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Introduction. In the late Jurassic, 142
�

2.6 million years ago,
an about 1.6 km in diameter asteroid hit the 400 to 600 m deep
paleo-Barents Sea [1, 2, 3]. A 40 km in diameter crater was
formed on the sea bed and the vaporized asteroid and target
rocks along with crushed material, were ejected [4]. According
to the simulations of [4] the water was pushed aside and did
not return to the impact-site before after about 20 minutes.

In the reconstructed bathymetry of paleo-Arctic seas, the
positions of todays coast-lines are also plotted (Fig. 1). The re-
construction is based on field work and regional compilations,
in combination with the present regional bathymetry.

In this abstract we will describe the propagation of the
tsunami generated by the Mjølnir impact.

Figure 1: The reconstructed bathymetry of paleo-Arctic seas.
The impact center is marked with a red point. Svalbard is
submerged north-west of the impact center, and Scandinavia
(Norway) and Greenland are situated south-south-east and
south-west, respectively. North-west of the impact center is
Novaya-Zemla located. The Bear Island is found as a sea-
mount at � 200 m depth, 200 km south-west of the impact
center.

Models. For numerical accuracy and efficiency reasons in the
present multi-scale, multi-physics problem, we have adopted
different mathematical models for the different physical phe-

nomena involved. The impact itself and the first stages of wave
propagation are simulated by a multi-material (air, water, rock)
model SOVA [4]. We are also concerned with using a more
accurate fully nonlinear 3D potential model for the early for-
mation of waves. After eventually long waves are developed,
we invoke efficient depth-averaged models (Boussinesq-type
equations in two, i.e., radial symmetric, and three dimensions)
for the long-term wave propagation. A crucial point is to verify
the accuracy of each model.

The numerical solution of the Boussinesq equations, to
be reported here, is based on a finite element discretization
in space and central differences in time. Our formulation of
the Boussinesq equations employs the depth-averaged velocity
potential and the surface elevations as primary unknowns. For
amplitude estimation we have also utilized ray theory.

Results.
Immediately after impact, the motion of the water was

chaotic and highly influenced by turbulence and breaking. Af-
ter 1000 s, say, most of the breaking have ceased, and the
leading part of the outgoing bore start to evolve into an un-
dular bore (Fig. 2). This bore was soon transformed into a
train of solitary waves (Fig. 3). Both these features are due
to genuine non-linear effects and are not captured in a linear
model. The impact produces two wave-systems. The first is
the one created by the impact itself and the second is generated
by the resurge of water into the crater. Both wave systems are
undular bores [5] that are transformed into trains of solitary
waves.

Radial symmetric solutions show that for waves traveling,
e.g., straight north from the impact center the amplitude is 50
m after 7 h and 1800 km.

In Fig. 4 we have extracted the maximum amplitude for a
simulation from 17 min to 1 h and 10 min after impact. As a
rule of thumb, the amplitude is decaying from more than 230
m (highest estimate is 290 m) down to 110 m (140 m) in areas
with almost horizontal and smooth bottom.

When the solitary waves enter shallower regions, we get
amplification of the amplitude until the waves break. We define
that breaking (instability) occurs when the ratio amplitude to
depth exceeds 0.7. For instance for waves traveling towards
Norway, the depth where breaking will appear is about 300
m, more than 100 km from the coast. The wave speed inside
the computational domain is typical within the range of 200
to 300 km/h and the particle speed is between 35 and 100
km/h. As we have seen, the outgoing waves are transformed
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Figure 2: The undular bore. The first two peaks in the front
of the leading wave system are compared with solitary waves.
( ���������
	�� and �������	 m.)

 0

 0.05

 0.1

 0.15

 0.2

 0.25

 170  180  190  200

km

km

t=2100s

Boussinesq
solitary wave

Figure 3: Train of solitary waves. The leading wave system
after 35min. The two first peaks are compared with exact soli-
tary waves. ( ��������	�� .)

into a train of solitary waves. These waves are relatively short
with respect to horizontal dimensions (2-4 km) compared with
the size of the computational domain. To describe waves
in shoaling areas we may therefore have resolution less than
100 m. With a domain of, e.g., 3000 times 3000 km, we
need more than ������	���� points. In the simulation shown in
Fig. 4, we have used ������	
� points and the corresponding
resolution is 400 m (this resolution give some underestimation
in shoaling areas). For such large simulations we apply parallel
domain decomposition methods and the problem is simulated
on a parallel linux cluster. According to [6], [7], domain
decomposition methods are successfully combined with long-
wave problems of Boussinesq type.

Conclusion. We have shown that the Mjølnir impact in the
shallow water of the paleo-Barents Sea generated a tsunami
consisting of a train of solitary waves for both the leading and
secondary wave system. The maximum value of the amplitude
after the solitary waves were formed is found to be 255 m

�
25

m at a distance of 120 km from the impact center. Due to the
high amplitude, breaking will start at relatively large depths
and at long distances from the coast.

Figure 4: Estimation of the maximum amplitude from 17 min
to 1 h and 10 min in the paleo-Barents Sea. The waves pass-
ing the Bear Island (south-west) and traveling towards Norway
(south-east) are shoaling (and breaking).
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