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stolperl , California Institute of Technology, Div. of Geol. and Planet. Sci., Pasadena CA 91125, 2~sotope  
Sciences Division, Lawrence Livermore National Laboratory, Livermore CA 9455 1 

Introduction: Magmatic iron meteorites (e.g., group IIIAB) are believed to represent the slowly cooled 
cores of asteroidal-sized bodies [I]. Concentration gradients of Ni in taenite (y-alloy) adjacent to kamacite 
(a-alloy) have been studied extensively following the early work of Wood [2] and Goldstein and Ogilvie [3], 
and can be used to constrain the rate at which the meteorite cooled through -700-400°C (e.g., [2]). Studies on 
non-anomalous irons have also shown zoning profiles in C, Co, Cu, Zn, Ga, and Ge [8-131. Zoning patterns of 
elements other than Ni can provide independent constraints on the thermal histories of iron meteorites at lower 
temperatures, provided as in the case of C, N and P, that the elements diffuse significantly faster than Ni. 

We report here ion microprobe measurements of the distribution of carbon in the metal of three iron 
meteorites: Verissimo (IIIA), Grant (IIIB), and Wedderburn (IIICD). Measurements of dissolved carbon in 
meteoritic metal have been reported in several previous studies [e.g. 4-71. Duerr and Ogilvie [8] examined 
microdistributions of C in metallic meteorites using electron microprobe analysis (EMPA), but their study was 
limited by the requirement of long counting times and related problems of contamination. 

Methods: Carbon abundance profiles were measured in polished sections of the iron meteorites with the 
LLNL IMS-3f ion microprobe using a 0.5 - 3 nA Cs+ primary ion beam focused to a diameter of 5 - 10 pm. 
Surficial carbon and oxidization were removed by rastering the Cs+ beam over an - 80 x 80 pm area prior to 
analyses. Negative secondary ions with initial kinetic energies of 40 + 20 eV were collected using a mass 
resolving power of - 800. Carbon abundances were calculated from measured C-/Fe- ratios using a working 
curve constructed from analyses of C-bearing Fe-Ni alloys with a wide range of C (-0.008 - 1 wt.%). The C 
detection limit was < 10 ppmw. Other elements (Ni, Co, P, Cu) were analyzed by EMPA along traverses 
parallel to the ion probe carbon traverses. 

Results: Figs. 1-2 show concentrations of C, Ni, P, Co and Cu in adjacent kamacite and taenite lamellae 
of Wedderburn and Verissimo. Fig. 3 shows concentration profiles of C and Ni in Grant. Carbon 
concentrations in kamacite are relatively homogeneous but low (10-50 ppmw) in all three meteorites. 
Coexisting taenite is substantially more carbon-rich, particularly near the a ly  interface (0.03-0.15 wt%). The 
observed enrichments of C in y-alloy relative to a-alloy are consistent with expectations based on the Fe-Ni-C 
phase diagram [14-151 but average concentrations in y-alloy are lower than bulk taenite C contents (0.1-0.5 
wt%, [16]). Most likely, the bulk analyses of taenite incorporated carbide and/or graphite inclusions. Based 
on thermodynamic modeling of the Fe-Ni-C system [15], C concentrations in y-alloy at the a l y  interface 
indicate equilibration temperatures below -400°C for Wedderburn and -450°C for Grant and Verissimo. 
These temperatures are upper limits because the interface concentrations of C in y-alloy are probably higher 
than the highest concentration we have measured. The "M-shaped" C concentration profiles of Figs. 1-2 are 
coincident with similar profiles in Ni and Cu. P and Co are preferentially incorporated into a-alloy, so 
concentrations decrease in y-alloy toward the interface with a-alloy. 

Discussion: Since C diffuses several orders of magnitude faster than Ni in y-iron (e.g., the impurity 
diffusion coefficient of C in y-iron at 900 OC is 6.95 x 1 0 - ~  cm2/sec whereas the corresponding value for Ni is 
2 . 5 4 ~ 1 0 - l 3  cm2/sec; [17]), concentration gradients in carbon at the kamacite-taenite interface potentially 
constrain the cooling history of iron meteorites at temperatures lower than those recorded by Ni concentration 
gradients. Above -400°C, carbon diffusion is fast and the chemical potential of carbon is the same throughout 
both kamacite and taenite. Due to the strong influence of Ni on the activity of C in the zoned taenite [15], 
however, a concave down profile (concentrations decrease from center to edge of the taenite) would be 
observed if such a sample were rapidly quenched. Some of the C profiles observed by [8] may be of this type. 
It is notable that concave down profiles (as opposed to the concave up profiles of Figs. 1-3 and others of [a]) 
tend to be restricted to meteorites with relatively fast cooling rates [18] and large kamacite bandwidths. In 
contrast, for slower cooling rates C can build up in taenite near the interface with kamacite due to the 
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increasing partitioning of C into taenite relative to kamacite with decreasing temperature, thereby at least 
qualitatively explaining the association of concave up profiles with slower cooling rates. 
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Figure 1. Concentration profiles of C, P, 
Cu, Co, and Ni in Wedderburn. Errors in 
this and succeeding figures are + l o  or, 
where not shown, are smaller than the size 
of the symbol. 
Figure 2. Concentration profiles of C, P, 
Cu, Co, and Ni in Verissimo. 
Figure 3. Concentration profiles of C and 
Ni in Grant. 
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