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Abstract. On November 18, 1929,a M = 7.2 earthquake occurred at the southern edge of the
Grand Banks, 280 km south of Newfoundand. The earthquake triggered a large submarine slope
failure (volume = 125 km®), which was transformed into a turbidity current carrying mud and
sand eastward upto 1,000km at estimated speeads of about 60-100 kn/hr. The failure broke 12
telegraph cables and was the main source of the most caastrophic tsunami in Canadian history
(28 people kill ed). Tsunami waves were observed along the Atlantic coasts of Canada and the
United States. The waves also crossed the Atlantic and were recorded onthe @asts of Portugal
and the Azores Island. Tsunami waves had amplitudes of 2 to 7 m and runup upto 13 m along
the ast of the Burin Peninsula (Newfoundand). As part of an initial analysis of the event, we
have simulated the slide-generated tsunami using a viscous dhall ow-water numericd model in
which the dlide is assumed to be aviscous, incompressble fluid layer. The preliminary results of
the numericd modeling are encouraging, with computed and olserved tsunami arrival times in
reasonabl e agreement.
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Introduction

On November 18, 1929at 20:32 UT a magnitude M = 7.2 earthqueke occurred at an
estimated depth of 20 km beneath the seafloor at the southern edge of the Grand Banks (mouth
of the Laurentian Channel, Northwest Atlantic), abou 280 kn south of Newfoundand (Murty,
1977 Piper et al., 1988 Evans, 2001 Clague d al., 2003. The eicenter of the earthqueke was
locaed at 44°30'N, 57°15'W (Figure 1). The eathquake was felt as far away as New York City
and Montred, bu caused no daimage because of its remoteness (Clague, 200). However, the
eathqueke was acompanied by a tsunami (known as the “Grand Banks tsunami”), which was
the most caastrophic tsunami in Canadian history. At least 27 people were killed in
Newfoundand and 1in Nova Scotia (Cranford, 200Q Clague & a., 2003. The tsunami was
observed along the Atlantic coast of Canada and United States, with maximum waves occurring
on the wast of Burin Inlet and the southeastern coast of Newfoundand (Figure 1) (Ruffman,
1997). Murty and Wigen (1976 studied the 1929 Grand Banks tsunami in detail and showed
that significant amplification d arriving waves in Burin Inlet was associated with strong
resonance in this V-shaped bay. The waves also crossed the Atlantic Ocean and were recorded
onthe wast of Portugal and at the Azores Islands (Clague, 200)).
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At the time of the event, most submarine telegraph cables from North America to Europe
pased south o Newfoundand. An orderly sequence of breaks occurred in these cables
following the Grand Banks earthquake & distances up to 500 kn from the epicenter. Although
al cables along the mntinental slope and rise south o the epicenter were broken (Heezen and
Ewing, 1952, none of the cdles on the continental shelf were disturbed. Heezen and Ewing
(1952 and Heezen et a. (194) presented evidence that the successve series of breaks in the
telegraph cables (12 cable dtogether) were caised by the turbidity current generated by the
slump onthe mntinental slope. Ultimately, the landslide was transformed into a turbidity current
carying mud and sand that flowed eastward upto 1,000km aong the Atlantic seafloor onto the
Sohm Abyssal Plain at speeals ranging from 60-100 km/hr, bresking 12 telegraph cables
(Kuenen, 1952 Evans, 200]). The turbidity current had an estimated flow thickness of several
hunded meters and must have flowed for at least 4 h and, more probably, abou 11 h(Piper et
a., 1988, 1999

The aeaof the submarine failure wincided with the locaion d the eathquake epicenter.
Subsequent ocean-floor mapping and the recorded timing of the cable bresks on November 18,
1929 @fined a zone of the earthquake-triggered slope fail ure of approximately 20,000 kn? on
the upper part of the mntinental slope. Further studies are in progressto define better this region
and the pre-failure distribution d sediment thicknesses (D.J. Piper, Person. Comm., 2003. The
initial landslide involved Holocene and Pleistocene muds that moved downslope, entraining
coarser sediments. It is estimated that abou 200 km® of material were displaced in the
submarine landslide, a volume over 500times greaer than that of Canada’s largest known 1894
Saint-Alban subagaia dlide (Piper et a., 1988, 1999Evans, 200).

Analyses of the 1929 Grand Banks tsunami indicaes that it was generated drectly by the
slope failure rather than by the erthqueke itself (Murty, 1977 Clague, 2001). According to
estimates made & the time of the disaster, tsunami heights ranged from 9 to 15m along the aast
of the Burin Peninsula, Newfoundand (Johrstone, 1930. However, recent field investigations
suggest lower values: Abou 4.6 m in Burin and Port au Bras, 3 m in Lamaline aad Point au
Gaul, and 7.5m in Taylor Bay (Ruffman, 1997 Clague & a., 2003. Horizontal runup dstances
were in the order of a kilometer in this area (Ruffman, 1997. Property damage, including the
repairing of the submarine cables, was $400,000(1929 ddl ars); severe damage was exacerbated
by the aincidence of the maximum tsunami waves with the pe&k tide (Clague d a., 2003.
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The 1929event gave rise to intense scientific and puldic interest. First, this was one of very
few catastrophic tsunamis that occurred in the Atlantic during the last one hunded years (and
probably the most destructive). Secondy, the tsunami had what was believed to be an
uncommon generation mechanism: It was induced na diredly by a seismic source but by a
resultant submarine slope failure. Thirdly, this was one of very few dlide-generated tele-
tsunamis recorded onthe oppasite side of the ocean far from the source area Despite of all these
fads, no attempts have been made to simulate the 1929 tsunami due to the complexity of the
source and problems with constructing a redistic three-dimensional numerical model of large-
scde landslide-generated tsunamisin an ocean with highly complex bathymetry.

Recent catastrophic events (Indoresia, 1992 Skagway, 1994 Papua New Guinea, 1998 and
Turkey, 1999 have grealy enhanced interest in landslide-generated tsunamis and promoted
significant progressin their modeling. Encouraging results achieved over the past few yearsin
numericad modeling of adual events (cf. Heinrich et al., 1998, 2000Asser-Rzadkiewicz et al.,
200Q Imamura ¢ al., 2002 Thomson et a., 2001 Titov and Gonzalez, 2001 prompted us to
attempt to model the 1929 Grand Banks tsunami. Some preliminary results of this modeling are
presented in this paper. Further refinements will follow as geological and geophysical
investigations are wmpleted; in particular, anticipated improvements in ou understanding of
such aspeds as the precise landslide source area sediment thicknesses and initial failure styles

will provide important inpus to arevised tsunami propagation model.

Governing Equations and Model Description

The main dfference between the 1929 Grand Banks sibmarine landslide and severa other
events which have recently been examined is the broad spatial size and large volume of this
landslide. For example, the 1979 Nice fallure (Mediterranean Sea) had an estimated vdume of
between 8.7%10° and 70<10° km?® (Asser-Rzadkiewicz et a., 2000; the 1997 abris avalanche
in Montserrat, Lesser Antill es had a volume of 40x10° km® (Heinrich et al., 1999; the 1994
Skagway failure had, by different estimates, from 0.8x10° km® (Rabinovich et al., 1999
Thomson et al., 200 to 16.410° km® (Mader, 1997 Kowalik, 1997. Thus, al of these slides
had vaumes much lessthan 1 km®. The massve underwater landslide associated with the 1998
PNG eathqueke, which produced a cdastrophic tsunami killi ng more than 2200people, had a
slide-body volume of between 1 km® (Titov and Gonzdlez, 2009 and 4 kn® (Heinrich et al.,
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2000. In contrast, the total sediment transport of the 1929 Grand Banks dump was
approximately 100-150 km® (Piper et al., 1988 1999. The strong regional devastation and
transocean effed caused by the 1929tsunami were spedfically related to the massve volume of
initial slide.
To simulate the 1929 tsunami, we divided the mmputational area into three principal
domains:
(1) Internal domain (seelnset in Figure 2).
This covers aredangular area(41.6N - 46.0°N; 53.0% - 58.0%) with a 151x184 gid
and unform grid steps, Ax=Ay =2.67 km.
(2) External domain (Figure 2).
This occupies the geographical area (30.0N - 53.0N; 50.0% - 80.0%) with a 901x938
grid with uniform grid steps (in Mercator projection) Ax=Ay = 2.0 of longitude =2.67
km at 44°N.
(3) North Atlantic Ocean domain (Figure 1).
This domain spans the entire basin of the North Atlantic Ocean between the eguator and
70.0N and between 80.0% and 20.0E, with a 1500x1585 gid with uriform grid steps
(in Mercdor projedion) Ax=Ay =4.0 of longitude.

The first domain was used to simulate the slide motion and resultant tsunami waves generated
by the glide motion, the seand to estimate tsunami wave heights in the vicinity of the source
(Newfoundand coast) and along the eatern coast of North America, and the third to calculate
tsunami arrival times at various stes aroundthe North Atlantic.

To simulate the 1929tsunami, we used a modified viscous shall ow-water model (Fine € al.,
1998 Thomson et a., 2001 Rabinovich et a. 2003. The slide was assumed to be aviscous,
incompressble fluid layer; water was taken to be inviscid and incompressble. We gplied the
Cartesian coordinates X, y, z, with z positive upward, x direded eastward, and y nothward.
Because of the relatively small displacement of the dlide (~5-6° in latitude), we used a simple
plane projedion for the slide modeling (i.e. for the internal domain); for larger areas (the
external domain and North Atlantic domain) projedion kecomes important and we took into
acoun the acarate Mercator equations for both long wave propagation and tsunami arrival

time estimation.
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The upper layer consists of seawater with density p,, surface ¢evation n(x,y;t), and
horizontal velocity u= (u,v) with x, y comporents u, v; tistime. The lower layer consists of
sediments of density p,, kinematic viscosity v, and haizontal velocity U= (U,V). Both the

slope ad the slide have low slopes, so that the motion is esentially horizontal. The dside is
bounded by an upper surface z=-h(x, y;t) , the seebed is designated by z = -4 (x, y), and the
thicknessof thedideis D(x, y;t) =h (x,y)—h(x,y;t) . Quadratic frictionis applied. Following
Jiang and LeBlond (1994, we have asumed that the density difference between flowslide and
seavater is large, such that (p, — p,) = 0.2 g-cm™. In addition, we negleded the wave dfed on
the slide movement (the so-called ‘one-way couged model’). As was shown by Jiang and
LeBlond (199), this effect does not exceal 10%; for relatively deep-water slide movements it

IS even lessimportant. This approach allows us to dvide the initial problem into two separate
steps: (a) Calculation d the slide motion to oltain the function D(X,y;t) as the result of this
cdculation; and (b) estimation d tsunami waves generated by the moving slide, using D(X, y;t)
as the source of the waves.

The main reason for using the viscous model and applying these assumptions is that field
Investigations and dfshore geotechnical and geomorphdogical reseach showed that the 1929
failure on the Grand Banks dope was primarily a liquefadion flow (Piper et a., 1988, 1999
The physicd background d the gplied assumptions is thoroughly discussed by Jiang and
LeBlond (199) (see dso Thomson et a., 2001and Rabinovich et al., 2003. At the seabed, the
tangential velocity of the dlide is st to zero, while & the upper surfaceof the slide the verticd
gradient in tangential velocity is st to zero. At steady state, horizontal velocities in the dlide
will then have aparabdlic profile (Jiang and LeBlond, 199):

Uy, 20 =5 U, (x Y0 ~€7) )

where

&=(z+h)/D 2
is anormalized depth. Conservation d massand momentum for a viscous dide have the form
(Fineet d., 1999:

D - -
EHDDDUm)—O, (©)
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where the feedbadk effed of the wave on the slide movement is negleded onthe right side of
the momentum equation (4). The last term in (4) was added to include the quadratic friction,
caused by the drag effect at high dlide speads. The boundary condtions include that of no slide
transport through the wastal boundxry, G, and the asumption that the slide does not crossthe
outer (open) boundary, T .

The upper (water) layer of the model is governed by the linear shallow water equations in

Mercator projedion:

d_n+ cosp, [O(hu) N 1 d(hvcosp) D:a_D_

& cosp E oX  cosp oy % ot ®)
ou _ cosp, -
—=———" gl
ot cosp 9=, ©)

where ¢ and ¢, are the aurrent and the reference | atitudes.

In effed, the slide generates water waves through the cntinuity equation (5) only. The
waves then propagate within the restrictions imposed by the boundary condtions and the
momentum equation (6).

At the open boundry, ', we use the one-dimensional radiation condtion for outgoing

u, :'7\/%, (7)

where u, isthe velocity comporent normal to I . At the shore, G, we asume averticd wall, so

waves:

that
u, =0 a G. (8
An explicit finite-diff erence method was used to solve eguations (3)-(4) for the viscous dide
and (5)-(6) for the waves, with boundry condtions (7) and (8). To avoid generation d
erroneous gnall-scde oscill ations, the time step (Ar) was chosen to be 1/3 of the value required
for the Courant-Friedrichs-Lewy stability condtion. Since the dide is initialy at rest, all

velocity comporents and the sea surface éevation are set to zero at t = 0. Detail ed verificaion
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of this model was caried ou by Rabinovich et a. (2003). A similar model was aso used by
others to examine the 1994 Skagway tsunami (Rabinovich et al., 1999 Thomson et al., 2002,
the 1999 Papua New Guinea tsunami (Heinrich et al., 200Q Titov and Gonzdlez, 200%
Imamura et al., 200) and the 1979Nice harbour slide-generated tsunami (Asder-Rzadkiewicz
et al., 2000Q. In all cases, the model produced reasonable agreement with olservations.

Slide and Tsunami Modeling

In the first stage of our smulation d the 1929 slide and tsunami, we used the internal
domain (Figure 2, inset). Parameters of the landside have been chosen according to
geotechnical and morphdogicd preliminary estimates (Piper et a., 1988, 1999

Initial slide aea 25,000 kn?
Volume: 125 km*;
Thickness om;
Sediment density (p,): 2.0g-cm’®;
Kinematic viscosity (v ): 0.01m*s?;
Drag coefficient: 0.0025
Slide motiontime: 1200s.

For the first runs, we treded the slide & a body with unform thicknessof 5 m; clealy this
Is an oversimplificaion which will be improved uponin later refinements of the model as more
geological results are forthcoming. We assumed that all movement started simultaneously over
the entire 25,000 kn? area Of course, these aumptions are valid for rough estimation pupases
only, and need to be crrected with more sophisticated models of the initial fail ure.

In contrast to rigid slides, which move & sngle mnsolidated bodes, preserving their size
and form, viscous dides normally spread and flatten as they move downslope. The significant
areaof the Grand Banks dide and the complicaed topography in the source region resulted in
several separate falures. These flows, however, apparently merged in a canyon, locaed
southeastward from the source (see Inset in Figure 2), and moved dovnslope dong its thalweg.

The oncentrated and focused moving slide mass was apparently the main reason for the
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numerous cable bre&s. The resultant modeled slide speed (controlled by quadratic friction) was
abou 100 km/h, in close ayreement with observations.
Thefirst stage mmputation provided the simulated slide function D(X, y;t) , describing first

20 minutes of the slide movement and the evolution d the slide body. In the second stage of our
computations, this function was used as the source of the generated surface waves. For these
computations, we gplied the external domain (Figure 2). Figure 3 presents siapshots of
simulated tsunami waves at various times following failure. The slide movement was mainly
direaded southward and southeastward, spreading cylindrical surfacewaves ahea of it. Locd
topography near the source aea ad the general orientation d the east coast of North America
determine the specific sedor-like form of the propagating frontal wave. At the same time, dueto
wave reflection from the shelf of Newfoundand and Nova Scotia, the tsunami waves form a
complicated structure of standing oscill ations nea the source aea Strong resonant effeds,
ocaurring in some straits and inlets of the Newfoundand coast, probably explain the

caastrophic tsunami runugs observed in thisregion.

Severa other observations can be made related to the propagation d the tsunami waves
from the source (marked by a star in Figure 3):

(1) The waves propagate rapidly northwestward through the deegoer Laurentian Channel
toward Anticosti Island;

(2) there is an observable interadion ketween the tsunami waves and the New England
Seamourts, a linedion d features extending southeastwards from approximately Cape
Cod,

(3) tsunami waves become “trapped” by Bermuda & they refrad aroundthe islands.

Figure 4 shows smulated wave records (surface sea level elevations) at St. Lawrence,
Burin, Lamaline (all locaed on the wast of the Burin Peninsula, the southernmost part of
Newfoundand Island), Halifax (Nova Scotia), Atlantic City (New Jersey), and Bermuda (see
locations of these sites in Figures 1 and 2). Burin Peninsula was the region d the largest 1929
tsunami runup and accourted for aimost al of the cauaties (cf. Murty and Wigen, 1976
Ruffman, 1997 Cranford, 20M). Ancther area of significant tsunami waves was the eatern

coast of Nova Scotia. Results of our computations agree qualitatively with the observations,
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with maximum simulated wave heights occurring on the ast of Burin Peninsula and Nova
Scotia. However, computed wave heights are mnsiderably smaller than those observed. At the
same time, these results demonstrate some features of the wave behavior at various stes (Figure
4) which are probably important for understanding the generation medanism of the cdastrophic
waves. Significant differences in the Q-factor and wave periods indicae that the seafloor
topagraphy, rather than the source function, determines the properties of tsunami waves in this
region. Long duration “ringing” and slow energy decay are the charaderistic of the oscill ations
on the mast of Burin. Apparently, as it was assumed by Murty and Wigen (1976, oscill ations
observed at these sites were asociated with the strong resonance in Burin Inlet. Typicd periods
of simulated waves are 12—15minin St. Lawrence and Burin, and abou 25 min in Lamaline. It
is quite difficult to seled the highest wave because the waves continue to display approximately
the same height over a mnsiderable period d time, consistent with strong resonant effeds and a
high Q-fador for the inlet.

Simulated tsunami waves in Halifax and Atlantic City were significantly different from
those for the Burin coast. The leading wave was the highest and the energy of the oscill ations
decayed rapidly following arrival of the leading wave. The period d the simulated tsunamisin
Halifax was abou 40 min. The simulated waves for Bermuda were most interesting. During the
first hour, the oscill ations were chaotic but then becane very regular, with period d abou 10
min (Figure 4). As noted abowe (see Figure 3), the waves apparently became trapped by the
sedloor topography surroundng the islands.

Observations

Berninghausen (1963) noted that the 1929 Grand Banks tsunami was observed at over 30
locaions on the mast Newfoundand (at that time a British colony), the Saint-Pierre and
Miquelon Islands (France), the eastern coasts of Canada and the USA, and the Bermuda Islands.
Several US tide gauges recorded this tsunami; it was also recorded in the Azores Islands and
Portugal (Ruffman, 1997. Unfortunately, our attempts to find these records proved problematic.
Figure 5 presents the only quality record (for Halifax, Nova Scotia), which we could reaily
locae. The observed wave height of the first crest wave is abou 60 cm and the period d the
first wave is abou 40 min. These results are in good agreement with those of our numericd
computations for this ste (Figure 4). However, oscill ations subsequent to the initial waves had

significantly longer periods (afew hours) and the total duration d the wave train was abou 20
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h. We infer from the observations that these oscill ations were due to tsunami-induced trapped
edge waves propagating along the continental shelf. The dealy dispersive dharader of these
observed waves (adual periods deaeased from 4 to 2.5 1) suppats this conclusion. Beardsley et
al. (1977 observed a similar train of dispersive first-mode alge waves on the continental shelf
of the Midde-Atlantic Bight (located south of Nova Scotia) with periods 5-7 h generated by a
sudden presaure drop. The short duration d the simulated tsunami records (abou 6 hous, see
Figure 4) and insufficient topographic resolution have not allowed us to examine this type of
wave in the present study.

Dr. Pedro Miranda from the University of Lisbon kndly provided us with arecord at Lagos,
Portugal (see Figure 1) showing tsunami oscill ations measured at this ste on November 19,
1929. The observed period d these oscill ations was abou 20-25 min. This record clealy
demonstrates that the 1929tsunami crossed the Atlantic and was observed onthe oppasite mast.
Unfortunately, the beginning of this record was absent and the quality poar.

Tsunami Travel Times

Berninghausen (1968) used ower 30 locdions in Newfoundand, Nova Scotia, the eatern
United States, and Bermuda, where the 1929 tsunami was visualy seen or recorded by tide
gauges, to draw an empirical tsunami travel time map and estimate arival times of tsunami
waves at various stes (see ‘Observed” in Table 1 and arrows in Figure 5). We have etimated
the arrespondng times using the results of our numerical model (* Computed” in Table 1). We
also used the “North Atlantic domain” to construct the tsunami travel map for the entire North
Atlantic (Figure 6) and cdculate tsunami arrival times along the eatern Atlantic coast. In most
cases, the observed and computed arrival times are in good agreement. Observed arrival times
are generaly dlightly greaer than the computed travel time because the main tsunami wave was
generated by a failure which had duation d severa tens of minutes. The only region d
naoticedl e disagreement is the Burin Peninsula where computed arrival times are 35-50 min less
than for the observed arrival times (observed arrival time for St. Lawrence is taken from
Ruffman, 1997. Future improvements in the model will be focused onthisregion.

Tsunami travel times demonstrate the strong anisotropy of propagating waves (clearly seen
in Figure 6). These waves read goen ocean islands such as Bermuda in abou 2 hous (mean
spead ~ 700 kn/h) and the Azores in abou 4 hous (~ 630 kn/h). At the same time, tsunami
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wave speeds are much slower in the diredion o the North American coast, requiring 2.5 hto
read Halifax (~230 km/h) and 4.2 hto read Atlantic City (~380 km/h).

Table 1. Travel times of the 1929Grand Banks tsunami from the source

areato various stes (hous and minutes).

Approximate Arrival time
Location di(slt(z;\nn)ce
Observed Computed
Burin, Newfoundand 340 2h 28n 1h 48n
Halifax, N.S. 610 2h 5&n 2h 35m
Bermuda Islands 1445 2h Ofn 1h 50m
Atlantic City, N.J. 1630 4h 18 4h 13n
Ocean City, Md. 1700 3h 46 4h 05
Charleston, N.C. 2450 5h 5&h 5h 20m
Azores, Portugal 2440 ? 3h 55nm
Lagos, Portugal 4060 ? 6h 35m

Discussion

In general, tsunami waves can be generated by an urderwater landslide through two

different mechanisms. The first invalves a piston-like dfed in which the moving underwater

dide pushes water upward and laterally above the frontal part of the dide and daws it

downward at the rear part of the failure. Smilar thrust-like dfed is believed to be the maor

medchanism for earthquake-generated tsunamis. Seismicdly related seafloor motions have time

scdes much shorter than the typicd time of wave propagation, which is why theinitial sealevel

elevation can usually smply be taken as equal to the residual sea-floor displacement. In the cae
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of alandslide-generated tsunami, the time scaes for both the wave motion and slide motion are
comparable. The efficiency of the generation degpends on the ratio of dlide-thicknessto water
depth, such that the initial slide movement, occurring before the dlide leaves the shall ow-water
areg iscrucia in term of tsunami generation. For this reason, the initial position d the slide and
distribution d the dlide thickness as well as the timing of the failure, play key roles in the
formation d large tsunami wave heights. Unfortunately, the aurrent ladk of predse data on the
1929 dlide body leals us to use a very rough, unform-thickness model. It is important to
emphasize that progress in understanding the 1929 event and adiieving better agreement
between simulated and olserved data on the @ast of Burin Peninsulais more related to a better
knowledge of the parameters of the initial dlide fail ure than to improvements in the numerical
moded itself (e.g. using the Navier-Stokes or Boussnesqg equations instead o the shall ow-water
equations, as was done here). In fad, the same is true for many other slide- generated tsunamis
occurring in the world ocean.

Ancther effed that may be important for the 1929 event is the nonpiston interaction
between the water and the slide. This provides a seand mechanism for generating slide-related
tsunami waves. With increased slide velocity, the slide is transformed into a turbidity current
having high mass and momentum exchanges with the surroundng sea water. A simple
estimation shows that the impulse transfer of energy into the water is sgnificant. Although the
medhanics of this impulse transfer through water column is presently unclea, it may be
espedally important for the 1929 event, which is known to have been accompanied by
destructive turbidity flow.

Conclusions

We have succesdully undertaken an initial modeling of the tsunami waves originating with
the 1929 eathqueke-generated sediment failure on the ontinental slope off southern
Newfoundand. The fail ure was modeled as a flow dlide whose motion was controlled by the
sedloor morphdogy in the region. Our results are encouraging in that the timing of tsunami
arrivals at various control sites in the Atlantic Ocean are in reasonable agreement with visual
observations and tide gauge records.

This work is preliminary in nature and was meant to formulate the problem and attempt to
provide some initial model results. We will be refining the results based onongoing geologicd,

geophysicd and geotechnical studies; in particular, we hope to incorporate better estimates of
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initial position, failure thicknesses, volumes and physical properties as they become avail able.
Further tide gauge records will be sought in order to verify and tune the modd in terms of
arrival times and amplitudes. Sensitivity analyses will be undertaken to test the dfeds of
atering important parameters such as density, viscosity, falure styles, voumes and dide
distribution. If posgble, the inverse tsunami problem will be atempted in which tsunami
observed properties (e.g., travel times, amplitudes) will be used to constrain the fail ure-tsunami
model.
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Figure Captions

Figure 1. Map of the North Atlantic Ocean showing the locaion d the 1929 Grand Banks
eathqueke eicenter (star) and the sites where the 1929 tsunami was recorded o
observed.

Figure 2. The “external” computational domain used for the 1929 tsunami simulation. The
eathqueke epicenter (star) and the observation sites are indicated. The inset shows the
“internal” computational domain; shaded region denotes the area of the slide and the

arrow indicates the direction o fail ure propagation.

Figure 3. Snapshats of simulated tsunami waves for 30, 60, 90, 120, 15@nd 180min after the
1929Grand Banks didefail ure.

Figure 4. Simulated tsunami records at St. Lawrence Burin, Lamaline (all on the Burin
Peninsula, Newfoundand), Halifax (Nova Scotia), Atlantic City (New Jersey) and
Bermuda. Arrows indicate observed tsunami arrival times.

Figure 5. Observed 1929tsunami record at Halifax: (@) Original and (b) residua (detided).

Figure 6. Map of tsunami travel times in the North Atlantic Ocean for waves generated by the
1929Grand Banks didefailure.



