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Introduction: Experimental and numerical models reveal the 

effects of low-impedance layers on top of competent substrates, 
including reduced shock pressure at depth in the substrate. This 
becomes increasingly important for the terrestrial bodies where 
low-impedance layers typically cover the surface (i.e., ice, sedi-
ments or mega-regolith).  The earth, specifically, is 75-80% cov-
ered in sediments; therefore, understanding the effects of layered 
targets is important for our understanding of resultant crater 
structures seen on the surface and the shock effects recorded in 
the rock record.  One useful case study is the Rock Elm impact 
structure in southwest Wisconsin, USA, which is a deeply eroded 
crater found in a region of otherwise virtually undeformed sedi-
mentary rocks lying on top of a Precambrian crystalline base-
ment. Field studies [i.e., 1] identified shock features within 
quartz grains within the structure; however, these features were 
formed at very low shock pressures (5-10 GPa) and other diag-
nostic shock effects such as shatter cones were absent.    

 Approach: A suite of experiments were performed at the 
NASA Ames Vertical Gun Range at the NASA Ames Research 
Center into planar PMMA targets with surface layers of varying 
materials and thicknesses. Direct comparisons were made using 
3D CTH calculations to interpret the processes observed in high-
speed imaging. Large-scale simulations, then, allow application 
to planetary impacts.  For large-scale impacts into sedimentary 
targets with thicknesses on the order of one- to two-projectile 
diameters, pressure magnitudes at depth are determined and 
compared to field observations at the Rock Elm impact structure. 

Results: Experiments show that damage structures and crater 
size in the competent substrate are significantly reduced or non-
existent for impacts into a layered target. 3D CTH simulations 
reveal that this is a manifestation of the impact energy being ab-
sorbed/scattered in the surface layer and the layer acting as a 
wave guide for very oblique impacts (15-30°).  For laboratory 
scale impacts, the peak pressure in the competent substrate drops 
by ~80% for a thin (1 projectile diameter) surficial sedimentary 
layer. In contrast, for surface ice layers, the peak pressure drops 
by only ~35% because of the lower impedance contrast.  At lar-
ger scales, a 90% lower impedance (sedimentary layer) results in 
a 70% drop in peak pressure near the surface of the underlying 
bedrock [2].   

The Rock Elm impact structure provides an application of 
these results. This crater formed in 500-600 m thick sediments 
covering a crystalline basement rock [1]. The finding that quartz 
in the central uplift is only weakly shocked may be a result of the 
impact into a soft, overlying sedimentary layer where the upper 
layers of sediments absorb much of the impact energy.  Large-
scale CTH models, calibrated by experiments, can be used to 
constrain pressure magnitudes at depth within such a target 
lithology.  
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