
STATISTICAL APPROACH TO ESTIMATE INITIAL METEOROID SHAPE FROM EMPIRICAL MASS 

DISTIRIBUTION OF RECOVERED METEORITE FRAGMENTS. V. Vinnikov
1
, M. Gritsevich

1,2,3,4
, 

1
Finnish 

Geospatial Research Institute, Department of Geodesy and Geodynamics, FI-02431 Masala, Finland, vvinni-

kov@list.ru, maria.gritsevich@nls.fi, 
2
Ural Federal University, Institute of Physics and Technology, 620002 Ekate-

rinburg, Russia, 
3
Dorodnicyn Computing Centre, Federal Research Center “Computer Science and Control” of the 

Russian Academy of Sciences, 119333 Moscow, Russia, 
4
Moscow State University of Geodesy and Cartography 

(MIIGAiK), Extraterrestrial Laboratory (MExLab), Gorokhovskiy per. 4, 105064 Moscow, Russia. 

 

We explore the possibility of determining the proportions of a pre-fragmented meteoroid for the cases with large 

number of recovered meteorite fragments. The method follows the concepts proposed in [1-3] and it is based on the 

following assumptions: 

(1) The meteoroid material is assumed to be brittle. The common definition of brittleness involves the practical 

absence of plastic deformation prior to fracturing. We also assume that the crack propagation speed is comparable to 

the speed of sound through a brittle media and is at least one order higher than the acoustic speed of the surrounding 

environment. However, we do not completely address the issue of supersonic fracture [4], 

(2) The masses of the fragments recovered within one meteorite fall can be fitted via the power law (which is a 

special case of a Weibull distribution) with relatively small least squares error, 

(3) A complementary cumulative distribution function (CCDF) can be constrained by the scaling exponent 𝐵0, 

which accounts for the largest recovered fragment mass via an exponential cutoff: 

𝐹𝑐(𝑚) = 𝐶𝑚−𝐵0 exp(−𝑚 𝑚𝑈⁄ ),      (1) 

(4) For the value of 𝐵0
∗ obtained by fitting Eq. (1) to the masses of recovered fragments, we can estimate dimen-

sionless shape parameter, d, (its definition is based on size proportions 𝑎𝑥, 𝑎𝑦, 𝑎𝑧) from the empirical equation 

0.13𝑑2 − 0.21𝑑 + (1.1 − 𝐵0
∗) = 0      (2) 

In Eq. (1) C is a normalization constant, 𝑚𝑈 > 𝑚𝐿 is the upper cutoff fragment mass, 𝑚𝑈 corresponds to the 

threshold where the exponential decay starts to dominate over the power law, and 𝑚𝐿 > 0 is an arbitrary lower mass 

limit acting as an additional constraint for undersampled tiny unrecoverable particles resulting from the fragmenta-

tion. These mass constraints are also among the sought parameters. 

We have applied the technique of the described scaling analysis to the empirical data on the mass distributions 

for the Košice, Almahata Sitta and Bassikounou meteorites. Each studied meteorite sample consists of N fragments 

ranging in mass from 𝑚0 to 𝑚𝑁−1. In our analysis we arrange the fragment masses 𝑚𝑖 in ascending order and the 

values 𝑚𝐿 and 𝑚𝑈 are intermediate in the initial range. If two or more fragments possess equal masses, then we add 

a small value corresponding to the fragment mass measurement error (e.g. 0.001 g) to one of them, to disambiguate 

the masses. The fragment mass distribution for the Košice meteorite was additionally studied in further detail [5]. 

These mass distributions manifest undersampling for small fragments and exponential cutoff due to finite size effect. 

We apply methods of numerical optimization to estimate best-fit values for the scaling exponent, the lower and 

upper constraints as well as the dimensionless shape parameter. Next, the shape parameter is converted into the triad 

of relative sizes along respective cartesian axes. Therefore, the obtained triad yields one of the three distinct options 

of the estimated shape: rod-like, plate-like and sphere-like. 

The following conclusions have been obtained. A number of meteorite fragments depends on the fragment mass-

es as a power law with exponential cutoff. The scaling exponent essentially indicates the initial form of the frag-

mented body. The application of the scaling analysis to meteorite cases with large number of recovered fragments is 

feasible and can form a solid basis for future theoretical and experimental studies on this subject. 
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