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Introduction: Magnetic susceptibility is the ratio 
of the induced magnetization of a material to the 
strength of an applied magnetic field (<1 mT). It de-
pends on the capacity of the material to be affected 
by, or respond to, such a field and is a function of the 
abundance of the various magnetic phases in the 
sample, weighed by their specific susceptibility.  

Rochette et al. [1] have demonstrated that the 
magnetic susceptibility of unweathered ordinary 
chondrites is correlated with the amount and oxida-
tion state of the iron within those meteorites. Because 
these are the primary criteria for the classification of 
ordinary chondrites into H, L, and LL groups, they 
suggested that magnetic susceptibility measurements 
could be used as a fast and non-destructive tool for 
meteorite classification.  

However, as seen in Figure 1, there is some over-
lap among the groups. Though this overlap is limited 
and in fact may be in part the result of misclassified 
samples rather than a flaw in the system itself (one of 
the advantages of a fast, non-destructive classifica-
tion is that many more samples can be tested and 
misidentifications can be spotted) it does raise the 
concern that on occasion the system may lead to an 
ambiguity in the classification. 

Grain density is another intensive variable that 
should vary with iron content and oxidation state. 
The extensive work reviewed in [2] indicates that the 

different classes of ordinary chondrite do have dis-
tinctive ranges of grain densities. Here again, how-
ever, there is sufficient overlap among the data for 
meteorites from differing classes to make one hesi-
tant to use grain density alone as a definitive charac-
terizer of meteorite type. As with the magnetic sus-
ceptibility measurements, this overlap may be due to 
a number of factors other than the bulk chemistry of 
the meteorite. Errors or scatter in the density meas-
urements, misclassifications or mislabeling of indi-
vidual samples, and weathering are three important 
factors that may impede an accurate assessment of 
this method. 

Terho et al. first suggested [3] that correlating 
magnetic susceptibility with densities could be a 
powerful way of resolving these ambiguities. In this 
way a rapid, inexpensive, and non-destructive classi-
fication of unweathered ordinary chondrite samples 
would be possible. However, they did not account for 
weathering, which converts dense metal into less 
dense oxides thus reducing both the susceptibility and 
the grain density. For example, as weathering pro-
ceeds, the susceptibility and grain density of an H 
chondrite would eventually be lowered into the range 
of L chondrites. This makes the classification of finds 
by this method problematic.  

The data: For this study we measured 83 meteor-
ite samples from the Vatican collection. They in-

Figure 1: Though H (red), L (blue) and LL (green) have different susceptibility ranges [1], there is overlap (pur-
ples). Each bar is the Log χ range within a meteorite; outliers (brown circles) may be mislabeled or misclassified.  
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cluded 27 H chondrites (5 finds), 44 L chondrites (13 
finds), and 12 LL chondrites (no finds). The masses 
(limited by the sizes of the measuring instruments) 
ranged from 3g to 120g. Given the limits of the 
equipment for measuring the smallest and largest 
samples, only 51 samples could be measured for all 
three variables. The bulk density was found with the 
glass beads method [4] and grain densities were 
measured using a Quantochrome Ultrapycnometer. 
All density measurements were taken during July 
2004. The magnetic susceptibility of these samples 
had previously been measured [1] over a period of 
three days in early 2001. Thus all samples were han-
dled in a repeatable fashion. 

The formal error of the grain density measure-
ments was quite small, generally 0.04 g/cm3. The 
error in bulk density was larger, generally in the 
range of 0.05 to 0.1 g/cm3. The precision of the mag-
netic susceptibility measurements was better than 
0.01 (in log χ). 

 
Figure 2: Susceptibility vs. grain density for falls. 
 

Results: The correlation between grain density, 
magnetic susceptibility, and meteorite type in our 
data set is illustrated in Figure 2. Note that there is an 
overlap in density between L and LL meteorites in 
our sample, and a small overlap in susceptibility be-
tween the H and L meteorites, but by using both sus-
ceptibility and grain density together these ambigui-
ties are resolved. 

Exceptions to these striking divisions can be clues 
to meteorite misclassifications. One example is the 
putative L meteorite Le Pressoir (a meteorite circled 
in Figure 1). It has both a magnetic susceptibility and 
grain density completely consistent with an H chon-
drite. A reexamination of this meteorite by micro-

probe [1] indicated that it was previously misclassi-
fied; it is in fact an H, and is so plotted (in red) here. 

We also measured multiple samples of the shower 
meteorites Holbrook, L’Aigle, Mocs, and Pultusk. 
Though not plotted in Figure 1, each meteorite’s 
samples would cluster on this plot within their appro-
priate class except for two discordant samples each 
from Holbrook, L’Aigle, and Pultusk. In every case, 
a discordant sample in susceptibility was also discor-
dant in density in a way consistent with weathering or 
mislabeling. Also, the meteorite Knyahinya (classi-
fied as an intermediate “L/LL” type) plots directly 
between the L and LL groups.  

All the points in Figure 2 are falls. Finds present a 
more serious problem. As can be seen in Figure 3, the 
sorting is less definitive and H or L finds can be con-
fused for L or LL falls. An independent measure of 
weathering may help resolve this ambiguity.  

 
Figure 3: Susceptibility vs. grain density for finds; 
arrows show the trends caused by weathering, as H 
finds move into the L field and L’s into the LL field. 

 
Conclusions: Grain density and magnetic suscep-

tibility, combined, provide a reliable method of clas-
sifying unweathered ordinary chondrites. The system 
is less viable for finds. Unlike traditional chemical 
tests, this method is fast, non-destructive, and charac-
terizes the whole rock, making it especially appropri-
ate for surveying large collections. 
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