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At the December 1922 in the Astrakhan province of Russia a large fire-ball flight was observed. Attempted 

search of the fallen meteorite did not succeed and it was found only in 1968, while plowing the new agricultural 

fields. Meteoritic nature of the found stones was established only in 1979. Immediately Meteorite Committee em-

ployees found a totally about 70 fairly large fragments of the stony-meteorite shower with total weight up to 1.5 

tons. At that time meteorite shower, named Tsarev (ordinary chondrite L5), became the third stony meteorite in the 

world by the mass [1].  

Found fragments allowed orientation, size and shape of the dispersion ellipse to be generally defined [2]. The 

initial mass of the meteoroid could reach 10 tons [2]. Information about meteorite fragments location, which are 

made on the basis of these assessments are approximate. Coordinates of many found samples was indicated by local 

people from their memory, some fragments were moved during plowing. There is no doubt that individual speci-

mens of this meteorite shower are not completely found.  

In present the dispersion of meteorite showers fragments on Earth's surface is studied insufficiently. The aim of 

this work is to identify the Tsarev scattering regularities that will establish completeness of its material collection in 

the area of the fall and assume the most promising areas for the future search. 

New actual data about the Tsarev falling were obtained during field work in the dispersion area carried out by 

meteorite expedition of Ural State Technical University in 1989 and 1999. New individual specimens were obtained 

via local people and also by visual and instrumental search on agricultural fields. Also we collect available infor-

mation about findings from other searchers. Now a list of Tsarev documented meteorite fragments has more than 

150 samples, which covers area of 25 sq. km. 

New findings make possible to refine earlier conclusions about the conditions of fall and dispersion of the mete-

orite. To estimate the meteoroid flight direction, we used a counting inversions technique [3]. Meteorites formed as 

a result of the fragmentation undergo the sorting during the flight through the atmosphere: small fragments are more 

intensively decelerated by the atmosphere, and large fragments traveling farther in the direction of the meteoroid 

flight. The minimum of inversions (deviations from that order), is near the azimuth of 315°. It is corresponding to 

the most probable direction meteorite flight. The calculated value is in agreement with earlier estimates which was 

based on the smaller number of samples. 

For a description of the rock destroyed by the explosion, various laws are used: for example, the Poisson distri-

bution, the gamma distribution, the normal, log-normal and Rosin-Rammler distributions. In the case of a single 

fragmentation act, particles mass distribution is described by the Rosin-Rammler: m+(m)=m0·exp(-mn), where m+ - 

the total weight of the samples, the mass of which more than m, m0 – total weight of the samples, n – constant. In 

double logarithmic coordinates lg(lg(m+)) от lg(m) Rosin-Rammler distribution is a straight line, and change the 

slope always talks about the repeated fragmentation. Calculated by least squares the slopes of the lines, are: 1.401 

for the first half of the samples, 1.077 for the second half so we assume that the meteorite has undergone fragmenta-

tion at least twice.  

It is known from experiments and theoretically proved that the number of particles produced during the fragmen-

tation of solid bodies, and their masses mostly are subject logarithmically normal distribution. It is a multiple frag-

mentation, the greater the number of fragmentation acts, the closer the actual distribution to lognormal. We show 

cumulative distribution function of the specimens number by weight, calculated taking into account the new find-

ings, and lognormal distribution with parameters chosen for fitting it. For comparison similar calculations were 

made for other meteorite showers (e.g., Mbale, Kunashak, Kainsaz, Krymka). 

Review of these dependences allow to conclude that some fragments of meteorite shower Tsarev are not com-

pletely found. It is necessary to concentrate the search process on low-mass samples (up to 500 g). To collect these 

meteorites the visual inspection of the newly plowed fields could be an effective method of seaching. 
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