rich regions, which we infer to be Ca-phosphates, 
up to - 15 u in size are observed to be associated with most of the metals, 
irrespective of their Bi,Cr or Si chemistry. Most occur at or near the metal 
grain boundaries. The microprobe analyses were made at interior locations, 
so we conclude that the two instances of detectable P levels are due to the 
rare occurrence of an interior phosphate. All Cr-rich metals showed Cr-rich 
inclusions peppering the metal; occasionally the X-ray spectra for these 
showed traces of Si in the grains which were also Si-rich, but only Fe, Cr 
and Ni were evident for most, and we believe these inclusions to be chromite. 
They are extremely fine,submicron inclusions in general, although up to - 5 u grains (and chromite veining in one case) were occasionally found in 
the metals with the highest density of inclusions( - 50/100 p 2) .  Only 
rarely are there Si rich inclusions found in the Si-rich metals; the clear- 
est example is in the Bi-rich grain of extreme Si variability, which also had 
the Cr-rich veins; but even in this case,Si peaks were evident in the metal, 
too. If P, Cr and Si originated in the metal, our observations indicate the 
P was most readily exsolved and Si the least. We have also etched one of the 
sections in a 0.5% Nital solution. After only 80 sec. in this weak solution, 
most of the kamacite showed moderate to strong attack, turning dark and rough- 
ing. The severity of the etch was somewhat less than for the Bi-rich Khohar 
grains with comparable conditions, but the most significant difference is 
that here both the Bi-rich and -poor grains were etched. The striking corre- 
lation of etch and Bi enrichment in Khohar is not present in Hallingeberg. 

On the basis of their Ni and Co chemistry Hallingeberg metals appear to be 
significantly more equilibrated than Khohar's. On the other hand their minor 
and trace element chemistries show much greater variability. Cr, Si and P 
levels were in general below detection limits in our Khohar metals. Phos- 
phates, an occasional chromite, and relatively large magnetite grains were 
associated with the metal, but these occurred almost exclusively at the 
grain borders. Here, magnetite is rarer, all metals are rich in either Cr 
or Si or both, and interior chromite inclusions are abundant. There appear 
two alternatives: either Cr and Si were largely removed from Khohar metals 
in a way that preserved the diversity in their major element chemistry, or 
Khohar metal had little Cr and Si to start with at the onset of the kamacite- 
taenite phase separation. The latter appears more likely. We suggested 
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that the Bi-rich Khohar metal was perhaps polycrystalline due to a brief 
reheating and/or shock event(s); there was evidence for both types of events 
(3). This raised the possibility that some or all of the Bi/Pb enrichment 
could simply be due to adsorption on grain surfaces. All metals studied here 
were appreciably etched, except one; although it was small, it was not notice- 
ably rimmed in Bi, suggesting that at least some of the Bi is indeed in the 

metal. The existence of Bi-rich and 
FIGURE 1. 
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be understood by having different 
(volatile-rich and -poor)environments 
for the metals either during or after 
the shocklheating event, but probably 
prior to their incorporation in the 
meteorite. The lack of correlations 
among the minor and trace elements 
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