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Introduction: Oceans cover approximately 70% of 

the Earth’s surface, implying not only that oceanic 
impacts are a very likely, but also that most impacts in 
Earth’s history must have happened in marine envi-
ronments. Despite this, only one event in the Earth’s 
cratering record has been identified as generic for an 
oceanic impact event, the Eltanin structure in the Bel-
lingshausen Sea, Antarctica [1]. Perhaps the most im-
portant implication of an oceanic impact is the genera-
tion of large waves that may be similar to classical 
tsunami waves. Impact-generated waves may pose an 
important additional hazard for future impacts [2,3] 
and there should be evidence for potentially generated 
“mega-tsunami” deposits in the geological record. 

Quantifying the scale of impact tsunamis is contro-
versial, but the question remains as to whether small 
bodies (less than ~1 km) might “punch above their 
weight” by generating large waves that threaten coastal 
areas a large distance from the point of impact [4,5]. 
The Eltanin event is the only known impact event that 
falls approximately into this category and we use it as 
a case study for the consequences of similar sized im-
pacts into deep water marine environment. 

Various attempts, including numerical modeling, 
laboratory experiments and analytical approaches 
[6,7], have been made to quantify impact-induced 
wave generation, propagation, shoaling and run-up at 
certain distance [8,9, 10, 5 11 12]. However, the major 
problems are (i) the very different scales in space and 
time between impact-related processes and wave 
propagation, (ii) the nonlinearity of the generated 
waves, and (iii) in comparison to classical tsunami 
waves, the relatively short wave lengths. We followed 
a hybrid method in which the impact and wave genera-
tion is simulated separately by hydrocode modeling 
from the far-field wave propagation. 

Hydrocode modeling of impact and wave gen-
eration: To model the Eltanin impact event we use the 
iSALE hydrocode [13,14], a 2D cylinder symmetric 
numerical model to simulate hypervelocity impact 
cratering at all speeds, that has been successfully used 
the simulate oceanic impacts [15] and the generation of 
waves [9,12]. Enforced by the axisymmetric nature of 
the model we simulate vertical impacts. We assume a 
water depth of 5000 m, 250 m of sedimentary coverage 
over a crystalline basement, a stony composition of the 
impactor with a density of 2700 kg m-3, and an impact 

velocity of 12 km s-1 that corresponds approximately to 
the vertical component of the mean impact velocity of 
18 km s-1 on Earth. The model is constrained by the 
fact that no crater was formed by the event but the up-
per 20-40 m of the benthic strata were reworked pre-
sumably by strong water currents that occurred as a 
result of the collapsing cavity in the water column 
[16]. The best match with these observations was 
achieved with a 750 m diameter projectile. 

The computational domain covers a 37.5 km large 
high resolution (grid spacing 25 m, 1500 cells) zone in 
radius. 

Wave propagation model: To simulate wave 
propagation we use a Boussinesq-type equation model 
known as COULWAVE described by Lynett et al.[17], 
and Sittanggang and Lynett [18]. COULWAVE is 
based on the “extended” Boussinesq equations, which 
are known to be accurate for inviscid wave propaga-
tion from fairly deep water (wavelength/depth ~2) all 
the way to the shoreline [19]. The two models, iSALE 
and COULWAVE, were coupled through the internal 
source generator implemented in COULWAVE [20]. 
A circular internal source region was defined, with 
center at the center point of the impact. In the Boussi-
nesq model, the sea surface in that region was forced 
vertically such that a particular wave form was gener-
ated; the Boussinesq-predicted free surface elevation at 
a distance of 17.5 km from the center point was re-
quired to match the iSALE elevations at the same loca-
tion.  This would be considered a “weak coupling” 
method, as there is no two-way information exchange; 
however this is assumed very reasonable for our pur-
poses. The numerical grid employed by the Boussinesq 
covers the area from 65S to 50N and 60W to 160W, 
with bathymetry and topography taken from the Smith 
and Sandwell 2-minute database.  This bathymetry is 
interpolated to a uniform grid size of 1.1 minutes (total 
domain size 5445 by 6389 points), which provides an 
approximate grid length across the domain of 2 km.  
This resolution is deemed necessary to resolve the 
short wave motions created by the impact. The compu-
tational costs are extremely high and were carried out 
on a 306-CPU parallel computer grid with ~1 TB 
memory.  

Results and Discussion: Fig. 1 shows a snapshot 
series of the Eltanin impact. The collapse of the crater 
in the water column generates the primary wave signal 
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(125 s). Initially the wave is very steep with an ampli-
tude of ~1 km. With distance the wave profile becomes 
increasingly smoother and wavelength increases. Fig. 2 
shows wave elevation as a function of time measured 
at different gauge points. Note that at 32.5 km the 
wave crest from the second collapse is higher in ampli-
tude than the first wave signal. Fig 3 depicts the maxi-
mum free surface wave elevation (FSE). The local 
bathymetry is refracting/shoaling the radial wave form 
to create “fingers” of locally higher crest elevation. 
Along the south coast of South America we measure 
wave heights of more than 40 m in 1000m deep water. 
Due to the complex wave field it is difficult to deter-
mine the decay behavior as a function of distance from 
point of impact. Along one randomly chosen profile 
the wave amplitude FSE attenuates proportional to  
r(-1.6). This is a faster decay than for a radially propa-
gating shallow-water wave (FSE~ r(-1)), but smaller 
than measured by pure hydrocode simulations in the 
near-field (FSE~ r(-1.8) - r(-3.4), depending on water 
depth) [12]. More detailed analyses of the model re-
sults as well as additional models of impacts into water 
at different depth are required for a systematic analysis 
and assessment of the hazardous potential of impact-
induced large water waves. 

 
Fig. 1: Snapshot series of hydrocode simulation of impact 
crater formation and wave generation. 

 
Fig.2 Free surface wave elevation (FSE) measured at differ-
ent gauge points (10, 17.5, 25, 32.5 km) as a function of time. 

 
Fig. 3 Maximum free surface elevation (FSE). Color-coding 
is in m. 
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