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Introduction:  The Chesapeake Bay Impact Crater 

(CBIC) formed about 35 million years ago (late Eo-
cene), in a shallow marine environment (400-600 m 
water depth).  The crater is complex and developed in 
a multi-layer, rheologically-variable target that com-
prised 400-1000 meters of soft, water-saturated  sedi-
ments overlying crystalline basement [1]. 

Seismic reflection data illustrates that the Chesa-
peake Bay crater morphology—often described as an 
“inverted sombrero”—is similar to other marine-target 
impact craters.  It consists of a ~1-1.5-km deep, highly 
disturbed central crater, surrounded by a shallower, 
less deformed basin [2].  The inner crater has a diame-
ter of ~40 km; the edge of the outer basin extends to 
~85-km diameter.  The morphological divide between 
the inner and outer crater is termed the inner ring or 
peak ring.  Little is known about the nature of the inner 
ring.  Seismic reflection data show that the underlying 
basement is modestly uplifted [3]; however, it is un-
clear whether the pristine surface expression of the 
inner ring was elevated above the floor of the outer 
crater. 

 The characteristic structure of CBIC and other ma-
rine impact craters raises a fundamental question: what 
is the size of the crater?  In other words, which (if ei-
ther) of the two concentric crater rings relates to the 
initial cavity (transient crater) formed during the im-
pact process.  Answering this question is critical for 
any assessment of the environmental consequences of 
the Chesapeake Bay impact, because impact energy can 
only be reliably estimated from the size of the transient 
crater. 

Three possible models for the formation of the 
CBIC are proposed [2, 4, 5]; each of these implies 
drastically different impact energies.  The first sup-
poses that the inner ring is a peak ring, that CBIC is 
analogous to lunar peak ring craters such as Schrod-
inger and that the outer crater ring is the final crater 
rim.  The formation of peak rings is currently believed 
to involve the collapse of a substantial, transient central 
uplift [6].  Therefore, this model implies a large (>40-
km diameter) transient crater and zone of deformation.  
The second model supposes that the inner ring repre-
sents the uplifted and overturned flap of brecciated 
target, which forms the temporary rim of the crater 
prior to collapse.  In this model, the outer ring corre-
sponds to the distal limit of deformation induced by 
accentuated inward collapse of the weak sediments.  
The diameter of the transient crater in this model is 30-
40 km; however, the amount of collapse must be sig-
nificantly less than in the first model.  The third model 
supposes that the inner ring marks the boundary be-

tween heavily- and weakly-fractured basement mate-
rial. It defines a rheologic boundary between the dam-
aged basement material, which collapses inwards into 
the inner basin, and the relatively undamaged base-
ment, which remains essentially undeformed during the 
impact.  As with the second model, the outer ring in 
this scenario is the most distal evidence for deforma-
tion in the weaker sediments above the basement.  In 
this model, the transient crater may be only 20-30 km 
in diameter.  Both the second and the third scenarios 
rely on the sedimentary cover at Chesapeake Bay being 
significantly weaker than the underlying basement. 

Hydrocode Modeling:  We performed some pre-
liminary hydrocode simulations to test the plausibility 
of the proposed formation kinematics of the CBIC.  We 
used the SALEB hydrocode [7], which is a multi-
material, multi-rheology extension to the SALE hydro-
code [8].  We approximated the target lithology at the 
Chesapeake Bay impact site by a weak, upper layer of 
water saturated sediments 1-1.5 km in thickness, over-
lying a granite basement.  We used the ANEOS equa-
tion of state for granite and calcite, and typical rock-
strength parameters for granite from experimental work 
[9, 10].  These typical strengths were modified by dam-
age, according to a combined shear and tensile failure 
algorithm [11]; by temperature, according to thermal 
softening relations [12]; and by high-frequency 
pressure vibrations, according to the acoustic fluidiza-
tion model [13, 14]. To simulate the rheologic differ-
ence between the weak sediments and the strong base-
ment, we lowered the strength parameters for the sedi-
mentary unit to values around 0.1-10 MPa, with fric-
tion coefficients of 0.0 (Bingham fluid) to 0.5.  The 
collapse of the basement rock was controlled primarily 
by the acoustic fluidization parameters. 

Preliminary Results: The most promising kinet-
matic model appears to be the third scenario described 
above, which supposes that the impact produced a ~25 
km diameter transient crater. The more energetic sce-
narios tend to significantly disturb and uplift the base-
ment rocks beneath the outer basin, which is contradic-
tory to seismic evidence [2, 3]. However, many more 
simulations spanning the available parameter space 
must be conducted before firm conclusions can be 
drawn, and the numerical simulation results must be 
validated with geologic and geophysical observation. 

Figure 1 illustrates the final crater structure from a 
simulation in which the growing cavity reached a 
maximum depth of ~6 km and collapse began when the 
cavity was ~25-km in diameter.  
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Figure 1: Final crater cross-section derived from numerical 
simulations. This simulation tested the third kinematic model 
described in the text.  (a) Final position of the different rock 
units (red material denotes melt); (b) Damage contours 
(lighter shading implies more damage); (c) Plastic strain 
contours (warmer colours imply greater total plastic strain). 
See text for discussion. 
 

The final crater morphology is shallow (<1.5 km). 
The outermost deformation of significance (see Fig. 

1c) defines the outer ring; it is difficult to define sur-
face features from the calculation because of the low 
resolution used in these preliminary calculations (cell 
dimension = 150 m). We define the inner ring in this 
simulation to be the basement material that marks the 
boundary between the inner, heavily-disturbed crater 
basin and the outer, less-deformed basin. The basement 
material within the inner crater is heavily damaged and 
disturbed; total plastic strains in this region exceed 100 
% (1.0).  There is modest uplift of the central crater 
floor (1-2 km) and a thin melt sheet (<200 m). The 
only sedimentary material in the inner crater is the col-
lapse deposit, which flanks the inner ring.  The sedi-
mentary unit in the outer basin is moderately disturbed 
(strains >10 %); however, the underlying basement is 
only weakly deformed (total plastic strain ~1 %). 
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