
‘‘The Hollow of the Deep-Sea Wave off Kanagawa’’ (Kanagawa Oki Uranami), a color
woodcut, No. 20 from the series Thirty-Six Views of Fuji, circa 1831, by Katsushika

Hokusai, a famous late 18th- and early 19th-century Japanese artist. Textbooks and many
websites depict this wave as a tsunami wave, but in fact it is a wind-generated wave. It has a
special shape called an N-wave, characterized by a deep leading trough and a very peaked crest.
Some tsunami, such as the one that struck the Aitape coast of Papua New Guinea on July 17,

1998, emulate this form close to shore.
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Preface

Before 10 am, March 18, 1989, I was a process geomorphologist who had dabbled into
the coastal evolution of rock platforms and sand barriers along the New South Wales
coastline of eastern Australia. I was aware of tsunami, and indeed had written about
them, but they were not my area of research expertise. No one had considered that
tsunami could be an important coastal process along the east coast of Australia. On
that March morning in brilliant sunshine, with the hint of a freshening sea breeze, my
life was about to change. I stood with my close colleague Bob Young, marveling at a
section of collapsed cliff at the back of a rock platform, at Haycock Point south of
Merimbula. We saw a series of angular, fresh boulders jammed into a crevice at the
top of a rock platform that did not appear to be exposed to storm waves. Unlike many
before us, we decided that we could no longer walk away from this deposit without
coming up with a scientific reason for the field evidence that was staring us in the face.
After agonizing for over an hour and exhausting all avenues, we were left with the
preposterous hypothesis that one or two tsunami waves had impinged on the coast.
These tsunami were responsible, not only for jamming the rocks into the crevice, but
also for the rockfall that had put the rocks on the platform in the first place. We did
not need a big tsunami wave, just one of about 1m–2 m depth running about 5m–6 m
above the highest limits of ocean swell on the platform. Over the next eight years that
wave grew immensely until we finally found evidence for a mega-tsunami overwashing
a headland 130 m above sea level at Jervis Bay along the same coastline. Subsequent
discoveries revealed that more than one wave had struck the New South Wales coast
in the last 7,000 years, that mega-tsunami were also ubiquitous around the Australian
coast, and that the magnitude of the field evidence was so large that only a comet or
asteroid impact with the Earth could conceivably have generated such waves. From
being a trendy process geomorphologist wrapped in the ambience of the 1960s, I had
descended into the abyss of catastrophism dredged from the dark ages of geology
when it was an infant discipline. Bob Young subsequently retired in 1996, but his
clarity of thinking about the larger picture and his excellent eye for the landscape are



present in all of our publications and reflected in this textbook. There was not a day in
the field with Bob that did not lead to excitement and discovery.

Since 1995, I have worked closely with Jon Nott from James Cook University in
Cairns, Queensland. Bob Young trained Jon, so I have lost none of Bob’s appreciation
for landscape. Jon has enthusiastically continued field research with me in remote
locations, and has uncanny luck for being able to obtain funding for a strange topic in
an age where economic rationalism and blinkered adherence to the safe academe of
the 1960s dominates. To stand with Jon at Point Samson, Western Australia, and both
realize simultaneously that we were looking at a landscape where a mega-tsunami had
washed inland 5 km—not only swamping hills 60 m high, but also cutting through
them—was a privilege. Few geomorphologists who have twigged for the first time to a
catastrophic event have been able to share that experience in the field with anyone else.
Jon, Bob, and I formulated the signatures of tsunami described in Chapter 3, while
Jon developed the equations for boulder transport also used in this chapter. David
Wheeler did the fieldwork that first identified the dramatic tsunami chevron-shaped
dunes at Steamers Beach, Jervis Bay. Since 2002, I have had the fortune of working
with Simon Haslett of Bath Spa University in the U.K. By chance, a brief academic
visit to the shores of the Bristol Channel in Wales with time to inspect medieval
churches led us to stumble across what we believe was a tsunami on January 30, 1607.
Much of the material about this event in the book is due to Simon’s ability to search
for, and interrelate, obscure manuscripts, and his dogged attention to detail in the
field. All of us have withstood the rebuff of peers that goes with ideas on catastrophism
in an age of ‘‘minimal astonishment’’. I hope that this book conveys to some the
excitement of our discoveries about tsunami.

It is difficult to write a book on tsunami without using equations. The relation-
ships among tsunami wave height, flow depth at shore, boulder size, and bedform
dimensions were crucial in our conceptualization of mega-tsunami and their role in
shaping coastal landscapes. In this second edition, the formulas have been either
simplified further or kept to a minimum. Wherever I have used equations, I have tried
to explain them by including a supporting figure or photograph. Terms used in
equations are only defined once where they first occur in the text, unless there could
be confusion about their meaning at a later point in the book. For reference, all terms
and symbols are summarized at the beginning of the text. Many dates are only
reported by year. Where ambiguity could exist, the prefix AD (Anno Domini) or
the suffix BC (Before Christ) is used. If there is no ambiguity, then the affix is dropped
and the year refers to AD. In some cases the term BP is used to measure time. This
refers to years before present and is commonly used when reporting radiocarbon or
thermoluminescence dates. Units of measurement follow the International System of
Units except for the use of the terms kilotons and megatons. There are many
definitions of the terms meteorite, asteroid, and comet. We have used the terminology
favored by those studying the possibility of near Earth objects (NEOs) colliding with
the Earth. A comet is any object consisting mostly of ice. An asteroid is any object
consisting of rock and larger than 50 m in diameter. If it is less than 50m in diameter,
then the object is a meteoroid. If an asteroid impacts with the Earth, it is still an
asteroid, whereas if a meteoroid impacts with the Earth, it is called a meteorite. In
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order to convey viewpoints and arguments, unobstructed by copious referencing,
strict adherence to formal, academic referencing has been relaxed. Usually, each
section begins by listing the relevant journal articles or books that either have
influenced my thinking or are central to the topic. Again, I apologize to anyone
who feels that I have ignored their crucial work but the breadth of coverage precluded
a complete review of the literature on many topics. All references to publications can
be found at the end of the book. Some articles and data were acquired from the
Internet. The Internet addresses in these cases are also referenced. Such material may
not be readily available because the addresses have changed or because of the lack of
an archival tradition for this new resource medium. Where material is not available in
the literature or through these forums, it has been acknowledged at the beginning of
the text.

Finally many researchers have published their field descriptions and interpreta-
tions without ever invoking mega-tsunami as an explanation. To find somebody re-
interpreting their results may appear offensive. We publish our results not necessarily
to duplicate the past, but to further knowledge. In many cases, I have found that
tsunami explain the field evidence in publications better than the explanation given at
the time.

Ted Bryant
August 2, 2007
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             width = 4 m 
      thickness = 4 m       
               mass = 346 tonnes 
         volume = 128 m3 

 wave height = 2.6 m
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 wave height = 8.5 m
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Subject: Tsunami Information Bulletin     

Date:   Fri, 17 Jul 1998 09:46:05 GM T     

From:   TWS Operations <ptwc@PTWC.NOAA.GOV>        

To:        TSU NAM I@ITIC.NOAA.GOVTSU NAM I

BU LLETIN NO. 001

PACIFIC TSU NAM I WARNING CENTER/NOAA/NWS

ISSU ED AT 0943Z  17  JU L 1998

THIS BU LLETIN IS FOR ALL AREAS OF THE PACIFIC BASIN EXCEPT CALIFORNIA,
 OREGON, WASHINGTON, BRITISH COLU M BIA, AND ALASK A.

.  .  THIS IS A TSU NAM I INFORM ATION M ESSAGE, NO ACTION REQU IRED  .  .

AN EARTHQUAK E,  PRELIM INARY M AGNITU DE   7.1   OCCU RRED AT 0850 U TC 
  17 JU L 1998, LOCATED NEAR         LATITU DE  2S        LONGITU DE 142E 
IN THE VICINITY OF NORTH OF NEW GU INEA

EVALUATION:  NO DESTRU CTIVE PACIFIC-WIDE TSU NAM I THREAT EXISTS.             
                        HOWEVER, SOM E AREAS M AY EXPERIENCE SM ALL SEA LEVEL 
                        CHANGES.

THIS WILL BE THE ONLY BU LLETIN ISSU ED U NLESS ADDITIONAL
INFORM ATION BECOM ES AVAILABLE.

.  .  .  NO PACIFIC-WIDE TSU NAM I WARNING IS IN EFFECT  .  .  .
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Diameter of an iron asteroid (m)
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IN CASE OF EARTHQUAKE, GO TO
HIGH GROUND OR INLAND
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Figure 2.1. An artist’s impression of the tsunami of April 1, 1946 approaching the five story–
high Scotch Cap lighthouse, Unimak Island, Alaska. The lighthouse, which was 28m high,

stood on top of a bluff 10m above sea level. It was completely destroyed (see Figure 2.9). The
wave ran over a cliff 32m high behind the lighthouse. Painting is by Danell Millsap, commis-
sioned by the United States National Weather Service.



Figure 3.1. The remnant plug at the center of a vortex bored into granite at the front of a cliff at
Cape Woolamai, Phillip Island, Victoria, Australia. The ridges in the foreground indicate that

flow around the plug was counterclockwise and consisted of a double helix. A catastrophic
tsunami wave produced the vortex as it washed along the cliff. John Meier.#



Figure 5.1. Artist’s impression of the second and largest tsunami smashing into the Alaska
Railway terminus at Seward in Prince William Sound, March 27, 1964. Locomotive 1828 was
carried 50m. Note that the locomotive has become a water-borne missile—a trait often
generated by tsunami bores as described in Chapter 2. Drawing by Pierre Mion and appearing

in December 1971 issue of Popular Science. Source: http://www.alaskarails.org/historical/
earthquake/photos/tidal-wave.jpg



Figure 7.1. An artist’s impression of the tsunami from the third explosion of Krakatau
hitting the coast of Anjer Lor at about 10 :30 am on August 27, 1883. Lynette Cook.#



Figure 8.1. An artist’s impression of the Chicxulub impact tsunami as it crossed the coastal
plain of the United States. The impact event was responsible for the extinction of the dinosaurs,

65 million years ago. The figure appeared originally in Alvarez (1997). Ron Miller 1997 and
reprinted by permission.

#



Figure 8.15. Comet Rock, Kalumburu, Western Australia. The tail of the rock is orientated
310� to the NW. The painting of the comet is Wandjinan in age. This rock lies about 5 km from
the ocean on a plain covered in a layer of beach sand.



Figure 8.16. A typical Wandjina face painted on rock shelters throughout the Kimberley. The
barbed hood represents lightning. Wandjina do not have a nose or mouth. The comet-like
symbol in place of the nose represents power. Wandjina do not need a mouth because their

knowledge is greater than what can be spoken.



Figure 9.1. Drawing of a tsunami breaking on the Japanese coast. The drawing probably
represents the September 1, 1923 tsunami, which affected Sagami Bay following the Great
Tokyo Earthquake. While this earthquake is noted for its subsequent fires and appalling death
toll, it generated a tsunami 11m in height around the bay. The drawing is byWalterMolino and

appeared in La Domenica del Corriere, January 5, 1947. Source: Mary Evans Picture Library
Image No. 10040181/04.
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