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Chelyabinsk narrowly escapes destruction in 2013! 



http://www.jpl.nasa.gov/asteroidwatch/  



Chelyabinsk Airburst –  
Feb 15, 2013 

  Bright fireball at 03:20:33 UT 
(09:20:33 local) near Chelyabinsk. 

  Large number (hundreds) of videos  
>400 catalogued to date, 49% show 
direct fireball or lightflash. 

  Observed trajectory: 250 km in 
16s. 

  Airblast damaged windows over 
several thousand km2; 1500 persons 
injured, mainly due to flying glass. 

  Roof collapse at Zinc plant. 
  Hundreds of ordinary chondrite 

meteorites (LL5) recovered. 
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Very Shallow Entry Angle: ~17 deg to Horizontal 
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Two types of Low-Altitude Airburst 

Type 1: Tunguska Type 2: Libyan Desert 
Scorches and blows down trees Vaporizes trees and melts rocks 

Tunguska tree-fall Libyan Desert Glass 
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Energy estimate from Infrasound 

  Region of the acoustic spectrum below threshold of human 
hearing 

  Lower frequencies attenuate slowly in the atmosphere than 
more familiar audible frequencies 

   Dominant frequency of meteor signal indicates energy 
  lower f  ~ larger E 

  Chelyabinsk infrasound peaked below 0.03 Hz - detectable by 
infrasound stations for several days – airwave circled the 
world multiple times 

τ f 



CTBTO – International Monitoring System 
Infrasound Network 

60 Stations planned 
45 currently operating 
~20 detected the Chelyabinsk airblast 

Courtesy M. Hedlin, UCSD 



Chelyabinsk Infrasound 
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  Highest amplitude – I53US in Alaska 
(6500 km range) – 13 Pa 

  Closest station (I31KZ) shows similar 
amplitude and period of 38 sec 

Courtesy PBS-NOVA 
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http://neo.jpl.nasa.gov/fireballs/ 



Chelyabinsk Fireball Total Energy and  
Impactor Mass and Size 

  Total energy is determined by taking the observed optical yield 
(Er) and dividing by efficiency (η) 
  Et=Er/ η 
  Gives 450 – 700 kT for total energy 

  The largest recorded event since the 1908 Tunguska explosion. 
  With total yield (=energy = kinetic energy of impactor) known, 

mass is found from Et=1/2mv2 
  Use velocity = 18.6 km/s to give 11000 T< m <17000 T 

  Size is found using mass and assuming a spherical shape and 
bulk density 
  Bulk density  of 3400 kgm-3 gives 18m < D < 21m 



Pre-Entry Heliocentric Orbit 

  From detailed analyses of video records, Borovicka et al. 
calculated the trajectory and pre-entry orbit of the impactor: 

  Entry velocity: 17.5 ± 0.5 km/s 
  Heliocentric orbital elements: 

  a = 1.55 ±  0.07 AU   e = 0.50 ± 0.02 
  q = 0.768 ± 0.011 AU   Q = 2.33 ± 0.14 AU 
  Peri = 109.7 ± 1.8 deg  Node = 326.41 deg 
  i = 3.6 ± 0.7 deg   



Population & Impact Frequency vs. Abs. Magnitude & 
Size 
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Meteorite Finds on the Ground 

5 km 

40 km to Chelyabinsk 

Courtesy K. Wimmer, S.Buhl, O. Muromov, M. Burski and R. Wesel 



Main Mass is in Lake Chebarkul 
  Final fragment ends ablation at ~15km 

altitude - estimated to be 200-500 kg based 
on model comparisons to observed 
deceleration and brightness. 

  Darkflight modeling places impact 30 km 
from endpoint on Southern part of Lake 
Chebarkul about 2 km from hole in ice. 

  Impact speed = ~200 m/s. 

15 Courtesy Russian Interior Ministry 

2 km 



Final Approach Trajectory 
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Two Unrelated Extremely Close Approaches  
Only 16 hours Apart 
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                         Courtesy of Dan Adamo 
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