
The Dover Strait is bordered by chalk cli�s 

on both English and French sides repre-

sented by the blue areas in Fig. 5. These 

cli�s are located within the maximum 

intensity zone for the 1580 earthquake. It 

is widely known that cli�s regularly recede 

by several meters, progressively or sud-

denly due to landslides or chalk !ows of 

various sizes (Dornbusch, 2006). 

We used the GEOWAVE model (Watts et al., 

2003) to simulate the generation and pro-

pagation of landslide-generated tsunamis 

in the Dover Strait. Six scenarios have been 

proposed; they are summarized in Table 1. 

The initial surface water deformation and 

velocity "eld are "rst computed using the 

TOPICS module (Walder et al., 2003). Wave 

propagation is then computed with the 

module FUNWAVE, a model based on fully 

non-linear Boussinesq equations accoun-

ting for frequency dispersion (Wei et al., 

1995).

Tsunami modeling results using landslide 

sources are shown in Figure 6, which pre-

sents the maximum wave heights for each 

of the 6 scenarios described in Table 1. The 

"rst assessment is that slide location and 

slide volume play a major role in the 

energy distribution and thus in tsunami 

propagation paths. A volume of less than 

-

pread tsunami in the Dover Strait due to 

the dispersion phenomenon associated 

with the propagation of these high fre-

quency signals (typically 1–10 minutes). In 

will locally produce wave heights excee-

ding 2 m and still preserve wave heights of 

more than 0.5 m on the opposite side of 

the Strait.

The worst case scenario corresponding to the St 

Margaret’s–Kingsdown 2 test (at the highest point of the 

waves more than 2 m high in near-"eld locations and is 

equally able to reach the French side with 2 m high waves. 

Given current cli� dynamics in the Dover area, where >100 

m of available cli� relief exists, and given the disconnec-

tion of some of these cli�s from the sea due to 20th cen-

tury engineering developments, the release of a chalk 

COSEISMIC TSUNAMI MODELING

The initial deformation calculation is based on elastic dislocation computed from Okada’s formula (1985). Our method assumed an instantaneous dis-

placement of the sea surface identical to the vertical deformation of the sea!oor (transmitted without losses to the entire water column), and solves 

the hydrodynamical equations of continuity (1) and momentum (2). Non linear terms are taken into account, and the resolution is carried out using a 

Crank Nicolson "nite di�erence method centred in time and using an upwind scheme in space.

η corresponds to the water elevation ; h to 

the water depth ; v to the horizontal velocity 

vector ; g is the acceleration due to gravity.
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Bathymetric data

Tsunami propagation is calculated over a 100 m resolution bathymetric grid of the Strait (Fig. 3). It has been obtained by interpolating 

(kriging) a georeferenced and digitized 1:115,000 scale nautical bathymetric chart to respect coastal features and harbors structures in order 

to reproduce as well as possible the shoaling e�ect, resonance phenomena, etc. SRTM topographic data have been added to produce the 

complete digital elevation model (DEM) of the Strait (Fig. 1).
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RESULTS & DISCUSSION

Modeling results of source parameters sensitivity shown on Fig. 4 reveal that an earthquake with a magnitude Mw ≤ 6.3 (a & b) will 

not produce a signi"cant tsunami within Dover Strait, nor will a pure strike-slip event (e).  Nevertheless, a Mw = 6.9 event, i.e. the 

worst case scenario estimated in this intraplate region, whether compressionnal or extensional (c, d or f ), is capable of generating 

a maximum tsunami wave height (Hmax) of at least 1 m along the Strait coasts. Some speci"c coastal sites are also shown to be 

more vulnerable to long-wave arrival than others: Hmax values exceeding 1.5 m can, for example, be expected at coastal hotspots 

like Boulogne, Calais, Cap Gris-Nez, Dover, Romney Bay, Pegwell Bay (Fig. 3f ). Even when applying a di�erent geometry, however, 

tsunami wave arrivals still converge on the same coastal hotspots. 
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Fig. 4 Wave propagation models. a, b, c, d, e, f: maximum wave heights (Hmax) for six scenarios after 90 minutes of tsunami propagation. 

Black areas represent shallow water, e.g. o!shore sand banks or coastal beaches. Black and red circles indicate virtual tide gauge locations. 

g: synthetic mareograms at "ve virtual tide gauges for a MW = 6.9 earthquake-generated tsunami. The virtual gauges are located in identical 

water depths of 1 m. h: amplitude spectra of the synthetic tide gauge signal computed for six coastal locations.

Normal faulting (Fig. 3d) leads to di�erent wave heights because on this west-dipping 

fault plane energy radiation is propagated towards the south-east of the Strait (see Fig. 

2d), whereas reverse faulting promotes energy propagation towards the north-east.

The virtual tide gauge records in Fig. 3g show that the signal generated at the centre of 

the Dover Strait promotes di�erent wave heights and periods at di�erent coastal loca-

tions. The synthetic mareograms indicate that Dover could su�er the greatest impact, 

with "rst wave heights of ca. 1.5 m. Figures 3g and 3h show that bathymetric features 

have a sharp impact on wave propagation and frequency content. Maximum energy 

peaks are visible on the six spectra; two lower period peaks around 6 and 10 min are 

also visible. They could correspond to the main periods of the signal and are directly 

linked to the geometry of the fault plane or are locally associated with speci"c bathy-

metric features.

 

      Scenario 

    (see Fig. 2) 

Depth of fault 

plane center* 

Fault plane 

dimensions**  

Coseismic 

slip 

Rake  Seismic 

moment 

(M O) 

Magnitude 

(M W)  

 (km) (km) (m) (°) (N·m)  

  L W     

a 2.0 10 4 0.2 90 2.4E+17 5.5 

b 4.3 30 10 0.5 90 4.5E+18 6.3 

c 6.2 50 15 1.25 90 2.8E+19 6.9 

Compressional 

f 6.2 25 15 2.5 90 2.8E+19 6.9 

Strike-slip e 6.2 50 15 1.25 0 2.8E+19 6.9 

Extensional d 6.2 5 15 1.25 –90 2.8E+19 6.9 

* Fault-plane depths imply that the fault terminates 450 m beneath the sea "oor, in accordance with 

existing seismic pro#le analyses.

** In each scenario, the fault plane center is situated at 51°N and 1.5°E with a N115° strike and a 50° dip.  

RUPTURE SCENARIOS

-

thquake magnitudes across France using regional intensity attenuation models (Bakun & Scotti 

2006). An application of that method to the known 1580 earthquake conditions supports a 

moment magnitude of 6.9 (O. Scotti, pers. comm. 2011). The fault map of the Dover Strait compa-

red with the isoseismal maps available for the 1580 event allow to identify faults able to accomo-

date a magnitude ~6.0 earthquake.  Three hypothetical rupture mechanisms (extensional, com-

pressional, strike-slip) are tested according to the limited data available. Six scenarios are pro-

posed; the tested parameters are presented in Table 1 and the initial deformation maps in Fig. 2.

Table 1 Scenarios parameters.
dip

slip

rake

width

length

strike

latitude
longitude

depth
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ABSTRACT

On April 6, 1580, an earthquake of estimated local magnitude 5.8 occurred within the Dover Strait, between England 

and France. The shake was widely felt in England, France, Belgium, and the Low Countries, with much destruction and 

numerous casualties as far as Rouen (~200 km from the epicenter) and London (~150 km from the epicenter). 

Contemporaneous references even called it the ‘London’s earthquake’. Several independent witness accounts report 

that it was followed by a series of huge sea waves perhaps ascribable to a tsunami. Despite disagreement over this 

hypothesis among scholars, several recent geological and paleoseismological studies currently provide good 

constraints for testing the marine response to a range of plausible coseismic rupture scenarios occurring on faults of 

the Weald–Artois fault zone from a Mw5.5 earthquake to a Mw6.9. In addition, the hypothesis of aerial coastal lands-

lides triggered by the shake along the chalk cli�s bordering the Dover Strait is also tested. Results obtained here 

highlight the importance of considering intraplate ruptures in tsunami hazard assessment plans, even when the pro-

bability of occurrence is low. They also underline the need for the thorough collection and accurate analysis of histori-

cal data when available. 
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GEODYNAMIC CONTEXT & HISTORICAL ACCOUNTS

The Dover Strait is a sea passage 33 km wide at its narrowest point with a maximum water depth of ca. 60 m between 

Cap Gris-Nez and Dover. It is also cut by a NW–SE-striking fault network (Fig. 1), which is thus perpendicular to the 

Strait. These Variscan tectonic structures have acted as en-échelon accommodation zones since Permian time in res-

ponse to compression from the Pyrenean and Alpine collisions, to sea-!oor spreading in the Atlantic Ocean, and to 

deglacial processes in northern Europe.

The rupture processes appear to occur randomly on any of the numerous faults of the Weald–Artois shear zone com-

plex, a situation reminiscent of North America and Fennoscandia where the local state of stress associated with recur-

Mazzotti & Townend 2010). Given that horizontal extension near the English Channel is ascribable to such processes 

(Bungum et al. 2010), the Dover Strait structures are thus potentially good candidates for rupture in response to varia-

tions in residual glacial loading stresses. The di�erent earthquakes recorded in the seismically active study area could 

potentially occur on any of the identi"ed fault planes and could exhibit normal, inverse or strike-slip palaeo-mecha-

highly destructive events have been well documented because of the structural damages sustained at the time by 

castles and churches: the May 21, 1382, April 23, 1449, and April 6, 1580 earthquakes (Julian calendar dates), all 

among the largest to have a�ected NW Europe.

In the Dover Strait, an isoseismal map constructed by Neilson et al. (1984) (Fig. 1) indicates that the 1580 earthquake 

had a maximum epicentral intensity of IX (obtained using both the MSK, 1991, and the Modi"ed Mercalli Scale) and a 

Richter magnitude of 6.2–6.9. These results were later revised to a maximum MSK palaeointensity of ~VIII in Calais and 

VII in Dover (Melville et al. 1996) but the pattern of isoseismals was nonetheless similar, with a rupture partially situa-

ted at sea (Fig. 1). These data are compatible with the mention in historical documents that the April 6, 1580 earth-

quake (April 16 in the Gregorian time frame) was soon followed (but without precise detail on how soon) by a series 

of huge sea waves (Neilson et al. 1984, Melville et al. 1996). Given the "ne weather, calm seas (Neilson et al. 1984, Lamb 

1991) and neap tides at the time of the marine event, the waves could conceivably be attributed to a tsunami. Reports 

for 1580 of large waves reaching Kent and northern France at similar times are supported by up to six independent 

French, English and Flemish sources (Melville et al. 1996, Haslett & Bryant 2008). Flooding was more severe in Calais 

and Boulogne, but with 120 fatalities or more in Dover, additional deaths in France, and a minimum of 165 sunken 

ships reported. The outer wall of Dover castle collapsed with the cli� under it, and a boat passenger reported his 

vessel touched the sea !oor "ve times. Mention by a mariner of a wave height of ~9 m (6 spear lengths) is also on 

record (Haslett & Bryant 2008 and references therein).

In the following study, we propose several scenarios of coseismic rupture and we test the potentiality of tsunami 

generation in one of the world’s busiest seaways. Most part of this work presents the results to be found in the 

accepted article to Geophysical Journal International by J. Roger and Y. Gunnell: Vulnerability of the Dover Strait 

to coseismic tsunami hazards: insights from numerical modelling (In press).

2

CONCLUSION & PERSPECTIVES

Our purpose was to determine whether any particular coastal sites around the Dover 

Strait were vulnerable to tsunami wave attack whatever the tectonic scenario applied 

(fault slip mechanism, magnitude, etc.). The model results of earthquake-generated 

tsunami waves for a seismic source situated mainly in the Dover Strait rather than ons-

hore show that a MW = 6.9 scenario can trigger a tsunami exceeding 1 m in height. 

Whatever the fault length and slip magnitude, results show that the wave will amplify 

(>> 1 m) consistently in some well identi"ed coastal locations that are prone to ampli"-

cation (shoaling e�ect) and/or to resonance phenomena.  Modelling results also reveal 

that even for an improbable maximum scenario of MW = 6.9, the main impacts of a tsu

7

-nami would presumably be on cross-Channel navigation due to the resonance potential of some of the large modern harbours. Modeling of coastal chalk !ows (landslides) shows that an earthquake shake could have 

induced one or more landslide on both sides of the Channel triggering local high frequency wave tsunami(s) able to have consequences on local harbors. They also show that a landslide would not be able to trigger a 

tsunami a�ecting the whole Strait. Awareness is also raised to possible impacts due to shoaling on shallow underwater megadunes such as the Goodwin Sands and near more sensitive built-up locations such as in 

Romney Bay, Pegwell Bay, around Boulogne, and north of Calais.

It is interesting to note that an early warning system, international or otherwise, would therefore be of little use in this region because of the extremely short tsunami travel times (less than 20 min from side to side of 

the Strait), the only viable approach being to educate the general public to the idea of vacating the beach immediately in case of a felt tremor.

Part of the work  presented here has been accepted for publication in Geophysical Journal International: J. Roger and Y. Gunnell: Vulnerability of the Dover Strait to coseismic tsunami hazards: insights from nume-

rical modelling (In press).  The other part dealing with the landslide hypothesis is being prepared for submission in Marine Geology: J. Roger, Y. Gunnell, P. Ray, Y. Krien, P. Wassmer, H. Goett:  Tsunami hazards in the 

world’s busiest shipping lane: investigations on the shores of the Dover Strait, from numerical modelling.
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Fig. 1 Location of the Dover Strait and its main coastal towns (projection: WGS 1984), with regional fault pattern, historical seismicity and iso-

seismals for the 1580 earthquake. The relief grid combines Shuttle Radar Topography Mission data on land and a digitized, georeferenced and 

interpolated 1:115,000 scale bathymetric chart (Imray 2007) of the Dover Strait. Yellow dots are sites of seismicity recorded since 1973 

(http://earthquake.usgs.gov/earthquakes/eqarchives/epic/). Tsunami travel times (TTT) of the "rst arrival are in minutes and are computed 

using the Mirone program (Luis 2007). They are generated by a point source located at the center of the Dover Strait. Coasts where continental 

elevations exceed 30 m are dominated by sea-cli!s.
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 elastic dislocation computed from Okada’s formula (1985). Our method assumed an instantaneous 

vertical deformation of the sea!oor (transmitted without losses to the entire water column), and so

1) and momentum (2). Non linear terms are taken into account, and the resolution is carried out usin

ed in time and using an upwind scheme in space.
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Fig. 3 Grid 0: digital elevation model of the Strait (looking north).
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Fig. 5 Slope gradient map of the Dover Strait.
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St Margaret’s-
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St Margaret’s-
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Cap Blanc Nez

Cap Gris Nez

Cliff segment Landslide entry point

Angle of 

failure 

(counter-

clockwise 

from 

north)

Water 

depth 

near 

landslide 

toe

Landslide 

volume

Landslide 

runout 

length in 

water

Landslide 

runout 

time in 

water

Landslide 

width at 

shoreline

(decim. 

latitude)

(decim. 

longitude)
(degrees) (m) (m3) (m) (s) (m)

Shakespeare Cliff 51.1072 1.2893 200 10 0.5·106 100 10 500

Langdon Stairs to 

St Margaret’s
51.1330 1.3530 200 10 1.0·106 200 20 1000

St Margaret’s to 

Kingsdown-1
51.1615 1.4 240 10 1.0·106 200 20 1000

St Margaret’s to 

Kingsdown-2
51.1615 1.4 240 10 1.0·107 600 60 2000

Blanc-Nez 51.1072 1.2893 40 10 1.0·106 200 20 1000

Gris-Nez 50.8622 1.5720 90 10 1.0·106 200 20 1000

Table 1 Scenarios for landslide-generating tsunamis.

mass in excess of 0.1 km3 in one single event is unlikely and model results do not support the possibility of such an event 

occurring today. However, it is feasible that such an event happened in 1580. Nevertheless, it is plausible that a seismic 

rupture triggered several coastal chalk !ows on both sides of the Strait; this could have happened in 1580  and could 

explain the important waves and the reported destruction of boats in Dover, Calais, etc., at the same time.

Fig. 6 Maximum wave height maps of the Dover Strait obtai-

ned for each scenario of landslide-triggering tsunamis.


