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Introduction: One of the first proposed shock metamorphic effects [1] and the only one that is visible at the 

hand specimen and outcrop scale, are shatter cones [2]. Shatter cones consist of striated conical to curvi-planar frac-
tures that typically occur in hierarchical networks. They have only been recognized in meteorite impact craters and 
their ejecta deposits, meteorites, and nuclear and large-scale conventional explosion craters. Shatter cones start to 
form at pressures as low as ~2 GPa [3], which means they form in large volumes of target rock extending further 
away from the point of impact than any other shock effect. Because of these properties, shatter cones remain the 
most useful criterion for the recognition of new meteorite impact structures, particularly deeply eroded ones, where 
they often represent the only observed shock metamorphic effect. Despite their widespread occurrence and im-
portance in confirming meteorite impact craters, the origin of shatter cones remains poorly understood and actively 
debated with various formation mechanisms having been proposed over the past 50 years [4–8]. 

Observations:  In this study we provide new observations of shatter cones from several complex impact craters 
in various target rocks and in different preservation states. 

Spatial distribution of shatter cones. We have performed detailed mapping of the newly discovered Tunnunik 
impact structure, Northwest Territories, Canada, and further mapping of the Haughton impact structure, Nunavut, 
Canada. Critically, we have mapped the spatial extent of shatter cones (Dsc) and the apparent crater diameter (Da) to 
within ± 0.5 km. For Tunnunik Dsc = 0.36–0.43 Da and Haughton = 0.39 Da. It is noted that the distribution of shatter 
cones at Tunnunik is distinctly elliptical. We thus propose that the relationship Dsc = 0.4 Da should be applicable all 
mid-size complex impact craters on Earth. 

Stratigraphic and lithologic setting of shatter cones. Previous models of formation of shatter cones, and indeed 
most previous studies of shatter cones, have been conducted on deeply eroded impact craters where they are typical-
ly only found in situ in the eroded central uplift. We have carried out fieldwork at 7 mid-size impact structure rang-
ing from 20 to 36 km in diameter (Haughton, Mistastin, Ries, Sierra Madera, Slate Islands, Tunnunik, and West 
Clearwater). While shatter cones occur in the central uplifts of all these structures, we draw attention to several other 
important stratigraphic settings. In summary, shatter cone clasts are present in ejecta deposits, breccia dykes, and 
crater-fill impactites. 

Orientation and morphology of shatter cones. Much has been made of the orientation and morphology of shatter 
cones in the literature. It is frequently stated that shatter cone apices are typically “oriented in one direction” and that 
“cone axes are generally parallel” [2]. However, at both the Tunnunik and Haughton structures shatter cones with 
apices pointing in variable – and often completely opposite – directions are the norm, not the exception. In terms of 
morphology, recent studies concluded that shatter cones are “not separable, isolated objects within the rock mass” 
and that “complete cones are very rare” [4]. Our observations of shatter cones at the Haughton and Tunnunik impact 
structures clearly contradict this view. 

Discussion: One of the first and most important questions asked about any impact crater is “how big is it”? One 
of the major results of our fieldwork at the Haughton and Tunnunik impact structures is the determination of the 
relationship Dsc = 0.4 Da. We suggest that this relationship is applicable for all complex impact craters on Earth in 
the range of >5 km to ~150 km diameter. It is outside the scope of this contribution to re-estimate the size of all cra-
ters on Earth, however, we will provide new estimates for several craters. In terms of the origin of shatter cones our 
observations are broadly consistent with the model of [6, 8]. However, to also account for the widespread occur-
rences of cones pointing in several different directions, we propose that as the shock front expands, it is reflected 
and refracted due to impedance contrasts in the target. In sedimentary targets, sedimentary layering is proposed to be 
the primary control. Pre-existing joints and faults in any target would also result in the same situation. Further de-
tails on this work can be found in [9]. 
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