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CARBON CONTENTS O F  HIGH-NICKEL AREAS O F  THE TOLUCA 
AND ALGARROBO IRON METEORITES, J. Makjanic, C.C.A.H. van der Stap, R. N. 
Vis, and  H. Verheul, Institute of Physics and Astronomy, Vrije Universiteit, 
Amsterdam, Netherlands. D. Heymann, Dept. of Geology and Geophysics, Rice 
University, Houston, Texas, USA. 

We have started a program of in situ carbon measurements in iron meteorites 
with a nuclear microprobe. The reaction of interest is 12c(d, pO)lSc. We use a 
deuteron beam of 1.4 MeV and a width in the range 20-50 y m. Simultaneous 
determinations of nickel and iron by PIXE were also done. Our meteorites were 
Toluca and Algarrobo (1). The samples of these irons were placed in the sample 
holder, which could be moved in the X- direction for line scans and in the X- and Y- 
directions for area scans. Lines were divided electronically into 32 pixels for data 
acceptance and areas were divided for the same purpose into 64 x 64 square pixels. 
Our carbon standard was a polished sample of 1080 steel with pearlitic structure, 
containing 0.8% by weight C. All samples were polished with A1203 and cleaned 
ultrasonically. A line scan of 1024 ym was done on the surface of the standard. 
Only area scans were done on the meteorite samples. Here is a description of the 
areas measured: 

1) Toluca. Major phase is kamacite. Strongly weathered area nearby. Contains 
a triangular field of laminar plessite (2), roughly 0.8 x 0.2 mm. The Ni content of 
kamacite is 6.80%. 

2) Toluca. Major phase is kamacite. Contains a Ni-rich band, which is either 
clear taenite or lamellar plessite. Width of the band is about 50 um. 

3) Algarrobo. Major phase is kamacite. Contains a field of acicular martensite 
jacketed by clear taenite, possibly tetrataenite. Dimensions about 0.25 x 0.35 mm. 
The  Ni content of kamacite, as measured by us with a conventional 
electronmicroprobe, is 7.25%. 

4) Algarrobo. Major phase is kamacite. Contains a triangular duplex (a+ Y ) 
field jacketed by clear taenite, possibly tetrataenite. Dimensions about 0.5 x 0.7 mm. 

Ni contents of the high- Ni areas of the samples were calculated with the 
known Ni contents of kamacite, which served as an internal standard. By using 
selected energy ranges of the 12c(d, p0)13c reaction protons, we could distinguish 
between "surface carbon", i.e. carbon a t  a depth of about 0-0.35 I-lm and "deep 
carbon". a t  0.35 - 1.35 urn depth. Unfortunately, the initially clean surfaces of the 
samples became significantly contaminated during the approximately 14 hours of 
scanning for area scans. Some contamination is discernible in the data from 0.35 - 
1.35 i~.m of the low- C phase kamacite. We have therefore subtracted the average Cd 
(d = deep) counts per pixel of kamacite from the counts per pixel of the high- Ni 
areas. The corrections can be large, hence the errors of C contents are much larger 
than errors from counting statistics. Carbon was calculated via the Fe- and C- counts 
of samples and standard. The Fe counts, thus, served as a measure of integrated 
beam current. 

Table 1 
Run # 

1 
Ni. wt Oh 
24 + 1 

2 23 + l  0.07 I 0.03 
3a 17.6 + 0.8 0.07 + 0.03 
3b 9.4 + 0.7 0.08 + 0.04 
4 a 17.0 + 0.9 0.02 + 0.01 
4b 8.3 2 0.6 0.02 + 0.01 

a = rim; b = interior 
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Although the errors are large, we think that the martensite of Algarrobo is 
distinctly richer in carbon than the duplex structure. Since the Ni contents are very 
similar, and  the two fields are less than 0.5 mm apart, we conclude that the 
difference in fabric could be mainly due to different C contents. Kowalik et A. (2) 
have speculated that lamellar plessites are quite rich in carbon. Our result, although 
burdened with a larger error, seems to support their suggestion. 

It is not immediately clear how the average C and Ni contents of quite 
heterogeneous areas can be compared with Fe-Ni-C phase diagrams. The solubility of 
C in the Y phase of about 25% Ni is considerably greater than 0.12% at temperatures 
above 600° C (3). The Algarrobo structures contain 10-12% Ni in bulk. Taenite of 
this composition in equilibrium with kamacite and cohenite contains about 0.15O/o C 
at 500°C (4). 
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