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Introduction:  Research is being conducted to un-

derstand the behavior of asteroids entering the atmos-
phere in order to help quantify their impact hazard. 
The strength of the body plays a critical role in deter-
mining the outcome of their impact events [1] and is 
needed for many asteroid mitigation options. Meteor-
ites are the physical material we have here to under-
stand the larger parent body.  Our objective is to scale 
flaw parameters in meteorites to their parent body, and 
therefore providing a way to scale strength from the 
smaller meteorites to the larger asteroids. 

Assuming that flaws follow the Weibull distribu-
tion [2], where flaws are assumed to be randomly dis-
tributed through the body and the likelihood of en-
countering a flaw increases with distance. The strength 
of the object can then be scaled based on: 

σl = σs(ns/nl)α               (1) 
where σs and σl refers to stress in the small and large 
object, ns and nl refer to the number of flaws per unit 
volume of the small and large object, and α is the 
shape parameter or scaling factor called the Weibull 
coefficient.  The value for α is unclear [3] and a large 
range in α has been determined from light curve data 
[1].  Very few measurements have been done through 
stress testing to determine α [4], due to the destructive 
nature of the technique. 

Images of meteorites provide a two-dimensional 
view of the flaws.  A relationship exists between the 
distributions of measured trace length and actual flaw 
size [5]: 

NL=kLL-1/(2α)+1               (2) 

where NL is the number per unit area of 2D flaw traces 
greater than length, L, and kL is a constant.  Therefore, 
the slope of a log-log plot of trace length versus flaw 
density is proportional to α. 

Hand samples of meteorites have previously been 
used to determine a scaling factor [6,7].  This study is 
examining micro-CT measurements to understand the 
distribution of flaws throughout the entire sample.  

Experimental:  Micro-tomography (micro-CT) 
measurements of metorites with varying sample sizes 
were performed.  The high metal conent in the meteor-
ites can create a lot of noise, making it harder to identi-
fy flaws in larger samples.  The density and length of 
flaws were measured in selected slices from the stack 
of scans using ImageJ.  For the smaller sample sizes 

 
Figure 1. A. Flaws (yellow tracings) in a selected slice 
from micro-CT scan of the smaller fragment of 
Tamdakht. B. Flaws (yellow tracings) in a selected 
slice from micro-CT scan of the larger fragment of 
Tamdakht.  Flaw density and length are used to 
determine the Weibull coefficient. 

with higher resolution (Fig. 1A) we are able to use a 
ridge tracing plugin to measure the flaws, while in the 
larger samples (Fig. 1B) the flaws were hand tranced. 

Results and Discussion:  Figure 2 plots the flaw 
length and denstities of a selection of slices from the 
mirco-CT scans of both a smaller fragment (blue) and 
larger fragment (red) of Tamdakht. A power law is fit 
to the a data, and an α of 0.162 ±	0.033 is detrermined.  
This is comparable to the commonly used value of 
0.166 [8], but lower then the value previously deter-
mined for Tamdakht from hand sample and thin sec-
tion images, 0.188 ±	0.025 [6], but is within the error.  
Some of this variation may be caused by the lack of 
resolution in the larger samples, making it hard to 
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identify flaws.  Another difference may be the orienta-
tion of the flaws may not have made the same selection 
visible at the exposed surface of the fragments.  The 
value is less then value published based on stress test-
ing of Tamdakht [5], 0.578 ± 0.0201. The cutting of 
samples during preparation for Cotto-Figueroa et al.'s 
2016 stress testing did break several cubes biasing 
their test cubes, providing a more heterogeneous flaw 
distribution than was present through the original larg-
er samples.  This bias is what likely is causing the dif-
ference between our determined Weibull coefficient. 

α = 0.162 ± 0.033
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Figure 2. Distribution of flaw trace length for 
Tamdakht based on a selection of slices of micro-CT 
scans.  The blue points indicate measurements on the 
smaller fragment, while the red dots represent meas-
urements from the larger fragment. The black line is 
based on the relationship between trace density and 
length, with a slope providing α, and the grey denotes 
the error. 

Conclusion:  Initial analysis of length and density 
of flaws in a meteorite using selected slices from mi-
cro-CT scans indicates that it is possible to get a 
Weibull coefficient, α, within error of previously de-
termined values based on hand and thin section analy-
sis.  Variations are observed from stress test values, but 
this is likely due to more heterogeneous samples being 
stress tested. Continued analysis of additional slices 
and samples will further validify this technique. 
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