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Foreword

A
end of the nineteenth century, happened nearly unnoticed by the public. This evo-
lution has created a special art of imaging considered impossible before: the abil-
ity to generate images of large areas of the ocean floor nearly as detailed as aerial
photographs. These images are three-dimensional and generated by sound. Echo-
sounding, invented already in the second decade of the last century, produced depth
data along the ship’s course but no images of the kind we are familiar with. Imag-
ing requires covering a surface. The breakthrough of imaging the sea floor by three-
dimensional sampling of its surface along broad stripes instead of lines became
possible only with the concurrence of three fundamental technologies: precise and
worldwide satellite navigation, high speed computers with storage of huge amounts
of data and the hard- and software of multibeam echosounders of up to a hundred
sound beams and more in parallel.

It is a peerless maritime imaging technology in kind, accuracy and resolution,
and it deals with a unique documentation. It is the history of the ocean floor, im-
printed in its relief, visualized by sound imaging. The deep sea floor has preserved
its geodynamic history over many millions of years; on the continents most of
such traces have been lost due to erosion. Imaging the ocean floor is exemplary for
the role of scientific imaging: it is the visualisation of the reality that has guided
research, brought forth discoveries, and confirmed or refuted theoretical presump-
tions. This applies in particular to fields of high complexity like marine geo-sci-
ence, exploring the specific and significantly different interacting processes of the
vast variety of ocean areas. High resolution sound imaging provides also a guide
for follow up research applying non acoustic methods such as magnetometry,
gravimetry, close-up photography and bottom sampling and -coring. But advanced
sound imagery has become itself an indispensable diagnostic tool to identify fun-
damental processes reshaping the floor of the ocean.

The sound images presented in this book comprehend examples of quite differ-
ent areas and formations of the world’s oceans provided by more than a hundred
image authors from institutions of over 20 countries. The amazing progress is evi-
dent from the age of the images shown: the majority are a few years old at most.
The progress encloses the development of further methods of sound imaging the
sea, below, at, and above the sea floor. It has resulted in a broad and ever growing
field of scientific, technical, economic, and governmental applications. These ap-
plications, their achievements and possibilities are definitely deserving of a sur-

 technical invention and its evolution during the last decades of the twentieth
century, comparable to the invention of photography and X-ray imaging at the
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vey. The fascination of the images, revealing widely unknown scenarios of the hid-
den side of our planet will inspire and raise interest of scientific neighbors and of
non-experts. It will be a contribution to an interdisciplinary understanding of the
subject of sound imaging the ocean which is in fact a common tool, connecting
ocean research, utilization, and protection.

The understanding of the interaction between the hot interior of the Earth and
its surface, the lithospheric plates causing volcanism and earthquakes, the rise of
new sea floor at the mid ocean ridges and the processes of sea floor subduction at
the opposite margins of the tectonic plates, is essentially based on acoustic imag-
ery. This includes the outer relief as well as the internal structure. Comparable
time spans of many million years of climate history are documented in the sedi-
ment stratification. It is part of the prehistoric diary of the Earth, resolved by ad-
vanced high resolution sub-bottom profilers, which also disclose sub-sediment
morphologies and discover large deposits of hydrocarbons. Acoustic Doppler cur-
rent profilers, together with other acoustic facilities and methods give us the fea-
tures of ocean current systems, the Conveyor Belt of by far the largest amount of
mobile heat energy on Earth, determining the climate of continents. It has been
disclosed by acoustic means that current systems are guided by the sea floor relief
far beyond the ridge crests. Marine acoustics quantifies also other processes of
climate relevance like air intrusion into the sea. It has imaged coastal sediment
motion like the migration of large dunes and various types of erosion and re-sedi-
mentation up to past coastal slides of thousands of cubic kilometers with disas-
trous impact.

It is true: imaging the sea by sound has developed to an admirable degree of
perfection but it cannot remove the fact that imaging of entire oceans is time con-
suming to say the least. It is realized with research- and hydrographic survey ves-
sels proceeding not much faster than a bicycle as they cover the sea floor with a
carpet of soundings, a few times the width of the water depth at most. Thus, only a
minor part of the deep sea floor, in other words, of two thirds of the Earth’s surface,
is as yet known in as much detail as the surface of the moon.

The book compares the slow but high resolution acoustic imaging with another,
indirect kind of ocean floor imaging: a rapid but low resolution method where
satellite technology is the key requirement. Scanning the sea surface by satellite
radar provides a coarse copy of the floor relief below by utilizing its varying local
gravity. Undersea mass concentrations like large mountains attract the water above
slightly more than the girdling abyssal plain, and deep valleys with their mass defi-
cit correspondingly less, which causes bulges and dents respectively at the surface.
This gravity anomaly method has revealed large scale structures of the ocean floor
for the first time in their totality and in remote ocean areas. It has become an im-
portant guide to select sites of interest for detailed tectonic and geologic research
relying on advanced ship-borne sound imagery. The overviews based on gravity
anomaly, improved in resolution by blending with soundings are presented as glo-
bal depictions and in comparison with high resolution acoustic imagery.

Limitation was necessary. Beyond scope are methods of acoustic underwater
communication and remote control, in particular for offshore construction activi-
ties. Ocean surveillance and reconnaissance by Sonar in the framework of military
defense is excluded as well – with the exception of acoustic sea mine hunting –
although the navies also deal with acoustic imaging and naval underwater acous-
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tic technology has often been the forerunner of ocean research applications. Nev-
ertheless Naval officers, in particular Sonar-operators, need to familiarize them-
selves with the acoustic features of their environment, its various peculiarities and
varying potential of natural camouflage, hiding or simulating targets of interest by
acoustic similarities.

Some of the sea floor images of large areas with many details would require a
much larger type area than a book can provide. These images are copied in addi-
tion for zooming on the CD attached to the book. The CD moreover contains sev-
eral Fledermaus-versions of sea floor reliefs where choosing the preferred direc-
tion of view is essential. This is particularly necessary with the Globe containing
the complete land and sea relief of our planet with a resolution of 5 arc minutes.
The Fledermaus-Globe can be easily turned around the two axes with the PC-mouse
and arbitrarily zoomed. Several virtual flight-animations through undersea land-
scapes of recent high resolution relief imagery and a quick-motion movie of dune
migration from a panorama-echosounder are included as well. Some examples of
different sea floor material acquired by the respective acoustic backscatter can be
visualized as genuine 3D-depictions with red-green binoculars.

The book, covering a wide variety of special subjects of international sound
imaging application in the sea is necessarily a composite product. The main part
consists of course of the sound images, many of them unpublished, and scientific
information provided by the image authors and their institutions. Most of the sec-
tion texts and image captions including the introduction to the basic facts are writ-
ten by the author of the book. The image-related texts are based on the correspon-
dence with the various experts and image authors and have been reviewed by them.
The correspondence included thorough discussions as to how to explain complex
relationships to non experts and to condense the results to the essence of the in-
vestigation, the “message”. Two key sections are complete articles specially written
for the book by the respective experts. They are indicated by the authors’ names, as
well as a few others which have been essentially written or rewritten by the respec-
tive experts.

The book respects the reader who is interested in key technologies and achieve-
ments of ocean research but does not want to be confused with highly specialized
terminology or wearied by complicated theory. The book therefore relies heavily
on the direct, nearly self-explanatory evidence of the product of ocean acoustics:
the authentic, quantitative sound image. There is strong emphasis on practical re-
sults in order to outline what we can expect in reality in accordance with the limits
set by physics and environment. Mathematics are replaced by verbal explanations.
An appendix includes some formal relations and the literature indexes of the sub-
ject sections refer to the related textbooks and recent original papers.

Altogether this way of generating an interdisciplinary special book provides
much of the authenticity and actuality of congress proceedings and also much of
the homogeneity of a normal textbook. The contributors provided their voluntary
and generous collegial support because they consider such a book useful, even
necessary.

Hans Werner Schenke
Alfred-Wegener-Institut
für Polar- und Meeresforschung



presented here were generated during recent years by means of advanced echo-
sounder systems of various techniques. The beauty of these sound images and their
almost self-explanatory message will also fascinate other scientists and a wider
public. The images have been contributed by 120 experts from 22 countries en-
gaged in geosciences, offshore industry, offshore economy, surveillance and even
archaeology.

The comparison of sound images of the sea floor with its coarse copy by the sea
surface relief deformed by mass attraction of the seamounts below and recorded
by satellite radar is of particular interest. It underlines the peerless role of high
resolution acoustics but also the necessity to complete our insufficient knowledge
of the deep sea floor world which is disclosed in detail by only a few percent as yet.
But the sound images also reveal the necessity for protection because the future of
mankind will depend to a great extent on the resources to be taken from the ocean
volume and the seafloor.

For many decades now, our company has been one of the major players on the
scene of ocean acoustic system development and production. In particular multi-
beam systems and non-linear high resolution sediment echosounders facilitated
the hydroacoustic examination of the seafloor. These activities encompass the whole
range of hydroacoustic surveying equipment: from portable units for the survey of
riverbeds and inland waterways to permanently installed systems for oceangoing
research vessels. The acoustic data collected by research vessels have been pro-
cessed in the images which are part of this book.

In the future, however, autonomous underwater vehicles (AUV) will increas-
ingly be used for the research and inspection of the water volume, the seafloor and
the structures built upon the seabed. These vessels will take over many of the tasks
which until now could only be performed by complex and expensive research ves-
sels. For these tasks, the AUV will have its own intelligence, very precise navigation
systems, optical and acoustical sensors, communication and fuel cell energy and
propulsion systems. The growing market of AUV will be expanded by products
which can be summarized as robotics. In the years to come, not only the unmanned
and autonomous exploration but also the automatic execution of manual func-
tions will become possible in the “blue waters”. Comparable developments can be

Foreword by the Sponsor

In this book, Peter C. Wille opens the hidden world of seafloor landscapes, which
until now were nearly accessible exclusively to specialists. The impressive images
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seen in the military naval sector, where this trend is aptly described as the sonars
are leaving the ships. Both markets are served by ATLAS ELEKTRONIK GmbH
with products that are setting new trends as our multibeam echosounders did years
ago. The further deployment of AUV will be analogous to the missions of space
probes with the distinction that operations in the hydrosphere offer the benefit of
repeated use.

Our commitment in the compilation of this book is characterized by our par-
ticipation in the worldwide gathering of Sound Images of the Ocean through the
provision of our multibeam- and sediment echosounders. Additionally, we realize
that this largely unknown part of our blue planet, presented with this book, is wor-
thy of appreciation by a wider audience.

ATLAS ELEKTRONIK GmbH
Bremen, December 2004

Manfred Meyersieck Manfred Siegel



Preface

Formations of scientific and general interest, where large parts of the sea floor, the
tectonic plates, are being subducted under adjacent tectonic plates have now be-
come a frightening subject of another dimension. The mechanisms of destruction
of human settlements by tectonic processes were known before: the majority of
earthquakes and volcanism happen at or near plate margins. History reports of
giant waves, propagating at enormous speed, which devastated coastal areas. The
Japanese, overrun by the largest number of this kind of deluge, generated by a
sudden uplift of the overriding tectonic plate, named them Tsunami. Through the
last four centuries nearly two dozen giant Tsunamis have been recorded, each of
which killed from more than 2 000 up to 40 000 people. The Sumatra Tsunami of
December 2004, when presumably more than 300 000 died and millions became
homeless, is unparalleled in history however: an apocalyptic catastrophe. The earth-
quake magnitude 9.0 is one of the highest ever recorded and corresponds to the
energy of 32 000 Megatons TNT. The disaster, unimaginable before, has created an
overwhelming response in charity worldwide, but has made us aware again that we
are living on the cool but fragile skin of a glowing globe of which we still know
only little. The need for a global Tsunami warning system has become strikingly
evident. Though earthquakes cannot be predicted, they can be detected, localized
and measured in magnitude, and the arrival of resulting Tsunamis, propagating
oceanwide, can be made known in advance to save human lives.

The compilation and preparation of this book was completed before the date
that shocked the world. However, the publisher has agreed to insert an image of the
sea floor relief with the epicenter area in the Indian Ocean. This image, on short
notice personally prepared and provided by the Director of the Center for Coastal
and Ocean Mapping, L. Mayer, USA, is based on the Sandwell and Smith predicted
topography data from NGDC, available prior to the Sumatra Tsunami. Scientific
evaluation of actual seismic records in detail and subsequent mapping of the area
in near future by high resolution sound imaging will throw light on the origin of
this tragedy.

This book is the first attempt to publish a comprehensive overview of the wide
variety of acoustic applications in the fields of research, of utilization, surveillance
and protection of the ocean. This sound image collection covering a large number of
subjects and sites of the world’s oceans and coastal waters is both interdisciplinary
and international. It has been enabled by the generous support of more than 120 ex-

he particular fascination evoked by many of the sound images of the sea floor
presented in this book has changed its character since the 26th December 2004.T
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perts and sound image authors from 22 countries. The images have been selected as
representative of the work of the image authors and their subjects. These subjects
range from the evidence of plate tectonics and continental shift and from methane-
hydrate deposits, containing more than twice the amount of all other carbon hydrates
on Earth, to indications of ocean warming imaged by acoustic tomography; from
submerged cities to historic ship wrecks; from large submarine canyons to huge
landslides; from sea lane surveillance and biomass monitoring to images and sound
tracks of whale echosounding and communication; from sub-polar ice imaging to
steering of the Gulf stream by undersea topography; and from the Arctic Ocean to
Antarctica. Unlike the continents and islands inhabited and shaped by man, the
deep sea, much more than the continental shelf, is the exclusive territory of nature
with marginal human impact hitherto, apart from relics of ship disasters and wars
through the centuries and communication cables in the last few decades.

The book is not a high-resolution sound imaged atlas of the world’s sea floor.
Two-thirds of the globe is ocean, and only a low percentage of ocean floor has been
sound imaged by advanced technology so far. Nevertheless, the book does provide
a global atlas of the hidden side of the Earth, albeit in less detail. All available echo-
sounder data – the sparse sounding lines in remote areas of the world as well as the
denser measurements near coasts and sea lanes – has been merged with satellite
radar data of the sea surface relief, providing a coarse copy of the sea floor beneath.
The weak bulges and dents are generated by gravity anomalies which attract the
sea volume above a submarine mountain slightly more than above a valley. The
merger of these two independent data sets, combined to form a complete globe – a
pioneering work by leading experts – is the best possible overview at present of the
nearly infinite variety of sea floor formations. This overview has become indis-
pensable as a guide for site selection of follow-on high resolution acoustic close-
ups of the outer relief and the structure below, to reveal the details of processes for
further on-site research. The CD included with the book allows zooming and turn-
ing of the relief globe, as well as of very large sound images.

The book demonstrates the capability of the various technologies of sound im-
aging as diagnostic tools – similar to ultrasonics in medicine – but the aesthetic
appearance of many of these images evokes appreciation beyond mere informa-
tion. The book is intentionally written for the non-expert who may be a scientist
from a neighboring faculty. All comments and textual documentation accompany-
ing the image collection, as well as the introduction to the basic facts of ocean
acoustic imaging, have been reviewed and supplemented by the respective experts.
The intention is to raise and maintain interest in those formations and processes
of the ocean which are beyond the access of photography – by far the majority.

Peter C. Wille April 2005
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