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Introduction: The Chesapeake Bay Impact Structure 
is a buried 35 Ma complex marine impact crater that 
formed in a target of water, sediments and crystalline 
basement. Its center is close to the town of Cape 
Charles, Virginia near the southern tip of the Delmarva 
peninsula. The crater can be described as having an 
“inverted sombrero” shape of a 38 km wide inner basin 
surrounded by a 24 km flat-floored annular trough. The 
outer margin of the annular trough consists of a 
slumped terrace zone surrounded by a ~35 km wide 
fracture zone[1,2]. Simulations of seismic data from 
the inner basin appear to indicate a 5-15 km wide cen-
tral uplift[3]. 

 
Fig. 1.  Map of the Chesapeake Bay impact crater from Powers 
(2003) [1]. 

Calculation Description: At the time of the impact, 
the target region is a sloping shallow sea on a conti-
nental margin; water and sedimentary layer thicknesses 
would vary considerably over the extent of the crater. 
Nevertheless, to understand the importance of layering 
on crater formation and early-time evolution, we as-
sume horizontal layers of constant thickness to allow 
us to perform highly resolved two dimensional simula-
tions assuming a vertical impact angle (see Fig. 2). 

 
Fig. 2. Schematic illustrating the initial conditions for the computa-
tional simulations described here (not to scale). 

The calculations were performed with the CTH 
shock physics analysis package[4] using adaptive mesh 
refinement[5] to maintain high resolution around the 
developing transient cavity, the water and sedimentary 
layers. Computational resolution across the diameter of 
the projectile was maintained at 66 zones for the three 
impactor diameters shown here (1.1, 2.2 and 3.3 km). 
This means that the number of computational zones 
across the water and sedimentary layers varied with the 
projectile size from a minimum of 12 zones across 
each layer for the 3.3 km impactor to a maximum of 36 
zones for the 1.1 km impactor. 

Tabular equations-of-state were used to appropri-
ately model vaporization and melting of the asteroid 
and target rocks that are expected to occur under the 
impact conditions of 20 km/s. The crystalline basement 
was approximated as granite, the sediment as water 
saturated tuff. Standard equations-of-state descriptions 
for water and air were used. The calculations used a 
flat-earth approximation with a gravitational constant 
of 980 cm/s2. 
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Fig. 3. Yield strength as a function of confining pressure for the 
target materials that possess strength (granite, hard sediment and soft 
sediment). 

The strength properties of rocks appropriate for 
predicting the complex crater shape is still an active 
area of research. For simplicity, we assume a simple 
pressure-dependent yield model for rocks, based on the 
Coulomb friction law[6] and vary the parameters until 
a “match” with the complex crater shape is seen. In 
this way, we can investigate the role of layering in the 
complex crater formation process. The yield strength 
of granite is the dominant material property that we 
can adjust to yield a match (see Fig. 3). We then adjust 
the strength of the sedimentary layer to investigate the 
role of layering. 
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a)   

b)  

c)  
Fig. 4.  Comparison of the transient crater shape after motion of the 
solid materials has stopped in the simulations. Displacement and 
uplift of the granitic basement rocks is apparent and return flow of 
the water can be seen for the smaller impactors. 

Results: Figure 4 shows three simulations of 1.1, 2.2 
and 3.3 km diameter asteroid impactors assuming the 
hard sediment model of Fig. 3. The simulations dem-
onstrate a crater size dependence on the rate of post-
impact water resurge into the crater. Larger impact 
craters produce higher rims that can impede the re-
surge flow; hence, observations of tsunami resurge 
deposits within the inner basin of the Chesapeake Bay 
Structure[2] suggest that the asteroid impactor was in 
the smaller diameter range. This conclusion is based on 
the two dimensional simulations performed here; 3-D 
simulations will be performed to fully address this. 

Figure 5 shows the effect of reducing the sedi-
mentary layer strength by a factor of five. Considera-
bly more distortion and mixing of basement and sedi-
mentary materials occurs in the inner basin compared 
to the stronger layer case of Fig. 4b.  

 
Fig. 5.  Transient crater shape at 200 seconds for the case with the 
softer sediment model of Fig. 3. Compare with Fig. 4b at left. 

Future Work: Simulations further varying sediment 
strength will be presented to help determine the forma-
tion mechanism of the outer annular basin. To be more 
representative of a continental margin, we will attempt 
three dimensional calculations of impacts into a slop-
ing target. Because of the high resolution of our calcu-
lations, we are also beginning to track the interaction 
and deposition of excavated ejecta by the atmosphere 
and water. 
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