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Studying Bodies of Organisms Killed by an Asteroid: Environmental Effects of Very Small Crater Formation
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ABSTRACT

Environmental effects of very small impact craters (<120 m in diameter) has been understudied, even though they represent one of the most likely planetary defence risk. The hazard was evidenced by the formation of Sikhote Alin strewn field in 1947 (Krinow 1971 Meteoritics), Carancas crater in 2007 (Kenkmann et al. 2009 MAPS) and the fall of Chelabinsk meteor in 2012 (Popowa et al. 2013 Science). Additionally, very small impact craters may also accompany formation of larger features – if an asteroid gets disrupted by tidal forces or by an interaction with the atmosphere. 
Formation of very small impact craters can have a wide range of environmental effects that depend not only on the total amount of energy associated with the asteroid, but also with the way in which the energy is distributed in the atmosphere and on the surface (Bland and Artemieva 2006 MAPS). This depends on the: physical properties of the impactor (e.g., does it disintegrate in the atmosphere?), initial velocity and the impact angle (e.g., what is the final velocity at impact?), and even the properties of the target rocks (e.g., how the shock wave interacts with the surface in the consolidated vs unconsolidated target rocks). Because of interaction of those parameters, similarly sized very small asteroids (<50 m in diameter) may have different effects on the surface (compare e.g., Kamil (Folco et al. 2011 Geology) vs Morasko (Szokaluk et al. 2019 MAPS) craters). 
We have studied environmental effects of very small impacts in two small Holocene impact craters in Estonia (Kaali – strewn field max crater 110 m: Losiak et al. 2016 MAPS and Ilumetsa – two craters 80 and 50 m: Losiak et al. 2020 MAPS) by analysing the charcoaled remains of organisms found within their proximal ejecta blankets. We know that those trees were killed by an asteroid impact because: 1) charcoals are found in specific locations in respect to the crater rim, 2) their ages are the same (within 14C dating uncertainty) as independently determined crater age, 3) their reflective properties are recognisably different than reflective properties of wildfires. Reflectance can be also used to determine the energy (temperature*time and max temperature) of environment where the charcoal was formed (Belcher et al. 2018, Frontiers in Earth Science). This shows that the proximal ejecta blankets of very small impact craters developed in unconsolidated materials are, at least locally, hot (~550 °C). We have observed similar charcoals also in Whitecourt in Canada (single crater ~36m) and Morasko strewn field in Poland (strewn field max crater ~105m) craters. 
