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Introduction: The formation of impact craters is thought to be associated with extensive fires. However, except for the 

~200-km Chicxulub (Mexico) case [1, 2], the evidence for wildfires caused by impacts is inconclusive. For example, no proof of 

fires associated with 24-km Ries (Germany) were found [3]. At the Tunguska site (Russia), intensive thermal radiation from the 

exploding bolide [4] combined with an air blast damaged the cambium on the sides of trees facing the explosions, but no direct 

burns associated with a 1908 year tree ring were observed [5]. It is clear that taiga at the Tunguska site was severely burned 

before (1880’s and 1896) as well as after the impact, but it is not clear how quickly after the impact the fire has occurred [6]. 

Available descriptions and field images [7] of the Sikhote Alin strewn field (Russia) do not provide support for the extensive 

forest fire in the location of the impact site. Chelyabinsk meteor (Russia) [8] did not produce a fire. 

The Kaali impact crater (Estonia) has been previously presented as an example of a small impact crater, whose formation ap-

peras to have induced significant regional damage [9]. However, a recent study [10] indicates that the age of  Kaali assumed in 

the previous study [9] is ~1000 years younger than in reality [10]. The environmental disturbance detected in [9] was most prob-

ably caused by the increased human activity in this area between 800 and 400 BCE, and not by the impact-induced destruction 

and fire (S. Veski personal communication).  

In conclusions: formation of small impact craters is not associated with extensive forest fires. Surprisingly, we found pieces 

of charcoal produced during the impact and buried within proximal ejecta of a small 100-m in diameter Kaali crater. The aim of 

this project is to determine the mechanism by which this material was charred, with the aim to broaden our understanding of fires 

generated by extraterrestrial events and other processes of small crater formation.   

Kaali Crater: The Kaali impact field [11] consists of nine identified craters located on the Saaremaa Island in Estonia. The 

largest crater is 110 m in diameter (centered around 58°22’21.94“N, 22°40’09.91” E). It was formed by an impact of an IAB iron 

meteoroid with entry mass between 800 and 3000 tons into Silurian dolomite target rocks, covered by ~3 meters of glacial till. It 

was formed shortly after 1530 - 1450 BCE (3237±10 14C yr BP) [10].  

Charcoal Samples: Charcoal was found in the proximal ejecta of the crater [see: 10]. Ejecta forms a well-developed over-

turned sequence and consists of higher dolomite-rich and lower till-rich sections; both of those sections are overlaying glacial till.  

Field characteristics: All fragments of charcoal were found within approximately 10 cm from the contact between dolomite-

rich and till-rich ejecta, occurring most abundantly within the top 5 cm of the till-rich ejecta layer. Most charcoal fragments were 

<1 mm in diameter, but a few were >1 cm in length (and up to few mm in width and thickness). A few charcoal pieces were also 

found within the dolomite-rich ejecta layer. Some of those fragments were strongly adhering to the surface of angular dolomite 

fragments located within the ejecta layer. 

Laboratory measurements and numerical modeling: Anthracological analysis with X-ray microtomography showed that all 

investigated charcoal pieces are made of spruce branches. SEM analysis showed homogenization of cell walls suggesting that 

charcoal were formed at >300 °C [12]. The reflective properties of all measured charcoal particles are characterized by low val-

ues (0.7-1.3) and a very narrow range of reflectance, indicating a relatively equal amount of heating [13]. Numerical modeling 

[14] of the energy released in the atmosphere by an iron projectile with initial conditions representative for the Kaali strewn field 

(body 3.5m in diameter moving at 16 km/s) shows that most of the energy (~5kT) is released at the 10 km altitude. This amount 

of energy is insufficient to cause ignition of forest material on the surface.  

Considered Charcoal Formation Mechanisms:  

1. Pre-impact boreal forest fire: not possible. Reflective properties of Kaali charcoal are not consistsent with characteristics 

of charcoal produced by a boreal fire (characterized by a mean reflectance ~1.7 and a large range of values).  

2. Thermal pulse from the bolide disrupted in the air: not probable. Kaali bolide disruption was too small to induce a forest 

fire, even on very dry, flammable material.  

3. Charring by impact flash: unknown/under investigation. Impact energy of the biggest Kaali projectile was not  sufficient to 

produce a real fireball [15], but condensed air could have reached few thousand degrees [16]. It is not sure however, if this kind 

of heating would be sufficient to produce charcoal with observed characteristics.  

4. Heating within locally warm ejecta: unknown/under investigation. This mechanism could create charcoal with observed 

characteristics, but currently we cannot explain how a sufficiently warm proximal ejecta could be produced. 
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