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May 17, 1990, the most recent known cratering event on the Earth occur- 

red 20 km westward from the Sterlitamak town, Bashkortostan Republic, Euro- 
pean Russia. First description of the event and estimates of the projectile 
parameters has been done in [l]. The aim of our report is to do the next 
step in the analysis of the Sterlitamak event, 
Input data. Some restrictions on the impact parameters may be deduced from 
the witness's reports [I]: (1) The fireball shine was observed till the in- 
pact. (2) The incidence angle was about 45 degrees. (3) The projectile flew 
approximately from south to north. According to the field measurements done 
approximately a week after the event the mean R is about 4.7 m, h = 3 m. As 
the radius and depth has been possibly changed by local peoples visited the 
crater before scientists, the volume is the most reliable crater parameter: 

3 (4) The measured crater volume V is about 76 m . 
The observed trajectory restricts the possible orbits of the meteoroid 

within orbits with prograde heliocentric rotation, So, (5) the entry 
~elocity, ve, is in the range from 11.2 to 17.8 km/s [21. 

The crater site was digged out by the excavating machine and several 
pieces of the projectile have been found. The total recovered mass is about 
325 kg. The largest fragment is about 315 kg and has the dimension approxi- 
mately 50x48~28 cm. The post-crater depth of this fragment may be estimated 
as 12 m. The description of the material properties is done elsewhere [3]. 
Here we use only the fact that (6) the projectile is an iron meteorite. 
Crtatering energy. Based on the explosion cratering data for alluvium [ 4 , 5 ]  
one may conclude that that the mass, q ,  of a hemispheric TNT charge needed 
to simulate the Sterlitamak crater is about 3 to 4 tons. As only a part of 
the energy of the charge is coupled to the ground these values may be trea- 
ted as the upper boundary of the kinetic energy, KE, of the Sterlitamak 
pr~ject~ile. 

The better coincidence between the charge energy and the KE value is 
observed for shallow buried explosions [6]. The Sterlitamak crater may be 
simulated in alluvium with the explosion of the charge of 1.4 tons TNT buri- 
ed at DOB, equal to one charge radius. So the KE should not be far from 

KE = 6.3 l o 9  J (1 1 
The centrifuge simulation [7] permits to evaluate not KE but a combina- 

1 . 2  tion of the projectile mass, m, and impact velocit ve, namely, mve in 
1.2.' the case of the vertical impact for dry sand: mv:'"= 3.76 t (km/s) , for 

1 . 2  alluvium: mve = 4.59 t (km/s)1'2, According to [7] for the incidence angle 
f=45 degrees these values should be multiplied to l/sin f = 1.41. So appro- 
priate values based on the Sterlitamak crater volume are: 

for the dry sand model mvk' = 5.3 ton (km/s)lS 
1.2 

( 2 )  
for the alluvium model mvi' 6.5 ton (km/s) . ( 3  

The sand model is appropriate for the gravity craters, the alluvium ones - 
for the ground with a finite but not very large cohesion. 
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The data described above have been used as an input for the model of 
the projectile decceleration in the terrestrial atmosphere. The first appro- 
ximation is the case of the rigid body without the mass lost due to abala- 
tion. The estimates of m and Ve on the base of Eqs. (I), (2) and (3) for a 
spherical bodyare collected in the Table 1. 

Table 1. Non-ablated meteoroid Table 2. Ablated meteoroid (Eq. 3) 
.................................... 
I I I I I I I I I I I I 

I ' ve km/s ' 11.2115 117.8; ;W, g/ergl Ve, km/s; 11.21 15 1 17.81 1------1----1----,---L-------------- -,-----,----------,,------------------ 
I I I 

I 
I f v, km/s i 2.1 j2.4/ 2-61 1 Iv, km/s 1 1.2 1 0.91 0.6 1 
[Eq.(l); m, tons f 2.6 11.91 1.7; f 2E-10 Im, tons 4.9 1 7.71 12.2 f 
I 1 KE, tons TNT; 1.4 11.41 1.41 1 !me, tons 117. 173. 1290. ' h-------------,-,,------------------ ----,,----,---,--,-------------------I 
I I v, km/s 1 1.8 12.11 2.31 1 :v,km/s 11.7 11.51 1.3 1 
IEq.(2)f m, tons 1 1.9 11.51 1.41 1 1E-10 fm, tons 1 3.5 f 3.91 4.8 1 
I I KE,tonsTNTl 0.7 10.81 0.91 1 ;me, tons 1 6.5 111.9; 23.1 ' L------------------,---------------- --,--------,-------------------------I 
I 1 v, km/s 1 2.2 12.5; 2.81 1 Iv, km/s 1.9 1 2.01 1.951 
IEq.(3)1 m, tons 2.6 12.11 1.91 1.5E-10 Im, tons 1 3.0 f 2.81 2.9 1 
I ) KE, tons TNT; 1.4 11.6; 1.8' L--------------,--------------------I I !me, tons 1 4.1 1 4.91 6.3 1 

I-,------l-,,-----,L,,,,,1------,1 

Using standard equations of the meteorite mass loss (see, for example, C91) 
one may estimate the initial body mass me (Table 2). The value of so called 
"ablation coefficient", W, in term of [91 is not far from 1E-12 g/erg (1E-8 
kg/J). The data in the Table 2 demonstrate that variations of W is change 
drastically the result: the larger W the smaller velocity of impact and the 
larger values of the lost mass. 
Conclusions. (1) All model cases illustrated in Tables 1 and 2 demonstrats 
that the largest recovered 315-kg fragment appears to be a part of a body 
with mass more than 1500 kg, so the continuation of the recovering work is 
highly recomended. 

(2) Because the air shock wave is glowing while the front propagates 
faster than approximately 2 km/s [8], so the low velocity cases should be 
rejected. The rejection put the constraints on the mechanisms of ablation. 

(3) The Sterlitamak cratering event is a unique event when the the 
whole final mass may be recovered. In the case of success the event seems to 
became an important test for models of ablation of large iron bodies passing 
through the terrestrial atmosphere. 
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