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Introduction: The Kaali Impact Crater on Saaremaa Island, Estonia (58.37°N, 22.67°E) is part of a crater-strewn-

field of nine identified craters, ranging in size from 110m (Kaali Main) to a few meters in diameter [1-3]. The strewn-

field was formed by the impact of a Tscheljabinsk sized IAB type iron meteorite [4] and formed shortly after 1530-

1450 BCE [5] when Saaremaa was already inhabited. Its impact origin was suggested already in 1922 by [1] and 

eventually confirmed 1938 by [2]. However the small craters drew little attention outside of Estonia in the past decades 

and documentation of the crater structure has been limited. So far few strike and dip measurements are documented, 

key features such as the overturned flap are not reported. 

The aim of this study is to further impede our knowledge about the structure and formation of small ateroidal 

impacts. The Kaali Main crater is an important feature to study the effects of small asteroidal impacts on terrestrial 

planets, as it lies near the transition between strength and gravity dominated crater morphologies. 

Methods: We started out an expedition in August 2014 to map the crater in unprecedented detail using 3D laser 

scanning tools, thorough strike and dip measurements. Additional measurements using ground penetrating radar 

(GPR) and electro-resistivity tomography (ERT) and a trench transect of the ejecta blanket were made.  

Structural Mapping: Although Kaali Main has been the subject of previous investigation (e.g. [2, 6, 7]), most of 

the structural descriptions of the crater pre-date modern crater investigations. Strongly inclined blocks were previously 

considered being affected by erosion and slope processes, our new observations show that most high dip-angle features 

fit well with overall dip-angle systematics. The existence of the overturned flap can be demonstrated in at least four 

areas around the crater. 

3D Laser Scanning: A point cloud containing 16 million data points was created using 43 individual scans from a 

tripod mounted Faro 3D 330x laser scanner. Scans were processed using Trimble Realworks software. The scans 

where analysed with DEM, Hillshade, Slope Map and Contour Map Data created in ESRI ArcScene software and with 

we are planning to extract comparative strike and dip measurements from the scans using the Agisoft PhotoScan 

software. Field observations and the laser scanning data have also been used to constrain preliminary iSale hydrocode 

modelling for the Kaali Main crater. 

Results: From the trench, [5] recovered charcoal fragments within the proximal impact ejecta. The charcoal 

fragments provided a new best-estimate of the crater formation of 3237+-10 14C yr BP ([5] and Losiak et al., 2016, 

this conference). From the structural mapping we gathered 377 strike and dip measurements from 43 outcrops around 

the crater, with dipping angles from 15 to 85°. In general, almost vertical dipping blocks are observed in the upper 

parts of the inner slopes of the crater wall, with flattening dips lower on the walls. In areas of the southern slope where 

trenching was conducted in the 1960’s, dip angles from 36° to 54° have been noted [6]. Even though strongly inclined 

blocks were noted (dip-angles as high as 88° [8]), blocks rotated above 50° or even overturned were considered being 

affected by erosion and slope processes and not identified as intrinsic to the crater formation process. Our new 

observations show that most high dip-angle features fit well with overall dip-angle systematics, and contiguous blocks 

of dolostone that were overturned as part of the overturned flap of ejecta can be demonstrated in at least four areas 

around the crater. The 3D laser scanning ERT measurements indicate a crater depth of 17 m and an ejecta thickness 

varying from ~4m thick at the rim to ~.75 m in the distal regions. A relatively uniform 1m thick layer of glacial till is 

also observed overlying the dolomite bedrock target. ERT measurements match well the stratigraphy and unit 

thicknesses of a 5 m long trench dug in the same area. 3D laser scanning measurements and ERT ejecta thickness 

estimates are currently being used to constrain high-resolution iSale hydrocode models of the Kaali Main crater 

formation and to learn more about terrestrial strength/gravity regime transition craters.  
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