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Introduction:  CB chondrites are the most puz-

zling group among carbonaceous chondrites. Oxygen 
isotopes indicate a close relationship to CH and CR 
chondrites [1, 2]. In fact, Isheyevo contains a lithology 
that closely resembles that of CH chondrites and may 
therefore be considered a transitional type [3]. In gen-
eral, CB chondrites are extremely metal rich (more 
than 60 vol%), contain refractory inclusions, chon-
drules and chondrule fragments of CC and BO types, 
and are highly depleted in moderately volatile sidero-
phile and lithophile elements. Fine-grained matrix, 
typical for type 2 to 3 carbonaceous chondrites, occurs 
either in rare matrix lumps or is absent. It was postu-
lated that at least some components in CB chondrites 
condensed from an impact cloud, 5 m.y. after CAI 
formation in Allende [4] and that the CB parent body 
formed thereafter. 

CB chondrites are subdivided in subgroups CBa 
and CBb. Subgroup "b" (e.g., Hammadah al Hamra 
237 and Isheyevo) contains chemically unzoned and 
zoned metal grains whereas the latter ones are absent 
from subgroup "a" (e.g., Bencubbin, Gujba). In our 
ongoing study of Fe isotope fractionation in CB chon-
drites we reported earlier [5, 6] that metal-rich samples 
are enriched in light Fe. Here we review our earlier 
findings and present compositional profiles of Fe iso-
topes in metal grains in Hammadah al Hamra 237 
(HaH 237) analyzed in situ with LA-MC-ICPMS. 

 
Fe isotopes of metal and silicate fractions of CB 

chondrites Bencubbin, Gujba, HaH 237, and Ish-
eyevo:  Fe isotopes of metal and silicate fractions in 
Bencubbin, Gujba, HaH 237 and Isheyevo were ana-
lyzed by MC-ICPMS (Neptune). Measurements were 
performed with high mass resolution to separate Fe 
isotopes from molecular mass interferences (e.g., ArO) 
and applying standard bracketing (IRMM-014) with 
external mass bias correction using a Cu standard. 
Typical external reproducibility is 0.04 ‰ (2 SD). Fur-
ther analytical details are given in [7]. Results of these 
measurements were reported in [5, 6] and are summa-
rized in Fig. 1 as ratios of 56Fe/54Fe and 57Fe/54Fe in the 
typical δ notation. Our analyses of metal in fine-
grained Isheyevo and HaH 237 can be considered as 
bulk data, given that metal is the dominant constituent 
of these meteorites and by far the major carrier of Fe. 

All CB samples show mass dependent fractionation of 
56Fe and 57Fe (Fig. 1). Silicate separates have composi-
tions enriched in heavy Fe (δ56Fe = 0.07 to 0.27 ‰). A 
leachate residue of Isheyevo was measured with very 
high analytical uncertainty and for that reason may be 
disregarded. Within error its Fe isotope composition is 
normal and overlaps with other silicate fractions.  

Metal-rich separates in CB chondrites are clearly 
enriched in light Fe isotopes (δ56Fe= -0.18 to -0.44 
‰). The metal separate of Bencubbin was taken from 
a finer-grained portion of the meteorite. A separated 
large, round and chemically unzoned metal nodule 
from Gujba has a normal Fe isotope composition of 
δ56Fe= 0.023±0.043 ‰, identical with the  chondritic 
value of 0 to -0.05 ‰ [e.g., 8, 9, 10].  
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Fig. 1.  Fe isotopes in metal and silicate fractions of CBa 

chondrites Bencubbin (B) and Gujba (G) and CBb chondrites 
HaH 237 (HaH) and Isheyevo (Ish). Note that a large un-
zoned metal grain from Gujba (G u. m.) is within 2 SD nor-
mal in Fe. A leachate residue from Isheyevo (Ish l. r.) has 
very large errors.  
 

In situ analyses of Fe isotope in HaH 237 metal:  
We analyzed Fe isotopes of chemically zoned and un-
zoned metal grains by LA-MC-ICPMS equipped with 
a YAG laser. Compositional profiles were obtained by 
setting the step size to 3 µm/sec with one integration 
per 1.05 sec. Measured 56Fe/54Fe ratios were normal-
ized to a metal standard mounted on the same sample 
holder. A large unzoned metal grain in HaH was used 
as internal reference to check for reproducability. The 
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metal standard could be reproduced to about 0.6 ‰ (2 
SD) during the day. Since the matrix was always metal 
and only the Ni content varied (4 to 13 wt.%), matrix 
effects can be expected to be neglegible compared to 
the external reproducibility of the standard. Relative 
changes within a profile of a zoned grain exceed this 
value by far. Therefore we are confident that the meas-
ured zonation profiles are real. Two unzoned and three 
zoned metal grains were selected in a polished section 
of HaH 237. Prior to Fe isotope analyses these grains 
were documented and analyzed by electron micro-
probe. Thus, chemical zonation can be directly com-
pared to Fe isotope zonation (Fig.2 ).  
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Fig. 2.  In situ analyses of Fe isotopes in a zoned metal 

grain of HaH 237. Grain is zoned from light Fe in the Ni-rich 
center to heavy Fe at the Ni-poor rims. 

 
 
In HaH 237 metal grains that are chemically un-

zoned do not show any evidence for fractionated or 
zoned Fe isotope compositions (δ56Fe= -1±1‰). All 
chemically zoned metal grains, however, are zoned 
with respect to their Fe isotopic composition. Typi-
cally, Ni-rich cores are enriched in light Fe. The light-
est Fe isotopic composition (δ56Fe ~ -8‰) was ob-
served in the center of a grain with 13 wt. % Ni. Ni-
poor rims have Fe isotopes similar to those of unzoned 
grains.  

 
Conclusion:  In HaH 237 the Ni-rich cores of 

chemically zoned metal grains are carrier of isotopi-
cally light Fe. The lightest Fe isotopic compositions 
analyzed is (δ56Fe ~ -8‰). These results confirm the 
finding of [11] that Ni-rich grains are enriched in light 
Fe. Light Fe cores of metal grains can be explained by 
a model of fractional condensation with kinetic frac-
tionation giving further support for a condensation 
origin of at least the zoned metal grains. However, the 
maximum fractionation observed in our data is about a 

factor of two lower than total spread shown by indi-
vidual SIMS analyses from [11]. This could indicate 
that some cores must be even lighter in Fe. 
Alternatively, back reactions with an isotopically 
heavier gas could have occurred during grain growth 
as possibly reflected by the relatively broad central 
plateaus. Preservation of the zonation indicates rapid 
grain growth from an evolving reservoir.  

Compositions of fine-grained metal separates from 
all CB chondrites, including CBa chondrites that ap-
parently do not contain zoned metal grains are shifted 
towards lighter Fe (Fig. 1). A component enriched in 
light Fe must be present in all of these meteorites. 
Zoned metal is the most likely candidate.  
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