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FPalais de Monaco

The history of the General Bathymetric Chart of the Oceans is the result of the persevering endeavours of my
great grandfather, Prince Albert I, to achieve the publication of its first edition. Its subject matter covers many
fields of interest.

Within the history of science, beginning in 1870 through to the First World War, oceanography became
autonomous from geography of which it originally seemed to have been a subdivision.

For an uninterrupted period of a century, there are but few instances attesting to a close interdependence between
science and technology. At the beginning, the Chart was written to satisfy a legitimate scientific curiosity. Also,
the possibility then of drawing up a Chart and to insert therein accurate information required the following ‘sine
qua non’ conditions: the ever improving oceanic precision instruments and methodology. The evolution of tech-
nology at an accelerated pace during the 20th century (sounding, positioning, gathering and interpretation of
information) was one of the most remarkable demonstrations derived from the progress achieved in precision
instruments and oceanographic methodology.

During and after the Second World War, the importance of underwater navigation added a military value to
bathymetric information. As a result of this situation, particularly during the ‘Cold War’, bathymerric informa-
tion was ‘classified’. This was, in effect, detrimental to scientific research and made it all the more difficulr to
elaborate new accurate and up-to-date editions of the General Bathymetric Chart of the Oceans.

More recently, new economic and legal dimensions have resulted in an increased interest of the Chart. Bathy-
metric sctence was thus encompassed within the rules of the «The Law of the Sea» relating to areas in which
States exercise their sovereignty and their rights of exploitation of the seas.

Those successive developments demonstrate the difficulties encountered in the realization of the Chart. Its interna-
tional status, present from the beginning, increased: however, the competence and the good will of a restricted
number of specialists could no longer control the influx of information gathered at a time when sounding and
ultra-sounding techniques were being used. Dr. Richard, following Prince Albert’s instructions, used clever judge-
ment in transferring his responsibilities to the International Hydrographic Bureau which, in 1921, the Prince
established in Monaco.

It is appropriate at this time to mention the outstanding tasks performed by Prince Albert with regards to the con-
ception and the realization of the first two editions of the General Bathymetric Chart of the Oceans. He referred
to the Chart in the several conferences he held in many European countries. In 1903, the characteristics of the
Chart having been defined ar a meeting in Wiesbaden, he mentioned this enterprise in each one of his talks. In
his ‘Exposé about the Ocean’ held in Washington in 1921, he emphasized the importance of the Chart and the
upheavals that new sounding techniques would bring about in establishing 1t.

Due to his position and the relationships he maintained with other Sovereigns and Chiefs of State, the Prince was
able to obtain bathymetric information rather quickly from a variety of ships, namely military, scientific, com-
mercial and cable-laying vessels. Additionally, the confidence he placed in arbitration to solve delicate problems
caused him to act as a mediator between the two scientific tendencies which clashed with one another regarding
submarine nomenclature, namely an uncompromising dogmatism opposed to pragmatism, the latter hostile to a
vet necessary standardization.

Professor Thoulet, the driving force behind the General Bathymetric Chart of the Oceans and close collaborator of
Prince Albert, had perfectly foreseen the future of the Chart when he wrote: "The Chart is a document which
aims continually rowards perfection all along its successive publications, but it shall never be finished".
*
* ¥k
*

This book is a legacy to the vision of Prince Albert the precursor in this and other domains. Let me express my
thanks to its writers for their tribute to him, as well as to all those - in his time or since then - who pursued his
task.

February 2003.



(From the collections of HSH the Sovereign Prince of Monaco)



Preface

Maps and exploration go hand in hand. The
one feeds off the other. Explorers need to know
roughly where they are going, and in turn
define better the territory they have explored.
This is as true under the oceans as on land.
The nineteenth century saw an explosion of
interest in the natural world — expeditions to
the remoter parts of the continents, the collec-
tion and classification of plants and animals,
rocks and sediments — together with an increas-
ing understanding of the processes creating it.
But the greater part of the world’s surface
under the oceans was largely unknown. It was
natural therefore, as attention turned to the
geology of the ocean floor, to the movement of
the waters in the oceans, to life in the deep and
to the chemistry that supported it, that there
should be a demand for maps describing the
shape of this hidden world.

At the turn of the century, a group of far sight-
ed geographers and oceanographers, under the
leadership of Prince Albert of Monaco, initiated
the preparation of a global series of charts
which contoured the relatively few deep sea
soundings taken by lead line, a project that
became known as the General Bathymetric
Chart of the Oceans — or GEBCO.

This year we celebrate one hundred years of
GEBCO, not only looking back over its fasci-
nating and varied history, but also looking for-
ward to the increasing demand today for
detailed and accurate charts of ocean floor mor-
phology, in a form that can be easily used in the
age of computers and process modelling.

The products of the last century have been

achieved under the patronage of the Princes of
Monaco, the International Hydrographic
Bureau, the Institut géographique national of
France and the Intergovernmental Oceano-
graphic Commission. But little progress would
have been made in the last three decades with-
out the voluntary efforts of many other national
and international organisations, and the dedi-
cated enthusiasm of numerous individuals
throughout the world, to whom GEBCO owes
a great debt of gratitude.

This volume reflects the development of the
project during the twentieth century and has
been largely written by those who have been
involved. The editor, Desmond Scott, as Secre-
tary of the IOC, negotiated in 1973 with Rear-
Admiral Steve Ritchie, President of the IHB,
the coalition of oceanographers and hydro-
graphers to ensure that science and technology
worked together. Jacqueline Carpine-Lancre,
specialist in the history of oceanography, pres-
ents the historical perspective of the early days
of GEBCO. Later chapters have all been writ-
ten by past and present members of the
GEBCO family, reflecting their own input to
the project.

I am honoured to have been involved with one
of the longest standing hydrographic and
oceanographic projects, and hope that this vol-
ume will provide a backcloth for understanding
the historical development of ocean science.

Sir Anthony Laughton
Chairman GEBCO
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INTRODUCTION 1

The Seafloor

The seafloor occupies more than twice the area
of the land; relative to sea level, its average
depth is 3,800 metres whereas the average
height of the land is 840 metres. Its flat areas
are larger and flatter; mountains, valleys and
trenches are more rugged, have higher relief
and are more extensive. The continental blocks
are very thick (more than 30 kilometres) and
are as old as 4,500 million years, whereas
oceanic crust is ~7 kilometres thick and is
nowhere known to be older than ~200 million
years. The incidence and intensity of earth-
quakes and volcanic activity clearly indicate that
it is in the oceanic crustal areas and their Pacific
margins that on a global scale there is the great-
est activity.

From geophysical evidence gathered mainly
from the ocean floors, the theory of plate tec-
tonics, following on from Wegener’s earlier the-
ories of continental drift, was developed during
the 1960s. It has provided a comprehensive and
reasonably consistent explanation for the above,
and many other, contrasting relationships
between continents and ocean basins, and it
revolutionized the earth sciences. Plate move-
ments are driven by forces acting on the litho-
spheric plates which have continuously genera-
ted new oceanic crust at the site of seismically
active mid-ocean ridges, and simultaneously
caused the destruction of older oceanic crust in
deep marginal seismically active trenches; these
are a feature of Pacific bathymetry.

Some concentrated zones of thermal energy
transfer and mineralization from subcrustal
sources have been located on the mid-ocean
ridge system where new ocean crust is being
formed; the floors of some deep ocean basins
are strewn with nodules enriched in man-
ganese, nickel and cobalt; nodules rich in phos-
phate suitable for fertilizer production have
been found on some continental shelves which
are in addition the scene of intensive hydrocar-
bon exploration and, in some areas, are already
being exploited in water depths of up to 2,000
metres. Movement of deep, and surface, ocean
currents are modified by seafloor relief fea-
tures.

As on land, a basic prerequisite for good plan-
ning and management of any area and its
resources is a good topographic map construct-
ed from familiarity with the terrain and the
processes which have shaped it, and access to
the maximum amount of accurate basic data.
This has been provided over the past century,
to the limits imposed by technological develop-
ments at the time, by the General Bathymetric
Chart of the Oceans (GEBCQO). The oceans
and their floors are potentially exploitable on a
larger scale than is the case at present and,
especially in the case of renewable resources,
further exploitation will require careful regula-
tion based upon knowledge, understanding and
good management under the legal structure
provided by the United Nations Convention on
the Law of the Sea, which confers responsibili-
ties upon many States to which they are, as yet,
unused.

GEBCO - A Century of Ocean

Mapping

During the 18th and 19th centuries there had
been a number of individual initiatives, two of
which should be particularly mentioned: publi-
cation of the ‘Physical Geography of the Sea’
(1855) by Matthew Fontaine Maury which
included an updated version of his first bathy-
metric chart of the North Atlantic (fig.16), and
the highly successful achievements of the "Chal-
lenger" Expedition (1872-1876).

Following these initiatives, a proposal was made
by two German geographers, Professor Her-
mann Wagner and Professor Otto Kriimmel, to
the 7th International Geographic Congress held
in Berlin in 1899 for the development of an
international agreement on nomenclature and
systematic terminology for sub-oceanic relief
features. In response, the Congress nominated a
Commission which was ‘charged with the
preparation of a bathymetrical map of the
oceans, in accordance with the purpose of the
committee’ (sic English text only).

The importance with which this project was
seen is clear from the fact that eight of the lead-
ing geographers and scientists of the day were
appointed by the Congress to form the Com-
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mission. With one death and some minor
changes, the members of the Commission,
though having different levels of interest and
participation, set about developing the first edi-
tion of the GEBCO.

However, as has been the case with the
GEBCO over its whole history, little in the way
of financial support was forthcoming and it was
not until the April 1903 meeting, that, due
largely to the scientific competence and experi-
ence of Professor Julien Thoulet of the Univer-
sity of Nancy, His Serene Highness Prince
Albert I of Monaco offered to organise and
finance the production of a new series to be
designated ‘la Carte générale bathymétrique des
océans’ (the General Bathymetric Chart of the
Oceans): GEBCO. This then was the origin of
the GEBCO.

A remarkable photograph (fig.1) from the
archives of the Musée Océanographique,
Monaco, of the first meeting of the internation-
al Commission, Wiesbaden, 15-16 April 1903,
chaired by HSH Prince Albert, shows five
other members, together with Enseigne de
Vaisseau Charles Sauerwein, later to become
Prince Albert's aide-de-camp. It is this date
that has been taken into account in declaring
the centenary of GEBCO, and the decision to
hold a Centenary Conference in Monaco, 14-
16 April 2003, 100 years to the day from this
inaugural meeting.

The first edition of GEBCO was based largely
on listings published by the French and British
Hydrographic Offices, the great majority of
which came from cable-laying ships, together
with data from many oceanographic cruises
and polar expeditions. Its production in just on
two years resulted from the energy and drive of
the Chief Cartographer, Alphonse Tollemer,
his deputy Jean Morelli, and their team of
draughtsmen. The resulting chart series was
received with satisfaction (and thanks to Prince
Albert), by the 8th International Geographic
Congress in Washington DC and New York,
and the first edition was published in May
1905. However, it came in for some criticism,
in particular from two of the Commission
members, Professors Alexander Supan and
Otto Kriimmel, and also from another leading
geographer/geologist of the day, Professor
Emmanuel de Margerie, who subsequently
became responsible for inserting the land relief
on the second edition. Prince Albert’s 'Cabinet
scientifique', now under the direction of Lieu-
tenant de vaisseau Henri Bourée, had contin-
ued with their compilation work; they had by

now double the amount of data to work with,
and they were also able to take into account
the criticisms made about the first edition.

On the occasion of the inauguration of the
Musée Océanographique at Monaco in 1910,
Prince Albert called together another interna-
tional commission of experts to discuss the
guiding principles to be followed for the second
edition. This edition was then started and
eleven sheets were published between 1912 and
1914 before production had to be halted owing
to the First World War. Emmanuel de Margerie
became heavily involved in this production and
Gerhard Schott became the main reviewer of
the bathymetry.

Prince Albert died in 1922 and, in accordance
with the wishes expressed in his will, responsi-
bility for the GEBCO then passed to Dr Jules
Richard, Director of the Musée Océano-
graphique. His achievement in completing the
series deserves considerable credit, though it
was not until 1931 that the final sheet of the
Second Edition could be published.

By now the days of the echo-sounder had
arrived and the sheer volume of sounding data
was overwhelming the resources and handling
capacity of the Musée Océanographique. The
International Hydrographic Bureau had been
established in 1921, and Dr Richard soon
looked to the Bureau to take over responsibility
for the GEBCO; however he accepted that this
would not be until his own task of producing
the second edition had been completed.

At the 1* Supplementary International Hydro-
graphic Conference in 1929 the Bureau was
charged with ‘keeping up-to-date’ the GEBCO
and this led to the development of a logistical
system to handle the increasing volume of data
that was becoming available. The third edition
was compiled by the IHB staff, while Hydro-
graphic Offices of Member States were request-
ed to supply all available oceanic soundings.
Discrete wire soundings were still being collect-
ed by ships that could stop on station for
lengthy periods of time, and they were few
enough for it to be possible for them to be pub-
lished in the form of lists by the major national
Hydrographic Offices. Echo-soundings, how-
ever were submitted on a new series of plotting
sheets on Mercator projection at a scale of 1:1
million, and were then collected on to a world-
wide series of master sounding sheets main-
tained by the Bureau. This system lasted until
1962 when responsibility for maintaining the
1:1 million scale plotting sheets was divided
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4 THE HisTory OF GEBCO

amongst eighteen Volunteering Hydrographic
Offices (VHOs).

Publication of the third edition started in 1932
but again work progressed slowly. There was a
lengthy hiatus due this time to World War II,
and this, together with the rising flood of new
data, were contributing factors. However, the
main reason was the lack of financial support
which restricted deployment of resources to a
single draughtsman, so it was not until 1955
that the edition was declared finished. Even
then only 18 sheets had been actually pub-
lished, though three of the polar sheets were
published later (1968-69) after the fourth edi-
tion had been started.

The Sixth International Hydrographic Confer-
ence in 1952 had recognised the need to bring
out a fourth edition of the GEBCO and, due to
the rapidly increasing amount of new data
becoming available, the Conference had pro-
posed a 5-year cycle for updating the various
sheets. However it soon became clear that this
was beyond the resources available to IHB, so
in 1962 responsibility for the maintenance of
the plotting sheets was transferred to the VHOs
and in 1965 an agreement was reached between
the Bureau and the French Institur géographigue
national (IGN) by which the latter took over
responsibility for drawing the contours, carto-
graphic compilation, printing and sales of the
GEBCO, with the THB acting as co-ordinator
for the whole project. A GEBCO Committee
was formed to take responsibility for verification
and correction of geomorphological details.
With this structure the final three sheets of the
third edition and four sheets of the fourth edi-
tion were published between 1966 and 1970.
However by this date adverse criticism from the
scientific community had resulted in a complete
fall in demand, and suggestions were being
made that the whole GEBCO project should be
abandoned.

It was at this time that the oceanographic com-
munity first became actively involved. A world
bathymetric chart was clearly needed but the
GEBCO, as then being provided by the third
and fourth editions, was unsuitable for their (or,
as it appeared from the sales figures, anyone
else’s) requirements. The International Council
of Scientific Unions (ICSU) had formed a Spe-
cial (later Scientific) Committee on Oceanic
Research (SCOR), initially to oversee the Inter-
national Indian Ocean Expedition, and in 1972
SCOR Working Group 41 - Morphological
Mapping of the Ocean Floor - was established
‘to determine a rational scheme for the reduc-

tion and presentation of sounding data that
would constitute a framework in which the
international geological mapping of the sea floor
could proceed.” The Working Group reported
on lst May 1973 and a new structure for
GEBCO, including members of the oceano-
graphic community, was formed based on these
recommendations, leading to abandonment of
the existing structure and to the preparation of
a new, and much more acceptable, fifth edition
which was completed in 1982, followed by a
world sheet two years later.

The GEBCO Structure

The preparation of the Fifth Edition was a col-
laborative effort between the International
Hydrographic Organization (IHO) and the Inter-
governmental QOceanographic Commission
(I0C) of UNESCO, with the IHO responsible
for co-ordinating the efforts of the Hydrographic
Offices in its Member States and the IOC
responsible for attracting eminent marine geolo-
gists and geophysicists to collaborate in the work
of GEBCO. Supervision of the project was pro-
vided by a Joint IOC-IHO Guiding Committee,
composed of ten members, five from each spon-
soring body. Amongst the IOC members were
representatives of the Scientific Committee on
Oceanic Research (SCOR), the Commission for
Marine Geology (CMG) of IUGS and the Inter-
national Association for the Physical Sciences of
the Ocean (IAPSO). This series was printed by
the Canadian Hydrographic Service.

Initially, the IHO collection of bathymetric data
was still being hand plotted on a worldwide
series of hard copy Collected Soundings sheets,
maintained by a network of Volunteering
Hydrographic Offices, each with its own area of
responsibility. However as data volumes
increased, it became increasingly more difficult
to keep the sheets regularly updated. To over-
come the problem, an IHO Data Centre for
Digital Bathymetry was set up, co-located with
the US National Geophysical Data Center in
Boulder, Colorado, taking advantage of their
well-developed computerized system for the
banking of underway geophysical data on a
global basis.

The GEBCO has also inherited international
responsibility for the naming of undersea features
falling outside territorial waters, working closely
with appropriate national authorities, and a digi-
tal Gazetteer of Undersea Feature Names is
maintained on behalf of GEBCO by the Interna-
tional Hydrographic Bureau in Monaco.
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The GEBCO Digital Atlas (GDA)

In order to establish a digital base for the
updating of GEBCO, and to provide a more
flexible product for users, the GEBCO Guiding
Committee decided in 1983 that the printed
sheets of the Fifth Edition should be digitized
and published as a CD-ROM, known as the
GEBCO Digital Atlas (GDA). The bulk of this
work was carried out by the British Oceano-
graphic Data Centre (BODC) and the Bureau
gravimétrique nternational (BGI) in Toulouse,
France, although invaluable contributions were
also made by the Natural Environment
Research Council (INERC) Unit for Thematic
Information Systems, Reading, United King-
dom, the Head Department of Navigation and
Oceanography, St Petersburg, Russian Federa-
tion, the Alfred-Wegener-Institut fir Polar- und
Meeresforschung, Bremerhaven, Germany, and
the Japan Oceanographic Data Center, Tokyo.
Final editing, quality control and reformatting
into a uniform data set was carried out at the
BODC.

The updating of GEBCO through the GDA
will be a continual process and the atlas will be
published regularly as a product in its own
right. Without the scale and projection
restraints of the printed chart, it is envisaged
that improved bathymetric compilations will be
merged into GEBCO at scales ranging from
1:10 million up to 1:500,000, depending on the
density of sounding coverage. New data will be
‘stitched in’ so as to maintain a seamless global
data set. With each release the vector contours

of certain areas where new data have become
available are updated, and in addition new
products are being added, starting with a global
gridded dataset, required as a tool for oceano-
graphic modelling.

Conclusion

The General Bathymetric Chart of the Oceans
(GEBCO) has achieved its current status thanks
to decades of co-operation by a number of insti-
tutions and agencies in Member States of IHO
and IOC. There is a growing need for improved
knowledge of the bathymetry of the world’s
oceans, particularly amongst modellers studying
the role of the oceans in the global climate sys-
tem, and both bathymetry and sea floor topo-
graphy have been recognized as essential com-
ponents for the Global Ocean Observing
System (GOOS).

Swath mapping systems and improved naviga-
tion by Global Positioning Systems have result-
ed in spectacular increases in the rate of sea
floor area coverage. Satellite altimetry missions
provide invaluable insights into the nature of
the topography in uncharted waters or where
bathymetric data are sparse. However, the
detailed mapping of the sea floor will continue,
for many decades to come, to depend on a
small band of scientists across the world who
are prepared to apply their skills to the interpre-
tation of random tracklines of data from a mul-
titude of sources, having highly variable data
quality and coverage.






1- PRE-GEBCO HISTORY OF DEEP-SEA SOUNDING

1- Pre-GEBCO History of Deep-Sea
Sounding

by Rear Admiral G Steph

An early attempt at deep sounding

A description of this attempt, together with a
woodcut illustration, appears in a History of
Northern Peoples published in Rome, in Latin,
by Olaus Magnus, a Catholic priest who had
been virtually exiled by King Gustav Vasa of
Sweden when the king accepted the Lutheran
creed.

Magnus had travelled widely in Scandinavia,
including north-west Norway, so he was able to
use his copious sketches and notes for his book
published in 1555 to impress southern Euro-
peans that Scandinavia should be saved from
the Reformation. In his Book Two, Chapter 12,
may be found the illustration (fig.2) and the fol-
lowing paragraph: "Such is the immeasurable
depth of water off many of the mountainous
coasts of Norway that however long the sound-
ing lines with which they can fill the largest
ship, if a leaden plummet is let down no bottom
may be found."

An early Oceanographer

Possibly the first man of science to discover that
there is a continental shelf that terminates in a
steep descent to the abyssal plain was Count
Luigi Ferdinando Marsigli who, having studied
the surface and sub-surface currents flowing in

Ritchie CB DSC FRICS

the Bosphorus, in the years 1706 and 1707
made an oceanographic study of the Gulf of
Lions, working from temporary headquarters
that he established in the small port of Cassis.
The local fishermen, who were employed in
trawling for coral from small boats, were willing
to take the Count to sea with his lead and line,
thermometer and water sampler.

He ran fourteen lines of soundings from differ-
ent places along the shoreline across the conti-
nental shelf, from which he drew profiles. A few
soundings between 100 and 150 fathoms
showed him where the slope towards the abyss
began. He assumed that the continental slope
would rise off the North African coast in a simi-
lar way to what he had observed off the Gulf of
Lions; he forecast in his book 'Histoire Physique
de la Mer'in 1725 that the deepest part of a tra-
verse across the abyss, could it be made, would
be found in the latitude of Malta. He regretted
that it was presently impossible to run such a
traverse. 'Unless', he wrote, 'some PPrince orders
special ships and adequate instruments for the
purpose, this will probably never be done'.

One hundred and sixty years later the Prince of
Monaco took up this challenge and pursued it
for over thirty years. Captain, later Admiral,
Magnaghi, the Italian Hydrographer, made a
number of oceanographic voyages in the survey
ship 'Washington' in the 1880s. He was particu-

Fig. 2. Deep-Sea Sounding off Norway, Olaus Magnus
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larly interested in the deep areas of the
Mediterranean and in 1887 found his deepest
sounding of 4,067 metres at 18°E. on the lati-
tude of Malta, as Marsigli had forecast.
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No deep sea sounding would be of value for the
compilation of a bathymetric chart unless its
geographical co-ordinates were known.
Although the finding of latitude at sea had long
been possible using first the astrolabe, then the
backstaff, quadrant and sextant, to measure the
altitude of celestial bodies, finding longitude
was still a problem in the mid-18th Century.

However in 1753 lunar distance tables which
forecast the angular distances of certain stars
from the moon were devised by Tobias Meyer
of Gottingen University; on his death his
widow passed these tables to Nevil Maskelyne,
the British Astronomer Royal, who published
them in 'The Nautical Almanac' in 1767. Meyer
had designed an instrument capable of observ-
ing the very wide angles often to be observed in
lunar observations; the French scientist Jean
Charles Borda developed from Meyer's design
an instrument known as the 'reflecting circle'
which navigators could use for lunar sights, pro-
vided they were prepared to undertake the
tediously long calculations involved.

A better method had to be found which would
entail the invention of a clock which could be
used to carry time accurately at sea. John Harri-
son in England, motivated by an Act of Parlia-
ment of 1714 offering a £20,000 reward, and
Pierre Le Roy and Ferdinand Berthoud in
France, with the incentive of a prize offered by
the Académie des Sciences, began inventing
timepieces that would operate satisfactorily at
sea.

During his lifetime Harrison built five time-
keepers, each of which was exhaustively tested
on Royal Navy vessels, before he received his
award. Even then he had to take his final time-
piece to pieces in front of six potential
chronometer makers; this then led to active
commercial production of seagoing chronome-
ters. In France, Le Roy's timekeeper won the
Académie Prize, whilst Berthoud was appointed
Inspector of commercially made chronometers
supplied to seagoing vessels. Nevertheless it was
nearly mid-19th Century before chronometri-
cally controlled sights finally eliminated the
Iunars.

Maury's contribution

From 1850 when the tug Goliath succeeded in
laying a cross-channel telegraph cable between
England and France, the call for the smoothest
and flattest sea bed routes to be found for tele-
graph cables was the major stimulus for seamen
to devise methods for exploring the depths of
the ocean. Matthew Fontaine Maury was the
Director of the United States Navy's Depot of
Charts and Instruments from 1842 to 1861
when, on the outbreak of the Civil War, he
resigned and left his office to support the
Southern States. He was famous for his "Wind
and Current Charts' and his 'Sailing Directions'
which were so beneficial for seamen, but he had
an equal interest in the depths and sea bed
deposits in the North Atlantic. He had at vari-
ous times three surveying vessels carrying out
deep sea surveys, including the brig Dolphin
with an excellent surveyor in command.

Using a variety of ropes, and lines stowed on
reels on deck, Lieutenant Berryman took a large
number of ocean soundings, with which he
brought up sea bed samples with either the Cup
sounder invented by Henry Stellwagen in 1842
(fig.3) or with the Brooke sounder (fig.4),
invented by a midshipman of that name ten
years later. The latter apparatus was carried to
the sea bed by a considerable weight which
drove a sampling tube into the sediment before
becoming detached, allowing the tube, with only
the weight of the sample, to be recovered
inboard. By 1852 Maury had collected enough
deep soundings for him to prepare a contoured
chart of the North Atlantic (fig.16), which, in an
improved form, was included in his book "The
Physical Geography of the Sea'. Among those
interested in Maury's chart was Cyrus Field, an
American paper manufacturer, who formed the
Atlantic Telegraph Company in 1856.

Searching for North Adantic cable
routes

In June and July the following year, the British
Hydrographer sent Commander Joseph Dayman
in H.M.S.Cyclops to sound out a suitable cable
route from the west of Ireland to Newfound-
land. In August the first attempt to lay a cable
along this route was made but the cable parted
during the lay, and a year's delay followed.

In 1858, H.M.S.Agamemnon and U.S.N.S.
Niagara met in mid-ocean, joined their sec-
tions of cable and connected Ireland to New-
foundland successfully. There was much
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Fig. 3. Stellwagen’s Cup
Sounder

rejoicing and passing of congratulations along
the cable from the Old World to the New,
whilst Commander Dayman received the gift
of a gold watch from the Mayor of New York.
Unfortunately though, the cable failed to carry
signals after about a month's operation. Mean-
while Dayman in H.M.S. Gorgon was already
sounding out an alternative route from New-
foundland via the Azores to the English Chan-
nel. In 1860 Sir Leopold McClintock in
H.M.S.Bulldog was sounding out yet a further
possible route via the Faeroes, Iceland and
Greenland, perfecting the Bulldog grab
sounder (fig.5), to the delight of Dr George
Wallich, the scientist aboard, who welcomed
the opportunity to obtain some excellent sea
bed samples.

In 1862 Mr Hoskyn, Master of H.M.S. Porcu-
pine, was engaged in making a detailed survey
off the west coast of Ireland, to locate the
most gradual route down the continental slope
by which a cable could reach the abyssal plain.
Hoskyn discovered the Porcupine Bank, which
would have been a cable hazard, and surveyed
the extensive 'Rockall Bank'. So all was ready
when the Civil War was over in 1865 to lay
the 3,700 kilometres of cable, which Cyrus
Field had prepared. It was loaded into the
Great Eastern, the only vessel large enough to
take it, and finally laid successfully from
Valencia in Ireland to Trinity Bay in New-
foundland.

Fz:é. 4. Brooke Sounder

Fig. 5. Bulldog Sounder

Deep sounding by the timed interval

g.6)

Fi

method (1

Dayman was already on his next task, to take a
line of deep soundings from H.M.S. Firebrand
along a route for a cable to be laid from the
English Channel across the Bay of Biscay,
through the Strait of Gibraltar and the Mediter-
ranean to Malta. Until 1870 both American
and British naval officers relied for deep sound-
ing on lowering a weight, or apparatus for tak-
ing a bottom sample, on a line marked at every
50 fathoms. They carefully timed the intervals
between the passage downwards of each mark
until a sudden increase of the interval denoted
that the weight had reached the sea bed.
Hauled taut the depth could be read from the
line. A great variety of lines and ropes, each
stowed on their respective reels, were used with
various sinkers; the British and Americans
would test the various combinations of line and
sinker recording the increasing time intervals
during a descent between 400 and 1,400 fath-
oms to familiarise themselves as to how each
combination would react to sea conditions.

The business of deep sounding, which took
place every 100 miles or so, or more often over
an irregular sea bed, required absolute concen-
tration as the lead continued to descend for an
hour or so. It also called for patience, the abil-
ity to accept temporary failure and complete
dedication to finding the correct depth at every
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Lat. 42° 16’ ., Long. 22° 3% W. ]

12th Qctober. Wind light, W. by N. [3.]

Bar. 30:360. Ther. 69°. Temp. air 69°, sea gurface 68°
Weight employed 188 lbs. lead, with albacore line.

Up and down cast.

Fathoms Times. Intervals, Bemarks,
AN,
h m s m s
0 Eased down. |
100 6 12 45| Letpgo.
200 13 83| 0 &0
300 14 3511 0
400 15 421 1+ ¢
500 16 68| 1 16
600 18 21 1 23
700 19 52| 1 31
800 21 29| 1 37
900 23 13| 1 44
1,000 25 8| 1 55
1,100 27 371 2 297 Checked ?
1,200 29 44| 2 7
1,300 31 68| 2 14
1,400 34 12| 2 14
1,500 36 29| 2 17
1,600 38 49| 2 20
1,700 41 12| 2 20
1,800 a3 39| 2 u7
1,900 46 Sg g go
2,000 48 :
2,100 52 8| s 35| Botem.
2,150 56 0| 3 53
Depth (with line taut up and down) 1,900 futhoms.
Line broke in haulivg in with increasing strain ut 1,885 fathoms.
Tmmediately efter this sounding, sent down & deep ses leed, with cup

for bringing up the bottom; paid oui ike line to the known
depth and brought up specimen of the boitom, (saze,) which is
new in the hands of Professor Huxley, F.R.S.

N.B.—Time occupied in walking in 2,100 fathoms of line, with
watch and idlers, one hour and & halfl

Fzé 6. Typical Deep-Sea Sound;ﬂ_g Record b_)_)-
Timed Interval Method HMS Gorgon (Cdr.
Dayman)

cast. To obtain a bottom sample it was some-
times quickest to find the depth using a heavy
sinker on a light twine which was not recov-
ered, and then send down a Cup or Brooke
sounder on a stouter line recoverable with the
donkey engine. When a sample was particular-
ly desired the line might be 'walked in', a
lengthy business.

Searching for cable routes world-wide

Telegraph cable laying far beyond the North
Atlantic was gathering pace in the mid-1860s
and, with Rear Admiral George Richards as
Hydrographer of the British Navy, a number of
his ships were actively searching out the
smoothest sea bed routes for prospective cables.
Such voyages by H.M.Ships included:
Valorous (supply ship for the Arctic Expedition)
- Captain Loftus Jones - from the

English Channel to and from Davis
Strait.

Medina - Captain Spratt - Malta to Alexandria.

Hydra - Captain Mansell - Alexandria to the
Aegean.

Hydra - Captain Shortland - Bombay to Aden
and other Indian Ocean profiles.

Egeria - Captain Aldrich - Several profiles in

the Indian Ocean and south-west
Pacific.

The French Service Hydrographique de la
Marine (SHM) was active from 1855 searching
for suitable cable routes from southern France
to Tunisia via Corsica and Sardinia, and to
Algeria via the Balearic Islands, under the direc
tion of Ingénieur de ler classe Delamarche who
published his manual 'Eléments de télégraphie
sous-marine’. In the early 1880s the French
naval vessels Talisman and Travailleur made
three oceanographic cruises in the eastern
Atlantic with scientists onboard directed by
Alphonse Milne-Edwards, professor at the
Muséum d'histoire naturelle de Paris. Talisman
carried a French-developed Thibaudier wire
sounding machine which was hand operated.
Prince Albert fitted similar machines in his two
yachts but that in Princesse-Alice was operated
by a small steam engine.

The advent of wire sounding

Sir William Thomson, the Scot who later
became Lord Kelvin, had been greatly involved
with the construction of sea bed cables, and had
witnessed the somewhat inefficient way of deep
sounding by timing the intervals between mark-
ings on a hempen line during the descent. He
saw the advantage of piano wire and once he
had found a manufacturer who could supply
extended lengths, he devised a compact sound-
ing machine incorporating 5,000 fathoms of
wire on a powered drum, an internal accumula-
tor and a measuring wheel.

When the load came off the accumulator as the
lead reached the sea bed, the drum brake activat-
ed and the depth read off from the wheel. Com-
mander Sigsbee U.S.N. in U.S. 8. Blake was the
first of a number of seamen to see the value of
Thomson's revolutionary wire sounding device.

He fitted such a machine in Blake and began to
make his own modifications. Carl Bamberg of
Berlin began to produce a more compact ver-
sion, resulting in a Bamberg sounding machine
being supplied to Commander Belknap U.S.N.
in U.8.8. Tuscarora for use in the Pacific during
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1873-74 for the survey of a prospective cable run
from California to Japan. Belknap was well
pleased with Bamberg's machine, with which he
made 483 successful deep-sea casts.

Telegraph cable companies take over

Tuscarora, which made several more profiles
across the North Pacific, was really the last gov-
ernment survey ship to sound out routes for tele-
graph cables. By 1878 telegraph companies were
being widely established, employing their own
vessels for pioneering cable routes and for recov-
ering defective cables from the sea bed for repair.
Many commercially sounded lines may be recog-
nised on the first edition of GEBCO as double
lines, for such vessels proceeded sounding on a
zigzag course to cover a wide swathe of ocean
bed. Searching for cables for repair often provid-
ed quite a gathering of deep soundings as repeat-
ed operations with a grapnel tended to be pro-
tracted.

By the end of the century there were about a
dozen telegraph companies world-wide employ-
ing about double that number of newly built or
converted vessels. It is understood that Prince
Albert enjoyed close co-operation with some of
these companies, if only to avoid newly laid
cables when trawling from his vessels, and he
may have received deep-sea data from them.

From 1860 onward the Hydrographer produced
annually an HD publication entitled 'List of
Oceanic Depths and Serial Temperature Obser-
vations received at the Admiralty during the year
from H.M.Surveying Ships, India Marine Survey
and British Submarine Telegraph Companies'. In

addition details of deep sea soundings were regu-
larly printed in journals such as The Nautical
Magazine, Annales Hydrographiques and Dr. A.
Petermanns Mitteilungen. Although by 1899
British surveying vessels were no longer routinely
involved in searching out telegraph cable routes,
the Hydrographer continued to publish such lists
which could be purchased for one shilling each.

The Lucas sounding machine invented

In 1874 Vice Admiral Sir George Richards
retired as Hydrographer of the Navy to become
a Director of the Telegraph Construction and
Maintenance Company, the Chief Engineer of
which was Francis Lucas who, with Richards'
encouragement, invented and patented a com-
pact and highly efficient wire sounding machine
(fig.7), which bore his name.

It was to take over as the most widely used
machine by naval and commercial ships seeking
to sound great depths and recover ocean bed
samples therefrom for the following fifty years.

It consisted of a drum from which piano wire
ran out to a measuring sheave held between two
double arms. The weight of the sinker and wire
during the descent depressed the double arms
against the pressure of two spiral springs.
When, on the sinker reaching the sea bed, the
weight on the wire reduced, the springs raised
the double arm and applied the brake to the
drum. The depth was then read off on the face
of the measuring sheave. The drum was power
driven when used onboard ship but there was a
smaller hand operated model for use in boats.

Fig. 7. Deep-Sea
Sounding with the
Lucas Sounding
¥ Machine HMS
Egeria 1897
(Photo: Hudson
and Kearns)
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The Greenwich Meridian

That a number of maritime nations were using
their own prime meridians from which to meas-
ure longitudes would have caused problems for
marine cartography had not the United States
called an international conference in Washington
DC in 1884. This eventually led to the adoption
of the Greenwich Meridian for international use.
This was particularly hard on the French, who,
having had a hydrographic establishment since
1720, had nearly 3,000 charts based on the
meridian of Paris to be re-engraved.

Lists of sounding data
t ]

In 1910 the Scientific Cabinet of S.A.S.Prince
Albert of Monaco published an inventory of
bathymetric data used to compile each of the
sheets of the first edition of GEBCO; this enables
one to assess the quantity of deep-sea soundings
available at the end of the 19th Century.

Four or five relevant Admiralty charts are listed
as sources of data for each sheet, whilst the
annual Admiralty lists of deep soundings are
cited. There follows a catalogue of vessels con-
tributing, including Princesse-Alice and Hiron-
delle, the United States ships Tuscarora, Alba-
tross and Blake, the British survey ships
Goldfinch and Waterwitch, the German naval
vessel Valdivia, and Investigator of the Indian
Marine. The ships of five different Telegraph
Companies world-wide are named and, where
relevant, the charts of Norwegian, Swedish and
Nansen polar expeditions are mentioned.

The situation at the end of the 19th
Century

At the end of the 19th century deep sea sound-
ing in the oceans was proceeding apace. Naval
surveying vessels, a few research vessels and
many cable company ships were all busy. The
crews would have been using either the Lucas,
modified Thomson or Thibaudier wire sound-
ing machines. As for bottom sampling appara-
tus, the Americans were employing refashioned
Brooke sounders, and the British either Hydra
or Baillie sounders (fig.8); both the latter used
ring weights to drive the sounding tube into the
sediment before being released to remain on the
ocean floor.

Sir John Murray, who had sailed as Sir Charles
Wyville Thomson's chief assistant on the 'Chal-
lenger Expedition', served as President of the

Geographical Section of the British Association
Meeting in Dover in 1899. As President of his
Section it was not surprising that during his
address he reviewed the current world-wide situ-
ation as regards ocean soundings: "The sound-
ings over the water-surface of the globe have
accumulated at a rapid rate during the past fifty
years. In the shallow water, where it is necessary
to know the depth for purposes of navigation, the
soundings may now be spoken of as innumer-
able; the 100 fathom line surrounding the land
can therefore often be drawn in with much
exactness. Compared with the shallow-water
region, the soundings in deep water beyond the
100 fathom line are much less numerous; each
year, however, there are large additions to our
knowledge. Within the last decade over ten thou-
sand deep soundings have been taken by British
ships alone. The deep soundings are scattered
over the different ocean basins in varying propor-
tions, being now most numerous in the North
Atlantic and the South-west Pacific, and in these
two regions the contour-lines of depth may be
drawn in with greater confidence than in other
divisions of the great ocean basins.'

The International Geographic
Congresses
The seventh International Geographic Congress,

held in Berlin in 1899 under the Presidency of
Baron Ferdinand von Richthofen, was attended

Fig. 8. Baillic Sounder
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by a number of notable marine scientists, includ-
ing Otto Pettersson, the Swedish inventor of a
water bottle capable of retrieving samples from
ocean depths whilst maintaining in situ tempera-
tures; Fridtjof Nansen, the Norwegian who had
mounted and taken part in the drift of the Fram
across the Arctic 1893-96; Sir John Murray who,
having sailed on the British 'Challenger Expedi-
tion' of 1872-76, had then recently completed
the Challenger Reports which include details of
many deep-sea soundings; Prince Albert of
Monaco who since 1885 had been engaged in
voyages of oceanographic investigation in the
Mediterranean and the Atlantic in his yachts
Hirondelle and Princesse-Alice.

The Congress nominated an international Com-
mission to prepare the nomenclature for sub-bot-
tom features, whilst charging the Commission
also to instigate and prepare for publication a
bathymetric map of the oceans by the time of the
following (eighth) Congress in 1904.
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THE BERLIN CONGRESS

Before the Berlin Congress

The nineteenth century witnessed the confirma-
tion and acceleration of a trend to organise sci-
entific research and to make it more profession-
al. Meetings and discussions between specialists
from different nations became more frequent.
International congresses covering an increasing
number of areas of human knowledge began to
be convened for this purpose. In the field of
geography the first meeting took place in
Antwerp in 1871; the Sixth International Geo-
graphical Congress took place in London from
26 July to 3 August 1895.

As regards the marine sciences, the latter meet-
ing was of particular importance. For the first
time sessions were devoted to Oceanography,
proving that this field and its given name were
gaining an increasingly large audience, even
though the discipline was still considered to be
a subdivision of physical geography. The au-
thors of the papers were personalities with an
established reputation, for instance John Young
Buchanan [1844-1925], Prince Albert I of
Monaco [1848-1922], Julien Thoulet [1843-
1936], a Professor at the University of Nancy,
and the Swede Otto Pettersson [1848-1941].

The sectional meeting devoted to Oceano-
graphy was chaired by Dr. John Murray [1841-
1914] on 31 July. This responsibility was a fur-
ther mark of admiration and gratitude, among
the many he received during 1895, for having
brought to fruition the publication of the Chal-
lenger Reports, a task which was to secure his
reputation for ever. Such a triumph was well
earned since, during the preceding twenty
years, he had succeeded in overcoming all kinds
of obstacles: scientific, technical, diplomatic
and economic.

Among the decisions taken by the London
Congress, three need to be mentioned. In fu-
ture the Bureau of each congress was to ensure
that the adopted resolutions were implemented
and reported on during the next congress. "The
Congress also recognised the importance of re-
cent Research in the Baltic, North Sea, and At-
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lantic, and expressed its opinion that the work
should be extended on the lines proposed by
Professor Pettersson" (The international ... 1895
: 476). Lastly, Berlin was chosen to host the
next Congress.

Nomenclature and Terminology

The aims of international congresses were not
only to allow participants to meet their foreign
colleagues formally and informally, to hear and
to make presentations on fundamental or cur-
rent topics, to learn about the state of research
and to identify problems yet to be solved. They
were also intended to improve communication
between specialists in a given field. This aim
was not concerned with language as such, al-
though the nineteenth century was compelled to
decide how to replace the Latin language,
which had ceased to be the "medium" between
scholars and for which international artificial
languages such as Esperanto or Ido had not
managed to become a substitute.

In order to be able to establish and to codify uni-
versally adopted and applied principles, it was
necessary to resort to two complementary but
quite distinct approaches: nomenclature and ter-
minology. In the maritime domain, the first in-
depth study was made by Charles-Pierre Claret
de Fleurieu [1738-1810], the best geographer-
hydrographer of his generation. In 1799 he wrote
the "Observations sur la division hydrographique du
globe, er changemens proposés dans la Nomenclature
générale et particuliére de I’hydrographie”. Fleurieu
proposed limits and names for the division and
subdivision of the World Ocean, as well as for
sections of continental coastline. With regard to
these questions of nomenclature he established
the absolute principle that the name given by the
first discoverer must be respected. He then dealt
with terminology and gave a definition, usually
accompanied by the equivalent English term, for
the words which could suitably be adopted to
designate the various forms of coastal relief.

Half a century later, the question of nomencla-
ture relating to the oceans was again raised by a
British committee appointed by the Royal Geo-
graphical Society, which met only once on 27
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January 1845, under the chairmanship of Roder-
ick I. Murchison [1792-1871]; however, the
Minutes of this meeting were not published until
1893! As was the case with Claret de Fleurieu’s
Observations, only the surface of the oceans and
the coastline were taken into consideration. Soon
afterwards, the impetus provided by the research,
soon to be called oceanographic, and the surveys
connected with the laying of submarine telegraph
cables, was to alter the situation radically. From
then on submarine topographic features, their
position, depth, and sedimentological and geo-
morphological characteristics were to be estab-
lished and their forms, whether concave or con-
vex, were to be given precise names.

DANYINCLYY

Clear and generally recognised principles dealing
with the nomenclature and terminology of the
submerged parts of the globe were all the more
necessary, since the use of isobaths (bathymetric
contours) had become more customary and
bathymetric charts more numerous in the middle
of the nineteenth century. From the end of the
sixteenth century, soundings were beginning to
be shown regularly on charts produced in Eu-
rope, in the form of a given number at a precise
point. At the same time a chart was produced of
a river in the Netherlands, on which lines linked
points of identical depth. As has already been
stressed, it was in the aquatic domain that the
principle of expressing relief as contour lines was
first applied, and not in the domain of the land
surface. These lines of cqual depth, or isobaths,
can be found on a few rare charts of the seven-
teenth and eighteenth centuries: off the coast of
Nova Scotia in 1715, and in the Mediterranean,
as mentioned in Histoire physique de la mer by
Luigi-Ferdinando Marsigli [1658-1730], printed
in 1725. Two remarkable charts on which iso-
baths were marked every ten fathoms — one of
the English Channel, the other of the waters
around Fernando de Noronha Island — were
drawn in 1737. Despite their well-known author,
Philippe Buache [1700-1773], "first geographer
to the King", and the series in which the chart of
the Channel was printed, namely the Histoire de
l’Académie royale des sciences [de Paris], the use of
bathymetric charts did not become customary
until a century later.

In the fifth edition of Explanations and Sailing
Directions to accompany the Wind and Current
Charts by Matthew Fontaine Maury [1806-
1873], printed in 1853, Plate 14 represents the
Basin of the North Atlantic Ocean. The areas be-
tween the shore line and 1000 fathoms (1853

metres), 1000 to 2000, 2000 to 3000, and 3000
to 4000 fathoms were differentiated by increas-
ingly lighter shades of grey as the depth in-
creased. The sketch of 1853, with the addition
of sounding points, was redrawn with greater
care and made more easily readable for the
sixth edition of Explanations and Sailing Direc-
tions (1854). This revised version was again in-
cluded in the seventh edition (1855) and slight-
ly altered in the eighth edition (1858-1859) of
the book. In the meantime Maury had pub-
lished The Physical Geography of the Sea which,
from 1855 onwards, appeared in many editions,
in English as well as in several other languages.
It was without doubt the success of this work
which resulted in the rapid and definitive adop-
tion of bathymetric data in all categories of
cartographic material: charts, atlases and
globes. A bathymetric chart in relief was pre-
pared by the U.S. Hydrographic Office for the
Cincinnati Exhibition of 1888. On a gigantic
terrestrial globe at a scale of one-to-one-million,
which became one of the curiosities of the Paris
Universal Exhibition of 1889, the varying depth
of the sea was indicated by graduated colours.
Quite quickly treatises and geographical hand-
books as well as more general books began to
include bathymetric charts.

As the general public grew more familiar with
these charts, they also became a necessary com-
plement to reports of oceanographic expedi-
tions. The expeditions either covered only a
limited area (Veringen, Travailleur and Talisman,
Blake, Wild Duck, Pola) or all the oceans (Chal-
lenger). In addition to isobaths and soundings,
their markings also included areas of colour or
grey shading (in the opposite sense to Maury’s
charts) which increased in intensity with in-
creasing depth. In order to facilitate the reading
of the chart, the area nearest to the shore was
usually white. Sometimes lithological data were
added to bathymetry. Other charts, which were
not linked to a particular expedition, began to
appear in the early 1880s, dedicated to one of
the three oceans or to the World Ocean. Two
countries were particularly active. In Germany
the Deutsche Seewarte of Hamburg and the
Reichs-Marine Amr benefited from the help
given by Otto Kriimmel [1854-1912], Professor
at Kiel, and Alexander Supan [1847-1920],
Professor at Gotha. In Great Britain Murray
became the principal expert in this type of doc-
ument, in association with the publisher
Bartholomew of Edinburgh.

Soundings undertaken by hydrographic vessels,
research ships and cable-laying ships were daily
adding further details to the characteristics of
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submarine relief. Names were attributed to the
depressions, banks and sills revealed in this
way. As there was no international agreement,
the naming was done in an anarchical fashion.
It therefore became evident that a study should
be carried out urgently in order to establish
some principles of nomenclature and terminolo-
gy relating to the oceanic zones.

As had been the case when the charts were pro-
duced, one of the two protagonists of the initia-
tive was British: Hugh Robert Mill [1861-1951],
the other German, Otto Kriimmel. Both had a
sound university education and knowledge of
oceanographic operations which the former had
undertaken in Scotland and the latter during the
Plankton-Expedirion on board the National. Fur-
thermore, they had an exceptionally wide knowl-
edge of the works and publications devoted to
the sciences of the sea. Mill was Librarian at the
Royal Geographical Society and in charge of the
Geographical literature of the month, published in
the Geographical Fournal. As to Kriimmel, he
launched a biennial review in 1887, in the Geo-
graphisches Fahrbuch, in which he analysed and
synthesised the oceanographic publications which
had appeared during the preceding two years.

For many months prior to the Berlin Congress
the two scientists had established a list of pro-
posed terms to describe the forms of submarine
relief. They consulted the best qualified special-
ists, in particular Admiral Sir William Wharton
[1843-1905], Sir John Murray, Prince Albert I of
Monaco, Admiral Stepan Ossipovitch Makaroff
[1849-1904], and Professor Thoulet. They were
of the opinion that it was imperative for a Com-
mission to examine the subject at the Congress.
Muill therefore presented a summary of the situa-
tion to the Geographical Section of the British
Association for the Advancement of Science at a
meeting held in Dover in mid-September 1899,
"The Royal Geographical Society is at present
engaged in the investigation of the whole great
subject of the terminology of geography, and at
the approaching International Geographical
Congress at Berlin the question of the terminolo-
gv and nomenclature of the forms of the floor of
the ocean is to be discussed by representatives of
different countries. The fact that the forms of the
ocean floor cannot be seen, but only felt out by
soundings, makes their study one of peculiar dif-
ficulty. Some distinguished authorities believe
that our present knowledge of the deep sea is too
slight to justify any systematic nomenclature.
Meanwhile each investigator introduces a set of
names of his own, for the most part based on
analogies with land forms visible to the eye "
(Mill 1900 : 810).

| B b4 1 T ATy oy
During the Berlin Congress

The Seventh International Geographical Con-
gress, which took place in Germany for the first
time, brought together a large number of partici-
pants who were received with pomp and efficien-
cy. Germany wanted to convey to these impor-
tant visitors an indisputable image of its talent for
precision and organisation, and of the dynamism
of its scientific and economic efforts which con-
tinued the successes of its recent territorial and
colonial conquests. The smallest details bore
signs of this striving for perfection: programmes
and agendas were printed in several languages,
abstracts of the papers were distributed before
each session. The intellectual quality of the con-
gress members was very high as testified by one
of the participants: "The subjects dealt with by
each group were equally captivating. Above all,
the discussions were particularly stimulating and
fruitful as they were led methodically and with
the discipline dear to professors. Professors, in
fact, formed the majority of the congress mem-
bers" (Auerbach 1900 : 9). A special effort was
made to transcribe these discussions, judging by
the texts published in the Proceedings of the
Congress, texts which were so detailed that one
must assume that the session rapporteurs were
assisted by stenographers and interpreters.

From the very opening, on 28 September 1899,
particular importance was accorded to the sci-
ences of the sea. The first plenary session was re-
served for a presentation by Carl Chun [1852-
1914] of the preliminary results of the Deutsche
Tiefsee-Expedition, carried out between August
1898 and May 1899 on board the Valdivia, fol-
lowed by a talk by Prince Albert I of Monaco
"Sur les amimaux bathypélagiques obtenus par la
capture des Céracés". The plenary session on the
following day was assigned to the drafting of res-
olutions. Professor Hermann Wagner [1840-
1929] from Géttingen and Professor Kriimmel
proposed that an international commission
should be formed for the study of sub-oceanic
nomenclature and that a corrected general chart
of oceanic depths should be published prior to
the next Congress (Anirag ... 1901).

The Session of 30 September 1899

The first of the three sessions devoted to
oceanology was held on 30 September under
the chairmanship of Pettersson. The second
part of this session, "Adoption of a systematic
nomenclature for basins and oceanic depths"
consisted of three statements: one each by Wag-
ner, Krimmel and Mill.
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Wagner dealt with the nomenclature of marine
spaces and their relationship to geographical
nomenclature as a whole in a very theoretical
way; he insisted that the final aim was to name
without ambiguity. It was therefore absolutely
necessary to proscribe the allocation of multiple
names to one and the same topographic feature,
whether terrestrial or marine, as well as any
changes of names which could have trouble-
some results, in particular in the didactic do-
main. In view of the rapid rate of development
of oceanographic research, it was becoming ur-
gent to obtain an international agreement which
would serve as a basis for the names to be used
in future for the ocean and its divisions.

The paper by Kriimmel started with supple-
mentary arguments in support of Wagner’s
statements; he supplied a whole series of exam-
ples of submarine features which had been
given multiple names. He underlined the differ-
ence between British practice, which was to
chose names on a whim, often bearing no rela-
tionship to the vessels or the scientists who had
discovered these features, and the German
method which took care to associate new names
with geographical and topographical facts. He
insisted that, from then on, the major forms of
submarine relief should be named exclusively
after their geographical location. Kriimmel then
dealt with the question of terminology; since
1881, he had been proposing a definition and a
classification of the shapes of submarine topo-
graphic features for which the morphological
criteria were, and ought to remain, determining.

Mill was in full agreement with the statements
made by Wagner and Kriimmel and comment-
ed and enlarged on their proposals. He stressed
the particular characteristics which differentiate
the purposes of terminology from those of
nomenclature. "Terminology has to do with the
description of typical forms which may occur in
different places, nomenclature with the names
of individual forms or particular places." The
first proposal related to nomenclature: "The
greater inequalities of the ocean-floor are to be
named exclusively from their geographical situa-
tion." The second proposal concerned terminol-
ogy and was worded as follows: "So far as the
available soundings admit of the exact determi-
nation of a submarine form, the nomenclature
is to be carried out systematically with reference
to certain definite morphological categories."
The third proposition concerned nomenclature
as well as terminology. "There are certain im-
portant points in the relief of the ocean floor
(e.g. the deepest single soundings and the shal-
lowest part of a submarine elevation) which it is

desirable to designate by names, and for these
the names of persons or of ships are freely ad-
missible" (Mill 1901 : 389, 390, 391). In con-
clusion, he recommended, as Wagner and
Kriimmel had already done, that a special com-
mission should be formed to deal with all these
questions.

A very animated discussion ensued (Sonnabend
... 1901). As had already happened frequently
during international meetings where questions of
nomenclature had been addressed, the Germans
showed themselves to be pugnacious almost to
the point of intransigence and rigorous if not
dogmatic. As to Murray, he displayed an in-
tractable attitude; his reticence towards the ef-
forts made by Mill and Kriimmel prior to the
Congress made his behaviour predictable. Fur-
thermore, Murray’s interest in the sea floor had
concentrated on, and was to remain concentrat-
ed on, two aspects: on the one hand marine de-
posits, the theme of a much noticed lecture he
had given the day before, on the other hand
areas deeper than three thousand fathoms,
which he called "deeps". He considered that
these aspects were, in some way, his "exclusive
domain" in which he intended to preserve com-
plete freedom of action and denomination. The
rivalry between the British and the Germans was
amplified by the simultaneous presentation of
two general bathymetric charts, printed at the
time of the Congress. The Tiefenkarte des Welt-
meeres by Supan (fig.14) had accompanied an
article written by him which had appeared in
August in Dr. A. Petermanns Mitteilungen; the
Bathymetrical chart of the oceans showing the

"deeps " by Murray (fig.15) had completed an ad-
dress that he had delivered in September during
the BAAS meeting in Dover. In addition there
were points of friction, of much greater serious-
ness, between the two nations. Kriimmel had
given some evidence of this in 1895 during a
meeting of German geographers in Bremen
while evaluating nautical institutes from the
point of view of geography. He stated in the re-
port which he presented there that "one must
above all emphasise the role of the Deutsche See-
warte which to him appeared to be the most
flourishing institute of its kind in Europe, and he
took the opportunity to complain about the dis-
dain with which most British people seemed to
treat German hydrographic work. Ever since the
Challenger expedition the British appeared to be
under the impression that oceanography was a
purely British science. [He] attempted to destroy
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this prejudice by giving details of the Deutsche
Seewarte" (Zimmermann 1896 : 48). These ex-
amples illustrate the increasingly bitter struggle
between Great Britain and Germany for mar-
itime predominance, whether naval or scientific,
especially since the advent of William IT [1859-
1941]. Eventually, the events in South Africa
further added to the disapproval manifested
against the British by Continental Europeans
most of whom were siding with the Boers.

The discussion began with an intervention by
Kriimmel, in response to William Morris Davis
[1850-1934], Professor at Harvard, regarding
the use of the words Thal and valley for subma-
rine relief. Prince Albert I spoke afterwards. At
first he expressed his disagreement with Kriim-
mel as to whether the name Monaco Deep,
ascribed by Murray, was justified since the
Prince had led the research in that sector for fif-
teen years. On the other hand, he fully agreed
that the markings on the charts should be more
clear and trustworthy. A hydrographic survey
carried out in Red Bay, during a cruise which
he had just finished in Spitzbergen, had over-
turned previously accepted data.

Murray then increased his arguments and
counter-proposals in order to challenge the for-
mation of a commission. He considered that
once a submarine depression had been discov-
ered it should be given a name straight away
and that its description was more important
than its name. The question of nomenclature
did not only concern geographers but also geo-
logists; the question could therefore be submit-
ted to the next International Geological Con-
gress. In any case, he had no intention of
waiting for a unified nomenclature to be estab-

lished before allocating names to the "deeps" in-

dicated on the chart he had just produced.

Wagner replied to Murray’s objections by re-
calling that the aim of the commission would be
to give a precise and unique name to a given lo-
cation and to define the forms of submarine re-
lief, independently of their depth.

Pettersson, who was chairing the session,
brought the debate back to the fundamental
point: should a commission be formed or not?
After further exchanges of arguments between
Murray and the Germans, a decision was made
in favour of forming a commission. Members
were then proposed; the name of Sir John Mur-
ray was put forward first to the applause of the
audience; the other names chosen were those of
Mill, Thoulet, Otto Irminger! [1836-1923],
Kriimmel, Supan, Josef Luksch? [1836-1901]

and, at the suggestion of Murray, Prince Albert
I of Monaco.

The resolution reached after these intense dis-
cussions was submitted to the closing plenary
session on 4 October and was adopted after it
had been specified that the elected members
would have the opportunity to co-opt new
members. The title of the English version of
this resolution, without doubt influenced by
Mill, reflected more closely than did the Ger-
man or French versions, the tasks assigned to
the new commission "Terminology and nomen-
clature of sub-oceanic Relief. The Congress
nominates an international committee on the
nomenclature of sub-oceanic relief, charged
with instigating the preparation and publication
of a bathymetrical map of the oceans before the
time of the meeting of the next Congress" (Ver-
handlungen ... 1901, 1 : 314).

After the Berlin Congress

The sessions of the Congress, as well as the ex-
cursions which preceded it and the visit to
Hamburg afterwards, were a real success. The
reports, often detailed, were published not only
by the very many geographical societies of the
period and in specialised periodicals, but also in
the daily press and in reviews of scientific and
general cultural information. A large proportion
of the general public therefore learned about
the formation of the Commission and the pro-
ject of a general bathymetrical chart.

However well the composition and the tasks of
the Commission on sub-oceanic nomenclature
may have been defined in Berlin, neither its or-
ganisation nor the responsibilities of each mem-
ber had been specified. For more than a year
there was no trace of any sort of activity what-
soever. It was at the beginning of 1901 that
Thoulet published a study entitled " Projer d’une
carte générale des grandes profondeurs océaniques"
in the Bulletin de la Société de géographie de I’Est.

o~

Professor Julien Thoulet

The major role which Thoulet played in the con-
ception and realisation of the Chart justifies giv-
ing full details of his education, activities and
achievements up till then (Carpine 2002). He
was born in Algiers in 1843, completed his sec-
ondary education in Paris and attempted twice,
in vain, to enter the Ecole polytechnique. It has not
been possible so far to establish with certainty
whether he pursued his education in another en-
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gineering college or whether he acquired practi-
cal experience. Whatever happened, it is evident
that he was attracted by geography and topo-
graphy. As early as 1867 he was admitted to the
Sociéré de géographie in Paris where he became a
very active member, and where he gave many
lectures and took on some functions within the
Central Commission. The following year he pre-
sented the first research note on gnomonic pro-
jections, and in 1869 he gave a paper at the
Académie des sciences entitled "Sur les formules et
les calculs qui ont servi @ construire la grande carte
gnomonique de I’Europe et des contrées adjacentes”.
He then left for the United States where he spent
two years as First Engineering Assistant attached
to preliminary studies of the route of the North-
ern Pacific Railroad. During his stay in America
he published an article "Applications of the pen-
tagonal symmetry of the terrestrial globe" in The
Enginecering and Mining Journal of New York.
Back in France he started his university educa-
tion: a degree in physical sciences at the Faculté
des sciences in Paris and a doctorate in science
prepared at the Collége de France. He continued
to present research notes, either at the Sociéré de
géographie or at the Académie des sciences, on vari-
ous methods of cartographic projection: gno-
monic, orthographic, stereographic, cylindrical or
Mercator. In 1880 he was appointed to the Fac-
ulty of Montpellier, then in 1882 to the Faculty
of Nancy where he held a chair in mineralogy
until his retirement in 1913.

In 1886 Thoulet arranged to spend six months
on board Clorinde, a stationary vessel of the
French National Navy in Newfoundland. Was
this decision inspired by his childhood memo-
ries of time spent on the shores of the Mediter-
ranean or did he want to choose a scientific spe-
ciality which none of his university colleagues
had so far adopted and which did not seem to
attract either naval officers or hydrographic en-
gineers? In his application for the mission he
stated that "[he] felt the need to gain practical
knowledge of the very special working methods
employed on a vessel and in conditions so dif-
ferent from those of our laboratories®." This
work in Newfoundland was to be very impor-
tant to Thoulet’s career; it made him decide to
devote himself in future to "pure" (i.e. physical)
oceanography, a field of research which he
helped to make known and to develop in
France through his own work, his numerous
lectures, and the courses he taught at Nancy, in
Paris and at the Ecole des hautes études maritimes.
The results of his research in Newfoundland
were presented in ten research notes, the most
important of which "Considérations sur la struc-
ture et la genése des bancs de Terre-Neuve" was ac-

companied by several bathymetric charts. From
then on he never ceased to stress the impor-
tance of isobaths in providing a clear image of
submarine relief, the necessity of increasing the
number of bathymetric charts and the urgency
of publishing a general chart of the oceans.

After the Fifth International Congress for Geo-
graphical Sciences in Berne, Thoulet was a
member of a commission, formed by the Société
de géographie de I’Est, which prepared an excel-
lent report on a project for an International
Map of the World on the millionth scale, which
was presented by Professor Albrecht Penck
[1858-1945]. In 1894 Thoulet started work on
a Carte lithologique sous-marine des cotes de France;
its twenty-two map sheets were printed in
colour between 1899 and 1902. In 1899, with
the support of Prince Albert I of Monaco, he
published a Carte bathymérrigue des iles Agores. In
the meantime he continued his study trips, es-
pecially in Scotland where he met Murray. He
took part in research cruises: in 1891 on the
first voyage of Prince Albert’s yacht, the
Princesse-Alice; in 1895 on board the Caudan in
the Bay of Biscay; in 1897 and in 1899 on the
Laborieux, a ship used by French hydrographic
engineers while working off the coast of Brittany.

In this way Thoulet acquired wide-ranging ex-
perience of both laboratory techniques and
working at sea; he had a very sound theoretical
and practical knowledge of hydrography and of
cartography; he was a skilful draughtsman. He
knew English and German well, which allowed
him to read the increasingly numerous oceano-
graphic publications and to remain in contact
through copious correspondence with his col-
leagues abroad. In this respect it must be point-
ed out that since the Franco-Prussian war of
1870 and the annexation of Alsace-Lorraine,
Nancy University, where he was a Professor,
was the university closest to the German fron-
tier and had therefore become a seat of French
Nationalism. This reinforced Thoulet’s wish to
give French oceanography a level of activity and
quality comparable to that attained by the Unit-
ed States, Great Britain, the Scandinavian
countries and Germany.

Although he had registered for the Berlin Con-
gress, Thoulet did not take part and his paper on
the "Classification des fonds sous-marins et consid-
érations relatives a la construction d’une carte
lithologique des cotes de France" was read by his
colleague from Nancy, Bertrand Auerbach
[1856-1942]. But, despite his absence, his name
was immediately put forward and accepted for
the Commission on sub-oceanic nomenclature.
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It is certain that Baron Ferdinand von
Richthofen [1833-1905], President of the Berlin
Congress and as such President of the Execu-
tive Committee charged with supervising the
implementation of the resolutions, informed
him of his nomination. Perhaps he asked
Thoulet to establish under what conditions the
chart could be prepared. In any case, Thoulet
had already been in a constant working rela-
tionship with Prince Albert I for fifteen years or
s0; it is possible that the Prince may have sug-
gested to him that he could make this prelimi-
nary study in order to prevent any tension in
the event of the initiative coming from either
the British or the Germans. Or Thoulet could
have taken the decision by himself, compelled
by his perpetual urge to be active.

In his research paper on a general chart of
oceanic depths, which was published in 1901,
Thoulet was starting to point out the scientific
and practical interest of such a general chart
which would be more detailed than the charts
published previously by Murray and the Ger-
mans, but more generalised than the hydro-
graphic charts designed for navigation. The first
stage should be limited to topography; the time
was not yet ripe for including lithological de-
tails. He then "examined successively the vari-
ous requirements such a chart must meet, the
dimensions it should have, its mode of projec-
tion and, lastly, the way in which it should be
updated with new discoveries as and when they
were made" (Thoulet 1901b : 8).

In order to conform with Mill’s proposal "On
the adoption of the metric system of units in all
scientific geographical work", adopted during
the Berlin Congress, as well as with the recom-
mendations made during the International Con-
ference for the Study of the Sea, held in Stock-
holm, the chart was to use metres instead of
fathoms. The Greenwich meridian was chosen
as the zero degree meridian.

"The chart will use the cylindrical Mercator pro-
jection at a scale of 1:10,000,000 for that portion
of the earth’s surface on either side of the equa-
tor between latitude 0° and latitude 72° north
and south. In view of the importance which polar
exploration was assuming and in order to avoid
the enormous spacings which higher latitudes de-
mand, the earth’s caps between 72° latitude and
the poles would be projected gnomonically on
the circular base of the cylinder of projection,
cutting the lateral surface along the 72™ parallel

of latitude" (Thoulet 1901b : 20). "The projec-
tion to be adopted is evidently the cylindrical
Mercator projection. It is familiar to mariners,
the calculations for establishing it are very sim-
ple, the drawing of the grid is quick and precise,
and lastly — and this is the most important ad-
vantage — the fixing of a position by the intersec-
tion of two orthogonal straight lines is also very
easy and precise" (Thoulet 1901b : 10). The lim-
its of the sheets using the Mercator projection
were to be the 0° 90°, 180° and 270° lines of lon-
gitude and the 45°, 64° and 72° lines of latitude,
north and south. Thus, the chart would consist
of thirty-two sheets; twenty-four rectangular and
eight quadrantal polar sheets.

As to the spacing of the isobaths, one hundred
metres would be excessive, five hundred or one
thousand metres would be insufficient; conse-
quently a spacing of two hundred metres was
proposed. Depending on the density of the avail-
able soundings, the isobaths were to be drawn as
discontinuous, dotted or continuous lines. Where
the density appeared to be acceptable, the areas
between isobaths were to be coloured blue, in-
creasing in intensity with depth. The sounding
locations were to be indicated by a dot or a
cross, accompanied by the depth in numbers.

The degree of confidence which one can place
in the first bathymetric chart of the oceans at
this scale must not be overestimated. In effect,
the position of the ship while taking a sounding
on the open sea, established by astronomical
observation, was within a radius of 3 arc min-
utes, that is 3 nautical miles.

A card-index was to be kept up to date carefully
in order to be able to identify without hesitation
or error the origin of each sounding used in the
making of the chart; each index card would carry
the geographical co-ordinates of the sounding, its
depth and a reference to the publication in which
the details had been published. Thoulet stated
the sources which could conveniently be used:
the atlases of the Deutsche Seewarte for the three
oceans, the chart of the Arctic ocean drawn after
the Voringen expedition and the atlases of the
Pola for the Eastern Mediterranean and the Red
Sea, not forgetting Murray’s chart. The majority
of the soundings carried out by naval staff (with
the exception of cable-laying ships) were being
included in increasingly abundant publications,
which were subsequently used for the initial
drawing of the chart as well as for updating it, an
indispensable task which took many years.

All the aspects studied by Thoulet gave rise to
long explanations, sometimes accompanied by
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mathematical formulae, calculations or draw-
ings. The only exception was the final para-
graph devoted to nomenclature and terminolo-
gy. Thoulet limited himself to generalities; he
did not take sides with regard to the tendencies
manifested during the Congress. He concluded
that "the best one will be the one which hap-
pens to become compulsory for all oceano-
graphers" (Thoulet 1901b : 22).

In his experience, based in particular on the
Carte lithologique sous-marine des cétes de France,
Thoulet considered that the realisation of the
bathymetric chart would not present any major
problems and would not require any consider-
able staff or expenditure. Two or three full-time
employees should be able to complete the chart
within three or four years. Afterwards, to incor-
porate the three thousand soundings carried out
each year, one single person should easily be
sufficient to deal with the continuous updating.

During the three years following the Berlin
Congress, Thoulet’s research paper was the
only contribution by a member of the Commis-
sion on sub-oceanic nomenclature towards fur-
thering the project. Nevertheless, bathymetric
work did not slow down. In 1901 Murray, in
collaboration with the engineer who had
worked on the Brirannia, published the results
of the cruise which had taken deep soundings in
the North Atantic in 1899; the study was ac-
companied by a map of marine deposits on
which the isobaths were marked in fathoms.
The following year he produced a bathymetric
chart, together with Alexander Agassiz [1835-
1910], based on the Albatross expedition in the
tropical Pacific in 1899-1900. The question of
nomenclature was referred to in the text; the di-
vergence between the "German School", repre-
sented in particular by Supan, and the "Anglo-
Saxon School" in which Agassiz manifestly
supported Murray, was described in detail. The
arguments put forward were the following: the
rule of priority, the respect due to those who,
often under difficult conditions, had made dis-
coveries to which their names deserved to be at-
tached and, finally, the impossibility of com-
pletely eliminating any names not conforming
with the principles which Supan wanted to im-
pose (Deacon 1997 : 392).

The Deutsche Seewarte also published a second
edition of the atlas of the Atlantic Ocean in
1902, the first chart of which represented sub-
marine topography. Bathymetric charts of the
better surveyed sectors of all the oceans began
to appear more frequently in books as well as in
specialised articles.

THE FIRST EDITION

The Commission on Sub-oceanic
Nomenclature

The practically total inactivity of the Commission
on Sub-oceanic Nomenclature over a period of
three years finally began to preoccupy Richt-
hofen. On 23 October 1902 he sent out a circular
letter as a reminder that the depth chart had to be
prepared before the next Congress. He asked the
members of the Commission to get together for a
special debate to which they should bring all the
material they had prepared so far. The meeting
was to address the following points: to define the
principles of sub-oceanic nomenclature; to share
out the work among the members; to establish a
future programme of work; to take the necessary
steps to produce and publish the chart.

Richthofen recommended a central venue for
the meeting: Brussels or Wiesbaden, and the
date of 13 April. The members of the Commis-
sion were asked to let him have their views on
the venue and the date of the meeting and to
send in suggestions for the agenda. Further-
more, one or several names were to be pro-
posed as a replacement for Professor Luksch
who had died since the Berlin Congress.

In his reply Prince Albert I agreed to the pro-
posed date of the meeting and chose Wiesbaden
as the venue. He suggested that the agenda
should include a discussion of a project to pro-
duce a chart at a scale of one-to-ten-million, in
accordance with a memorandum from Thoulet,
and recommended Admiral Makaroff as a new
member.

In order to complete his documentation on the
question of nomenclature, he asked his princi-
pal scientific collaborator, Dr. Jules Richard
[1863-1945], for a synthesis which became a
model of clarity and level-headedness. By anal-
ogy with the rules adopted in zoology and
botany, the "specific" names — in this instance
the denomination of a precise submarine fea-
ture — were to be subjected to the rule of priori-
ty and could not be modified. As to "generic"
names, that is the terms designating the forms
of the submarine relief, these had to be defined
and agreed on internationally; they could there-
fore evolve if definitions or data were to change.

For Kriimmel’s part, he formulated four pro-
posals relating to terminology and nomencla-
ture which should be linked to the geographical
position of submarine features, in accordance
with the chart published by Supan in 1899.
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At the beginning of November 1902, Thoulet
went to Paris to consider the question of the
depth chart with Prince Albert’s new collabora-
tor, Enseigne de vaisseau Charles Sauerwein
[1876-1913], a young officer in the French
Navy. His grades on entering and leaving Ecole
navale were mediocre; the comments of his
teachers, and later of his superiors, veered on
the whole towards the negative: "varied but su-
perficial knowledge; open-minded but showy
rather than solid and correct." Until then he
had only taken part in two cruises in the Far
East, which had been interrupted due to ill
health and were followed by long periods of
convalescence. One wonders what circum-
stances, and what recommendations, had al-
lowed Sauerwein to be appointed "Officier d’or-
donnance" to Prince Albert in July 19027
Neither his very limited naval experience nor
any form of scientific education could have jus-
tified his appointment. In order to remedy this
absence of qualifications, he spent ten days in
Nancy so that Thoulet could instil in him the
first notions of oceanographic methods. During
the summer of 1902 he took part in a cruise on
the second Princesse-Alice, during which numer-
ous soundings were taken in the areas around
the Azores, as well as over the Princesse-Alice,
Gorringe and Josephine Banks.

After working with Sauerwein for two days in
Paris, Thoulet sent him a grid of the one-to-
ten-million global chart and two types of map
sheet, to be submitted to Prince Albert: a lateral
(rectangular) sheet and a polar (quadrantal)
sheet. He later sent him a revised version of his
memorandum published the year before in the
Bulletin de la Société de géographie de I’Est. He
kept the same scale, the two modes of projec-
tion and the division into thirty-two sheets. He
added details to the system of notation of the
sheets which were to be designated by capital
letters and Roman numerals at the one-to-ten-
million scale: A.1, B.1v ... Letters and numerals
were to be symmetrical in the two hemispheres
separated by the equator; in the southern hemi-
sphere the letters would be differentiated by the
addition of a prime sign: A'.1, B'.1v (fig.9).
Thoulet stressed that, on the basis of this chart,
it would be easy to produce sheets at a scale
that was ten or a hundred times larger. The sys-
tematic notation of the sheets would then be
completed by the addition of lower case letters
and Arabic numbers, followed by Greek letters
combined with Arabic numbers: B.1v.c.7.8.3.
The revised memorandum ended with three
proposals relating to terminology and nomen-

clature. Thoulet declared himself in favour of
respecting the priority and total liberty of the
"inventor" of a submarine topographical feature;
however, this liberty was always to be subject to
fixing the feature’s position "by at least three
non-collinear soundings, spaced less than 1 de-
gree of latitude and of longitude apart"
(Thoulet 1902 : 28).

While he was making these preparations directly
related to the meeting which was to be held in
Wiesbaden, Thoulet was actively preparing a
new edition of his Carte bathymétrique des Acores.
He wanted to update it with data obtained by
the cable-laying ship Britannia, which had al-
ready been published by Murray, and the recent
soundings carried out on the Princesse-Alice. But
above all, having produced this one-to-one-mil-
lion chart, he wanted to prove that a general
one-to-ten-million chart would be capable of
generating charts of a larger scale with extreme
facility, thanks to the system of tenfold scale in-
crease. Furthermore, this chart of the Azores
would constitute the first step, for an oceanic
area, towards the production of the Internation-
al Map of the World on the millionth scale
which all the geographical congresses had been
discussing since the initial proposal by Penck in
1891. At the end of March Thoulet wrote to
Sauerwein: "I am preparing for my journey to
Wiesbaden; I have completely changed my atlas
project; I am establishing a generic design of
map*." To which aspects did the modifications
planned by Thoulet apply? There is no docu-
ment or other evidence to supply further de-
tails.

r of the Commission in

Me :
Wi aden

Richthofen organised the last few details of the
meeting: it was to take place in Wiesbaden on
15 and 16 April 1903. The Commission — of
which he was neither chairman nor a member —
was to consist of nine members. Six of them
had been chosen at the Berlin Congress: Prince
Albert, Krimmel, Mill, Murray, Supan and
Thoulet. As Luksch had died and Irminger had
resigned, no doubt for reasons of ill health, they
were replaced by Pettersson, Makaroff and
Fridtjof Nansen [1861-1930]. The latter two, as
well as Murray, apologised for not being able to
participate in the work "for professional rea-
sons". Prince Albert was accompanied by
Sauerwein who was to carry out the function of
session rapporteur. Neither the Minutes, which
Sauerwein must have written, nor the report
which Mill sent to the Council of the Royal
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Geographical Society, have been found. The
progress of the work has therefore had to be put
together on the basis of reports published in
various periodicals.

Having elected the Prince as Chairman of the
Commission, the members listened to Thoulet’s
account of his proposals, supported by his
charts: the A.I sheet of the Atlantic Ocean at a
scale of one-to-ten-million, the chart of the
Azores at a scale of one-to-one-million, correct-
ed and updated, and a diagram showing the rel-
ative positions of all the charts. A long discus-
sion ensued and dealt mostly with questions of
scale and projection. Had Thoulet already
planned a reduction in the number of sheets
prior to the meeting or was this a result of the
discussion? The arca between 72° N and 72° S
was no longer to be divided into six but into
only four "rows" of four sheets each; each polar
cap was to correspond to four sheets. Conse-
quently, the chart would consist of a total of
twenty-four instead of thirty-two map sheets.
Agreement was reached on the scale of one-to-
ten-million and on two modes of projection:
"From 72° S. to 72° N. the chart would be on
Mercator’s projection [...] From 72° to the
poles the gnomonic projection would be em-
ployed [...]. All soundings of greater depth than
1000 metres would be entered upon the chart,
and isobathic lines drawn so far as the data war-
ranted. The unexplored part of the oceans
would be left without isobathic lines" (Mill
1903 : 192). The depths indicated by the iso-
baths were to be: 200, 500, 1000, 2000, 3000,
4000, 5000, 6000, 7000, 8000, and 9000 me-
tres. The areas between isobaths were to be
coloured blue, increasing in intensity with in-
creasing depth. The zero degree meridian was
to be Greenwich.

At Pettersson’s suggestion it was recommended
"that the data of the new map should be pub-
lished on an equivalent area projection on a
smaller scale, suitable for the use of oceano-
graphers in plotting various distributions for the
purpose of measuring areas" (Mill 1903 : 192).
As to Thoulet, he asked that local enlargements
of particularly interesting areas, in which a large
number of soundings had been taken, should be
published in accordance with the principle of
tenfold scale increase and using the sheet nota-
tion which he had proposed.

Kriimmel then read out a letter received from
Richthofen, containing a reminder that the re-
sponsibility of the Commission was limited to
the preparation of the work which would form
the basis of a proposal to the next geographical

Congress. The Berlin Congress had not made
any financial provisions for the production of
the Chart and the Executive Committee,
chaired by Richthofen, was not in a position to
pay for a publication of this size. The role of the
Commission therefore seems to have been re-
duced to a "purely academic discussion"
(Sauerwein 1903a : 444). Prince Albert pro-
posed that he should take on the cost of pro-
ducing the Chart if the Commission could
agree on its specification.

The Commission then tackled questions of
nomenclature and terminology. As regards
nomenclature, it was decided that it should re-
spect the principles adopted for the general
chart published by Supan in 1899 and that the
rule of priority should be followed. As to the
naming of forms of submarine relief, the Ger-
man members were asked to choose about fif-
teen terms to designate the most important
forms and to give them a precise and succinct
definition. These terms and their definitions
would then be translated into various lan-
guages, starting with English and French. In the
paper which he had read in Berlin in 1899 Mill
had justly commented: "The German language
[...] by the facility of its word-groupings, form-
ing new expression by linking together old ones,
offers a direct encouragement to the recognition
of minute differences and transitional forms in
Nature; perhaps even to the search for them,
French at the opposite extreme encourages, by
the difficulty of coining compound words, the
recognition and discussion of sharply defined
categories and distinct groups. English is inter-
mediate between the two as regards word-link-
ing; it lacks the flexibility of German and the
precision of French; but we can claim for it cer-
tain compensating advantages which permit it
to share many of the good qualities of both the
others" (Mill 1901 : 387).

The last session was devoted to an examination
of the proposal made the day before by Prince
Albert. A motion prepared by Mill was unani-
mously adopted: the responsibility for produc-
ing the Chart was to be handed over to the
Prince, to whom the members of the Commis-
sion expressed their deep gratitude (Réunion ...
1903).

T
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Preparation of the Chart

The decisions taken in Wiesbaden had an im-
mediate effect. As had been requested, Supan
prepared a list of terms and wrote the defini-
tions of first order forms of submarine relief,
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Towards the end of May he conveyed it to
Thoulet who transmitted it to Prince Albert, ac-
companied by a French translation. The Ger-
man text appeared in the July 1903 issue of Dr.
A. Petermanns Mitteilungen; the English transla-
tion was done by Mill and was published in the
August number of the Geographical Fournal. The
French translation took somewhat longer.
Thoulet recognised with lucidity: "I have no
right to decide on the question myself nor do I
wish to’." He enlisted his colleague in Nancy,
the geographer Auerbach, to provide linguistic
as well as technical assistance. But he suggested
to the Prince that he should appeal to "a French
commission to choose the definitive terms to be
adopted®." These questions were perhaps dis-
cussed during the Princesse-Alice II cruise in the
summer of 1903, a cruise in which both Thoulet
and Sauerwein participated. The French transla-
tion appeared, at the year end, in the Bulletin de
la Société de géographie de I’Est (Supan 1903b)
and in La géographie, bulletin de la Société de géo-
graphie de Paris (Sauerwein 1903b).

For the preparation of the Chart, Sauerwein
was appointed as Chef du Service de la Carte
générale des océans. The "official" address of the
Service was the Musée océanographique in Mona-
co. But for practical reasons the work was car-
ried out in Paris, in Prince Albert’s own hotel,
10 avenue du Trocadéro, where a proper draw-
ing office was set up. Nevertheless, there were
well-established links between Paris and Mona-
co, particularly regarding access to indispensa-
ble documents. In effect, the Museum library,
which opened soon after 1900 contained works,
periodicals and reports of oceanographic expe-
ditions which could only be consulted in Paris
with difficulty, if at all.

In the spring of 1903 work started on assem-
bling the data necessary to draw the chart. The
hydrographic services of all maritime nations
were invited to provide any data they had avail-
able in the form of charts or as lists. The contri-
butions made by the British Admiralty, the
Ministry of the Imperial Navy in Berlin, the
Coast and Geodetic Survey of the United
States, the French Hydrographic Service, and
various companies involved in laying submarine
cables were particularly appreciated.

The supervision of the technical side of the car-
tographic work was entrusted to a long-standing
collaborator of Prince Albert, Alphonse Tolle-
mer [1850-1919]. After obtaining a Diploma
from the Ecole d’arts et métiers qf Angers, he was
a student, then teacher at the Ecole des mécani-
ciens de la Flotte; he then left the French Nation-

al Navy to enter the French Hydrographic Ser-
vice as a draughtsman-calculator. In 1888 the
French Minister for the Navy recommended
him to Prince Albert who was looking for a
draughtsman capable of interpreting and trans-
lating on to a chart the results from floats
launched by the Hirondelle between 1885 and
1887. From then on, Tollemer devoted a con-
siderable amount of time, alongside his work
for the Hydrographic Service, to the numerous
charts which the Prince had drawn up as a re-
sult of his oceanographic activities and those of
his collaborators. He drew the definitive version
of Thoulet’s Carte bathymétrigue des Agores; he
prepared a chart of Red Bay whose hydro-
graphy had been surveyed during a cruise off
Spitzbergen in 1899 and which included iso-
baths, as well as soundings. He was also re-
sponsible for checking the accuracy and consis-
tency of the list of stations effected during the
cruises.

For the Chart of the oceans Tollemer was as-
sisted by one of his colleagues from the Hydro-
graphic Service, Jean Morelli [1859-1934], and
another draughtsman, Bataille. The latter, ap-
pointed to work in New Caledonia, was re-
placed by an employee from the cartographic
section of the Hachette publishing house, René
Bolzé [1867-after 1910]. Finally, three other
draughtsmen, Jacques Lebas [1868-after 1925],
René Lévéque [1870-after 1932] and Achille
Normand [1870-after 1934], contributed their
labour part-time. This whole group of special-
ists began to make a draft of the soundings, the
validity of which was examined and whose
provenance was noted with care. "The charts
that had already been published [were] mostly
put to one side as it would not always have
been possible to check all their measurements.
The work therefore really used data obtained at
first-hand" (Thoulet 1905 : 441). Through his
activities Tollemer had access to the charts of
the French Hydrographic Service and the lists
of soundings published in the Annales hydro-
graphiques. Among some of the other sources
used were some charts from the British Admi-
ralty and the List of Oceanic Depths which re-
quired conversion from fathoms to metres. The
Annalen der Hydrographie and the Dr. A. Peter-
manns Mirteilungen yielded abundant documen-
tation, as did the French, British and American
Notices to Mariners. Reports of oceanographic
expeditions were particularly appreciated since
their first volumes were usually devoted to a list
of the stations occupied and their depths; the
majority of the reports gave details of recent ob-
servations which were being obtained with in-
creasingly efficient and accurate equipment.
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By mid-November 1903, the gathering of sound-
ings for the first five sheets was already complete
and, in a quite symbolic act, Sauerwein drew the
first isobaths. In fact, his functions as Officier
d’ordonnance, then from December onwards as
the Prince’s Aide-de-Camp, forced him to be
away frequently and left him hardly any time for
other activities. As to Thoulet, he was as usual
overwhelmed with work. Apart from teaching his
courses at Nancy, he gave lectures in Paris as
part of a series organised by Prince Albert, as
well as in Nancy for the Sociéte de géographie de
P’Est. He analysed sea water samples and marine
deposits collected during cruises on the Princesse-
Alice. In addition to numerous publications and a
synthesis volume he completed his Carte
bathymétrique des Agores with a series of charts
concerned with various observations: tempera-
ture on the sea floor and at a depth of one thou-
sand metres, the distribution of calcium carbon-
ate on the sea bed, and the distribution of total
ammonia in the sediments.

Under these conditions it was not surprising
that the preparation of the Chart was in fact di-
rected by Tollemer. Because he had committed
himself to it, beyond his competence, he gave
the enterprise all his care and goodwill. He was
well supported by his colleagues and he man-
aged, at the beginning of 1904, to produce
drafts of the twenty-four sheets, with data up-
dated to July 1903.

ntation of the Chart to the

Académie des sciences

On 11 January 1904, at a session of the
Académie des sciences de Paris, the Prince pre-
sented the whole set of these drafts and en-
larged on a short note signed by Thoulet and
Sauerwein. This presentation was widely com-
mented on in the French press and abroad.
These reports were echoed not only in the peri-
odicals covering scientific subjects, which were
in the habit of reporting on the sessions of the
Académie, but also in geographical reviews. The
important newspapers in Paris: Le Temps, Le Fi-
garo, the Journal des débats and the foreign press
as far afield as the United States published
more or less detailed statements, inspired by
Sauerwein who had manifestly benefited from
the advice and help given him by his journalist
brother, Jules Sauerwein [1880-1967].

The work of the cartographers continued with-
out respite: as soon as the preliminary drafts
were finished, work started on the neat copies
of the documents which were to be presented in

the United States at the International Geo-
graphic Congress. New data, obtained up to
1 July 1904, continued to be integrated.

Approval of the Chart

Thoulet was "delegated to represent H.S.H. the
Prince at the International Geographic Con-
gress", by a sovereign ordinance issued on 25
June 1904. The Eighth International Geographic
Congress was held in the United States, as a rov-
ing congress; in effect the work sessions, inter-
spersed with excursions and visits, took place
successively in several cities. The opening session
took place on 8 September in Washington, D.C.
The Congress then moved to Philadelphia, New
York, Niagara Falls, Chicago and St. Louis.

Marine sciences occupied a place of honour in
New York on 13 September. During the morn-
ing plenary session Murray gave a lecture devot-
ed to deep sea deposits. In the afternoon, during
a sectional meeting, Thoulet presented an ac-
count of the "Carte bathymétrigue générale des
océans"; after tracing the history of the enterprise,
he stated the characteristics of the Chart, pre-
sented the drafts which he had brought with him
and sought the approval of the Congress. The
same evening a session was set aside for the ex-
amination of the report written by Richthofen on
behalf of the Executive Committee elected at the
Berlin Congress. The passage relating to the res-
olution which had been adopted for sub-oceanic
nomenclature ended with a satisfecit: the Com-
mission formed in Berlin had carried out the
task with which it had been entrusted. A resolu-
tion was then proposed in the following terms:
"Nomenclature of the ocean bottom. — Effec-
tive action has been taken on this subject by a
committee appointed for the purpose, and the
results have been published. The committee
was also instructed to promote the preparation
and publication of a map of the deep oceans.
Professor Thoulet reports on behalf of the
Prince of Monaco concerning the progress of
this map. It is recommended that the thanks of
the congress be voted to the committee for the
effective labors, and to the Prince of Monaco
for the publication of the map sheets now is-
sued, and that the committee be continued”
(Report ... 1905 : 61). During the discussion of
the project that ensued "Professor Libbey was
of the opinion that there was no necessity of
continuing the committee. Dr. Thoulet agreed
with Professor Libbey. The part of the para-
graph calling for the continuance of the com-
mittee was accordingly rejected" (Report ...
1905 : 63).
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When the resolutions which had been definitive-
ly adopted by the Congress had been put to the
vote, the approval of the Chart was worded as
follows: "The Eighth International Geographic
Congress expresses its thanks to His Serene
Highness the Prince of Monaco for having exe-
cuted the map of the ocean, the preparation of
which was desired by the congress of Berlin, and
expresses especially its agreement with the scale
and projection chosen, with the adoption of the
initial meridian of Greenwich, with the adoption
of the meter for indication of the depths, and
with the system of international submarine ter-
minology used" Repori... 1905 : 108).

On a much less solemn note Thoulet sent Sauer-
wein a veritable paean of victory on 14 Septem-
ber: "The chart was a real success. Yesterday 1
presented my paper concerning the work of the
Prince and related the history of the making of
the chart. Professor Penck then immediately
asked to speak and he himself presented the fol-
lowing proposal, only the gist of which I will give
you as I do not yet have the exact text — ‘con-
gratulations to the Prince and to the Committee,
approval of the mode of projection, of the choice
of Greenwich as the zero degree meridian, the
adoption of the metre, the terminology used —
the commission was discharged of its functions
which were considered to have been accom-
plished.” In summary, a complete success. I have
just shown the chart in greater detail to a few
people, among them Murray, Hugh Robert Mill,
etc. Murray is furious that he has failed totally
regarding the metre but he twice repeated that ‘it
is wonderful work! but it should be in fathoms.
As long as there is a seaman left in England, he
will not adopt the metre!™™"

Murray’s reaction was also noticed by others at-
tending the Congress and was mentioned in the
reports which they wrote about the Congress.
Perhaps his reaction was all the more violent as
he himself had no doubt intended to publish
such a chart, but with the depths given in fath-
oms. At least that is what two allusions in let-
ters sent by Richard to Sauerwein in September
and October 1904 lead one to suppose: "I am
very happy that the metre has been adopted for
the general chart of the oceans!®" and "It is very
fortunate that the chart in metres has arrived
before the one in fathoms®."

On his return to France, at the beginning of
October, Thoulet was received by Prince Albert
in his Chateau de Marchais; he reported to the
Prince on his trip to the United States and told
him of the approval of the Congress, the defini-
tive text of which was sent to the Prince by the

General Secretary on 22 October. It was now
necessary to get the printing done as quickly as
possible, for it had been announced that the
Chart would come off the press during the fol-
lowing spring.
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From the end of the year 1903 Tollemer had
been asking Vieillemard fils & Cie in Paris, who
had printed all the Prince’s charts since the be-
ginning of the 1890s, to provide a preliminary
estimate of the costs involved in printing 500
copies of the Chart in six colours. In June 1904
Vietllemard were asked for a new quotation for
the printing, as was the firm of Rollet, another
supplier used by the Prince for engravings. Just
before the Princesse-Alice II was fitted out for
her summer cruise, Sauerwein for his part made
contact with another printer in the Paris area,
Millet fils in Asniéres, who suggested the use of
photo-lithographic reproduction. Supan was
also asked to find out whether the prestigious
firm of geographical editions in Gotha, Fustus
Perthes, would be willing to carry out the work;
Supan reported that they agreed in principle
but could not specify the exact cost or delivery
time without seeing the original documents. A
last call for quotations was made as soon as
Thoulet returned from the United States. A
proposal submitted by the Erablissement géo-
graphique Erhard frérves in Paris was accepted for
a total of 27,635 francs (which represented the
equivalent of about three years of Richard’s
salary as Director of the Musée océanographigue,
or five years of Thoulet’s pay as University Pro-
fessor!). This sum covered the stone engraving,
the supply of stone and paper, the supply of
proofs and the printing of five hundred "black
and white" copies and five hundred copies "in
colour". The printer committed himself to car-
rying out the work, the printing and the engrav-
ing, within "five and a half months from the day
of the handing over of the master chart'"." The
first few sheets came off the press in the middle
of February 1905; the printing was completed
on 15 May 1905, one month later than initially
planned.

In the meantime two complementary docu-
ments were published. First, an Introduction to
the Chart which Thoulet had been working on
since November 1903 and which he completed
on his return from America. It comprised a his-
torical account — from the Berlin Congress to
the Congress in the United States — of a "Projet
d’une Carte bathymérrique générale de I’Océan" in
the form in which it had been adopted in Wies-
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baden, a table for the "Distances croissantes
mesurées a partir de I’Equateur vers les péles, en
projection de Mercator, pour une carte au

1/10 000 000" and a second table for the
"Rayons en cm des circonférences-latitudes pour les
Seudlles polaires au 1/10 000 000 (projection gno-
monique)", and finally a French translation of
the "Terminologie des principales formes du relief
sous-marin par le Prof. Dr. A. Supan". The text
was accompanied by a diagram showing the rel-
ative positions of the sheets at a greatly reduced
scale. Publication was initially planned for an
instalment of "Mémoires océanographiques" by
Thoulet within the Résultats des campagnes scien-
tifiques accomplies sur son yacht par Albert I,
Prince Souverain de Monaco. But Richard, who
was responsible for the series, considered that
the Chart did not bear any direct relationship to
the Prince’s cruises and that the Introduction
would be more suitable for publication else-
where. The Bulletin du Musée océanographique de
Monaco, launched at the beginning of 1904, of-
fered a solution with which Thoulet agreed.
The document appeared in Number 21 of that
Bulietin on 25 December 1904.

The second document was a "prospectus”, pre-
pared by Sauerwein. A brief history was fol-
lowed by a few words of explanation regarding
the data recorded on the sheets. He quoted the
complete text of the approval by the Eighth In-
ternational Geographic Congress, after which
he referred to recent international geographical
and oceanographic Congresses (London, 1895;
Stockholm and Berlin, 1899; Kristiania (Oslo),
1901) during which it had been recommended
that Greenwich should be the zero degree
meridian and the metre should be used as the
unit of depth. Finally, the terms of ordering the
Chart were specified: the edition in colour
would be sold for one hundred francs, the black
and white edition at fifty francs. There was no
plan to sell the sheets separately. The document
included a "Bulletin de souscription", to be de-
tached and sent to the Musée océanographique.
The price included the cost of postage and
packing, for which a number of solutions had
been considered; in the end the charts were sent
in strong cardboard tubes. The cost of postage
and packing amounted to four francs per copy.

™

Description of the Chart

The Carte générale bathymétrique des océans con-
sisted of twenty-six sheets: a title page, a title
sheet with a key diagram showing the relative
positions of the sheets and the twenty-four map
sheets making up the actual Chart. The sheets

were in "double-elephant” paper size (73 x 113
cm); the paper had been selected with care for
Tollemer knew how much importance Prince
Albert attached to this aspect. The printing was
done by the lithographic process.

The title page was worded as follows: CARTE
GENERALE BATHYMETRIQUE DES
OCEANS / DRESSEE PAR ORDRE DE
S.A.S. LE PRINCE DE MONACO / d’apres le
mémoire de M. le Professeur THOULET /
adopté par la Commission de nomenclature
Sub-océanique / et par le Congres international
de Géographie de Washington (8 septembre
1904) / sous la direction de M. CHARLES
SAUERWEIN, Enseigne de Vaisseau / par M.
TOLLEMER / avec la collaboration de MM.
BATAILLE, BOLZE, LEBAS, LEVEQUE,
MORELLI, NORMAND. This title was fol-
lowed by the scale and the following details:
Les Sondes sont exprimées en Meétres. — Les
Longitudes sont rapportées au méridien de Green-
wich. The abbreviations used for designating the
nature of the sea floor (clay, shingle, globigerina
ooze, mud etc.) were then listed. The legend
finished with the key for isobaths of 200, 500,
and 1000 to 10,000 metres.

Beneath the title: "CARTE GENERALE BA-
THYMETRIQUE DES OCEANS / Feuille
d’assemblage", a diagram represented, from top
to bottom, the four sheets of the northern polar
cap, the sixteen sheets from 72° N to 72° S, and
the four sheets of the southern polar cap. The
reference allocated to each sheet (Ar, All... C'1v)
made it easy to locate each sheet. For the sheets
which were displayed in Mercator projection,
the labelled meridians were spaced thirty de-
grees apart; the boundaries of each sheet were
indicated by a thicker line for the Greenwich
meridian, for 90°E and W and for 180°. Apart
from the equator, lines of latitude were indicat-
ed for 30° and 60° N and S, as well as for the
boundaries of the sheets: 47° and 72° N and S.
For the polar caps lines of latitude were drawn
every degree, from 72° to the pole. The surface
of the continents was coloured a uniform buff
colour; the oceans bore no labelling at all. The
only geographical names mentioned were those
of the North pole and the South pole.

The borders of the sixteen sheets in the Mercator
projection measured: 59 x 100 c¢m; the straight
sides of the quadrants on the polar sheets meas-
ured 63.7 cm. On the twenty-four sheets the
two-line title was printed at the top, outside the
borders, and centre justified: CARTE
GENERALE BATHYMETRIQUE DES
OCEANS / Feuille A1 [An, Amr..]. Whatever the
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mode of projection, the lines of longitude and
latitude were spaced one degree apart; the lines
were bolder every five degrees. The lines of lon-
gitude and latitude were also annotated outside
the borders every five degrees. On most sheets
the letters E. Gr. et W. Gr. were printed either
side of the central meridian of the sheet. The fig-
ures used were of a particular design, so as not to
give rise to any reading error: 0, 1 and 2 were
small in size; 3, 5, 6 and 8 were almost twice as
high; 4, 7 and 9 were subscript numbers. They
were straight stick characters ("antique").

At the bottom left and outside the border (with
the exception of sheets Cit and Crv, where it
was at the top left) the name of the printer is
given in italics, in the following form: Gravé et
Imprimé par Erhard F* 35 bis, Rue Denfert-
Rochereau. Paris.

The continents in both the "black and white"
and the "coloured" editions were printed in a
flat buff colour. They bore no indications of
physical geography (mountains or rivers),
human geography (towns) or political geo-
graphy (frontiers). A few rare numbers were
given for hill tops near coastlines, which no
doubt navigators would have been in the habit
of referring to while making landfall. The only
names mentioned were those of continents,
sub-continents, the principal nations, archipela-
gos and the most important islands.

In the maritime part, the soundings were indi-
cated in accordance with the following princi-
ples: from 0 to 500 metres, only some of the
validated sounding points were indicated, but
all of them were used for drawing the isobaths;
below 500 metres, all the accepted soundings
were indicated on the charts. Their location was
marked by a black dot, accompanied to the
right by the depth in metres of that particular
sounding. These figures were, if applicable, ac-
companied by one or several letters specifying
the nature of the sea floor. Numbers and letters
were written in italics.

The 200 metre isobath was indicated by a dot-
ted line, the 500 metre one by a dashed line;
the 1000 to 10,000 metre isobaths were drawn
as continuous lines, regardless of the degree of
confidence with regard to the density of the
soundings (contrary to what Thoulet had
planned in the first version of his memoran-
dum). Here and there the values of the isobaths
were indicated to make viewing easier. On the
"coloured" edition the area from 0 to 200 me-
tres was left blank; from 200 metres onwards
eleven areas between adjacent isobaths had a

blue-green tint which increased in intensity as
the depth increased. In the "black and white"
edition the maritime part showed only the
sounding points and the isobaths, but no
coloured areas. This form of presentation —
which had perhaps been inspired by Petters-
son’s request in Wiesbaden and by the comple-
mentary chart projects of the Azores archipela-
go by Thoulet — was to allow scientists and
mariners to note down personal observations
and notations.

The names of the oceans, their sub-divisions
and the seas were of course indicated. As to the
features of the submarine relief, whether convex
or concave, the rules established in Wiesbaden
were scrupulously respected: the nomenclature
was that of the Tiefenkarte des Weltmeeres by
Supan; the generic names were the terms cho-
sen by Supan and translated by Thoulet: bassin,
vallée, ravin, golfe, seuil, créte and plateau (basin,
trough, trench, embayment, rise, ridge and
plateau). All the inscriptions: titles and feature
names, were in French which was to remain the
sole language of the Chart up to and including
the fourth edition.

A further detail which reflected the lively inter-
est shown at that time in polar exploration: the
furthermost points reached in the Arctic and
Antarctic regions were marked with the names
of the explorers and the dates.

Reception of the Chart

On 19 May 1905 the first copy of the Chart
was handed to Prince Albert. To express his
satisfaction with the work accomplished, he
awarded a first class gold medal of honour to
Tollemer and a second class silver medal to his
two principal collaborators: Morelli and Bolzé.

Despatching began on 20 May; the Chart was
sent to Thoulet and the other members of the
Wiesbaden Commission, to Richard, to the
people and organisations who had subscribed to
it, as well as to the Bibliothéque nationale in
Paris, for the legal deposit. During their session
of 5 June Prince Albert honoured the Académie
des sciences de Paris with a copy in colour, des-
tined for the library of the Institut de France.
The press announced the publication, as did
those responsible for compiling geographical
bibliographies, in particular the Royal Geo-
graphical Society in London. In its September
issue, under the column headed Geographical lit-
erature of the month, a reference to the Chart
was accompanied by the following sentence:
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"This important chart will be specially noticed
in the Geographical Journal'. The announced
commentaries never actually appeared. In ef-
fect, although everything seemed to be proceed-
ing auspiciously, shortcomings, imperfections
and errors were revealed by an impartial analy-
sis of the Chart and published in the most im-
portant French geographical periodical of the
period, the Annales de géographie.

Intervention of Emmanuel de Margerie

Its author, Emmanuel de Margerie [1862-
1953], was to play an important role in the field
of Earth sciences for three-quarters of a centu-
ry, in France as well as at an international level.
He was gifted with a lively intelligence, an infal-
lible memory, a rare capacity for work and had
started to take an interest in geology at the age
of 15. In 1878 he participated in the First Inter-
national Geological Congress. From then on,
helped by his extensive knowledge of several
foreign languages, particularly English and Ger-
man which he mastered perfectly, he participat-
ed in almost all the International Geographical
and Geological Congresses and took on posi-
tions of responsibility during these meetings
and within numerous learned societies and in-
ternational associations. He made a notable
contribution within the most varied fields: ter-
minology, cartography, bibliography and critical
analysis, field research, original publications
and writing syntheses.

On 7 June 1905 he wrote a long letter to
Thoulet and to Sauerwein in which, after the
usual compliments, he started by deploring the
absence of an index of the soundings which
would give the necessary details of their prove-
nance; he suggested that such an index should
be published in the Annales de géographie. He
went on to list the shortcomings and errors of
the Chart over more than four pages. He attrib-
uted most of them to the fact that the draughts-
men had no knowledge of German or any sci-
entific competence; because of this they had
blindly copied errors which appeared on
Supan’s Tiefenkarte des Weltmeeres. Further-
more, the translation used for an identical form
of submarine feature was not always the same
on two different sheets. "All of this basically
concerns details of pure form, attributable sole-
ly to the lack of intelligence of the draughtsmen
in charge of transcribing names; although it is
to be regretted that none of the many people
mentioned on the title page was charged with
the small task — so easily carried out — of check-
ing the spelling and the language. However, the

nomenclature adopted on the Chart raises two
questions of principle [...]. The first one con-
cerns Monsieur Supan alone since, on that
point, the Prince and his collaborators have
done nothing but follow his example: is it ac-
ceptable that one changes, at the present time,
the names of seas universally known and used,
such as: Golfe du Mexique (replaced with
Bassin mexicain), Mer des Antilles (replaced
with: Bassin de Puerto Rico) [...]. It seems
strange, at least to French eyes, to see these
words: Mer du Nord, written where the Mer de
Norveége or océan Arctique (BIV) should be but
absent between Holland and Great Britain [...].
The second question — but here I am impinging
on territory which is no longer mine, since it
has been decided on by vote — relates to the
equivalence of the generic terms used by Supan
and the French terms adopted by the Commis-
sion on Submarine Nomenclature. [...] As to
the individual names given to these oceanic
‘troughs’ or ‘trenches’, I really do not see why
the commission has, as a matter of principle, re-
jected those which had taken their names from
a ship or a person’s name — when that ship or
that person had taken part in the discovery or
the definition of the features [...]. I understand
that one may have wished to avoid sprinkling
the surface of the seas arbitrarily with a lot of
names of naturalists or geographers, chosen at
random [...] but has this reaction not surpassed
its aim?'!"

This letter which was worded courteously, im-
mediately evinced a lively reaction on the part
of Sauerwein as well as Thoulet. At the end of
1904 the latter had already written in a letter to
Richard that he considered that "For the Chart
project until after Wiesbaden, I have done
everything and the others nothing; towards its
execution the others have done everything and I
have done nothing. May each one keep to his
responsibilities?." From the moment that
Sauerwein was appointed Chef du Service de la
Carte générale des océans, Thoulet was no longer
consulted; on the occasion of his rare and brief
visits to Paris Thoulet was able to do no more
than cast a glance at the work in progress. It
was not until the beginning of 1905 that speci-
mens of three sheets were submitted to him;
after a careful examination he wrote to Sauer-
wein in order to point out "two serious devia-
tions from the project approved in Wiesbaden.

"1.The cutting of the cylindrical charts was
done at 47° precisely instead of halfway be-
tween the equator and 72° lat. N. and S,
which falsifies the dimensions height-wise,
[...] thus rendering illusory the uniformity
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and the notation of the sheets as they had
been planned in the memorandum.

"2.The inclusion of the lithological nature of
the sea floor, for which I could not at any
price agree to either the principle or the

13"

nomenclature®®.

In his reply Sauerwein played down the impor-
tance of the "material errors”. "In a piece of work
of such large scope, executed so rapidly, it was
impossible to strive for perfection at the first at-
tempt'®." As to the most important remarks made
by E. de Margerie, Sauerwein countered them
with arguments which were not very convincing;
in fact, he tried to evade all responsibility by tak-
ing refuge behind the authority of the Prince who
would have considered Thoulet’s observation as
a "disguised reproach". He had used a similar
"strategy" two years previously, after the printing
of the second edition of the Carte bathymétrique
des Agores; he had then assured Thoulet that if
the corrections Thoulet had requested had not
been made, it was because it was the Prince’s
wish. Of course, Thoulet had not been able to
risk verifying with the Prince whether this asser-
tion was well founded.

The "epistolary duel" continued until the end of
June. In the end the Prince, a convinced believ-
er in arbitration in any situation, brought
Thoulet, Sauerwein and Margerie together at
his residence on 14 July. How did this session
proceed? There is no written testimonys; it is
likely that the topics discussed were those which
Thoulet raised again in his last letter to Sauer-
wein, three months later. It is undeniable that
the proofs of the charts were never submitted to
any of the members of the Wiesbaden Commis-
sion to be verified before printing. The printing
had already started when Thoulet at last had a
chance to examine a few sheets and to convey
his remarks. Yet it was he, alone, who suffered
from the consequences of the imperfections of
the Chart. His responsibility for the lectures
and the physical oceanography courses which
he had been organising for the past two years
under the auspices of the Prince of Monaco,
was withdrawn and handed over to Alphonse
Berget [1860-1933]. Sauerwein seemed to re-
tain all the confidence and esteem of Prince Al-
bert; but no doubt he had realised that he was
not made for a scientific career. Thanks to con-
tacts he had built up during his years of service
with the Prince, he managed to obtain an im-
portant post with one of the large Parisian
newspapers and henceforth devoted himself to
business and journalism. The Prince’s goodwill
towards him manifested itself once more, at the

time of his "resignation for personal reasons" at
the beginning of January 1906, when he made
him a Knight of the Order of St. Charles.

So it was in the issue of the Annales de géogra-
phie, dated 15 November 1905, of which he was
a director, that Margerie published his study on
"La carte bathymétrique des océans et ’ceuvre de la
Commussion internationale de Wiesbaden". It was
remarkable for the minutiae of its detail and its
erudition. In a tone which was much more bal-
anced than he had used in his letters to Thoulet
and Sauerwein, Margerie stressed that the ma-
jority of the faults of the Chart were the result
of insufficient rigour in the execution for which
Sauerwein had assumed full responsibility. The
most serious errors: faulty division of the sheets
using Mercator projection and the presence of
lithological markings were attributable to a dis-
regard of Thoulet’s memorandum. Throughout
his analysis, Margerie kept referring to this
memorandum which, as the fruit of the experi-
ence and considerations of a specialist, and ap-
proved by an International Commission, ought
to have been followed in the minutest details.
Finally, Margerie deplored the approval given
in Wiesbaden and underlined the extreme posi-
tions which Supan had taken with regard to the
nomenclature and some of the terminology.

A New Edition?

Due to their extent and pertinence, Margerie’s
comments could not fail to discredit the enter-
prise. However, it was undeniable that there
had been an evident need for a general chart at
that scale; the principles underlying the publica-
tion had been sound, and the graphic and aes-
thetic qualities, as well as the care taken over
the printing, had been remarkable. Was it in
order to compensate for this semi-failure that
Prince Albert began to develop his oceano-
graphic activities in a new direction? On 14
April 1906 he signed a legal document in
Monaco by which he created a private founda-
tion, the Institut océanographique. The new or-
ganisation was to include an Institute in Paris,
which would be its registered office and with
which the Musée océanographigue in Monaco
would be associated. The latter had been built
and fitted out over the last eight years. The
prime objective for this foundation was to for-
malise the teaching of oceanography, which had
been taking place since January 1903 in the
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form of courses and lectures, under the direc-
tion of the Prince. Three academic chairs were
created within the Paris establishment; the one
in physical oceanography was granted to Berget:
further confirmation of Thoulet’s disgrace!

The inauguration of the building of the new In-
stitute did not take place until 23 January 1911,
burt its statutes were approved by the French
Government as early as 16 May 1906. As
Chairman of the Scientific Advisory Board and
of the Board of Trustees of the Foundation, the
Prince owed it to himself to respect these
statutes. In order to be able to arrange oceano-
graphic enterprises outside this strict frame-
work, he decided to put in place another, more
flexible, structure over which he would have
sole control: on 19 February 1907 a sovereign
ordinance created a ‘Cabinet scientifique’ (Scien-
tific Office), with Dr. Richard as Director,
Henry Bourée [1873-1940] as Head and
Alphonse Tollemer as one of two Attachés.

On 1 May 1906 Bourée replaced Sauerwein as
Aide-de-Camp to the Prince. In his capacity as
a Lieutenant de vaisseau in the French National
Navy, he soon proved himself to be a well-cho-
sen collaborator. He had perfect command of
navigational matters. He had a passion for the
most up to date techniques, which had led him
to spend a part of his naval career on board a
submarine. He was a photographer and a cine-
matographer without equal. His inventive spirit
and his manual dexterity made him a born in-
ventor who was to create several items of valu-
able oceanographic equipment. He knew how
to assume the responsibilities entrusted to him
with seriousness and competence.

Also in the spring of 1906, the scientific world
was informed about an International Oceano-
graphic Congress which the Prince planned to
host in Monaco, to coincide with the opening
of the Musée océanographique. Although there
were a very large number of positive responses
to the circular letter announcing the project, the
Congress was postponed from year to year until
1910, and never actually took place. There are
several reasons which could explain this cancel-
lation: the time of year may have been a bad
choice for university people, the likely number
of participants was insufficient, or it may have
been because the attitude of the two major fig-
ures in oceanography, Alexander Agassiz and
Sir John Murray, was more than reserved
(Carpine-Lancre 1980).

Neither the pursuit of cruises, nor the planned
congress, nor the changes made to the condi-

tions under which the Prince’s oceanographic
work was carried out, made him lose sight of
the Carte générale bathymétrique des océans. It oc-
cupied an important place in the Monaco sec-
tion of the Palais de la mer, which housed the
Section internationale d’océanographie, des péches
maritimes et des produits de la mer, during the
1906 Exposition coloniale in Marseille. Neverthe-
less, its distribution remained limited: by 1 Jan-
uary 1907 only fifty-four copies (six of them
black and white) had been sold and twenty (one
of them black and white) had been sent out free
of charge, that is less than eight percent of the
quantity printed!

In 1907 Richard summed up the situation per-
fectly in the following terms: "This considerable
piece of work which has seen the light of day
thanks to the love of science and the generosity
of Prince Albert of Monaco, [...] marks an im-
portant event in the history of Oceanography;
such a piece of work cannot be expected to
achieve the desired state of perfection at the
first attempt, but since it has to be continuously
updated on the basis of the endless research
carried out by marine explorers, it is easy to im-
prove it gradually, and the second edition,
which is in preparation, will mark a very great
improvement over the first" (Richard 1907 :
48).

In effect, even though the first edition had not
yet come off the press, Tollemer continued
updating the draft without respite. Because of
his work in the Hydrographic Service, he was
familiar with the procedure. For his part,
Thoulet never stopped saying and writing that
frequent new editions would be necessary, in
phase with the rhythm with which new data
became available. The soundings taken by
HMS Discovery supplied an excellent example
of this. A preliminary chart had been pub-
lished in the Geographical Fournal in July 1903
to accompany an article by Sir Clements
Markham [1830-1916] "The first year’s work of
the National Antarctic Expedition". The ship of
Captain Robert F. Scott [1868-1912], on her
return journey from the Antarctic, had put
into port in the Azores at the same time as the
Princesse-Alice II; but, supposing that the
British would have been willing to share their
data with Prince Albert in the course of their
conversations, it would have been too late to
include it in the first edition updated to the
previous 1 July. Before long, when the German
vessel Planet, designed to explore the three
oceans, was put into service, the volume of
new information was to increase to an even
greater extent.



34 TuE HisTtory oF GEBCO

Was it possible not to be convinced that new
data would always entail progress and, above
all, amendments to what was known about sub-
marine relief? Murray did not seem to share this
opinion; on 25 January 1905, during a meeting
of the Challenger Society, he affirmed that "re-
cent expeditions had made only inconsiderable
alterations in the contour lines of the sea-bot-
tom published in the Challenger Reports; [...] no
great changes were likely to be made by the
soundings of future expeditions" (The relation ...
1905 : 158).

For his part, Prince Albert does not seem to have
hesitated for one moment before starting to plan
a new edition of the Chart. First of all, errors
and omissions had to be corrected; to those
pointed out by Margerie, had been added new
ones in written reports published by Kriimmel,
Gerhard Schott [1866-1961] of the Deutsche See-
warte, and the Scottish Geographical Magazine.
The interest in the Chart could be raised by fol-
lowing one of the suggestions made by Margerie:
the bathymetry of the oceanic areas should be
complemented by the hypsometry (heights
above sea-level) of the continents. This addition
would reveal the continuity or contrast between
the land and the submarine relief. At the end of
the 1860s a remarkable chart using this method
of representation had been produced by the
French mining engineer Achille Delesse [1817-
1881]. Margerie’s request seemed modest: "We
are only asking for a few lines and a few refer-
ence points; and the existing atlases would
amply suffice to supply them" (Margerie 1905 :
397). After Sauerwein’s departure, Tollemer
regularly reported to Richard on his work;
throughout 1906, apart from corrections and
updating, he mentioned his documentary re-
search on hypsometry and rivers, and the trans-
fer of these data to the Chart.

Three collaborators of the Prince were responsi-
ble for different aspects of the Chart: Richard,
Bourée and Tollemer. They examined the prob-
lems to be solved and came to the following
conclusions. First of all, the printing of the cor-
rected Chart should not be rushed; it would be
sufficient to have it available in time for the In-
ternational Oceanographic Congress and would
therefore be perfectly up to date when it was
presented to the assembled specialists. Further-
more, it was advisable to take all possible pre-
cautions in order to avoid the criticism which
the first edition had attracted; the sheets would
have to be examined with perfect rigour, for ex-
ample by members of the Wiesbaden Commis-
sion. Finally, the financial aspects would have
to be considered, in particular with regard to

the number of copies to be printed, taking into
account the modest distribution of the first edi-
tion. The cost of engraving and printing had, in
the end, amounted to 29,135 francs in 1905,
that is five percent more than the initial esti-
mate. For the revised edition, the printer had
increased the cost to 45,000 francs, still for an
issue of one thousand copies; Richard was all
the more surprised as it would not be necessary
to buy new stones or to re-do all the engraving.
It seemed, therefore, that it was the addition of
hypsometry which caused this considerable in-
crease.

A Fovth + M as 31l By Thaonlet
A Further Memorandum by Thoulet

The preparation of the second edition demand-
ed all the more attention since, at the beginning
of 1907, Thoulet published a new study devot-
ed to the Carte générale bathymérrigue des océans
in the Bulletin de la Société de géographie de I’Est.
With understandable tenacity, he wanted his
"magnum opus" to be created in accordance
with his wishes and his considerations. Fired by
a certain amount of optimism, he attempted to
prove that the "defects" of the first edition
could easily be put right and without great ex-
pense. The elimination of lithological data and
the correction of material errors would not pose
any problems. The faulty division of the sheets,
halfway between the equator and the 72° N and
S lines of latitude would be rectified. It would
be sufficient to transfer the area between 46°40'
and 47°, incorrectly included on the sheets of
the A and A' series, to the sheets of the B and
B' series. He thought that "this work would not
be difficult". A general catalogue of the sound-
ings and of other documents used would be
prepared. The date of publication of each sheet,
as well as that of previous editions, would in fu-
ture be mentioned. An international commis-
sion, to be appointed by the next International
Geographical Congress which was to be held in
Geneva in 1908, would examine the pending
problems: nomenclature and terminology, the
creation of bathymetric charts at one-to-one-
million scale and the publication of specialised
oceanographic charts, starting with temperature
measurements. Thoulet considered that it would
also be good to involve the permanent Interna-
tional Council for the Exploration of the Sea.

Despite the fact that Thoulet’s study was unfor-
tunately littered with numerous errors (of dates
and calculations), it could not help attracting
attention, particularly that of Bourée who
sought his advice with regard to furthering the
project of the new edition. The letters which
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they exchanged during the autumn of 1907 are
of great interest. In reply to Bourée’s question
regarding a possible change in the use of white
for the first (0-200 metres) area between iso-
baths, Thoulet replied”: "I do not share your
opinion. This first white area decreases the
number of colours needed — hence it saves
money and increases the clarity and ease of
reading the chart by emphasising the different
appearance of the ocean and the continents.”
With regard to the use of a graduated brown
colour for indicating the topography of the con-
tinents, Thoulet was categorical: "My opinion is
frankly the opposite of yours. The chart is
oceanographic, not geographical, the only beau-
ty it should possess is that of simplicity and
clarity. Why not indicate railway lines, the bor-
ders of countries, the areas where icebergs are
encountered, etc. etc., all excellent information
in itself, but unnecessary, even detrimental in
the present instance. Only the separation be-
tween land and sea matters, and, very correctly,
on all the hydrographic charts, French or for-
eign, the continents are shown only in a uni-
form colour. If you include continental topo-
graphy, 1) you increase expenditure without
gaining anything, 2) you diminish clarity, 3)
you expose yourself freely to criticism in the
event of uncertainties, and 4) for reasons of
symmetry and balance, you would have to make
as many colour gradations over the continents
as you have made bathymetric ones. All of this
would lead you vastly astray." Likewise,
Thoulet considered it to be useless to add the
lines of rivers and a certain number of "land-
marks", or to indicate in the margin the range
of colours used, which were graduated rather
than a group of distinctly different colours as
they were on geological or lithological maps.

Concerning the disputed question of the divi-
sion of the "cylindrical" sheets, Bourée suggest-
ed maintaining the division used for the first
edition, in order to avoid the considerable cost
of completely remaking the sixteen correspon-
ding sheets; a dotted line would be added at the
place where the division should have been
made. Thoulet devoted a long explanation to
this problem and ended with the following con-
clusions: "In trying to remedy the error by
adding a dotted line, one would only emphasise
it further. I conclude that it would be even bet-
ter, while acknowledging that the division was
done badly, to leave things as they are, without
adding a dotted line, to explain in a note in-
cluded with each copy that the tenfold increase
in scale should only be carried out in accor-
dance with the table of my calculations, which
would also be included with each copy [...]

I confess that I regret to have to give you this
advice, [...] in the hope that this measure will be
but transitory and that, sometime in the future,
when anticipated progress in oceanographic re-
search will make it necessary to remake a single
cylindrical sheet or if a new sheet has to be pre-
pared, the correct division will be established."

As to quoting the sources used, rather than
publishing a catalogue, Thoulet thought it
would be sufficient to list them "at the bottom
of each sheet or, better still, on a small loose
note accompanying each sheet. This had been
done in a number of atlases." He considered
that stating the date of issue was quite indispen-
sable. As to the terminology, he would accept
"whatever was decided, provided that the terms
used for naming the same type of submarine
topographical feature were absolutely synony-
mous in the different languages.”

He replied to the question, as to whether he
would agree to check the proofs of the future
edition, in a very intelligible and rather abrupt
manner: "I will agree to it, on the clear condi-
tion that I will be an official member of a spe-
cial commission formed for this purpose, which
will function regularly and in the Minutes of
which I could, in case of disagreement, record
my opinion so that I would only ever have my
personal share of responsibility to bear and
could always preserve my entire freedom of ap-
praisal."

The letter ended with some recommendations
which future events proved to have been well
founded. "Wherever possible, refer back to the
chart at the stage before your predecessor was,
unfortunately, able to exert his disastrous influ-
ence on it; carry it out as he should have done,
based on information of which not a line — writ-
ten or unwritten — has not been the subject of
long reflections; confine yourself to choosing the
best documents for the drawing of the isobaths,
to the extent of supervising their transfer, their
grouping on the new chart, but do not change
any of the general arrangements. The new edi-
tion on which you are about to start is, and I re-
peat it, a piece of work which is neither difficult,
nor costly, nor lengthy. For the sake of science,
I hope that all the same the desire to do things
differently from the way that I have indicated,
will not lead to alterations which would very
probably be regretted later; in wishing to do bet-
ter, one greatly risks doing less well."

When, a few days later, Bourée submitted to
him a specimen of a sheet destined for the new
edition, Thoulet returned to the formal and in-
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ternational nature of the steps which had pre-
ceded the publication of the first edition and
which Sauerwein had not respected. Thoulet
specified his requirements if he were to be a
member of a possible commission: "I must be
given, beforehand, an official title specifying the
precise and clearly defined limits of my respon-
sibilities, large or small, as should any author or
co-worker of any scientific work whatsoever,
and most particularly when an enterprise is as
formal as the one we have in mind"."

Under these circumstances, it was not surpris-
ing that Bourée wrote to Richard "I am won-
dering what your advice would be regarding the
bathymetric Chart. I confess that I find the
prospect of tackling it rather tiresome, given the
restricted number of people who will be inter-
ested in it but who, nevertheless, will shout
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about it as a matter of principle'.

Formation of a New Commission
The Ninth International Geographical Congress
was held in Geneva from 27 July to 6 August
1908. Thoulet was mentioned as one of the del-
egates, representing the Société de géographie de
’Est; however, the Proceedings do not include
any communication or intervention on his part,
cither in the cartography or the oceanography
sections. It would seem, therefore, that he had
ceased to solicit the Congress about a new edi-
tion of the Carte générale bathymeétrique des océans.
The oceanographers present agreed to formu-
late two resolutions which the Congress adopt-
ed: two commissions were formed for the pur-
pose of scientific exploration, the first one for
the Atlantic Qcean, the second one for the
Mediterranean Sea. Prince Albert was proposed
as Chairman of these new commissions.

The following year, during Regatta Week in
Kiel, which Prince Albert had attended almost
every year since 1898, he had a long conversa-
tion with Kriimmel. After discussing the com-
missions which had been formed in Geneva,
they broached the question of the Chart and the
Prince stated that the preparation of the new
edition was almost finished.

From 1908, in addition to the continuous up-
dating of the various sheets, Tollemer took on
two considerable tasks. First of all, he made a
summary of all the corrections and additions
made to the Chart since its publication. Then
he prepared a general list of the documents
used. In the initial version (1901) of his memo-
randum about the Chart, Thoulet had planned

a very detailed index which would allow one to
identify the characteristics and the origin of all
the soundings used. Was this index ever pre-
pared and realised? It has not been found and
there is no publication about it. A supplement
attached to the presentation Thoulet gave in
New York in 1904 had included a brief list of
the documents that had been used, where con-
cise references had been grouped together for
cach sheet.

The volume prepared by Tollemer was organ-

ised in the following way: each sheet (series A,

B and C, then A', B' and C') was the subject

of three lists:

1) A "Liste des autorités consultées pour I’établisse-
ment de la premiére édition". This started by
mentioning the charts and their dates of
publication; this was followed by the names
of the vessels whose soundings had been
used; the type of vessel (warship, cable-lay-
ing ship...), its nationality, the dates on
which the work had been carried out and, if
applicable, the name of the oceanographic or
polar expedition was added.

2) A "Liste des corrections a effectuer a la premiére
édition". This referred to errors of position
and depth, and to faulty names in the
nomenclature.

3) A "Liste des nouveaux sondages communiquiés
par diverses autorités depuis Iétablissement de la
premuere édition". This list was presented in
the form of a table which specified the
sources, the dates, the geographical co-ordi-
nates, the depths (in metres) and possible
observations. This volume, which consisted
of more than three hundred pages, was
printed in March 1910.

Preparation of the Meeting in Monaco
At the beginning of January 1910, Bourée sent
a letter of invitation to the people who had been
members of the former Commuission'®, as well as
to Margerie and Schott, the principle passages
of which read as follows':

"H.S.H. the Prince has decided that it would be
right to produce a second edition of the ‘Carte
générale bathymétrique des océans’ as soon as
possible.

"However, this new task could not be usefully
accomplished without the assistance of the
scholars who, during a first meeting, have al-
ready put in place the basis of the enterprise or
who, in their subsequent observations, have ex-
pressed their interest in such a publication.
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"His Serene Highness has suggested that, on
the occasion of the inauguration of the Musée
océanographique in Monaco, which will take
place on 29 March 1910, a new Commission
could meet in order to examine under what
conditions the second edition should be pro-
duced [...]

"By order of H.S.H. the Prince, I have the hon-
our of asking you in this letter whether you
wish, once again, to lend Him the support of
your experience by agreeing to be a member of
this new Commission.

"T should be obliged if you would let me have
your answer as soon as possible, so that His
Highness may know which collaborators He
may count on.

"As soon as acceptances have been received,
each member of the Commission will receive a
report summarising the various criticisms which
have already been made and the desiderata
which have been expressed with a view to new
improvements.

"This work will be followed by a schedule, es-
tablished by order of His Most Serene High-
ness, which summarises the main points that
will need to be discussed."”

Kriimmel, Margerie, Mill, Pettersson, Schott,
Supan and Thoulet accepted this invitation.
Murray had been planning to participate, to-
gether with Johan Hjort [1869-1948], in a long
cruise on the Michael Sars in the Atlantic; he
could not therefore be in Monaco a few days
before the ship sailed. Nansen also excused
himself for not coming.

Meeting of the Commis
The ceremonies organised for the inauguration
of the Musée océanographigue in Monaco went
on from 29 March until 1 April 1910. There
was a succession of festivities (a gala at the
Opera, a banquet, a water festival with fire-
works and a reception at the Palace) and there
were working sessions. One after the other, the
Atlantic Commission, the Mediterranean Com-
mission and the Scientific Advisory Board of
the Institut océanographigue met under the chair-
manship of Prince Albert. Finally, during the
afternoon of 1 April, the session of the Com-
mission for the Bathymetric Chart took place.

In accordance with the procedure announced
by Bourée, the members of the new Commis-

sion had received, beforehand, a synthesis of

the criticisms formulated by Thoulet, Margerie,

Kriimmel and Schott. Discussions could there-

fore begin in accordance with the agenda:

1) Division of the sheets.

2) Colour to be adopted for the area between
0 and 200 metres depth.

3) Addition of rudimentary hypsometry to the
continents; addition of important rivers and
lakes, as well as a few names as points of
reference.

4) Addition of a key to the colours, with a leg-
end, in the margin.

5) Removal of abbreviations indicating the na-
ture of the sea floor.

6) Indication of date of completion of each
sheet and list of the authorities consulted
for its realisation.

7) Conventions to be used for single sound-
ings.

8) Examination of the catalogue of soundings.

9) Terminology to be used.

10) Appeal to members of the Commission to
verify the sheets prior to printing.

11) Eventual tenfold increase of, or working at,
a larger scale.

12) Any Other Business.

Apart from Prince Albert, who was in the chair,
and the members of the Commission, Bourée,
who acted as rapporteur, and Tollemer took
part in the working session.

With regard to the first item, everyone deplored
the errors which had occurred in 1905; howev-
er, after a vote, the majority decided not to re-
engrave the stones but to point out the prob-
lems which this would present for any eventual
tenfold increase in scale. The second item was
left to cartographers to decide. The third item
gave rise to a long discussion. Thoulet, support-
ed by Supan, repeated his opposition to the in-
troduction of hypsometry; in response, Petters-
son was of the opinion that the indication of
terrestrial relief would facilitate meteorological
studies relating to oceanography. In accordance
with the majority of votes, the drawing of rudi-
mentary hypsometry was decided on. The
Commission agreed, without any difficulty, to
print a colour key for bathymetry and hypsome-
try in the margin, to eliminate lithological
markings, to quote the sources consulted for
each sheet and the date of its completion. As to
Schott’s proposal, it was agreed that, if they
were interesting, the soundings which had not
touched bottom would nevertheless be men-
tioned, inscribed below a line. The catalogue of
soundings was approved and would be regularly
updated by further volumes. The terminology
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in French, which was not very satisfactory, was
to be reviewed by a sub-commission. The cor-
rection of the sheets prior to final printing
would be entrusted to Schott for bathymetry, to
Margerie for hypsometry and to Supan for
nomenclature; other members would also be
asked to help with the checking.

Under Any Other Business, Margerie raised the
question of a mural chart for educational pur-
poses. Together with Thoulet, he requested
that a number of copies in "black and white"
should be printed, as had been done previously.
Thoulet was of the opinion that the sheets
should be distributed through booksellers and
be available as single copies. Finally, Pettersson
expressed his possible interest in producing a
globe at a scale of one-to-twenty-million, show-
ing terrestrial and submarine relief.

The Minutes of the meeting, written by Bourée®,
were submitted to each participant who was
asked to let him have his observations or, if there
were none, to return the approved text, duly
signed. After various amendments, the text was
generally approved. It was included, together
with a synthesis of the criticisms formulated be-
fore the meeting and a list of the points dis-
cussed, in an issue of the Bulletin de [’Institut
océanographique of Monaco, dated 10 July 1910.

As planned, a sub-commission, "charged with
revising the French language nomenclature of
the ocean floor", met in Paris on 27 April 1910.
It was chaired by Margerie and included
Thoulet, the hydrographic engineer Joseph Re-
naud [1854-1921] and the geographer Em-
manuel de Martonne [1873-1955]. The ques-
tions which they discussed were really related to
terminology; each term in German was exam-
ined, as well as the translations initially pro-
posed by Thoulet; the conditions for the use of
these terms, or other terms if they seemed
preferable, were defined. The subject of nomen-
clature only appeared in the request which
ended the sub-commission’s report: "The sys-
tematic proscription in submarine nomenclature
of the names of persons and vessels should be
revoked*."

Prince Albert had reason to hope that from then
on all difficulties would be removed, all problems
solved and every precaution taken so that the
second edition could appear as quickly as possi-
ble and without giving rise to any criticisms. In
fact, barely three weeks after the meeting of the
new Commission the first omen appeared of the
difficulties and crises which were to jeopardise
the entire history of the second edition.

Margerie informed Bourée* that, for the hyp-
sometry "with which H.S.H. the Prince of
Monaco had been good enough to entrust
him", he would seek the help of two draughts-
men who usually worked for him; they would
draw the contours of the terrestrial relief under
his sole direction and would transfer them di-
rectly on to the stones of the Chart at the print-
ers, with whom they "were constantly in touch
regarding research and business matters". This
step proved that Margerie did not know any-
thing about the way Prince Albert organised the
scientific work which he directed. He employed
neither sub-contractors nor consultants; he per-
sonally supervised all the printing done in con-
nection with his activities; he insisted on cor-
recting the proofs himself and to give the
go-ahead for the printing of all the documents.
The solution proposed by Margerie was never
mentioned again, but it was a significant indica-
tion of the fact that Margerie wanted to be in
charge of the enterprise.

Furthermore, before long "the rudimentary hyp-
sometry", for which the then current atlases had
been thought to be adequate, took on increas-
ingly important proportions. Margerie listed ref-
erences to an increasing number of documents
which, logically, were not to be found in the li-
brary of the Musée océanographique; they there-
fore had to be purchased or consulted in the li-
braries of the Société de géographie, the Sociéré
géologique or Bibliothégque nationale.

Finally, Margerie decided that his collaboration
was worth a very high price. A few days after
the inauguration of the Institut océanographique
in Paris, he sent a long letter to the Prince. In it
he set out in detail a plan, "particularly dear to
him", for a Geographical Institute, which he en-
couraged the Prince to set up in Paris — at the
latter’s cost of course!

Revision of the Nomenclature

In accordance with the procedure established
by the Prince, the production of the definitive
draft of the second edition was prepared by
Tollemer, within the ambit of the Cabiner scien-
tifique, under the supervision of Bourée. At the
beginning of June 1911, photographs of the
drafis for sheets Al and All were sent to the
members of the new Commission. Schott re-
turned them with some corrections which
proved how carefully he had examined them
and, at the same time, how perfect was his
knowledge of soundings and their interpreta-
tion. Throughout the publication of the second
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edition his collaboration in matters of bathy-
metry was to remain equally precise and punc-
tual.

The printing of these first two sheets was
planned for the month of December, when the
reaction of "certain members" with regard to the
changes introduced by Bourée to the nomencla-
ture, raised new difficulties. Supan wrote to
Bourée: "as to the nomenclature, our opinions
on the point of principle are totally opposite.
"1) You are taking the position of priority, where
the name already given has to be retained.
"2) I take the position of geographical nomen-
clature [...]

"The principle of depths and the principle of re-
liefs are leading us to completely different re-
sults. [...]

"Let the Commission take a stand, its decision
will of course be adopted for the Chart and will
be authoritative. As to myself, if the principle of
priority were to be accepted, the decisions of
the former Commission would be rescinded;
there would then be no reason for me to collab-
orate with this new chart. In fact I ought not do
so since, on this chart, I only take care of the
names and because I wish to remain free to crit-
icise in future®."

The printing of the two sheets was suspended.
On 15 January 1912 Bourée sent the members of
the Commission a detailed, carefully considered
circular letter, in which the examples quoted
were diplomatically chosen and the arguments
presented in a manner designed to influence the
responses. Bourée communicated the decisions
taken by the sub-commission charged with the
terminology in French; we should remember
that, as for the previous edition, French was the
sole language of the new one. He had applied
these decisions and had, furthermore, taken into
account the final vote regarding nomenclature,
which demanded that the names of persons and
vessels should be preserved, "on the basis of the
right, generally acknowledged in the field of
geography, of whoever makes a discovery, to give
it a name". He added: "I believe that I must put
in a reminder that the Monaco Commission has
agreed that the new bathymetric Chart should be
conceived, not only as a scientific enterprise use-
ful to technicians, but also as a useful tool for all
those who take an interest, in various capacities,
in matters relating to the sea, and to pupils in
schools.

"This is why it has been decided to increase the
number of names serving as reference points, to

facilitate the understanding of the Chart.
"Under these conditions, to eliminate well-
known names, such as Red Sea and Black Sea,
and to replace them with others, seems to me to
go against the resolutions which were adopted
in Monaco. One might perhaps add Erythrea
Basin beneath the name of Red Sea, in a differ-
ent script, and so on in other cases, in order to
satisfy our eminent collaborator.

"To summarise, we are in the presence of two

quite distinct opinions:

"1. To eliminate all the proper names, except
for small (?) features, and to give the large
features the names of adjoining countries.

"2. To keep the names given to the features by
those who discovered them and to keep the
names of seas, gulfs etc., generally accepted
in all the atlases, but adding subsidiary
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qualifying names if necessary®.

The opinions solicited on this problem were
provided by all the members (except Nansen).
Bourée summarised the essential points in a
new circular letter on 8 April®”. Kriimmel, who
was ill (he died six months later), was unable to
consider the question in depth but aligned him-
self with Supan’s opinion. Schott considered
himself to be a "moderate Supanist"; agreeing
with the basic principles, but rejecting "certain
modifications to names of seas sanctified
through usage®." Pettersson thought that "the
proposal of Prof. Supan to suppress all proper
names except for the minor forms of the sea
bottom in the chart to be a too radical reform
to be introduced in the present publication®."
Murray specified "I have never made use of the
geographical names for the deeps and I do not
think it wise to change the names of seas or
‘deeps’ which have already been published. Pri-
ority is in my view the only principle involved in
this matter®." Mill did not reject Supan’s prin-
ciples completely but varied them slightly; he
"should be inclined to consider that (as four
plates of the map had already been completed
before Professor Supan’s objection was made
known) the best course would be to waive a
theoretical objection in face of the importance
of having the work carried through without loss
of time®." Margerie’s and Thoulet’s opinions
had already been expressed in the vote taken by
the sub-commission.

Consequently, Bourée concluded: "I therefore
find myself clearly authorised by an indis-
putable majority to continue working on the
publication of the bathymetric chart, referring
to the report issued by the sub-commission over
questions of nomenclature and terminology.
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"I therefore submit wholly to the clearly ex-
pressed wish of the majority."

As had been foreseeable, Supan informed Prince
Albert that, since he was in the minority, his
"participation would not only be superfluous but
might prejudice the pursuit of the work®." In re-
sponse to the specific points which the Prince
addressed to him, he confirmed that his dispute
with Bourée was over a question of principle. "In
the scientific domain there is no compromise®."
Thus Supan vanished from this collective enter-

prise.

In early June 1912, the first two sheets of the
new edition, AI and All, were finally printed.
On 10 June, during a session of the Académie
des sciences de Paris, Prince Albert commented
on this new edition and the decisions taken by
the Commission which had met in Monaco two
years previously. Two copies of sheet Al were
presented, one in colour, and one in black and
white "to serve as a working chart for those who
wanted to add new information." The Prince
also announced the publication of an "Index of
new soundings [...] communicated by various
Navies, explorers, etc." He specified that the
second brochure, published a few weeks earlier,
"also lists the authorities which have been con-
sulted for details of hypsometry, and the newly
adopted terminology". He also explained the
arrangements for the completion of the work:
"sheet A.1, presented today, is the first of a se-
ries of 24 which will appear successively, so that
the work will be completed in about 18
months" (Albert I of Monaco 1912).

The schedule thus announced, which envisaged
the printing of four sheets every three months,
was far from being respected. Repeated inter-
ventions by Margerie were the main reason for
the delays. During the summer of 1912 he went
as far as requesting that the printing of a partic-
ular sheet should be stopped because "indispen-
sable corrections [have not] yet been made®."

Schott checked the bathymetry in minutest de-
tail; he pointed out all the errors and omissions
to Bourée and Tollemer. His information was
all the more trustworthy and complete since he
had just published a Geographie des Atlantischen
Ogzeans which included a bathymetric chart of
that ocean, in colour, at a scale of one-to-thirty-
million. Morcover, Max Groll [1876-1916] in
July of the same year (1912), published a study
entitled "Tiefenkarten der Ozeane mit Erlduterun-

gen" in the Verdffentlichungen des Instituts fiir
Meereskunde an der Universitdt Berlin. It was ac-
companied by three bathymetric charts, in
colour, at a scale of one-to-forty-million, whose
scientific interest was immediately recognised.
Still in 1912, Murray, together with Hjort, su-
pervised a synthesis of the results of the cruise
undertaken by the Michael Sars. The volume,
entitled The Depths of the Ocean, immediately
became a "classic" of oceanographic literature.
The illustrations included, in particular, a
Bathymetrical chart of the oceans showing the
"deeps " according to Sir Fohn Murray, and anoth-
er chart devoted to the Depths of the North Ar-
lantic compiled from the latest sources 1911.

The project of the Carte du monde au millioniéme,
which had been planned for more than twenty
years, came closer to being realised as a result
of a first International Conference held in Lon-
don in 1909, and a second one in Paris in De-
cember 1913. The work then proceeded within
commissions and sub-commissions, one of
which was charged with examining the bathy-
metry. It was chaired by Professor Penck, and
included among its members Berget, who was
attending as the Prince’s delegate; and Margerie
as rapporteur. There was no need to demon-
strate the importance of the oceanic areas since,
out of a total of 2642 sheets, 1786 covered the
oceans. For these oceanic sheets the Confer-
ence re-used some of the principal arrange-
ments made for the Carte générale bathymeétrique
des océans: the choice of isobaths (with the addi-
tion of a contour for 100 metres and the possi-
bility of adding subsidiary contours, particularly
for the shallower seas where they were econom-
ically important), and the choice of colours for
the spaces between isobaths. As Berget had
been authorised to propose, Prince Albert was
to take on the responsibility for producing some
of the oceanic sheets of the Carte du Monde au
millioniéme.

The printing of the Carte générale bathymétrique
des océans proceeded less rapidly than planned,
but with a certain regularity. After the four
sheets of the A series and those of the A' series,
three sheets of the B' series were ready by the
beginning of summer 1914. A further instal-
ment appeared in March 1914. It included a list
of the documents which had been consulted to
establish the bathymetry of all the sheets, with
the exception of that of the austral polar sheet
C'tv, which contained no ocean at all, and the
hypsometry of all the sheets, with the exception
of sheets C'1, C't and C'tv. The new soundings
submitted since 1912 were indicated on sixteen
out of the twenty-four sheets.
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The outbreak of war in August 1914 brought
with it a total halt of the publication of the
Chart. Richard, Tollemer and Morelli were too
old to be mobilised. Bourée had to resume his
service in the French Navy; the director and
most of the employees of the Erhard printing
establishment departed for the Front. Raw ma-
terials, especially paper, became scarce. Mona-
co, as a neutral country, was sheltered from
hostilities but was hit hard by the economic
consequences of the conflict. The release of fur-
ther soundings was suspended; in any case, the
exchange of scientific and technical documents
suffered from the repercussions of the war. De-
spite these circumstances, Groll managed to
publish a mural version of his bathymetric
charts at a scale of one-to-twenty-million, in
1915; the soundings on it were less numerous
than on the previous version but the names of
submarine features had been added.

Prince Albert, who was an ardent pacifist, had
done everything in his power, particularly
through his relationship with William II, to try
and prevent the war. Once it had started, he
began to concentrate his efforts on what needed
to be rebuilt once peace had been re-estab-
lished. When, in 1918, the second German of-
fensive on the Marne seemed to be threatening
Paris, he moved what he considered to be most
precious to a secure place in the country, in-
cluding the documentation relating to the Carze
générale bathymétrigue des océans.

Once peace had returned, the Prince and
Richard could not help noticing that technology,
which they had always been very aware of, espe-
cially with regard to the resources it offered to
oceanographic instrumentation, had made enor-
mous progress during — and because of — the
war. Improvements had been made, over the
past century, to sounding apparatus, sounding
machines, and to the wires and cables with
which these were equipped (Carpine 1996).
Nevertheless, the ships which were carrying out
the soundings had to interrupt their progress for
several minutes, if not hours. Attempts had been
made to establish depths using various methods
other than by direct measurement. In his book,
L’océanographie, Richard gave a remarkable reca-
pitulation of these trials; the measurement of
depth using a propeller, by water pressure, by the
study of the compression of sea water, by sound
propagation and by variations in gravity. He him-
self had carried out very extensive research into
the latter technique, devising a bathometer which
had not given satisfactory results (Carpine 2002).

Methods based on the propagation of sound had
become more numerous from the beginning of
the twentieth century: Berggraf, Behm and Fes-
senden had built equipment of various kinds be-
fore 1914. The position finding and navigation of
submarines accelerated the development of tech-
niques and instruments in all the belligerent
countries. The Prince and Richard were particu-
larly well informed about the work of the French
hydrographic engineer, Pierrc Marti [1891-1938],
whose sounding apparatus using sound enabled
lines of soundings to be taken without the ship
having to slow down. This technique, as well as
the use of ultrasound, which was being investigat-
ed by Paul Langevin [1872-1946] in particular,
came to revolutionise the field of bathymetry.
From then on, with a speed and a precision
which it had been impossible to achieve previous-
ly, the number of soundings began to multiply to
an extent which would have been unforeseeable a
few years earlier.

Another technique, that of wireless telegraphy,
came into operation during the last few years of
the nineteenth century. Its usefulness in calculat-
ing the positions of ships was very quickly recog-
nised. In 1908 the French hydrographer Anatole
Bouquet de la Grye [1827-1909] gave a presenta-
tion at the Académie des sciences de Paris on the

" Détermination de [’heure, sur terre et sur mer, @
Paide de la télégraphie sans fil'. Experiments in
transmission made from the top of the Eiffel
Tower, on the initiative of Gustave Ferri¢ [1868-
1932], confirmed that the regular emission of
time signals by wireless telegraphy would be per-
fectly feasible in future.

The improvements thus obtained, both in the
field of soundings and of positioning, made the
completion of the Chart more urgent than ever.
Morelli took over the responsibility for the carto-
graphic work after the death of Tollemer, in
1919, whose assistant he had been for nearly
twenty years. During a conversation with Petters-
son in November 1920, the Prince confirmed to
him that he was placing the publication of the last
few sheets of the Chart at the top of his priorities;
but he was worried about the enormous increase
in printing costs. A fourth and last instalment of
the documents consulted and of the new sound-
ings was published in 1920. The last sheet of the
B' series appeared a few months before the death
of the Prince on 26 June 1922.
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In his will, Prince Albert had made the neces-
sary arrangements to ensure that his scientific



42 THE HisTory oF GEBCO

work would survive him and that the work in
progress would be completed. Richard was ap-
pointed as the first of four executors of his will.
In one of the articles of this will, the Prince had
specified "I give and bequeath to Dr. Jules
Richard [...] the total sum of seven hundred
thousand francs, of which [...] six hundred
thousand francs are intended to complete the
scientific and literary work which I leave unfin-
ished, of which he will be the judge, including
however the large scientific publication contain-
ing the results of my oceanographic cruises and
the bathymetric chart of the oceans."

Despite these provisions, the last few sheets
were having to be prepared and published
under increasingly difficult conditions. From
the moment of his accession, the only son and
successor to Prince Albert, Prince Louis 11
[1870-1949], decided to sell the hotel in which
the drawing office had been established. Morelli
had to move his materials, his archives and his
documents to the Institut océanographique in
Paris, without delay.

The Erhard printing establishment had a new
director and a new name; it was now the Institut
cartographique. The economic and social up-
heavals which the war had caused, and the de-
velopment of printing techniques which used li-
thography less and less, made their effects felt.
There was no official act to close down the
Prince’s Cabiner scientifigue; but it no longer ap-
peared in the Annuaire officiel de la Principauté,
which was tantamount to its dissolution.
Richard found himself to be solely responsible
for the tasks with which Prince Albert had en-
trusted him in his will. He was obliged to re-
main in Monaco in order to direct the Musée
océanographique and went to Paris only very
rarely; it was therefore practically impossible for
him to supervise the printing of the Chart. The
correspondence which he conducted with
Morelli reveals why it took nearly ten years to
finish the publication of the last eleven sheets.
Lack of personnel, lack of materials and repeat-
ed strikes were some of the reasons given by the
printers to justify the delays which occurred at
every stage of the engraving, the corrections and
the printing. Having been assured that Richard
would not entrust the work to another supplier,
the Institut cartographique gave priority to other
customers who were financially more interesting
or to work which was technically less demand-
ing. Morelli himself found it increasingly diffi-
cult to carry out his work, for reasons of ill
health, which eventually forced him to resort to
an assistant when he was having severe eye
problems.

Once the war was over, Schott again lent his
support, as efficiently as always, to the bathy-
metry. In doing this, he demonstrated great
generosity, for his help was given free of charge
at a time when Germany was experiencing dis-
astrous economic conditions.

In addition to the many difficulties caused by
the printers, Margerie’s attitude constantly pro-
voked delays. The Chart was only one of his in-
numerable responsibilities: directing the Service
géologique d’Alsace et de Lorraine and the publi-
cation of the Carte géologique murale de I’Alsace et
de la Lorraine, running the Secretariat of the
Carte géologique mnternationale de ’Afrique, a long
stay in the United States as Visiting Professor at
seven universities. He never ceased to ask for
the drafts or engraving to be completed, or even
remade, or to ask for the printing of the sheets
to be halted. Morelli did not succeed in getting
him to return the proofs or in obtaining his
agreement to go ahead with the printing. He
countered all the increasingly abrupt remarks
which Richard sent him with the same argu-
ment: out of respect for the memory of Prince
Albert one must not hesitate to sacrifice a few
weeks, if necessary a few months, in order to
achieve the same standard of perfection for the
last few sheets of the Chart that the Prince
would have wanted.

Richard had planned that the Chart should be
finished in 1925 at the latest. The repeated de-
lays continuously fuelled his dissatisfaction.
"The money left by the Prince at his death in
1922 [...] having suffered the same fate as the
franc in 1926", he was alarmed that the expen-
diture for the Chart was growing to the detri-
ment of what he considered to be the major
oceanographic work of the Prince, the Résulrats
des campagnes scientifigues. These financial prob-
lems made him decide not to pursue the recom-
mendation adopted, at Margerie’s request, by
the International Geographical Congress in
Cairo in 1925: the publication of a fifth and last
instalment of the lists of soundings. In addition,
he took steps to transfer the responsibility for,
hence the survival of, the Chart to other compe-
tent organisations, once he had completed the
task entrusted to him by the Prince, which was
to see the current edition through to its comple-
tion. His irritation reached a climax in 1930
when he had to resort to sending registered let-
ters to Margerie.

Was it unwittingly, or to justify himself, that the
latter declared he was busy "activating" the
publication of the Chart? Everything in the ex-
change of letters between the two men contra-
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dicted Margerie when he affirmed that "with
the agreement of Dr. J. Richard, Director of the
Scientific Office of the Prince, I have had total
responsibility for the last few sheets, notably for
those which represent the two polar caps”
(Margerie 1946 : 668).

Thoulet had been only too good a prophet
when he opposed the addition of hypsometry.
This decision largely contributed to the delays
in publishing the Chart. Over ten years, an in-
creasing number of regional bathymetric charts
had been published with the aid of new tech-
niques, in Europe and in the United States. By
the time the last few sheets appeared, the Chart
was completely obsolete. This fact was stated
quite bluntly at the International Congress of
Oceanography, Marine Hydrography and Con-
tinental Hydrology, held in Seville in May
1929.

o, 3 ® "ndPh | - : | Y Y243
Description of the Second Edition

Like the previous Chart, the second edition of
the Carte générale bathymeétrique des océans con-
sisted of twenty-six sheets, its format was iden-
tical and the printing was also done by the litho-
graphic process (fig.10).

The title sheet was worded as follows: CARTE
GENERALE BATHYMETRIQUE DES
OCEANS / DRESSEE PAR ORDRE DU
PRINCE ALBERT I* DE MONACO / d’aprés
le Mémoire de M. le Professeur THOULET /
adopté par la Commission de Nomenclature
Sub-océanique / et par le Congrés International
de géographie de Washington (8 septembre
1904) / Deuxieme édition (1912-1930) / sous la
direction de M* HENRI BOUREE, Lieutenant
de Vaisseau, / de M’ le Prof. EMM. DE MAR-
GERIE (Hypsométrie) et de M le Prof. G.
SCHOTT (Bathymétrie) / par M’ J. MORELLL
This title was followed by the scale and the ex-
planation: Les Sondes sont exprimées en Métres. —
Les Longitudes sont rapportées au méridien de
Greenwich. This was followed by a key to the
depth and height contours, and by two further
lines of information: La 1* édition (1903-1904)
a ¢té faite sous la direction de M. CH. SAUER-
WEIN par M. TOLLEMER, and En vente au
Musée océanographique de Monaco.

The two-line title of the twenty-four sheets of
the Chart was at the top, outside the border,
and centre justified: CARTE GENERALE
BATHYMETRIQUE DES OCEANS / PUBLIEE
PAR 1LE CABINET SCIENTIFIQUE DE S.A.S. LE
PRINCE DE MONACO. On the left, just above the

border, the words: Date de la mise a jour de
cette feuille (Date of production of this sheet)
were followed by the actual date (variable de-
pending on the sheet). On the right, the refer-
ence of that particular sheet was indicated.

The sources consulted for bathymetry and hyp-
sometry, as well as the key to the colours for the
depths and the relief of the land surface were
printed at the bottom of the sheets, outside the
border.

The projections had not been modified. The di-
vision of the sheets in the Mercator projection
was kept to 0%, 90° W and E, and 180° lines of
longitude. In the end the division along the
lines of latitude was rectified and carried out as
planned by Thoulet, that is at 46°40' instead of
47°. The grid was similar to that of the first edi-
tion. The numbers used for labelling the lines
of longitude and latitude were of a regular de-
sign and identical in height; the font of the
numbers used for the soundings were identical
to those of the first edition.

The name of the printers was omitted from
three sheets. It usually appeared at the bottom
left, outside the border. It appeared in various
formats. On nine of the sheets published first,
the text was as follows: Gravé et Imp. par Erhard
F= Paris. On the next three sheets, it changed
to: Gravé et Imprimé a IInstitut Cartographique de
Paris. On the last nine sheets it read: Imp. de
UInstitur Cartographique de Paris.

The relief of the continents was expressed by
contours whose values were similar to those of
the isobaths: 200, 500, 1000, 2000 ... 8000 me-
tres. The buff colour became darker with in-
creasing height. Apart from the relief, rivers and
the characteristics of glaciers were indicated; the
number of place-names had increased consider-
ably.

For the maritime part, the more numerous
soundings were always indicated by a point, ac-
companied by the depth in metres. The la-
belling of the nature of the sea floor had disap-
peared. The shades of blue used in the key to
the depths were slightly different from that of
the first edition.

At first five hundred copies "in colour”" and two
hundred copies in "black and white" were print-
ed. For obvious reasons of economy, Richard
reduced the number of printed copies of the
last three sheets (C1, Ci1 and CIv) to 400 in
colour and 100 in black and white. Between
1912 and 1921, the price of the coloured sheets
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was 10 francs and that of the black and white
sheets 5 francs; in October 1921 these prices
were increased threefold. The price of the vol-
umes was increased from 7 to 10 francs. Be-
tween 1912 and 1921, the distribution was han-
dled by the Musée océanographique in Monaco
and in Paris by Challamel, a bookseller-publish-
er specialising in maritime and colonial sub-
jects. For a few years the firm of Andriveau-
Goujon Henry Barrére also sold the Chart in
Paris.

In 1920 the printer asked to be relieved of the
stocks of the first edition and of the sheets of
the second edition already printed. Bourée sold
the damaged copies; the remainder were sent to
the Musée océanographique. It was decided that
the sheets which had already appeared in a sec-
ond edition should be cut up into index cards.

From 1922 onwards, publicity for the Chart ap-
peared regularly in the Bulletin de I’Institut
océanographique. Nevertheless, although a shade
less so than the first edition, the second one was
a commercial failure. When publication ceased,
only one hundred and forty-eight complete sets
had been sold. About fifty, sent out free of
charge, went to collaborators, to people respon-
sible for bibliographies, to some university li-
braries and geographical societies, to hydro-
graphic services and to naval ministries. The
sale of single sheets never exceeded thirty or
forty copies per year.

T'he Transfer of Responsibility

As a distant reverberation of the international
conferences and congress held in Washington
(1889) and St. Petersburg (1908 and 1912), an
International Hydrographic Conference was or-
ganised in London in 1919. The war had
proved to hydrographers that it was necessary
to intensify their contacts, to reconcile their
working methods and to standardise their carto-
graphic products. Twenty-four States were rep-
resented at the meeting, one of which was
Monaco; Prince Albert had chosen to be repre-
sented by Berget who took a copy of the Carte
générale bathymérrigue des océans with him. At
the suggestion of the French delegation, it was
decided to form an International Hydrographic
Bureau. A Committee was entrusted with
studying the details of its organisation and loca-
tion, and as they were anxious to establish the
Bureau in a neutral country, near the sea,
Monaco was chosen. Prince Albert’s reputation
also influenced their choice. The Sovereign of
Monaco, for his part, as an advocate of interna-

tional co-operation (Albert I of Monaco 1998),
could only be in favour of establishing the Bu-
reau in his Principality.

The Bureau was established in Monaco in
1921, one year before the passing of Prince Al-
bert. It would seem that cordial links between
the Musée océanographique and the Bureau
were soon formed; the two organisations, both
looking to the sea, had clearly distinct but
complementary functions. Aware of the privi-
leged position which the Bureau occupied at
the centre of the network of hydrographic serv-
ices, Richard requested its assistance, in 1924,
in obtaining the latest data, needed to com-
plete several of the Chart sheets. He could not
have failed to be sensitive to the quality and
the seriousness of the Bureau’s publications.
The subjects dealt with in the Review, the Spe-
cial Publications and the Bulletin often had
some link with bathymetry, whether it was a
question of sounding techniques or carto-
graphic problems. It is obvious that the studies
conducted by the Bureau were based on
sources that were international, abundant and
carefully kept up to date.

On 6 January 1928, Richard addressed a long
letter to Rear Admiral Albert Niblack [1859-
1929], Chairman of the Steering Committee; in
it he stated that "The Second Edition of the
Carte générale bathymétrique des océans is nearing
completion [...] It is much to be desired that
the bathymetric chart [...] should keep up with
the progress of science. In my opinion this can
be done only by an international organisation
and the International Hydrographic Bureau
seems to me to be the most suitable®." On 12
January, Commander Geoffrey Spicer-Simson
[1876-1947], the Secretary-General, sent the
following reply: "The Bureau cannot take on
the responsibility for the day-to-day upkeep of
this chart without having, beforehand, consult-
ed its member States. The Steering Committee
will study this question in order to be able to
make an informed report, enabling these States
to take a decision®." Pierre de Vanssay de
Blavous [1869-1947], a member of the Steering
Committee, wrote a note which Richard ac-
knowledged on 23 February: "I am fully confi-
dent that the States [the member States of the
International Hydrographic Bureau], once they
have read your very clear report, will wish to
honour the work and the memory of Prince Al-
bert by agreeing to keep up to date the Chart of
the Oceans, which he was generous enough to
instigate at his own personal expense in order to
respond to the repeated wishes of the Interna-
tional Congresses®."
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The question was put on the agenda of the First
Extraordinary International Hydrographic Con-
ference, held in Monaco between 9 and 20 April
1929, On 26 April, Richard was officially in-
formed, through Spicer-Simson, that "The Inter-
national Hydrographic Conference of Monaco
has just authorised the International Hydrograph-
ic Bureau to keep the General Bathymetric Chart
of the Oceans up to date in future, in place of the
Scientific Office of Prince Albert of Monaco
which has been in charge of this until now. Con-
sequently, the Steering Committee has asked me
to inform you that it has accepted the proposal
formulated in your letter of 6 January 1928%*."

e S L

The change-over was complete. Richard had
every right to consider that he had found the
best solution to ensure the perpetuity of an en-
terprise to which Prince Albert had attached so
much importance.

It is incontestable that, without the unwavering
will, the scientific competence, the financial con-
tribution and the considerable technical means
provided by the Prince, the Chart would never
have been published. Without doubt he was par-
ticularly aware of the highly international charac-
ter of the enterprise. The commission nominated
in Berlin, and those convened in Wiesbaden and
in Monaco, had gathered representatives from
eight nations. The provenance of the data used
to draw the sheets was even broader. The level-
headedness of Mill and Kriimmel, Pettersson’s
broad-mindedness and the competence and de-
votion of Thoulet, Richard, Bourée, Schott,
Tollemer and Morelli deserve to be underlined.
These positive aspects compensated for the diffi-
culties encountered while bringing to fruition a
task of such proportion: Sauerwein’s shortcom-
ings, Supan’s intransigence, Margerie’s unrea-
sonableness and the direct and indirect conse-
quences of the war. It is likely that the Prince
may have regretted the persistent reserve of Sir
John Murray who never explicitly referred to the
Carte générale bathymérrique des océans, restricting
himself to writing in a small popular science
book: "The Prince of Monaco, the Berlin Institut
fiir Meereskunde, and the writer have published
maps showing practically all the deep-sea sound-
ings known up to the present time" (Murray
1913 : 25). It is true that another member of the
Challenger expedition, Buchanan, made one of
the most positive judgements of the Chart: "The
Museum at Monaco bears testimony at every
turn to the great lines on which the Prince has
himself worked, and in which his work is funda-

mental. Thus, in the purely hydrographical de-
partment, we see his bathymetrical chart of the
world, on which all the trustworthy deep sound-
ings are entered. This great document may be
said to be the foundation-stone of oceanographi-
cal work” (Buchanan 1910 : 7).

As to the Prince himself, he was able to express
his own sentiments when he went to the United
States to receive the Agassiz medal. He made a
speech before the National Academy of Sciences
in Washington, on 25 April 1921, which in some
way was his scientific testament. He did not fail
to include the Carte générale bathymétrique des
océans in the summary of his oceanographic
achievements (Albert I of Monaco 1921 : 184):
"I shall close my all too brief survey of the
mighty domain created by the science of
oceanography by speaking to this distinguished
assembly of the bathymetric chart of all the seas
of the globe the preparation of which I under-
took at the time of the International Congress at
Berlin in 1899. I realized then that this task was
necessary as a basis and a program for the great
work to which I have consecrated my life."
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océaniques (AMOM).
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Monaco’s Palace, C.800 bis 4).

» A. Supan to H. Bourée; Breslau, 21 Decem-
ber 1911 (APM, C.800 bis 4).

* H. Bourée to the ‘Membres de la Deuxiéme
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The archives consulted and used in the prepa-
ration of this work are too numerous to be
quoted here as references; only documents from
which extracts have been cited are included in
these notes. Additional information will be in-
cluded in a study, currently in preparation,
which will be devoted to Le Prince Albert 1 de
Monaco et la cartographie.

The majority of the above archives belong to
the Musée océanographique in Monaco. Other
documents used are held by the archives of the
Palais princier in Monaco, the Archives nationales
(France) and the archives of the Académie des
sctences de Paris, the Service historique de la Ma-
rine in Vincennes, the archives of the Royal
Geographical Society in London, the Rik-
sarkiver in Copenhagen and the Nansen Foun-
dation in Oslo, as well as in two private
archives.
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3- The International Hydrographic
Bureau Period
(3 & 4™ Editions)
Adam J Kerr

TI {ition

he Third Edition

Dr Jules Richard, previously Director of the
Cabinet Scientifique of HSH Prince Albert I of
Monaco, in a letter dated 6 January 1928,
noted the near completion of the Second Edi-
tion of the General Bathymetric Chart of the
Oceans and set in motion the preparation of the
Third Edition. He mentioned that there were
three North Polar charts to be finished and then
the work entrusted to him by Prince Albert
would be completed. He invited the Interna-
tional Hydrographic Bureau to undertake to
keep the General Bathymetric Chart of the
Oceans up to date with the progress of science'.
He noted that only an international organisa-
tion was capable of the work and that the Inter-
national Hydrographic Bureau seemed the most
suitable. He further noted that if the Bureau
agreed to his proposal he would gratuitously
hand over the lithographic stones of the chart,
which were then at the Institut cartographique de
Paris. He commented that the cost of printing
the sheets was small compared with that of
preparing the stones.

The Directing Committee of the IHB, under
the Presidency of Rear Admiral A.P.Niblack,
decided to refer the offer to the Member States
at the next International Hydrographic Confer-
ence (First Supplementary I.H.Conference) in
1929. In an article in the International Hydro-
graphic Bulletin, March 1928, the changing
state of knowledge of ocean bathymetry was
recognised in the following quote: "But the
methods of echo sounding which are coming
more into use in all countries will shortly intro-
duce great improvements in our knowledge and
it is already reasonable to suspect that the to-
pography of the bottom of the sea is hardly less
complicated than the relief of the continents.
Thus a third edition of the General Bathymetric
Chart of the Oceans will become imperative at
a date, which doubtless is not far off, and it is
essential for the general study of the Oceans...".

In the same article, it was stated that the Third
Edition would be work of truly international
character and interest and can be undertaken
by the IHB, the organisation of which makes it
easy to collect the necessary information. It was

also noted that it would entail fairly consider-
able expenditure and the need to increase the
present staff of the Bureau by obtaining the
services of a professional draughtsman?®. Howev-
er, it was believed that the work could be un-
dertaken without increasing contributions. The
Directing Committee also felt that there would
be greater demand for the product in a few
years and that some cost recovery could be ex-
pected. An interesting comment, in view of
later developments concerning toponomy, was
that it would be expedient for the International
Hydrographic Bureau to publish an edition with
English nomenclature in accordance with article
21(a) of the Statutes; this could be done quite
easily but would entail a relatively small in-
crease of expenditures.

Although the Third Edition has been criticised
by some writers?, it undoubtedly had to cope
with a huge array of problems, not the least of
which was finance, as the previous remarks cor-
rectly prophesied. The serious limitation of re-
sources resulted in a very extended period be-
tween conception and completion. During the
period 1935-1955, which included the major
disruptions caused by the Second World War,
there were major advances in hydrographic and
oceanographic technology. These included the
advent of the continuous profiling echo sounder
and electronic positioning and resulted in a very
significant increase in the amount of data col-
lected, and in the need to develop new organi-
sational and technical methods to manage it.
Although the major criticism levelled against
those responsible for producing the Third Edi-
tion, their inability to apply modern cartograph-
ic and geological knowledge and principles, was
undoubtedly correct, the producers were clearly
faced with a variety of overwhelming problems.
Nevertheless, they did succeed in developing
organisational procedures, which developed in-
ternational co-operation, some of which en-
dured successfully, at least until the age of digi-
tal data and modern communication.

The requirement for a Third Edition does not
appear to have been explicitly agreed at the
1929 LLH. Conference. Instead, an agreement
was reached in more general terms, namely as
stated in Resolution No. 23: "That the Bureau
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be charged with keeping up to date the General
Bathymetric Chart of the Oceans of which the
‘Cabinet scientifique du Prince Albert de
Monaco’ has just drawn up the Second Edition,
it being understood that this be done as a spe-
cial case and not to be regarded as a precedent
for future work of a similar nature". It was also
decided that an English version of the chart was
not considered necessary®. This set the tone for
organisational measures to be put in place. In
1930, Ingénieur hydrographe général Pierre de
Vanssay de Blavous, President of the Directing
Committee of the IHB, presented a report con-
cerning Bathymetric Soundings of the Oceans
to the Fourth General Assembly of the Interna-
tional Union of Geodesy and Geophysics
(IUGG) in Stockholm™®.

In this paper we read of plans to collect ocean
soundings on 1:1 million collector sheets. Other
matters such as the method of correcting
soundings, whether to use the Mercator projec-
tion and the method of deciding the priority of
publishing sheets were raised. An appeal was
made to receive advice from learned oceano-
graphers, to help the Bureau solve these ques-
tions. Vanssay de Blavous proposed that a con-
sultative committee be constituted, with
meetings at Monaco. In view of the criticisms
that were later made by scientists the following
questions raised by him at this meeting are
most relevant :

a. Do you consider that the "Carte générale
bathymeétrique des océans" fulfils the re-
quirements of Oceanographers in so far as its
scale, its type of projection and its present
division are concerned and that it should be
kept up to date by the issue of new editions?
If so, by the issue of the new edition of
which sheet do you consider that commence-
ment should be made?

b. If the reply to the above question is in the
negative, what do you consider should be
done to fulfil the requirements of Oceano-
graphers? Which organisation could under-
take a publication on a new basis?

Subsequently, a number of oceanographic
scholars wrote letters to the Bureau, expressing
their opinions on the technical structure of the
Third Edition. The concept of 1:1 million scale
collector sheets was adopted and from 1931 the
Bureau collated on these sheets all the sound-
ings that it had been possible to obtain. These
were plotted by the Bureau’s own draughtsmen.

In a Circular Letter, dated 5 December 19327,
the Bureau instructed Member States on the in-
formation required concerning all oceanic

soundings. This included: 1. Position; 2.
Depths obtained; 3. Method of sounding; 4.
Nature of bottom; and 5. Whether depth given
is corrected or not. If the depths were not cor-
rected they were asked to provide in addition:
6. The slope of the wire; or 6(a). Velocity of
sound used; and 6(b). Any observations taken
of salinity, temperature, etc. at various depths.

Plotting sheets at approximately 1:1 million
scale on the Mercator Projection, were provided
gratuitously by the Hydrographic Office of the
Imperial Japanese Navy. It was noted® that the
scale of these plotting sheets was amply suffi-
cient for the insertion, with adequate accuracy,
of the details of the oceanic soundings. One
thousand of those sheets were needed to pro-
vide world coverage and constitute the collect-
ing sheets for all oceanic soundings; the Bureau
would maintain them.

An organisational feature was the publication of
pamphlets to accompany each sheet. Originally
there were four pamphlets describing all sheets
of the edition, but by now there was a pamphlet
for each sheet. These contained specific refer-
ences to the sources and to all the hydrographic
charts used and listed the position of new
soundings by latitude and longitude, with de-
tails of their origin from scientific cruises of re-
search and survey vessels. Such details were
available from the "List of Oceanic Soundings"
published by the British Admiralty. The French
"Annales Hydrographiques" and the German
"Annalen der Hydrographie" also provided
sources, as did the pamphlets published by the
Hydrographic Office of the USA. In attempting
to make comparisons between existing and new
data it was necessary to scale soundings from
the 1:10 million scale sheets of the Second Edi-
tion. However, it was noted that successive
compilations by reduction or increase of scale
caused accumulation of positional errors that
amounted to as much as ten sea miles’.

Attention was now being given to the reduction
of echo soundings in terms of the speed of
sound through seawater. Echo soundings, in
depths greater than 1,000 metres, were correct-
ed for the local velocity of sound whenever the
data supplied allowed. Initially these corrections
were provided by the IHB itself from various ta-
bles combined, but later Matthews Tables"
were used. All remaining soundings were cor-
rected to a standard velocity of 1,500 m/s.

In the period from 1929 until the Second World
War, there was considerable scientific activity at
sea and a number of major oceanographic cruis-
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es took place. These resulted in the production
of numerous national bathymetric charts which
were listed in a detailed paper by Bencker'' on
the preparation of the Third Edition of
GEBCO. Data from these national efforts found
their way to the IHB and led to a steady in-
crease in the total amount of data handled.
Bencker' notes that the First Edition showed
18,400 soundings and the Second Edition about
30,000 soundings. By the time, the Third Edi-
tion was nearing completion, in 1952, there
were over ten times that amount, with about
358,700 soundings plotted by the Bureau.

The cartographic design of the published sheets
of the Third Edition followed the model used in
the previous editions, except that the projection
for the area north and south of 72° latitude was
changed from Gnomonic to Polar Stereograph-
ic"”. Twenty-four sheets were planned. Sixteen
of these were on the Mercator Projection at
scale 1:10 million at the equator between lati-
tudes 72° North and 72° South. In the Polar re-
gions there were to be eight sheets on Polar
Stereographic projection (fig.11).

With an increasing amount of data it was now
possible to be selective in the number of sound-
ings that were to appear without overlap on the
published sheets. Bencker'* has produced statis-
tics which show the percentage of soundings
that were selected. As the amount of data avail-
able varied greatly between sheets in the low
latitudes, it is difficult to derive any trend in
these statistics, except to note that somewhat
less than 20% of the original soundings ap-
peared on the published sheets. Monahan' has
been critical of the selection and treatment of
the soundings, noting that echo sounding pro-
files were not treated as profiles but broken into
discrete "soundings". Furthermore, he states
that almost without exception the shallowest
points of the profiles were selected. This, in
fact, was in accordance with the navigational
chart cartographer’s principle to exaggerate po-
tential dangers to the navigator. Unfortunately
for the purpose of portraying the true geomor-
phological form of the ocean floor this was un-
satisfactory and led to obscuring many of its
more important features, in particular some
geologically interesting trenches and submarine
valleys. However, not only was the sounding se-
lection questionable in the eyes of the scientists
but the accuracy of positioning individual
soundings sometimes left much to be desired.
Bencker writes "New soundings, inserted after
the others, are frequently only indirectly con-
nected to the preceding systems; successive
compilations by reduction or increase of scale

have caused an accumulation of errors. Even on
the 1:10,000,000 chart we have found errors at-
taining 10 sea miles."'*

While it is reported that the First Edition had en-
joyed the services of seven draughtsmen, the
Third Edition, by comparison, which, it has al-
ready been noted, contained very much more
data and overall complexity, had only one
draughtsman employed initially by the Bureau for
the task. At no time from 1933 to 1952 did the
Bureau employ more than two draughtsmen?’.
The records show that the Directing Commit-
tee carried out a continual campaign in order to
raise funds for the work on the Third Edition.
In 1934, the Bureau received a grant of US$
125 from the US National Academy of Sci-
ences’ "Marsh Fund" and, in 1935, a further
grant of US$ 125 was received from the same
Fund. That year the American Philosophical
Society’s Penrose Fund also provided US$ 500
and the International Association of Physical
Oceanography (IAPO) provided US$ 100. The
provision of these resources, amounting in total
to 18,740.65 French francs, allowed the Bureau
to engage an additional draughtsman during
1936,

With supplemented, but nevertheless meagre, re-
sources, the Bureau pressed ahead with its task.
In 1935, it published the first sheet of the Third
Edition, Sheet Al, covering the southern part of
the North Atlantic Ocean. The following year a
supplementary sheet, for the eastern part of At-
lantic between latitudes 5°N. and 46°40°N., was
published to accompany sheet Al

The Second World War seriously intruded on
the programme although some compilation
work appears to have continued. Following the
war the Bureau began to look for more eco-
nomical procedures for the production of the
sheets. This led, in 1949, the French Inustitut
géographique national (IGN), in Paris, to offer to
print the Third Edition of sheet A II, on terms
very favourable to the Bureau®.

The Bureau continued over a period of some
twenty years with a steady, albeit slow, publica-
tion of sheets, according to the schedule in the
table on page 57.

In the period from 1951 onwards the Bureau
received funds from various sources for the
work on GEBCO. These included the US Na-
tional Academy of Sciences, the Office scien-
tifique des recherches coloniales (France), the In-
ternational Council of Scientific Unions
(ICSU) and the Challenger Society.



56 THE HisTory oF GEBCO

B m; N

y 3 g1 Ij/’\ 2 .,1_:
46°40° |- 3 ',-"'."ﬁ-5-31 —I-_-_': 46°40'
ity
b
o acs 0°
46°40° 5 = i’ ' £t | _' = 46°40'
72°
OD
all land

Mercator sheets 1:10 Million at the Equator.
Polar sheets - Polar Stereographic projection.

Fig. 11. Assembly diagram for GEBCO sheets (3 Edition)




3- THE INTERNATIONAL HYDROGRAPHIC BUREAU PERIOD

57

Sheet Date
‘Al |April 1935
AIl |1 May 1949
AIIl |1 February 1940
AIV |1 February 1938
AT [January 1936
A’ |1 January 1951 |
A’TII |May 1942
ATV |1 July 1938
BI |1 June 1937
BIl 1 February 1953
BIII |1 February 1953
BIV |1 February 1939
B’I |1 October 1952
B’Il |1 March 1955 |
B’III |1 March 1954
B’IV |1 March 1954
' CI 1 October 1968 |
CII 1 October 1968 |
CIII |Not published
C IV |Not published
C’I |1 June 1969
C1I |1 March 1955
CIII |1 March 1955 |
C’IViNot-publiﬁi'ed

GEBCO Third Edition

| Institut cartographique

'Institut géographique

|Paris
MICHARD, Paris

| national

Institut géographique

Printers A

de Paris

national
GAILLAC
MONROCQ et
Cie, Paris
GAILLAC
MONROCQ et
Cie, Paris

Institut géographique
national

Institut géographique |
national
GAILLAC
MONROCQ et Cie.,
Paris

'GAILLAC
MONROCQ et Cie.,
Paris

Institut cartographique
de Paris
MICHARD, Paris
MICHARD, Paris
GAILLAC =T
MONROCQ et Cie.,
Paris

'Anc. Ets. Dufrency,
 Paris o 3] |
Anc. Ets. Dufrency,

Institut géographique |

Institut géographique |
national N o

national
Institut géographique |
national _

Institut géographique |
national

Table compiled by Antoine Ferrero-Regis (IHB)

In 1953, Vice Admiral J.D.Nares, then President
of the Directing Committee of the IHB, read a
paper at the International Joint Commission on
Oceanography’s meeting in Liverpool, in which
he outlined the financial situation of preparing
the Third Edition. In this paper®, while recognis-
ing the contribution made already by several or-
ganisations, he noted that the Bureau, with its
present budget, could only produce one sheet
per year. This amounted to a cycle of 20 years
per edition, which was too long a period for the
charts to be of real scientific value. He proposed
that a five-year cycle was essential, with an ability
to produce four sheets per year. This would re-
quire an additional US$ 7,500 per annum to
meet publication costs. He then proposed several
measures to obtain these funds, including asking
ICSU to make an annual grant of US$ 2,500
that would cover the cost of one more sheet per
year. Dr. Ronald Fraser, liaison officer between
ICSU and UNESCO, undertook the investiga-
tion of financial support. On a visit to the Bu-
reau, it was noted that it had sufficient funds to
pay for three new sheets B’I, BII and BIII, antici-
pated to be issued in 1953. Dr Fraser, following
an investigation, stated that an allocation of US$
2,000 for the year 1954 had been recommended
to the Executive Board of ICSU and he confi-
dently expected formal approval by the Board.
With this promise in hand Admiral Nares then
proposed a schedule for work in the period
1954-56, with the Bureau meeting the ICSU
grant to make a total of US$ 4,000 a year avail-
able in the first two years and US$ 4,500 avail-
able in the last year. In addition to the funds
promised by ICSU, Admiral Nares noted some
ongoing grants that appear to have been received
annually from the US National Academy of Sci-
ences, the Challenger Society and the Office de la
recherche scientifique et technique d’outre-mer,
France.

During its last years, work progressed in com-
piling and publishing the final sheets of the
Third Edition. Some additional funds were re-
ceived, as already discussed, but the staff of
the Bureau remained at the same level. Unfor-
tunately, as observed by Monahan?': "The
Third Edition was out of date long before
1955, when the edition was declared finished,
despite the fact that three Polar sheets were
published later (1968-9) and three others re-
mained untouched." Sadly, although the Di-
recting Committee and staff of the Bureau had
worked long and hard in the face of both fund-
ing shortages and major changes in technolo-
gy, they had failed to align themselves with the
current needs of their main customers, the ma-
rine scientists.
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The Fourth Edition

David Monahan®, writing in 1977, said "If the
Third Edition was out of date, the Fourth was a
veritable anachronism, since profiles were still
broken into discrete soundings and interpretation
performed by untrained people." However, he
noted that changes had taken place in the pro-
duction procedures, with the introduction of the
Volunteering Hydrographic Offices (VHOs),
which undertook the preparation of the 1:1 mil-
lion scale collector sheets for specific parts of the
world. In 1958, the Bureau had requested cer-
tain Hydrographic Offices to volunteer for the
preparation of the plotting sheets of GEBCO in
order to distribute this task on a regional basis.
These sheets were submitted to the IHB for re-
view and then forwarded to the Institut géo-
graphigue national (IGN) for drawing of contours
and the preparation of the final 1:10 million scale
sheets.

In his 1953 paper presented to the International
Joint Commission on Oceanography*, Admiral
Nares had also mentioned how difficult it was
for the IHB to present bathymetry in a form
that will fully satisfy the various scientists who
they hoped would use the charts. He stated that
different types of scientists had different ideas
of how the depth contours should be drawn. He
welcomed suggestions from scientists on how
the THB could improve the sheets before the
final printing. He also suggested that the IJCO
could possibly name a scientific expert who
could review each sheet objectively.

At the General Assembly of the International
Association of Physical Oceanography in 1957 a
committee was formed on the General Bathy-
metric Chart of the Oceans, with the mandate
"to promote the preparation of an up-to-date
chart of the bottom topography of the Oceans
in liaison with the International Hydrographic
Bureau and the International Council of Scien-
tific Unions"*. The committee was comprised
of the following persons:

Dr. G.Bohnecke (Chairman) (Germany)

Dr. Ronald Fraser (Secretary) (ICSU)

Mr. A.Atherton (UKHO)

Dr. P.L.Bezrukov (Academy of Sciences,
USSR)

Dr. Bruce C.Heezen (LLamont Geological Ob-
servatory, USA)

Dr. H.F.P.Herdman (National Institute of
Oceanography, UK)

Dr. H'W. Menard (Scripps Institution of
Oceanography, USA)

Dr. K.Suda (Hydrographic Office, Japan)
RAdm A.Viglieri (IHB, Monaco).

The following year (1958), a small round table
meeting took place at the Bureau on 3-4 June.
This meeting was attended by Dr. G.Bdhnecke,
Dr. Ronald Fraser (ICSU) and members of the
Bureau’s Directing Committee. Recommenda-
tions were adopted concerning the distribution
of the work of preparation and publication of
the GEBCO among the various organisations
concerned®. Official agreement by the IHB to
the future action on GEBCO can be found in
Resolution P.73 - Bathymetric Chart™ of the
VII* International Hydrographic Conference.
As it provides a useful reference it will be quot-
ed in full:

"P. 73 - Bathymetric Chart

It was decided that the following resolution be
added as paragraph IV to item No 37, page 129
of the Repertory:

IV. The Conference arrived at the following
conclusions:-

1. That the General Bathymetric Chart of
the Oceans is primarily intended for use
in oceanography and other branches of
science..

2. That the work involved in producing a
general bathymetric chart is in urgent
need of continuation.

3. That a proposal concerning the possibili-
ty of financial support of a general bathy-
metric chart, over a period extending
from November 1, 1958 to at least the
date of the XIIIth International Hydro-
graphic Conference in 1962, was com-
municated to an observer for the Interna-
tional Council of Scientific Unions, on
behalf of ICSU and of UNESCO; of the
order of § 10,000 per annum from
UNESCO and of $ 5,000 from ICSU,
such amounts being subject to the for-
mal approval of the General Conference
of UNESCO on the one hand, and of
the Executive Board of ICSU on the
other.

4. That charts should be produced at such a
rate that complete editions every few
years may be envisaged.

5. That it seems impractical for the Interna-
tional Hydrographic Bureau to perform
all the work at the required rate.

6. That it appears to be desirable to spread
the work out between the International
Hydrographic Bureau, a central organisa-
tion concerned with the topography and
morphology of the ocean floor under
ICSU, and certain Hydrographic Offices
on a regional basis.
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7. That the Directing Committee consult
with ICSU as to the means whereby the
above arrangement may be made.

8. That the central organisation concerned
with the topography and morphology of
the Ocean referred to above might well
be a permanent service in the Federation
of Astronomical and Geophysical Ser-
vices (FAGS), whose finances would be
the responsibility of the Federation.

9. That pending this arrangement, the In-
ternational Hydrographic Bureau should
continue as hithertofore but should not
increase its expenditure until it receives
further directives in this direction.

10. That in any new arrangement that might
be made, there should be very close co-
operation between the International Hy-
drographic Bureau and the proposed per-
manent service.

11. That the wishes of His Serene Highness
Prince Rainier III, who has been in-
formed of the proposed alterations,
which are believed to be in full accord
with the objectives of the distinguished
Ruler, Navigator and Oceanographer
Prince Albert I, shall be fully considered
in any revised arrangements that are
made."

On 7 July 1958, the Bureau sent a Circular
Letter to its members concerning future plans
for the GEBCO?. Besides quoting the I.H.
Conference Resolution P. 73, the Directing
Committee informed Member States that
there had also been the XI* General Assembly
of the IUGG at which GEBCO matters had
been discussed. An ad hoc committee was
formed with Dr. Bohnecke as Chairman, but
apart from him and Dr Fraser, there were dif-
ferent members from the committee formed
carlier. It is unclear how these two committees
officially interacted. Nevertheless this ad hoc
committee appears to have endorsed the main
points of the earlier IHO resolution, namely
the adoption of the 1:1 million scale plotting
sheets and the regionalisation of the work.
This led to the identification of certain Volun-
teering Hydrographic Offices (VHOs) to take
on some of the work. These countries were
initially identified as Canada, France, Ger-
many, Great Britain and Japan.

The main committee appears to have met infre-
quently, due possibly to funding shortages, with
the records showing a meeting taking place 17-
19 March 1959 at the IHB*. At that meeting
the following co-opted members joined the
Committee:

- RAdm. K. St. B.Collins (UK)
- Dr. Per Olof Fagerholm (Sweden)
- Mr. H.Ermel (Germany).

Recommendations and statements were record-
ed at the meeting. Some of these concerned re-
finements to the system of utilising Volunteer-
ing Hydrographic Offices and some concerned
basic issues on the design of the charts in the
future. The Committee recommended that all
Member States be invited to participate and
that there was a need for detailed guidance to
be given to these VHOs. Expressing its views on
the final charts, there were recommendations
on such matters as projection, scale and repre-
sentation of the morphology of the sea bottom.
It was suggested that an editorial board under
ICSU (FAGS or SCOR) be set up for review-
ing the contours and that members of this
board should do the contouring themselves be-
fore the GEBCO charts were issued. This
board should consist of geophysicists and others
primarily interested in GEBCO.

The discussions that had gone on between the
Bureau and the Member States over several years
were brought to some conclusion at the VIII* In-
ternational Hydrographic Conference in 1962
with a decision to add paragraph VI to Technical
Resolution K 27%. As this amendment would set
the tone for the data compilation for the 4* Edi-
tion of the GEBCO, it will be quoted in full:

"VI a. It is recommended that Member States
be asked to give further consideration to
accepting the work of preparation of the
1:1,000,000 plotting sheets so that world
coverage may be obtained.

b. It is resolved that the work on the com-
pilation of the GEBCO sheets be per-
formed under the auspices of the IHB
with the assistance of States Members
and other international organisations
which have primary interests in oceanic
soundings.

c. It is resolved that the necessary financial
provisions to cover the cost of compila-
tion and printing shall be met with ITHB
funds with such assistance as may be re-
ceived from interested scientific organi-
sations. It is resolved that for this pur-
pose, a sum of 50,000 gold francs per
year or 250,000 gold francs over five
years shall be set aside for use by the
IHB in developing the GEBCO pro-
gramme as quickly as possible."”

In 1964, the first meeting of a re-constituted
committee took place at Monaco, under the
chairmanship of Ingénieur hydrographe général
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A.Gougenheim (retired French Hydrographer).
The meeting considered the nomenclature and
production of GEBCO and came up with five
recommendations®. Of these recommendations,
the fourth is particularly significant. It suggested
that an editorial board be established to review
the contours before the GEBCO was issued, and
that the board should consist of the chief of the
office volunteering to publish the new editions of
the GEBCO sheets at 1:10 million, together with
geophysicists and others primarily interested in
the GEBCO. Another interesting recommenda-
tion was to create a GEBCO sub-committee to
study the standardisation of proper geographical
names for ocean bottom features, to serve as a
guide for future GEBCO sheets.

Just prior to the above meeting, a matter had
been raised in 1963 that was to cause consider-
able debate within the IHB. Through discussions
at the Intergovernmental Oceanographic Com-
mission (IOC), the Head Department of Naviga-
tion and Oceanography (GUNIO) of the USSR
stated that it was prepared to assume the task of
compiling and publishing, at its own expense,
the 1:10 million sheets, on condition that it was
provided with copies of all the plotting sheets™.
In the I.H.Bulletin the following year, the IHB
announced that the majority of its Members had
authorised it to negotiate with the IOC and
GUNIO. It noted that the negotiations would be
fairly lengthy?**. This was formalised when on 10
March 1964 the Bureau issued a Circular Let-
ter” summing up the Member States’ responses
to the USSR proposal. Twenty-five of the forty-
one Member States were in favour of the IHB
entering into negotiations with the IOC on the
offer made by the USSR. On a second question
of whether the Member States would assume the
task of publishing the GEBCO themselves, thir-
ty-seven replied negatively and none responded
positively.

In spite of France having been included in the
above list of negative replies, we read that in
August 1964 "The Bureau had received a fol-
low-up letter containing further details of the
offer made by the "Instizut géographigue nation-
al," Paris, to compile and publish the new edi-
tion of GEBCO, in co-operation with the
French Service hydrographique de la marine
(SHM)."* This clearly introduced a dilemma
for the Bureau, with two generous offers on its
hands. Later that year, the President of the IHB
Directing Committee informed IHO Member
States of the Directing Committee’s decision to
choose the French offer. In explaining this
choice, he noted that the IGN had already pub-
lished sheets AI and A’T and gave other admin-

istrative reasons for the choice®. The corre-
spondence sought Member States’ approval of
the decision. This approval was announced in
1965*. The GEBCO programme was firmly an-
nounced to consist of three primary steps:

Part I- Compilation of the 1:1 million plot-
ting sheets by the Volunteering Hy-
drographic Offices.

Part IT - Final processing of the 1:1 million

plotting sheets by the IGN with the
technical co-operation of the Service
hydrographique de la marine.

Part III - Assembling the final overlays and
printing of the 1:10 million sheets by
the IGN.

On 9 April 1965, an agreement was signed be-
tween the French Institut géographigue national
(IGN) and the Service hvdrographique de la marine
(SHM), as one party and the International Hy-
drographic Bureau as the second party, concern-
ing the publication of the 1:10 million GEBCO
sheets. Contained in this agreement was an arti-
cle 4, stating that SHM would verify the selected
soundings and draw the bathymetric contours.
IGN would fix the final and corrected soundings
in metres and plot them on the plotting sheets.
Another article 10 stated that the IGN under-
took to publish each sheet within 12 months of
receiving all the plotting sheets”.

With the administrative arrangements in place,
work was able to proceed in earnest on the
preparation of further sheets. A questionnaire
was sent out to the VHOs to ascertain the
progress of the 1:1 million sheets and from this
to predict the delivery of the 1:10 million sheets
by IGN. The situation on 1 January 1966 was
summed up as follows:
Completed plotting sheets sent to IGN in re-
spect to the following sheets:

BIV June 1965

BI September 1965

B’IV September 1965
Completed sheets expected to be sent to IGN
in the period February 1966 to April 1967:

B’1, C’1, A’IV, AlV, CII, A’], CI
The following sheets to be completed between
July 1967 and the end of 1969:

Al, BIII, AIL
Details concerning progress on other sheets
were also noted in this report®. A year later a
further report on the preparation of plotting
sheets was issued showing some minor slippage
but the work generally proceeding to plan™.

During 1967 a mecting of the GEBCO Com-
mittee was convened at Zurich, under the chair-
manship of Ingénieur hydrographe général
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A.Gougenheim®. It may be noted that the
membership of the original committee had
changed significantly, with the following per-
sons participating:

A.Gougenheim (Chairman) (France)
F.M.Edvalson (USA)

B.C.Heezen (USA)

A.S.Laughton (UK)

A.G.Segre (Italy)

G.B.Udintsev (USSR)

G.Chatel (IHB)

F.Mayet (IGN)

D.W.Newson (UK)

A.H.Cooper (Australia).

At this meeting the work of the Nomenclature
Sub-Committee and of the Editorial Committee
were discussed. Although the former appeared to
be proceeding well, the latter seemed to be hav-
ing some problems. From the recommendations
of the former body it may be noted that French
was still to be the sole language used in the pub-
lication. Although the Editorial Committee paid
tribute to the work of the VHOs, it is clear that
there was considerable concern about the quality
of the work and according to some members
soundings shown on 1:1 million sheets, drawn
up by the seventeen VHOs, were between 50%
and 80% erroneous and that information from
seismic, geologic and sedimentary sources would
often lead to a more accurate knowledge of the
bathymetry. It was suggested to the IHB that it
"might exhort Hydrographic Offices to exercise
greater circumspection and to be prepared to re-
duce the number of soundings on the plotting
sheets rather than take the risk of including erro-
neous soundings among them." There was con-
siderable debate on how depth curves were
drawn and proposals that the responsibility of the
Editorial Committee be based on geological and
geophysical data to guide the experts. During the
meeting the JHB representative also voiced con-
cern on the slowness of production, stating that
it was essential that new editions of the GEBCO
sheets should be issued rapidly to make up for
the fact that they were long overdue in compari-
son with previous editions. However it was noted
that due to the organisation of the work set up
by the IHB, GEBCO was now to be published
on a regular basis.

Another event taking place in 1967 was the IX®
International Hydrographic Conference. Dis-
cussions on GEBCO appear to have been limit-
ed but of interest is a proposal presented by
Canada that Technical Resolution K 26.1 be
amended to state that an English version of
GEBCO was desirable. This proposal, after
some debate, was however rejected*.

Yet another event that took place during 1967
was an announcement that the Bureau would no
longer be responsible for the distribution and sale
of the GEBCO and Special Publication No.30
concerning GEBCO. This responsibility was
passed to the Institut géographique national®.

During the period from 1967 to 1970 the
GEBCO programme continued but at an in-
creasingly slower rate in the face of criticism and
production difficulties. In 1968, it is recorded
that the Chairman of the GEBCO Committee,
Ingénieur hydrographe général Gougenheim, re-
ceived some criticisms of sheet B’I, formulated
by experts on marine geology. As these criticisms
appeared justified and could give rise to some
doubts in the minds of users as regards the relia-
bility of the GEBCO, it was decided to postpone
temporarily the sale of the sheet. In 1969, as a
result of numerous shortcomings noted on the
Plotting Sheets and the GEBCO sheets already
published or in the course of preparation, the
Directing Committee decided to slow up the
publishing of the sheets. Again in 1972, in order
to provide time for the Volunteering Hydro-
graphic Offices to improve the quality of their
contributions, the publication of the 1:10 million
sheets was slowed down.

As longer term measures to provide guidance to
the VHOs, work was going on to prepare a
draft of the new GEBCO regulations. In 1970,
the VHOs approved these regulations, which
were then distributed to all Member States®.
An updated GEBCO Catalogue was also dis-
tributed with the regulations.

The Fourth Edition was never completed. The
list below records the dates and publishers of
the six sheets that were published (fig.12):

' GEBCO Fourth Edition

S_heet]Da_te_ ) | Printers i
Al 1 January 1958 ‘Institut géographique|
- national _ )
AT  [July 1961 Institut géographique
- _ _national
' BI |1 December 1966/ Institut géographique
- - ‘national
BIV |1 December 1966 Institut géographique
1} - national _
B’I |1 October 1970 |Institut géographique
| e ____ |national S
| B’IV |1 February 1967 |Institut géographique
national

Informarioﬁ cémpz’t‘ed. by Aﬁroz'ne Ferrero-Regis
(IHB)
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Only six sheets (A1, B I, B IV, A’|, B'l and B’ IV) were published in this edition

Mercator sheets 1:10 Million at the Equator.

Fig. 12. Assembly diagram for GEBCO sheets (4* Edition)




3- THE INTERNATIONAL HYDROGRAPHIC BUREAU PERIOD 63

The end of the Fourth Edition

In 1970, the Intergovernmental Oceanographic
Commission IOC) of UNESCO, following ap-
proval by the United Nations General Assembly
of its Long-term and Expanded Programme of
Oceanic exploration and Research (LEPOR), set
up a Group of Experts on Long Term Scientific
Policy and Planning. Amongst other matters it
examined morphological charting of the sea floor
and recommended that the Commission partici-
pate in the production of a world bathymetric
map, bearing in mind that the IHB was the most
experienced body in this field. Following a re-
quest from IOC to its Scientific Advisory Body,
the Scientific Committee on Oceanic Research
(SCOR), SCOR Working Group 41 was estab-
lished to consider the matter further*. As a result,
during 1973, the voices of scientists that had al-
ready existed for some time, were officially noted
by the Working Group, under the chairmanship
of Dr. A. S.Laughton, who was also a member of
the GEBCO Committee®.

The Working Group met in the United Kingdom
on 2-3 April 1973 and made a number of recom-
mendations on the future of GEBCO (see Part 5
below). These were considered at a meeting of
the GEBCO Committee, held at Monaco 5-6
June 1973, under the Chairmanship of Ingénieur
hydrographe général Marc Eyries*. T'wo main is-
sues were discussed: i) the possible replacement
of the GEBCO Committee by some other group;
and ii) the replacement of the present type of
GEBCO chart at 1:10 million by another at the
same scale. It was agreed that the present com-
mittee needed to be re-structured as a GEBCO
Guiding Committee and that there were scientific
shortcomings in the present 1:10 million sheets.
It was further questioned if it was worthwhile for
the IGN to complete the Fourth Edition, as it
was contracted to do. The Committee recom-
mended to the IHB that the work on the 1:10
million series in its present form be suspended
and that IHO be invited to terminate its contract
with the IGN for the Fourth Edition. However,
the GEBCO 1:1 million plotting sheets should
continue to be updated. Finally there was general
agreement with the fifteen recommendations of
SCOR WG41. This set the tone for future action
on the Fifth Edition.
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GEBCO 1999 Meetings
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BATHYMETRICAL CHART OF THE OCEANS

SHOWING THE "DEEPS" ACCORDING TO SIR JOHN MURRAY
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Fig. 21. Sheer 5.04 - 5th Edition (1978)
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Fig. 24. Sheert A’ 1v - 2" Edition (1913)
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Fig. 25. Sheet A’ 1v - 3* Edition (1938)
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Fig. 26. Sheet 5.09 - 5" Edition (1982)
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Fig. 27. An extract from the GEBCO Digital Atlas covering the same area as the printed version o} part of
Sheet 5.09 (figure 26)
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Fig. 28. Sailor sounding Fig. 29. Sigsbee Sounding Machine in use on board USNS
from merchantman - 19" Albatross

Century sketch by Gordon

Grant

(Figures 28 & 29 are reproduced by courtesy of the NOAA Central Library, USA)
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Fig. 30. The display of a Simrad EM-120 multibeam echo-sounder
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‘oundation

The Intergovernmental Oceanographic Com-
mission (IOC) of Unesco was founded, follow-
ing recommendations from an Intergovern-
mental Conference on Oceanographic
Research convened by Unesco', in March
1960. These arrangements were approved by
the Unesco General Conference in November
1960 and the first session of the IOC was held
in October 1961. The Summary Report of that
session® (item 6) records:

‘It was recognized that immediate exchange of
oceanographic data in accordance with the Data
Centre’s Manual of the International Geophysical
Year (IGY) should be started for such pro-
grammes commencing from 1 Fanuary 1960.
Ways and means of exchange of bathymetric data
were also discussed at length. The problem of pub-
lishing a new General Bathymetric Chart of the
Oceans was raised several times and the opinion
was expressed that Unesco might assist financially
in this matter. However no specific recommenda-
tion was made in this connexion in view of the
Jforthcoming International Hydrographic Confer-
ence in May 1962.°

The ‘new GEBCO’ to which this refers was
the 4™ Edition, as the structure for this edition
was then being developed by the International
Hydrographic Bureau (IHB), the International
Association of Physical Oceanography (IAPO)
and the International Council of Scientific
Unions (ICSU), following the strong scientific
need which had been identified during the In-
ternational Geophysical Year (see 3- The IHB
Period above).

"y "'?‘z"a 5

@f Oceanic explo

|| Onge- tern

xpanded Programme
ration and Research

By 1968 I0C was developing its Long-term
and Expanded Programme of Oceanic explo-
ration and Research (LEPOR) and the I0C
was asked by the United Nations General As-
sembly (resolution 2467D/XXIII) to co-oper-
ate with the Secretary-General in the prepara-
tion of "the comprehensive outline of the
scope of the long-term programme of oceano-
graphic research"’. In December 1968, the

nmental Oceano:
mission (I0C)

o

graphic

r’"g

United Nations General Assembly adopted a
resolution* which contained the following re-
quest:

(The United Nations General Assembly) re-
quests the United Nations Educational, Scien-
tific and Cultural Organization that its Inter-
governmental Oceanographic Commission:
“mtensify its activities in the scientific field, within
its terms of reference and in co-operation with
other interested agencies, in particular with regard
to co-ordinating the scientific aspects of a long-
term and expanded programme of world-wide ex-
ploration of the oceans and their resources of which
the International Decade of Ocean Exploration’
will be an important element, including interna-
tional agency programmes, and expanded interna-
tional exchange of data from national pro-
grammes, and international efforts to strengthen
the research capabilities of all interested nations
with particular regard to the needs of developing
countries.’

This comprehensive ‘expanded programme’

was divided into six parts:

1. Problems of Ocean-Atmosphere Interac-
tion, Ocean Circulation, Variability and
Tsunamis;

2. Living Resources and their relations with
the Marine Environment;

3. Marine Pollution;

4. Geology, Geophysics and Mineral Re-
sources beneath the Sea;

5. The Integrated Global Ocean Station Sys-
tem (IGOSS);

6. Specific International Regional Investiga-
tions.

It was clear from the start that only a very lim-
ited number of the proposed projects could be
handled by the IOC with its existing staff and
budget, and Unesco proved unwilling to in-
crease its size and funding commensurate with
the task foreseen as needed by the United Na-
tions General Assembly. The ‘expanded pro-
gramme’ became the basis for the Commis-
sion’s programmes over many years, but these
only covered a number of selected projects. In
addition, many of the other projects were un-
dertaken outside the aegis of the IOC. One of
the ‘Research programmes proposed to solve
the principal scientific problems’ was:
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Morphological charting of the sea floor®

Scientific aspects: Geological investigations require
bathymetric charts at appropriate scales as base
maps. Other marine disciplines use reconnaissance
or detailed charts of sea-floor morphology in aspects
of their research.

Practical aspects: Base maps for off-shore explo-
ration for minerals and fuels; for bottom fisheries; or
for engineering purposes. Bathymetric charts at ap-
propriate scales are required for all aspects of miner-
al exploitation, fisheries, engineering construction,
and other operations on or above the sea floor.
Scales: 1:1,000,000 for reconnaissance purposes.
Preliminary charts for many regions, both shelf and
deep ocean, can be made from available data. More
precise charts at this scale will be required for deep
ocean areas with spacing of 5-15km between lines de-
pending on complexity of the bottom morphology and
on the nature and detail of the geological programme
in the area. Scales of 1:250,000 or larger scale will
be required in critical areas (where land-sea geologi-
cal and geophysical transects are to be made).

Thus the way was clear for the IOC to become
fully involved, with the International Hydro-
graphic Organization (IHO), in the production
of a new edition (by now the 5%) of the General
Bathymetric Chart of the Oceans (GEBCO).

Scientific Advice from the Scientific
Committee on Oceanic Research

(SCOR)

From its foundation IOC’s main (non-govern-
mental) Scientific Advisory body was the Scien-
tific Committee on Oceanic Research (SCOR)
of the International Council of Scientific
Unions (ICSU), so the Commission now
turned to SCOR for advice on the scientific as-
pects of this programme. SCOR responded by
forming a Working Group to handle this re-
quest; this was initially under the Chairmanship
of Dr Johannes Ulrich of Germany but he was
followed after the first meeting by Dr A S
Laughton (United Kingdom). Details of the
task undertaken by SCOR Working Group 41,
and its recommendations follow (5- Scientific

Committee on Oceanic Research (SCOR)
Working Group 41- Morphological Mapping of
the Ocean Floor).
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Formation of Working Group

SCOR responded to a request from IOC by
forming Working Group 41 ‘Morphological
Mapping of the Ocean Floor’, under the Chair-
manship of Professor Dr Johannes Ulrich of
Germany "to determine a rational scheme for
reduction and presentation of sounding data
that would constitute a framework in which the
international mapping of the sea floor could
proceed" (Report to SCOR from the Interna-
tional Workshop on Marine Science, Honolulu,
September, 1971). Regrettably, Dr Ulrich was
unable through illness to participate in much of
the Working Group’s activities and Dr Anthony
Laughton was appointed as Acting Chairman
for the first meeting and subsequently became
Chairman.

Oceanographers had become increasingly dis-
satisfied with the GEBCO charts for a variety of
reasons in spite of the support for GEBCO by
Derek Newson published in the Cartographic
Journal'. Active workers found that the charts
were too out of date, did not reflect current
thinking about the sea bed and the processes
operating there and that the interpretations of
arcas where there were no soundings were inad-
equate. As a result, the sales of the Third and
Fourth edition (currently being prepared) were
dwindling so that the Institut géographique na-
tional in Paris, which was compiling them, was
asking for financial assistance.

Several laboratories had initiated and main-
tained their own bathymetric charts for their
own research purposes, but these varied greatly
and in no way constituted a global set. Amongst
these Dr Laughton, of the National Institute of
Oceanography (NIO) in the UK, had main-
tained a series of BM charts of the North At-
lantic and of the NW Indian Ocean, and Dr
Bob Fisher had worked extensively on the mor-
phology of the Central Indian Ocean?®. The In-
ternational Indian Ocean Expedition
(1959-1967) resulted in a Geological-Geophys-
ical Atlas of the Indian Ocean in which
Laughton and Fisher contributed much of the
bathymetry.

Two meetings in Canada in autumn 1972 ad-

dressed the problems of ocean mapping. The
first meeting of SCOR WG 41 was held on 21*
August immediately prior to the XXIVth meet-
ing of the International Geological Congress in
Montreal. Almost simultaneously the Sixth In-
ternational Cartographic Conference of the In-
ternational Cartographic Association (ICA) met
in Ottawa to discuss, amongst other items,
ocean floor mapping.

Laughton, Roberts and Graves® of the National
Institute of Oceanography, United Kingdom,
had written a paper for the ICA conference on
"Deep Ocean Floor Mapping for Scientific Pur-
poses and the Application of Automatic Carto-
graphy" in which they detailed the need for im-
proved charts, reviewed a comprehensive list of
currently published charts, including the
GEBCO Third and Fourth Editions, and set
out ideas on how global charts could be im-
proved.

This paper was written in response to an article
on the need for world bathymetric charts by
L.N.Pascoe®. Pascoe had proposed that the
needs of oceanographers could be met by the
publication of contours already being drawn for
the 1 to 3.5 million scale International Series of
Navigation Charts. This concept was rejected
by Laughton et al.

At the first meeting of WG 41, attended by only
four members, the paper of Laughton ez al was
discussed in considerable detail and it was con-
cluded that a critical appraisal of the charts list-
ed there should be carried out by members of
the group in their own laboratories, that a ques-
tionaire should be circulated to obtain a wide
range of views from active marine scientists and
that the next meeting should prepare a docu-
ment analysing their merits and demerits and
make recommendations. It discussed the desir-
able specifications for a world series.

Some aspects of automatic cartography had
been developed in the UK by David Bickmore
of the Experimental Cartography Unit of the
Royal College of Art, and he had worked close-
Iy with the NIO group in various trial areas.
The Working Group discussed many of these
ideas, which initiated the concepts of digital
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handling of bathymetry that would not be im-
plemented effectively in GEBCO for another
twenty years.

Immediately following the WG 41 meeting, the
ICA discussed these ideas and set up a Working
Group on Oceanic Cartography under the
Chairmanship of Adam Kerr of the Marine Sci-
ences Directorate of Environment, Canada.
The two working groups had some common
membership and it was planned that they
should work in parallel. However the ICA
Working Group had little influence on the fu-
ture of the GEBCO which was largely deter-
mined by SCOR WG 41.

Dr Fisher had attended the Ottawa meeting of
the ICA and subsequently reported, in a typi-
cally vigorous letter to Dr Baker, Executive
Secretary of ICSU, his extreme concerns
about the different approaches used to pro-
duce bathymetric charts by the professional
hydrographers of the ICA and the oceano-
graphers of SCOR.

A second meeting of SCOR WG 41 was held at
NIO, Wormley, UK, on 2™ and 3™ April 1973
and was attended by most of the members of
the WG and by many observers. The following
membership attended:

J Ulrich (Germany) Chairman

A.S.Laughton (UK) Acting Chairman
D.C.Kapoor (IHB)

D.Newson (UK)

T.Sato (Japan).

E.Uchupi (USA), A.V.Ilyin (USSR) and
V.Kanaev (USSR) were unable to attend but
sent very useful contributions.

Several observers were present and contributed
to the discussions:

F.W.G.Baker (Executive Secretary ICSU and
Secretary GEBCO)

D.P.Bickmore (Experimental Cartography
Unit, UK)

A Ferrero (IHB)

A.J.Kerr (ICA WG on Oceanic Cartography)
G.Kredel (Fed. Rep. Germany)

D.G.Roberts (NIO) Acting Secretary
D.P.D.Scott (Secretary IOC)

All members had been circulated with the ques-
tionnaire in order to evaluate bathymetric charts
within the scale ranges of 1:12 tol:6 million,

1:5 to 1:2 million and 1:1 million to 1:400
thousand. The GEBCO charts fell in the first
range. During the meeting most of these charts
were displayed and reviewed.

The WG also reviewed the organisation of

bathymetric data exchange and compilation,
generated ideal specifications for a new world
chart series, discussed the future of GEBCO,
the relationship of the WG with the ICA WG
and proposed a series of recommendations to
its parent body SCOR.

Prior to the meeting, an informal meeting had
been held at UNESCO between RAdm.
G.S.Ritchie, (President of IHO), F.W.G.Baker
(ICSU and GEBCO) and D.P.D.Scott (I0C)
about the future of GEBCO and this was re-
ported to the WG 41 meeting. They noted that
the IGN had only poor sales, that the sheets
failed to meet the needs of the scientific com-
munity, that there was inadequate funding, but
that the data collection method was generally
satisfactory. Amongst the proposals put to the
Working Group were firstly that the 1:10 mil-
lion GEBCO sheets should be abandoned as a
scientific global base chart of the oceans and
secondly that the structure of the GEBCO
Committee be changed, to become a joint
IOC/IHO body on which both oceanographers
and hydrographers should be represented.
These proposals were put to SCOR WG 41.

Recommendations

After vigorous and constructive debate, the
Working Group made the following recommen-
dations, as recorded in the Minutes of the Sec-
ond Meeting.

"SCOR WG 41:

(1) advises that the IHO continue its role as
the specialised world data centre for
oceanic soundings, recommends the con-
tinuing collection of soundings on a 1 in 1
million scale and welcomes the large con-
tribution made through the Volunteering
Hydrographic Offices,

(2) recommends the 1 in 1 million plotting
sheets should show sources and precise
limits of available high quality bathy-
metric surveys made at larger scales,

(3) recommends that IOC should attempt to
locate data sources not at present routine-
ly transmitting soundings to the IHO and
to find ways and means of including such
soundings in the world 1 in 1 million col-
lector series,

(4) recommends that the IHO (in conjunc-
tion with the IOC, CMG and SCOR)
should implement a study of future meth-
ods of automatic data storage, retrieval
and transmittal based on standard data
formats in parallel with, and as a future
extension of, the 1 in 1 million sounding



5- ScIeENTIFIC COMMITTEE ON OCEANIC RESEARCH (SCOR) 93

(5)

(6)

(N

(8)

(9)

(10)

an

(12)

collection system,

recognises the need in the scientific com-
munity for a Mercator world bathymetric
chart in colour on an approximate scale of
1 in 10 million. Such a chart must be de-
rived from the larger scale charts prepared
or approved by marine scientists employ-
ing current geological and geophysical
knowledge,

notes that wide discussions with col-
leagues have shown that the 1 in 10 mil-
lion GEBCO series of bathymetric charts
as prepared under the present system
does not fulfil the needs of marine scien-
tists because the contouring of the collect-
ed soundings has not responded to ad-
vances in earth science. Therefore the
chart does not portray the closest approxi-
mation to the true shape of the seafloor
that might be obtained from bathymetric
data so interpreted. Additionally, the
present series has deficiencies in presenta-
tion and is mostly out of date,
recommends that it be recognised that the
world bathymetric chart must be com-
piled from the best available bathymetric
charts, published or unpublished, supple-
mented by contoured soundings collected
on the 1 in 1 million scale,

believes that a new system of production
is imperative and recommends that a
guiding committee for the preparation of
the world chart be set up with nomina-
tions from IOC/SCOR/CMG/IHO. This
advisory group should be composed of ac-
tive marine scientists and hydrographers
and its activities would replace those of
the present GEBCO committee,
recommends a small, full-time geoscience
unit consisting of two experienced marine
geologists or geophysicists with a
draughtsman and secretarial support be
set up to handle the task of preparing an
acceptable final compilation of bathy-
metry for subsequent cartographic draw-
ing, printing and distribution,
recommends that this core unit should be
internationally funded and based at a cen-
trally located oceanographic institution
with an active group in oceanic geology
where good map collections and library
facilities would also be available,
recommends that, where appropriate, ad
hoc consultant groups of marine scientists
knowledgeable in particular areas, should
be set up to assist the core unit and guid-
ing committee,

recognises that the task of drafting for re-
production and printing will need to be

considered as a separate stage in the pub-
lication of the world chart. We appreciate
that funds have been previously made
available by the Monegasque government
at the comparable stage of the GEBCO 1
in 10 million series, but understand that
considerable additional funding will be re-
quired to implement this new project,
notes the long association of the world
bathymetric chart with the IHO and wish-
es to continue the association of the final
product with the IHO,

recommends that rapid publication is es-
sential and that revision should be under-
taken at frequent intervals on a continu-
ing basis; intervals of revision of any
particular chart would be determined by
the acquisition or generation of significant
gquantities of new soundings,

recommends that wide publicity be given
to the new charts produced under the
proposed system."

(13)

(14)

(15)

The report with its recommendations was en-
dorsed by the SCOR Executive at its meeting in
Texel in May 1973 and transmitted to the
GEBCO committee and to IOC for their con-
sideration.

Conclusion

The GEBCO Committee, at its meeting in
Monaco in June 1973, reviewed its own ques-
tionnaire, that the committee had circulated, re-
garding the usefulness of the current GEBCO
charts and also discussed the proposals from
SCOR WG 41. There was general support for
these recommendations and they were endorsed
by the committee.

It was recommended to IHB that work on the
1:1 million series in its present form be sus-
pended and that the contract with the IGN for
the Fourth Edition be terminated, but that the
plotting sheets of collected soundings be contin-
ued as the basis for the new global charts. The
old GEBCO Committee was finally wound up
with a letter from the Secretary dated 5" March
1974.

In a Status Report to SCOR dated 3™ January
1974, the Chairman of WG 41 (by this time Dr
Laughton had become Chairman) reported that
the GEBCO committee had accepted all the
recommendations and that a new Guiding
Committee for GEBCO had been set up by
IOC and IHO, after consultation with SCOR,
IAPSO and CMG, which was due to meet in
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February 1974. In a final Status Report to the
SCOR meeting in Equador in October 1974,

the Chairman noted that the IOC/IHO Guiding

Committee had started work, even though no
funds for the Geoscience Unit had been found,
and that the Working Group considered that it
had fulfilled its task of stimulating activity on
Morphological Mapping of the Ocean Floor. It
was disbanded on 4th November 1974.

There is no doubt that this Working Group
provided the impetus for a regeneration of
GEBCO after its slow decline in the Third and
Fourth editions. The chart specifications dis-
cussed by the Working Group formed the basis
for the new specifications developed by the
Joint IOC/THO Guiding Committee for
GEBCO and the charts of the Western Indian
Ocean prepared for the IIOE Geological-Geo-
physical Atlas were to form the first of the new
Fifth Edition of GEBCO.

There were many in the scientific community
who felt passionately about the need for better
global charts of the bottom of the oceans and
they effectively exerted pressure through the
analysis and discussion provided by SCOR
Working Group 41.
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Desmond P D Scott

Establishment of the Joint IOC-IHO
Guiding Committee for the General
Bathymetric Chart of the Oceans
(GEBCO)

On receipt of the report, with its recommenda-
tions, of SCOR Working Group 41, the IOC
Assembly' and the IHO approved, in November
1973, 'the formation of a joint IOC/IHO Guid-
ing Committee for the (new) General Bathy-
metric Chart of the Oceans, after consultation
with the SCOR, IAPSO (the International As-
sociation for the Physical Sciences of the
Ocean) and CMG (the Commission for Marine
Geology of IUGS), to replace the existing
GEBCO Committee, for the purposes of:

(1) determining the needs of the scientific com-
munity, educational authorities, and other
users of GEBCO charts;

(2) producing, based on these needs, new speci-
fications for the preparation and production
of the world bathymetric 1:10 million series
charts, within the general guidelines recom-
mended by SCOR Working Group 41.

Based on this decision, a Form of Understand-
ing was reached between the IOC Secretariat
and the International Hydrographic Bureau that
membership of the Guiding Committee would
be covered by the following Guidelines:

The Guiding Committee will consist of ten

members, five of whom will be nominated by

IHO and five by IOC. Of the IOC members,

two will be selected by IOC, one by SCOR, one

by IAPSO and one by CMG.

1 In close consultation, the co-sponsoring bod-
ies will ensure that members of the Guiding
Committee will be appointed on a wide geo-
graphical basis, and that no more than one
member will be nominated from any one
country.

2 Members of the Guiding Committee are ex-
perts acting in their personal capacity and
shall not represent their government.

Inauguration
The 1* session of the Joint Guiding Committee

was convened by the IOC Secretariat in
Unesco, Paris, 25-26 April 1974 . Professor

Eric S W Simpson, representing CMG, was
elected as Chairman GEBCO and Mr
Desmond P D Scott, Secretary I0OC, was elect-
ed Permanent Secretary GEBCO.

At the opening meeting, the Guiding Commit-
tee received an Official Despatch from His
Serene Highness Prince Rainier IIT of Monaco®:

On the occasion of the Foint IOC/IHO Guiding
Committee's first session on the new Bathymetric
Chart of the Oceans, I am glad to note the still live-
ly interest for this chart, the drawing of which was
initiated by my respected ancestor, Prince Albert I,
and that the highest international authorities are
working so closely together for the dual purpose of
bringing it up to date and financing its publication.
It is my pleasure to express my best wishes for the
Sull success of your committee's work, and for the
GEBCO programme. My sincere thanks to all
those participating.

Rainier, Prince de Monaco.
The following reply was sent:

I acknowledge with gratitude your kind message on
the occasion of the first session of the Joint
IOC/IHO Guiding Commuttee for the (new)
GEBCO. The Committee has requested me to reply
informing Your Serene Highness of their apprecia-
tion of your continued interest in the GEBCO and
to assure you that every endeavour is being made to
continue the work started by your illustrious ances-
tor, Prince Albert I, by preparing and publishing an
updated global series of bathymetric charts which
will meet the needs of man in the modern world.

Harrison Unesco
Assistant Director General for Science

Specifications for the GEBCO
(5% Edition)

The initial tasks of the Guiding Committee
were then to finalise new 'Specifications for the
GEBCO' and develop an Assembly Diagram for
the new edition. It was decided that as the
name 'Carte générale bathymétrique des océans'
(‘General Bathymetric Chart of the Oceans')
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was a traditional name going back to the early
years of the century and the reign of Prince Al-
bert I of Monaco, and the connection was still
strong, firstly with the ruling Grimaldi family as
shown by the above exchange of cables, and
secondly with the Monegasque Government
which then provided the IHB with an annual
grant of about FFr 50,000 (now, in 2002, EUR
7,400) in support of GEBCO data collection (at
that time on 1:1 million series master sounding
sheets).

This generous annual subsidy, which is still
greatly appreciated, has proved to be an ex-
tremely valuable asset ensuring continuation of
work on the GEBCO project over the years.
The projection (Mercator) and scale (1:10 mil-
lion at the equator) for the sixteen sheets be-
tween 72°N and 72°S were accepted but it was
decided to modify the sheet limits and change
the sheet numbering to a more logical system.

The first four editions had used the same layout
and the peculiar sheet numbering system that
had been adopted originally in 1903 for the 1st
Edition. The numbering was improved and, fol-
lowing discussions during the next two sessions
of the Guiding Committee, the Assembly Dia-
gram (fig.37) was modified in three ways:

1. At the suggestion of Dr Takahiro Sato, then
Director of Chart Division, Japan Hydro-
graphic Department (but later to become
Chief Hydrographer of Japan), the longitude
limits of the eight southern hemisphere Mer-
cator sheets were shifted 20° to the East to
obtain improved coverage of the southern
Atlantic, Indian and Pacific Oceans.

2. Taking this shift into account, Professor
Bruce Heezen was invited to recommend
overlaps between sheets to ensure that im-
portant ocean basins or seabed features were
not cut by sheet limits but appeared in full
on one sheet or another. These were accept-
ed and also an overlap was agreed between
sheets 5.15 and 5.16 for political reasons.

3. The Guiding Committee decided to have
only two polar sheets, both on Polar Stereo-
graphic Projection on a scale of 1:6 million
(at 75° latitude), instead of the eight in earli-
er editions, but having an overlap (64°-72°)
with the Mercator sheets.

In fact this last decision came in for some criti-
cism later, after publication, when it was point-
ed out that the Antarctic sheet (5.18) would
have been of more use if it had been on a small-
er scale allowing it to extend further north, pos-
sibly to 45°S. Much more recently the IOC and
IHO have joined with the International Arctic

Science Committee (IASC) to compile the In-
ternational Bathymetric Chart of the Arctic
Ocean (IBCAO)! in four sheets on a larger
scale. These will then supersede the GEBCO
Arctic sheet (5.17).

Using as a guide two sets of recommendations,
those prepared by SCOR Working Group 41,
and others prepared by the former GEBCO
Committee at its final meeting (Monaco, 5-6
June 1973), the Guiding Committee drew up
and adopted new 'Specifications for the
GEBCO (5" Edition)"”. The Joint Guiding
Committee also received useful turnover advice
from the Chairman of the former GEBCO
Committee, Ingénieur Général Marc Eyries.
Whilst at that time it was inevitable that depths
should be illustrated by means of contours, it
had become increasingly clear, both from criti-
cisms received and from a complete fall in sales
reported by the IGN, that the traditional meth-
ods of contouring by linear interpolation be-
tween depths measured at discrete points by
sounding machines and single-beam echo
soundings was not depicting the true morpholo-
gy of the sea floor. It had become clear that it
was essential to combine these data with the re-
sults of other marine geophysical-geological
studies. Thart this was the correct and necessary
solution to the problem was shown by the sales
figures which rocketed from very low figures
with the 4th Edition to over 50,000 flat sheets
and 900 Boxed Sets of the 5* Edition by 1996
(fig.38).

The new specifications, which were designed to
improve presentation and quality control, in-
cluded the following:

Soundings. In order to indicate contour reliabil-
ity, all soundings used were to be shown as dots
representing discrete soundings or lines repre-
senting continuously sounded traverses. Areas
of detailed surveys where soundings are denser
than can be conveniently shown could then be
indicated by numbered boxes referenced in the
margin. This can be seen clearly in the upper
half of the 5* Edition version of the Porcupine
Seabight region (fig.21).

Depth Contours. Contours were then to be de-
rived from the best available larger scale charts
which had been prepared or approved by ma-
rine scientists in the light of current geological
and geophysical knowledge, or taken from sur-
veys of such detail that there was no room for
interpretation. Where such data were not avail-
able, contouring from soundings was to be un-
dertaken by experienced geoscientists. Contours
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were normally to be drawn in at 500m intervals,
but intervening contours could be added at
100m intervals where data permitted. Unlike
the presentation on nautical charts, no need
was seen for scattered soundings at intermedi-
ate depths; these depths were indicated by the
contours. Spot values shown were therefore to
be confined to highs and lows. The resultant
patchiness of the final chart then reflected the
quality and quantity of the input data and indi-
cated the need for more surveys. It was stressed
that no attempt was to be made to generalize
down to the lowest quality data.

Correction of Echo Soundings. Depths, in me-
tres, were to be corrected for the velocity of

sound in sea water. The correction of soundings
obtained by acoustic methods had been covered
by resolutions of the THB dating back to 1929
when it was decided to use 'Matthews Tables'
published by the British Admiralty. Subse-
quently other tables for the correction of sound-
ings came into use, notably those derived from
Wilson's formula and the Kuwahara Tables. In
1975 the various methods of correction adopted
by Member States of the IHO were listed in
THB Special Publication No.46. But in 1980
the British Admiralty published the Third Edi-
tion of '"Matthews Tables', now entitled 'Echo-
Sounding Correction Tables (NP139)', but they
have become generally known as 'Carter's Ta-
bles'.® A computerised version of the Tables en-
ables echo-soundings to be corrected automati-
cally, given the ship's position.’

Coastline and IL.and Topography. As a direct re-
sult of the close collaboration between the

GEBCO and the French Institut géographique
national (IGN), in particular with the 3™ and 4®
Editions, it was agreed that the 5th Edition
could use the coastline and land topography
from the 'Carte générale du monde’ (CGM), but
with the GEBCO code of colours. As the coast-
line and topography for the Antarctic continent
does not appear on the CGM, the shoreline
used on sheets 5.13, 5.14, 5.15, 5.16 and 5.18
was taken from the American Geographical So-
ciety Map of the Antarctic Region and the latest
shoreline then available (1979) from the Scott
Polar Research Institute, University of Cam-
bridge, England.

Geographical Names and Nomenclature of
Ocean Bottom Features. A small Sub-Commit-

tee was established under the Chairmanship of
Mr Gerald N Ewing, Dominion Hydrographer,
Canada, to replace the earlier Sub-Committee

which had been created in 1964 under the for-
mer GEBCO Committee. This new Sub-Com-

mittee, which was entirely Canadian in mem-
bership (apart from its Secretary: RAdm D C
Kapoor, Director IHO), provided day-to-day
advice on Geographical Names and Nomencla-
ture of Ocean Bottom Features to the CHS as
the 5th Edition sheets were being compiled. On
completion of that task, the Sub-Committee
was placed in abeyance in August 1982 and
then re-established with a completely new
membership, under the chairmanship of Dr
Robert L. (Bob) Fisher, in May 1983.

Publication of the GEBCO (5th Edition)

At this time data from the International Indian
Ocean Expedition (IIOE) were being worked
up and 1:5 million proof sheets of the bathy-
metry of the northern Indian Ocean, which had
been prepared for publication in the Geological-
Geophysical Atlas of the Indian Ocean® under
the editorship of Dr Gleb Udintsev, were al-
ready available. These, together with a chart of
the Mediterranean Sea provided by the Institut
frangais des pétroles (IFP), Soviet sheets of the
Black and Caspian Seas, and the Gulf of
Guinea from work undertaken by Professor
Bruce Heezen, enabled the Canadian Hydro-
graphic Service, working closely with the Scien-
tific Co-ordinator for this sheet, Dr A S
Laughton, the French Institut géographique na-
tional (for the base projection) and the GEBCO
Sub-Committee on Geographical Names and
Nomenclature of Qcean Bottom Features, to
produce and publish the first sheet of the
GEBCO (5th Edition) in time for assessment
during the second session of the GEBCO Guid-
ing Committee, 28-30 April 1975.

Furthermore the opportunity was taken to dis-
tribute 200 copies to delegates at the third ses-
sion of the Third U.N.Conference on the Law
of the Sea (17 March-10 May 1975). This sheet
was also widely distributed to all members of
the GEBCO community, all Member States of
the IHO and to appropriate scientific organiza-
tions, with invitations for comments and con-
structive criticism. Taking into account com-
ments and criticisms received, sheet 5.05 of the
northern Indian Ocean and the Mediterranean
Sea then became the model on which the re-
maining sheets of the series were based.

Unlike the production arrangements followed
for the first four editions when compilation and
publication of all the sheets of each edition were
undertaken by the same production teams, for
the 5® Edition compilers were recruited from
marine scientists in different institutions world-
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wide, who were able and willing to carry out
geomorphological contouring of their areas of
interest. On many occasion these areas did not
coincide with GEBCO sheet limits, so there
could well be several compilers for a 5 edition
sheet. Scientific Co-ordinators were therefore
appointed for each sheet to ensure the smooth
seamless nature of the dataset, both between
areas of responsibility and also along GEBCO
sheet limits (see Annex).

It was at this time that the decision was made
to invite Dr Robert L. (Bob) Fisher to act as
Scientific Co-ordinator for the southern Indian
Ocean (sheet 5.09), and from this small begin-
ning, and the principle of mutual assistance,
GEBCO has gained outstanding revised con-
touring of about a quarter of the world's
oceans, which forms the basis of the gridded
dataset in the latest release of the GEBCO
Digital Atlas.

The Joint Guiding Committee had become in-
creasingly concerned about the arrangements
that would be needed to print and publish
worldwide-cover of GEBCO sheets (16 on
Mercator projection 72°N - 72°S, and two on
Polar Stereographic Projection), even when
compilation work had been completed.

The Canadian Hydrographic Service (CHS)
had produced the first sheet (5.05) of the new
edition and had offered to produce and publish
three more Atlantic Ocean sheets (5.01, 5.04
and 5.12), but had then stated that responsibili-
ty for further sheets would depend on the for-
mation of a GEBCO Geoscience Unit, and
agreement to its being sited in Canada. Fur-
thermore at that time an approach had been
made by the Secretariat of the U.N.Conference
on the Law of the Sea to the Secretary IOC and
the Directing Committee IHQO, inviting the two
bodies 'to forward proposals for the develop-
ment of training facilities and other assistance
aimed at helping delegates to the Conference,
appropriate national authorities and others to
understand the technical regulations ... in order
to interpret correctly the limits of the legal con-
tinental shelf.”

The Guiding Committee therefore formed a
Sub-Committee on Technical Problems relating
to the Law of the Sea, under the Chairmanship
of Dr A S Laughton, and prepared a detailed
statement!'?, but it was made clear that 'such
tasks may be beyond the resources of the Guid-
ing Committee' and this had to be conditional
on the necessary additional funding being made
available.

A report was then made by the Guiding Com-
mittee to its governing bodies, resulting in a
positive response being made to the UN Secre-
tariat by IOC and IHO". In the view of the
Guiding Committee, establishment of the
GEBCO Geoscience Unit, if properly funded,
would be the first step towards meeting this re-
quirement. However although a considerable ef-
fort was made, including approaches to the
World Bank and the United Nations Develop-
ment Programme (UNDP), and with strong
support from the UN Secretariat, as well as
from Ambassador Arvid Pardo, the father of the
Third UN Conference on the Law of the Sea,
and Mr Bernardo Zuleta, the Special Represen-
tative of the United Nations Secretary-General
to the Conference, the necessary funding was
not forthcoming.

At this time, consideration was even given to
the possibility that sheets would be printed by
different agencies, usually those undertaking
compilation work, but this was recognised as
unsatisfactory. The breakthrough came when
the Canadian government, realising that it
would not be possible to establish a GEBCO
Geoscience Unit within the timescale envisaged
for production of the 5® Edition, offered in
1978 to print and publish the whole series, sub-
ject only to the condition that all income from
sales would be credited to the Canadian Hydro-
graphic Service. In expressing his thanks for this
generous offer, the Chairman announced a
goal, which was accepted by the representative
of the CHS as feasible, of having the complete
series of 18 sheets published in time for the
XIIth International Hydrographic Conference
in May 1982. This was achieved and in addi-
tion a World Sheet (5.00) was published in
April 1984.

When the full series had been published, a deci-
sion was taken to issue all 19 sheets (folded),
together with a Supporting Volume, as a Boxed
Set' for use by libraries and individuals for ref-
erence purposes. It also proved useful for im-
proving GEBCO publicity.

Besides a Preamble, Introduction, Brochures and
a Catalogue of Bathymetric Plotting Sheets, the
Supporting Volume" contains sections on the
History of the GEBCO; Credits for each Sheet;
References and Sources for each Sheet; Geo-
graphical Names and Nomenclature; Standard-
ization of Undersea Feature Names; Role of the
International Hydrographic Organization as the
World Data Centre for Bathymetry; The Correc-
tion of Echo-Soundings; Copyright and Author
Attribution; Sales Arrangements; and Terms of
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Reference for the Joint IOC-IHO Guiding Com-
mittee for the GEBCO. In two Appendices are
Specifications for the GEBCO (5th Edition); and
GEBCO Personality Lists (1974-82).

In April 1987 it was learned that Mr Norman
Cherkis, US Naval Resecarch Laboratory (NRL),
was preparing for publication a bathymetric
chart of the South Atlantic. As the published
sheet 5.12 was already considered to be out of
date and did not justify the cost and effort of
digitization, the Guiding Committee, acting on
the advice of the GEBCO Sub-Committee on
Digital Bathymetry, decided, subject to the
agreement of Mr Cherkis (and his publishers,
the Geological Society of America), to publish a
revised version of this sheet in the GEBCO se-
ries, if all the associated problems could be over-
come. This was achieved and a revised version
of this sheet was published in May 1995.

Doltiratinn

By the 4™ Session of the Joint Guiding Commit-
tee in May 1977, it had become increasingly
clear that a digitized dataset was needed in addi-
tion to the traditional paper chart series. Con-
cern was being expressed that a great deal of
bathymetric data was being collected and stored
in digital form, and as a result was not getting
into the archives of the IHB in its capacity as the
World Data Centre for Bathymetry. With this in
mind, the Guiding Committee appointed Dr
Bosko D Loncarevic of the Atlantic Geoscience
Center, Canada, as a one-man Sub-Committee
on Digital Bathymetry to prepare a report on the
question: ‘Is there an advantage in having digital
bathymetric data?’ The Guiding Committee
however instructed the Sub-Committee to dis-
tinguish between: (a) digitally acquired data; (b)
digitized selected soundings; and (c) digitized
contours. When received in October 1980, Dr
Loncarevic's final report listed the advantages of
a changeover to Digital Bathymetry and this was
accepted by the Guiding Committee and the
IHO to be highly desirable.

A new Sub-Committee on Digital Bathymetry
was then formed under the Chairmanship of
Mr Gerald N Ewing, and required to':

1. Analyse and prepare a consolidated report
on the responses to questionnaires sent out
to IHO Volunteering Hydrographic Offices
(VHOs) and to selected Oceanographic In-
stitutions';

2. Study and report on the desirability and the
ways and means of digitizing the contours of
the GEBCO (5™ Edition); and

3. Study and report on the desirability and the
ways and means of achieving an international
system of storage and retrieval by an auto-
matic digital system of the data at present
stored by the IHB (as the World Data Cen-
tre for Bathymetry) on 1/1 million scale plot-
ting sheets, and any further data to be col-
lected in the future. This sub-committee was
active until Mr Ewing was elected Chairman
of the GEBCO Guiding Committee in
March 1982. It was then reorganised under
the chairmanship of Dr Meirion T Jones, Di-
rector of the British Oceanographic Data
Centre (BODC) - see Part 8 ‘GEBCO enters
the Digital Era - the GEBCO Digital Atlas’
which follows.

However, it should be recorded that these re-
quirements, formulated in 1980, led eventually
to:

1. the understanding that although some of the
VHOs which had accepted responsibility for
maintenance of 1/1 million plotting sheets
were now digitizing the data shown on these
sheets, other countries had no plans at that
time to change over to such a system and
would continue to maintain the plotting
sheets. It was realised that the two systems
would therefore have to co-exist for the fore-
seeable future. It was not until September
1991 that the IHO Working Group on
Ocean Plotting Sheets, under the chairman-
ship of Mr Brian Harper, recommended that
'all remaining analogue Oceanic Plotting
Sheets should be phased out by 1996."°

2. an agreement being reached with the Inter-
national Gravity Bureau in Toulouse, and by
August 1982, Dr Georges Balmino was re-
porting that ‘(vector) digitization of the
GEBCO bathymetric contours had now
been started'’”. However this initiative proved
to be premature for technical reasons and it
was not until 1992 that digitization of the
GEBCO (5th Edition) contours was com-
pleted and, as an interim measure, distrib-
uted by the British Oceanographic Data
Centre (BODC) on a single 6250bpi mag-
netic tape in GF3 format."” This was fol-
lowed by the release of the GEBCO Digital
Atlas (GEBCO 94) on CD-ROM in 1994.
During this period the GEBCO Digital Atlas
(GDA) concept was being developed, and in
June 1991 the Guiding Committee devel-
oped and published” a GEBCO Structural
Diagram, to illustrate the various compo-
nents of the GEBCO system and its relation-
ships to other data sources and other sepa-
rate but related projects and products
(fig.39).



102

TuE HisTorYy oF GEBCO

OTHER SOURCE
MATERIAL

Satellite Altimetry
Sidescan Sonar

Magnetic and Gravity
Surveys

Proprietary Data

ORIGINATORS OF ECHO-SOUNDING DATA

Survey Vessels of Oceanographic or Hydregraphic Institutions

IOC/IHO JOINT GUIDING COMMITTEE FOR GEBCO

Compilations
elc.
IHO DATA CENTRE FOR IHO VOLUNTEERING
DIGITAL BATHYMETRY HYDROGRAPHIC OFFICES
Phase 1 Phase 2 Digital
gita Bathymetric
Single Beam Multibeam Cruise
Soundings Soundings Data Bata ot
Data Bank Data Bank
GENERATION OF GEBCO GEBCO DIGITALATLAS GEBCO
OTHER [e]e}
5TH EDITION
INTERNATIONAL REGIONAL GEBCO Updated [
Bathymetric GEBCO Bathymet
OR NATIONAL OCEAN T / Editor \ i (5th Edition) i
- Contours & Bathymetric | I—
MAPPING MAPPING Compilers GEBCO Ships-tracks Modelling [ [SUB-COMMITTEE
of revised Regional ON
PROJECTS PROJECTS bathymetry Reviewers World Shoreline Product UNDERSEA
evelopment FEATURE
Sl NAMES
REGIONAL wo
BATHYMETRIC GAZETTEER
INTERNATIONAL GEBCO (6TH EDTION) OTHER GEBCO OF
MAREING UNDERSEA
BATHYMETRIC PRINTED VERSION MAPPING PRODUCTS FEATURE
PRODUCTS iy NAMES

| NOILD3TI0D |

JOVHOLS

NOIIVHOEY 13

anssi

* Data Base held at the IHB

Fig. 39. GEBCO Structural Diagram




6- A CHANGE OF DIRECTION 103

3. the establishment, as from 1 June 1990, of the
IHO Data Centre for Digital Bathymetry
(DCDB), operated by the U.S. National Geo-
physical Data Center NGDC) in Boulder,
Colorado, USA, on behalf of the IHO. Fol-
lowing some years of discussions and negotia-
tions in the GEBCO Sub-Committee on Digi-
tal Bathymetry and the Joint Guiding
Committee, a 'Proposal for Creating an IHO
Center for Digital Bathymetry' dated May
1988 had been received by IHO from the U.S.
National Geophysical Data Center,” and had
been approved by IHO Member States.

QOceanic Plotting Sheets

Compilation and publication of the GEBCO
(5" Edition) has coincided with the ever in-
creasing speed of availability of new technolo-
gies. The traditional method of collecting
soundings on hand-drawn master sounding
sheets, which had sufficed for the first four edi-
tions, rapidly became out of date for the fifth.
As the development of digital data technology
gathered momentum, serious questions were
being raised about the viability and continued
use of the GEBCO plotting sheet system, and
the roles of the Volunteering Hydrographic Of-
fices (VHOs). So, in 1990, an IHO Working
Group on Oceanic Plotting Sheets (WG/OPS),
under the chairmanship of Mr Brian Harper
(UKHO), was formed with the following terms
of reference:

1. To investigate the ways in which VHOs
could keep the GEBCO Oceanic Plotting
Sheets (OPS) updated.

2. To investigate ways of ensuring that new
bathymetric data are consistent with previous
data of the same area or disprove earlier
data.

3. To discuss the best way to exchange bathy-
metric data in order to ensure effective up-
dating data procedures.

4. To investigate how a move towards digital
data handling should proceed, and the prob-
lems involved.

5. To discuss progress in the change-over by
the VHOs from OPS to digital data bases.

6. To define the future requirements for OPS
and in particular:

a) to recommend whether digital bathy-
metric data should be included on the
OPS;

b) to identify difficulties that may arise if
OPS continue to be maintained following
the establishment from 1* June 1990 of
an IHO Data Centre for Digital Bathy-
metry;

¢) to identify the future role of the VHOs in
maintaining OPS.'

The Working Group, composed of representa-
tives from eight VHOs and one from IHB,
made eighteen recommendations. The main
points being summarised as:

- VHOs should fully embrace digital methods
of data collection, storage and exchange.

- Manual plotting sheets to be phased out by
1996.

- Standard methods of quality control to be
introduced and recommendations given on
the standardised distribution of data to the
IHO DCDB.

- Facilities to be introduced to advertise on a
regular basis all data held in the DCDB for
free access by HOs using MGD77 format.

- Procedures for identifying and flagging dis-
proved data should be developed.

- Future impact of increased Multibeam data
collections will require Part 4 of the GEBCO
Guidelines® to be rewritten.

The report was submitted to the IHB in 1991
and presented at the International Hydrograph-
ic Conference (IHC-XIV) in May 1992%. Ten
years later, all the VHOs have embraced digital
data technology; however, in respect of sharing
depth data, some of the goalposts have moved
again. For numerous reasons Hydrographic Of-
fices have chosen to operate different regimes
with respect to the provision of raw data to the
DCDB. These range from full compliance with
the Working Group's recommendations to a
policy of withholding access to raw depth data.
Although some HOs have concentrated on
building their own database, without passing
data to the DCDB, they have all made gridded
versions of such data freely available.

In April 1985 Mr Gerald N Ewing, who had by
then been appointed Assistant Deputy Minister,
Qcean Science and Surveys, Canada, retired
and Sir Anthony Laughton PhD FRS (repre-
senting SCOR) was elected as Chairman, and
Ingénieur Général André Roubertou as Vice
Chairman. At the same session a small Task
Team was formed under the chairmanship of
Ing.Gén. Roubertou, to study the task involved
in the preparation of the GEBCO (6th Edition),
taking into account the new technology, as indi-
cated in the Terms of Reference of the Guiding
Committee, item 3, which reads: 'After analyz-
ing the impact of the GEBCO (5" Edition) on
the world community over a number of years
after issue of full world cover, draw up plans for
the next edition which should reflect the new
technologies and data available ... etc."”
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The detailed, excellent and most useful Report
of the Task Team was submitted to the Guid-
ing Committee in April 1987* and its findings
have formed the basis for later developments
with the GEBCO Digital Atlas (GDA), now
taken as the 6® Edition, but the Guiding Com-
mittee has taken note of, and is in full agree-
ment with, the Task Team's statement that 'A
large majority of users expressed the need for
the usual paper chart, accompanied by the cor-
responding electronic chart'.
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Annex

Credits for Each Sheet of the Series Sheet 5.08

Sheet 5.01

Scientific Coordinaror
Johannes Ulrich

Instttit fiir Meereskunde an der Universitit Kiel

Federal Republic of Germany

Sheet 5.0

[

Scientific Coordinator

Gleb B. Udintsev

Institute of Physics of the Earth
Moscow, USSR

o

Sheet 5.03

Scientific Coordinators
G. Leonard Johnson
Office of Naval Research
Arlingon, USA
and
David Monahan
Canadian Hydrographic Service
Ottawa, Canada

Sheet 5.04

Scientific Coordinators
Anthony S. Laughton
Institute of Oceanographic Sciences
Wormley, United Kingdom
and
David Monahan
Canadian Hydrographic Service
Ottawa, Canada

Sheet 5.05

Scientific Coordinator

Anthony S. Laughton

Institute of Oceanographic Sciences
Wormley, United Kingdom

Sheet 5.06

Scientific Coordinator

Yoshio Iwabuchi

Hydrographic Department MSA
Tokyo, Japan

asheet 5.07

Seientific Coordinators
Jacqueline Mammerickx
and
Stuart M. Smith
Scripps Institution of Oceanography
La Jolla, USA

Scientific Coordinators
Roger C. Searle
Institute of Oceanographic Sciences
Wormley, United Kingdom
and
David Monahan
Canadian Hydrographic Service
Ottawa, Canada
and
G. Leonard Johnson
Office of Naval Rescarch
Arlington, USA

Sheet 5.09

Scientific Coordinator

Robert L. Fisher

Scripps Institution of Oceanography
La Jolla, USA

Sheet 5.10

Scientific Coordinators
David Monahan
Canadian Hydrographic Service
Ottawa, Canada
and
Robin K.H. Falconer
supported by the
Bedford Institute of Oceanography
Dartmouth, Canada
and the

New Zealand Occanographic Institute

Wellington, New Zealand
and
Marie Tharp

Lamont-Doherty Geological Observatory

New York, USA
Sheet 5.11

Scientific Coordinators
Jaqueline Mammerickx
and
Stuart M. Smith
Scripps Institution of Oceanography
La Jolla, USA

Sheet 5.12

Scientific Coordinators
Bruce Heezen

and
Marie Tharp

Lamont-Doherty Geological Observatory

New York, USA
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Sheet 5.12 (revised)

Scientific Coordinators
Peter Hunter
Institute of Qceanographic Sciences
Wormley, UK

and
Norman Cherkis
Naval Research Laboratory
Washington DC, USA

and
Carl Brenner
Lamont-Doherty Geological Observatory
Palisades, New York, USA

and
Gleb B. Udintsev
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Moscow, Russia

and
Robin K.H. Falconer and Jane Handley
GeoResearch Associates
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and
Pauline Weatherall
British Oceanographic Data Centre
Birkenhead, UK
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SHICEL . 1D

Scientific Coordinators
Dennis E. Hayes
and
Michael Vogel
ILamont-Doherty Geological Observatory
New York, USA

Sheet 5.14

Scientific Coordinators
Robin K.H. Falconer
supported by the
Bedford Institute of Oceanography
Dartmouth, Canada
and the
New Zealand Oceanographic Institute
Wellington, New Zecaland
and
Marie Tharp
Lamont-Doherty Geological Observatory
New York, USA

Sheet 5.15

Scientific Coordinators
Jacqueline Mammerickx
and
Isabel L. Taylor
Scripps Institution of Qceanography
La Jolla, USA
and
Steven Cande
Lamont-Doherty Geological Observatory
New York, USA

Scientific Coordinators
John LaBrecque
and
Philip D. Rabinowitz
Lamont-Doherty Geological Observatory
New York, USA

Compilation and Contouring

Carl Brenner

Lamont-Doherty Geological Observatory
New York, USA
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Scientific Coordinators
G. Leonard Johnson
Office of Naval Research
Arlington, USA

and
David Monahan
Canadian Hydrographic Service
Ottawa, Canada

and
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University of Oslo
Norway

and
Lawrence W. Sobczak
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Scientific Coordinators
G. Leonard Johnson
Office of Naval Research
Arlington, USA
and
Jean-René Vanney
Université Pierre et Marie Curie
Paris, France

Special Coordinators for topographic detail
David J. Drewry

and
Gordon de Q. Robin
Scott Polar Research Institute
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The cartography for the 18 sheets of the GEBCO fifth edition,
was carried out between 1975 and 1982 by the Geoscience
Mapping Unit of the Canadian Hydrographic Service.
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In 1974, in anticipation of a fifth edition of
GEBCO, the first under the joint aegis of IOC
and IHO, the IOC/THO Guiding Committee au-
thorised formation of a standing Sub-Committee
(GEBCO-SCGN) to oversee the standardization
of seafloor topographic usage on GEBCO charts.
Such oversight groups were not new: earlier,
panels had met at the International Hydrograph-
ic Bureau in 1952, 1954 and 1964, for example.
One result had been a GEBCO list: ‘Nomencla-
ture of Ocean Bottom Features’, published in the
International Hydrographic Review.! Similarly,
several nations, notably Canada and the United
States (since 1960), have had panels to establish
bathymetric nomenclature mandates for use by
employees of those governments: the US’s Advi-
sory Committee on Undersea Features (ACUF)
has ... since 1963 ... promulgated their rulings in
a series of gazetteers.

GEBCO’s Sub-Committee on Geographical
Names and Nomenclature of Ocean Bottom
Features was intended to be an internationally-
recognized authority; its initial members were a
Canadian, Dominion Hydrographer Gerald N
Ewing as Chairman, French senior naval hydro-
grapher André Roubertou, American marine
geologist Bruce Heezen and, as Secretary, IHB
Director RAdm D C Kapoor. The first meeting
at Dartmouth, Nova Scotia, early in 1975, ex-
amined briefly the history of such efforts, rec-
ommended that hydrographic representation be
sought from the United Nations Group of Ex-
perts on Geographical Names (UNGEGN),
found that no prior published definition compi-
lations seemed adequate for needs foreseen for
the GEBCO (5" Edition), and agreed to con-
sider as a tentative model a recent report from
the Canadian Advisory Committee on Under-
sea Feature Names.” More lastingly, the panel
established several general principles (taken as
"ground rules") that have continued to govern
the appearance, language and colour nuances of
GEBCO sheets. Their sole hands-on activity
was to review the imminent 5" Edition’s only
draft sheet, newly prepared by Dr A.S.
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Laughton, and modified to meet their newborn
ground rules. By that action they established as
GEBCO practice that for each sheet the scien-
tific co-ordinator (‘convenor’) would forward a
proposed list of seafloor feature generic/specific
names consonant with the principles for
GEBCO-SCGN review and approval, prior to
printing.
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Almost immediately after that first (1975) meet-
ing, the list of seafloor feature definitions, formu-
lated by Canada’s Advisory Committee and ac-
cepted by the Canadian Hydrographic Service,
was circulated to the GEBCO Guiding Commit-
tee and GEBCO-SCGN members. It consisted
of only 58 terms, each with a simple one or two
sentence definition. These adhered to principles
still fundamental in GEBCO lexicons:
"the definitions are based on similarity of
form, gradient, relative size and other physi-
cal characteristics and avoid, in so far as pos-
sible, the use of maxima and minima in
physical measure."
In short, the criteria are primarily geomorpholog-
ical. In all subsequent reviews and fine-tuning of
the GEBCO name base, the avoidance of petro-
logic composition or implications of origin is
continued. Only very recently - with the advent
of micro-contoured multibeam-mapped eleva-
tions - has it been deemed advisable to maintain
perspective by defining seamounts as major topo-
graphic entities ‘at least a thousand metres in re-
lief above the seafloor’.

One almost immediate reaction to the distribu-
tion in April 1975 of the ‘Canadian list’ was a
detailed official response from the Executive Sec-
retary of the U.S.Board of Geographic Names
(USBGN), Richard Randall, who was then also
Chairman of UNGEGN’s Working Group on
Undersea and Maritime Features. He pointed
out that, as a non-national entity, the IHO could
not be directly affiliated to UNGEGN but might
be represented at sessions by observers, that the
USBGN had already long been active with un-
dersea feature name activity and many of the
‘Canadian list’ definitions ‘did not coincide in all
instances with those used by USBGN’, and final-
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ly ‘deplored that the United States was not rep-
resented on GEBCO-SCGN’ and requested that
USBGN ‘have the opportunity to participate in
future discussions on definitions’. (In point of
fact, Bruce Heezen, a U.S. civilian professor, had
from the beginning been a one-fourth part of the
GEBCO-SCGN membership.) With time all
these issues have been answered or ameliorated;
today the Secretary of USBGN’s Advisory Com-
mittee on Undersea Features (ACUF) attends
GEBCO-SCGN/SCUFN meetings as a welcome
expert voice and to ensure close liaison between
the two groups.

By early 1976 the first and second U.N.Confer-
ences on the Standardization of Geographic
Names had adopted a resolution® (#8) recom-
mending in part that the U.N. Permanent
Committee of Experts on Geographical Names:
(1) obtain from IHO, IOC and IAPSO the full
results of their recent work on establishing defi-
nitions and terms for undersea nomenclature;
(2) establish means for distribution of both a
list of such internationally-standardized terms
and definitions, and an initial list of recom-
mended geographical names for features requir-
ing names; and (3) develop procedures for in-
ternational standardization of naming new
undersea features as they are discovered, de-
fined and identified in the future. UNGEGN
was charged to continue to consult with, and
use the facilities of IHO, IOC, IAPSO and
other relevant bodies to further U.N. objectives
in standardization. The Conference further re-
solved (#26) that, given the importance of inter-
national standardization of names of undersea
features beyond areas of single sovereignty, the
UNGEGN should co-operate, in particular with
THO, to draw up a system for naming such un-
dersea features. These statements, clarified and
ratified by the third such Conference (Athens,
1977), outline the basic mandates under which
GEBCO-SCGN/SCUFN carries out its extra-
national activities. As a practical matter, most
of the solicitation/reception of names proposals,
distribution of decisions and publication of the
Gazetteer are now undertaken directly through
THO/IOC auspices and facilities.

Undersea Feature Terminology

Invoking such legitimacy, at its third meeting
(Patricia Bay, British Columbia, Canada) in
April 1978, GEBCO-SCGN was joined by
Richard Randall, Convenor of the U.N’s Work-
ing Group on Undersea and Maritime Feature
Names, and Jack Pierce, a senior member of the
USBGN. On the Sub-Committee’s side, origi-

nal member, Professor Bruce Heezen, had died
at sea in June 1977; Dr Robert L. Fisher, deep-
sea marine geologist of Scripps Institution of
Oceanography (SIO), had been named to that
vacancy. The principal business before the
meeting was to develop .... collaboratively ....
‘Guidelines for Standardization of Undersea
Feature Names’ and a joint list of terms and
definitions. A list of “‘Undersea Feature Termi-
nology’, recommended by the Sub-Committee
for the GEBCO (5* Edition) as of late 1977,
had already been published®. That list of 39
generic terms contained, accompanying each
term’s definition, a reference taken from ocean
science literature in the English language that
used the term in the sense there defined. A cor-
responding but separate list in French had been
prepared by Ingénieur général André Rouber-
tou, quoting citations originating in French lan-
guage literature.

The session participants now closely compared
the U.N., USBGN(ACUF) and IHO lists, con-
taining a total of 46 terms: definitions of 14
were identical, others required compromise and
revision. As a result, a joint list of agreed terms,
44 in all, was prepared and today serves almost
unmodified as the foundation for terminology
appearing in documents such as the IHO-IOC
GEBCO Gazetteer (IHB publication B-8). Sec-
ondly, clear and applicable principles were then
established for guidelines governing IHO/UN
international usage in seafloor nomenclature de-
cisions, of wording still in the introduction to
‘Standardization of Undersea Feature Names’
(IHB publication B-6). The chief architect of
that joint UN-IHO text was BGN’s Richard
Randall. The Undersea Name Proposal Form,
contained in publication B-6, has been translat-
ed into nearly a dozen languages. Lastly, the
Sub-Committee reviewed four of the GEBCO
(5® Edition) draft sheets, then undergoing final
cartographic preparation at the Canadian
Hydrographic Service (CHS) in Ottawa, finding
unique problems and ambiguities inherent to
each, a common condition but held to be solv-
able by cartographer-convenor correspondence.

By the early 1980s the Sub-Committee’s duties,
reviewing and approving the 5® Edition name
portrayals had nearly ended, and its mandates
and guidelines were in place. CHS’s Gerald
N.Ewing was followed as Chairman by a civil-
ian academic, SIO’s Robert L.Fisher. By 1983
items in hand included refining and amplifying
.... inserting various indigenous citations .... re-
vising the multi-language publication ‘Stan-
dardization of Undersea Feature Names’ (IHB
publication B-6) and making formal and infor-
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mal efforts to encourage academic organizations
and individuals to interact with GEBCO enti-
ties, to employ .... or at least recognise .... its
products, and to submit for pre-pubilcatlon re-
view (by GEBCO-SCGN) name proposals for
features discovered or delineated during their
research explorations. An invited editorial: ‘A
Proposal for Modesty’ appeared in a geological
journal’. Co-operation was established with the
Editorial Board of the I0C’s complex Interna-
tional Bathymetric Chart of the Mediterranean
(IBCM), to review and ratify seafloor names,
usage and terminology in this chart series, in
this thus foreshadowing today’s efforts to col-
laborate with six additional IBC regional Edito-
rial Boards.

GEBCQO Gazetteer

A major GEBCO-SCGN project, fundamental
to wider community GEBCO acceptance, was
initiated in 1985: the compilation of feature
names/positions appearing on 5* Edition sheets
and on small-scale (1:2 million and smaller) In-
ternational (Nautical) Chart Series sheets. This
was accomplished by the Secretariat of the Sub-
Committee, at the International Hydrographic
Bureau (IHB). The ongoing intent is the en-
largement by accumulation and insertion of
similar data acquired from approved name pro-
posals resulting from agency cartographic prod-
ucts and academic research cruises. This facet,
proposal review, has proved to be the key agen-
da item and major time-burner at all subse-
quent GEBCO-SCUFN biennial meetings. One
obvious result is that the Sub-Committee’s bi-
ennial Summary Reports of meetings have
grown from 3-4 pages in the “70s to 20-30
pages in the early ‘90s, to more than 100 pages
at the present time.

The first edition of the THO-IOC Gazetteer’
(IHB publication B-8) appeared in November
1988. Subsequent versions in an improved for-
mat were produced from 1997. The current
Gazetteer is available from the GEBCO web-
site (www.ngdc.noaa.gov/mgg/gebco/). This
document has become scholarly and authorita-
tive in application, now listing information as
to history, e.g. reason for subject’s commemo-
ration and relation to locality, discovery
date/ship/explorer, proposer and date of ac-
creditation (if known). The Gazetteer database
is maintained in digital form by IHB staff and
hence is readily revised, augmented and con-
sulted. Recognizable regional gaps have be-
come areas for attention and solicitation to
agencies and individuals.

Reorientation and Renaming of the
Sub-Committee

With expectation of development of different
methods appropriate to the construction and is-
suance of a 6th Edition of GEBCO - very likely
primarily in the digital database and with ques-
tions of generic feature terminology largely set-
tled - in 1993 the Guiding Committee approved
new Terms of Reference for the Sub-Commit-
tee and changed its name to the Sub-Commit-
tee on Undersea Feature Names (SCUFN). Its
Chairman and membership remained as before
but duties became more activist, in recognition
of broadening audience and wider product re-
sponsibilities. Currently SCUFN follows those
1993 Terms of Reference (Annex).

Rationale

The preceding text has traced the evolution of
GEBCO’s most durable and only instrument
for definition, monitoring and dissemination of
seafloor terminology. Even when the Sub-Com-
mittee is applying its sober guidelines, there are
occasional instances of perplexity, acrimony and
controversy. Given, the aims of the programme
are to employ geographical, geomorphological
and historical expertise, authorising names free
of duplication and worthy of permanence.
Demonstrated precedence is in principle com-
pelling. Non-duplication in both specific and
generic names is expected, at least for a given
ocean. Candidates for commemoration
favoured by the guidelines are those persons
who have made major contributions to the ma-
rine sciences and/or exploration, and, in nearly
every case, are no longer living.

Sub-Committee members serve as individuals
with expertise, not as organization, agency or
national representatives, except for the ex-offi-
cio member, an IHB Director. In making deci-
sions, members are expected to be unbiased,
apolitical, free of chauvinism, given to appreci-
ate cleverness or appropriate humour, quick to
deplore coarseness, sycophancy or nepotism.
No such restrictions limit the proposers, often
colourful seagoing scientists - authors impatient
for recognition. One traditional perquisite of ex-
ploration and discovery is the ‘right’ to name
the feature discovered. The maps of some re-
mote land areas are replete with surviving per-
sonal legacies of nepotism, self-promotion or
rough humour. So, in some sectors, is the
seafloor; there, long usage frequently ensures
retention. Political statements via the seafloor
tend to be unsubtle and transitory; one carto-
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grapher’s charismatic terrorist may become his-
tory’s thug; a political prison’s parolee can be-
come President. In one instance, national sensi-
bility forbade a sly juxtaposition of the names of
long-dead military figures to dominate spatially
their celebrated opponent. Such political issues
by no means dominate SCUFN’s agenda, how-
ever; a more balanced orientation is found in an
invited lecture to maritime interpreters - lexi-
cographers®.

Philosophy

A question more fundamental than political is
the evolution and proper application of the term
‘seafloor topography’, also known as ‘bathy-
metry’. With seafloor shape determined from
soundings, entities are identified by relief,
measured in changes in distance to the seafloor.
Hence topographic features deserving of names
have been characterized and classified by that
relief (e.g. ‘seamount’) or complete lack of it
(e.g. ‘abyssal plain’). Recent remote sensing
methods (notably satellite altimetry) detect - by
inequalities in the gravity field - the presence of
differences areally in mass distribution. This is
attributed to crustal compositional differences,
or more frequently to feature shape or seafloor
elevation or depression.

Such gravity field plots can reveal topographic
entities but elevation parameters .... summit
depth, relief, exact shape and dimensions ....
are not definitively detectable. Frequently indi-
cations of obvious anomalies lie in regions
known to be sedimented to near horizontality.
GEBCO-SCUFN has avoided approving gener-
ic and specific names for such putative tectonic
elements unless at least recognizable seafloor el-
evation difference has been indicated by exist-
ing soundings (‘ground truth’) and sometimes
by magnetic anomaly patterns suggesting
trends. In similar vein, SCUFN’s seafloor ter-
minology does not include entries for theoreti-
cal model elements, e.g. ‘transform fault’ vice
‘fracture zone’, ‘inner high’ vice ‘seamount’ at
faults’ intersection, or ‘triple junction’, ‘propa-
gating rift’ or ‘dueling ridges’, for example.

Acknowledgments and Expectations

At this ime of Centenary-and-celebration, one
might close on a more personal note. In the
nearly three decades since GEBCO-
SCGN/SCUFN was created as a standing
GEBCO Sub-Committee, seventeen individuals
with twelve national origins have served as

members. In that period, thirty others have at-
tended its nominally biennial meetings as ob-
servers, agency confréres or invited specialists.
Of the Sub-Committee members, at least four
have made timely, differing ... but each very sig-
nificant ... contributions. One founding mem-
ber, Ingénieur général André Roubertou, has
been a key player in assembling, simplifying and
researching the now-succinct language and
honed-down list of definitions and characteris-
tics of seafloor topographic entities encountered
in the ocean basins and on the continental
boundaries. Agreements with similar and com-
peting arbitration bodies were negotiated. He
identified and submitted near-identical docu-
mentation in the French language, finding in-
stances of like usage in the fertile marine litera-
ture. His enterprise helped produce the model
for the dual-language series ‘Standardization of
Undersea Feature Names’ (IHB publication
B-6), published (with English) in five other lan-
guages. After twelve years and seven meetings,
he made a change, becoming Chairman and
Chief Editor of one of the IOC’s regional chart
series, the International Bathymetric Chart of
the Central Eastern Atlantic (IBCEA). There,
his experience with, and respect for, details of
seafloor nomenclature and naming criteria has
proved most constructive.

Another who has made a deep and unique con-
tribution is Russian marine geomorphologist,
Dr Galina Agapova, an academic expeditionary
specialist. Her extensive shipboard experience,
wide contacts in eastern Europe and valiant ef-
forts under intense professional stresses have
guided and educated the Sub-Committee. Spe-
cific areas include assembling, presenting and
correcting the now-numerous Gazetteer entries
derived from the Soviet Union’s intensive and
historic sub-polar exploration, modern fisheries’
research surveys, and early eighteenth and nine-
teenth century Russian reconnaissance cruises.
She has participated on-site in seven biennial
meetings, six as a full member; her industry and
initiative in maintaining intersessional activity
has been outstanding.

A third contributor, only recently (1998)
named a full member of GEBCO-SCUEFEN, has
for seventeen years been an assiduous observer-
counselor to the Sub-Committee. Desmond
Scott, erstwhile Permanent Secretary GEBCO
and Secretary IOC, was invited to attend eight
biennial meetings and there functioned as meet-
ing rapporteur, preparing the draft minutes that
encapsulated most accurately the discussions
and decisions, the reasoning and shades of
meaning that made their way into the final
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Summary Reports, together with tabulations of
proposed actions.

Last of the quartet is the current Secretary of
GEBCO-SCUFN, Ingénieur en chef Michel
Huet, a staff member of the IHB at Monaco,
who has served for eleven years and through six
biennial meetings. His own SCUFN-related
mandate is to act as primary contact/receptor for
proposal submissions and archiving, to facilitate
intersessional progress by active consultation
with the Chairman of the Sub-Committee, to
prepare and distribute biennial meeting Summa-
ry Reports and now principally to accumulate,
correct, update and promulgate as a Gazetteer
(IHB publication B-8) the IOC-IHO GEBCO
digital database of names that have been pro-
posed and approved for international use. This
last-listed activity has become, and will increase
as, the keystone element in the GEBCO-
SCGN/SCUFN’s 21 Century rationale.
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Annex

GEBCO SUB-COMMITTEE ON UNDERSEA FEATURE NAMES (SCUFEN)

TERMS OF REFERENCE

(As approved by the GEBCO Guiding Committee, May 1993)

1.  The Sub-Committee on Undersea Feature Names reports to the Guiding Committee, as its
designated authory for all matters concerning undersea feature names.

It is the function of the Sub-Committee to select those names appropriate for use on GEBCO

graphical and digital products, on the IHO small-scale INTernational chart series; and on the
IOC regional International Bathymetric Chart series.

%1

3.2

3.3

3.4

3.5

3.6

Bl

3.8

3.9

The Sub-Committee shall:

select undersea feature names on the basis oft

a)  undersea feature names provided by national organizations concerned with
nomenclature;

b) names submitted to the Sub-Committee by individuals, agencies and organiza-
tions involved in marine research, hydrography, etc.;

¢) names appearing in scientific journals or on appropriate charts, with valid sup-
porting evidence.

Such names will be reviewed before they are inputted into the gazetteer.

define when appropriate the extent of named features;

provide advice to individuals and appropriate authorities on the selection of undersea
feature names in international waters and, on request, in waters under national jurisdic-
tion;

encourage the establishment of national boards of geographic names and undersea fea-
tures, and when such a board does not exist for a given coastal state, co-operate in the

naming of seafloor features related to those national waters;

prepare and maintain international gazetteers and supplements of undersea feature
names;

encourage the use of undersea features names used on GEBCO products on other
maps, charts, scientific publications, and documents by promulgating them widely;

prepare and maintain internationally agreed guidelines for the standardization of under-
sea feature name and encourage their use;

review and assess the need for revised or additional terms and definitions for submarine
topographic features;

maintain close liaison with the UN Group of Experts on Geographical Names and na-
tional authorities concerned with the naming of undersea features.
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8- GEBCO enters the Digital Era —
the GEBCO Digital Atlas

Dr. Meirion T. Jones

Founding Director (retired) of the British Oceanographic Data Centre
and Chairman of the GEBCO Sub-Committee on Digital Bathymetry

For almost two decades (1984-2003), the tech-
nical focus for the development of GEBCO has
been provided through its Sub-Committee on
Digital Bathymetry (SCDB). During the period
1984-93, the Sub-Committee’s activities were
centred primarily on the digitization of the
GEBCO 5* Edition and the establishment of an
international database of digital echo-sound-
ings. Thereafter, the focus switched to consider-
ing how digital techniques might be exploited to
enhance and develop GEBCO, with particular
attention being paid to the updating of the
GEBCO contours and the creation of a
GEBCO bathymetric grid.

From the outset, the SCDB rapidly established
itself as an international forum for bathymetric
mapping experts, from both the hydrographic
and geoscientific communities, to meet and ex-
change ideas on an annual basis. It gave
GEBCO a mechanism for keeping in touch
with ongoing bathymetric mapping activities
worldwide and enabled it to keep abreast of
modern developments and technologies. In ad-
dition to bathymetrists, the SCDB has over the
years attracted a wide range of experts in relat-
ed fields such as marine geophysics, hydro-
graphy, satellite altimetry, geographic informa-
tion systems, marine data management, and
ocean mapping technology. These links proved
invaluable in developing a broad-based vision
for GEBCO’s activities.

So as to promote the work of GEBCO and en-
gage as wide a community as possible in its activ-
ities, the SCDB’s annual meetings were held at a
range of institutions worldwide including hydro-
graphic offices, marine laboratories, data centres
and university research centres. The list of ven-
ues for the annual meetings given below reflects
the Sub-Committee’s wide-reaching approach:

1984(5): US Naval Oceanographic Office,
Bay St Louis, USA

1985(7): Bureau gravimeétrique international,
Toulouse, France

1986(8): Intergovernmental Oceanographic

Commission, Paris, France
1987(12): National Geophysical Data Center,
Boulder, Colorado, USA

1988(15): Institute of Oceanographic Sciences,
Wormley, UK

National Geophysical Data Center,
Boulder, Colorado, USA
Alfred-Wegener-Institut fiir Polar- und
Meeresforschung, Bremerhaven, Ger-
many

Head Department of Navigation and
Oceanography, St. Petersburg, Russia
British Oceanographic Data Centre,
Bidston, UK

National Geophysical Data Center,
Boulder, Colorado, USA
University of New Brunswick, Fred-
ericton, Canada

SACLANT Undersea Research
Centre, La Spezia, Italy

East-West Centre, Honolulu, USA
UK Hydrographic Office, Taunton,
UK

Institute of Geological and Nuclear
Sciences, Wellington, New Zealand
Geological Survey of Canada, Dart-
mouth, Canada

Royal Danish Administration of
Navigation & Hydrography, Copen-
hagen, Denmark

Japan Hydrographic Department,
Tokyo, Japan

University of New Hampshire,
Durham, USA

1989(19):

1990(16):

1991(25):
1992(17):
1993(28):
1994(16):
1995(21):

1996(20):
1997(26):

1998(26):
1999(32):

2000(27):

2001(21):

2002(25):

Numbers given in parenthesis above refer to the
number of experts attending each meeting.
Whereas the SCDB started off as a small group
of experts working on a limited number of spe-
cific tasks, once progress had been demonstrat-
ed on these tasks the SCDB soon attracted a
broad forum of experts keen to collaborate in
the work of GEBCO. A photograph of the par-
ticipants at the GEBCO-XVII and SCDB-XVI
meetings at the Geological Survey of Canada in
1999 is shown in fig. 13.

Digitization of the GEBCO 5™ Edition

At the outset, the SCDB was tasked with main-
taining a watching brief on those agencies or in-
stitutes intending to digitize the 5® Edition and
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with investigating how digital techniques might
be used to expedite production of the 6™ Edi-
tion. In the event, it undertook the lead role in
co-ordinating the digitization of the 18 sheets of

the 5™ Edition and in establishing what is now
called the GEBCO Digital Atlas.

Digitization of the 5" Edition proved a major
task and took the best part of ten years to com-
plete (1984-1993). As usual, funding was a
major problem and the provision of resources
for the work was dependent on the foresight
and goodwill of national agencies. The success-
ful completion of the task relied heavily on the
generous co-operation of two organisations in
particular; the French Institur géographique na-
tional (IGN) through support given to the Bu-
reau gravimérrique international (BGI) in
Toulouse; and the UK Natural Environment
Research Council (NERC) through its support
of the British Oceanographic Data Centre
(BODO).

The project was initiated by the BGI in 1983
but progress in digitizing was slow in the early
years due to difficulties in developing the neces-
sary software to undertake the work. The im-
mensity of the task was well beyond what could
be achieved using manual curve following tech-
niques and the IGN undertook to raster scan
the sheets. Although raster scanning technology
was readily available in the early 1980s, the as-
sociated vectorizing software systems were not
capable of dealing with the complexity and rich-
ness of information presented on the printed
GEBCO sheets. An interactive system for edit-
ing and labelling contours was eventually devel-
oped at the BGI and work was soon completed
in digitizing the contours of the circum-Antarc-
tic sheets (5.13, 5.14, 5.15, 5.16 and 5.18 — see
fig.37 for sheet numbering scheme). These data
became available through BODC in 1987 and
shortly thereafter work was completed on sheet
5.01. However, the sheets of the North Atlantic
(5.04 and 5.08) took a further two years to
complete due to their complexity and the
labour intensive nature of the work. Work was
also completed on the Arctic sheet 5.17. Unfor-
tunately, in early 1989, BGI was forced to sus-
pend further work on the digitization project
due to lack of resources.

Recognising the importance of a high quality
digital data set of global bathymetry for ocean
modelling, the UK NERC agreed in 1990 to
fund the completion of the digitization project
and to provide a facility to support the future
updating of the data set. This was achieved by
establishing two fulltime posts; the post of

GEBCO Digital Atlas Manager at BODC and
the post of GEBCO Bathymetric Editor at the
Institute of Oceanographic Sciences, which later
was moved to Southampton as part of the
Southampton Oceanography Centre. Signifi-
cantly, NERC also provided BODC with spe-
cialist technical support from its research unit at
the University of Reading, the NERC Unit for
Thematic Information Systems (INUTIS). Gary
Robinson at the Unit was instrumental in iden-
tifying and installing state of the art technology
at BODC to support the project. This included
the Laser-Scan VTRAK system which provided
BODC with a highly effective facility for vector-
izing, editing and labelling raster scanned con-
tours and, for the past decade, this system has
underpinned the digitization, manipulation and
management of GEBCO data at BODC.

Prior to its installation at BODC, Gary Robin-
son successfully used the VITRAK system to
digitize the contours of the Pacific sheets 5.03,
5.07, 5.10 and 5.11. In parallel with this, the
IGN was able to provide BGI with further
funding in 1990 which resulted in the digitiza-
tion of the contours of the Indian Ocean sheets
5.05 and 5.09. Andrey Popov at the Head De-
partment of Navigation and Oceanography at St
Petersburg contributed by supplying digitized
contours for sheet 5.02 in the Arctic and north-
cast Pacific, while BODC successfully compiled
the data set for the Pacific sheet 5.06 using dig-
ital data provided by Shin Tani of the Japan
Oceanographic Data Center.

Before the digitization of the 5™ Edition was
completed, the Guiding Committee decided
that sheet 5.12 in the South Atlantic should be
revised and that digital techniques should be
used in the revision. The revised contouring of
various sections of the sheet was carried out by
scientists in the USA, Russia, New Zealand and
the UK. Following review by two nominated
GEBCO experts, the hand drawn contours
were submitted to BODC for digitizing and
compiling into a single seamless sheet. The
contents of the digital file were then used by the
Canadian Hydrographic Service as a base from
which to print a revised version of sheet 5.12 in
1994.

Digitization of the 5" Edition at the various
centres was carried out on stable base trans-
parencies of the master bathymetric contour
plates of the published sheets kindly provided
by the Canadian Hydrographic Service. At each
centre, the transparencies were raster scanned
using laser scanning equipment and following
vectorization, the contours were exhaustively
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checked and edited using interactive terminal
displays. Gaps in contours, caused by labels on
the published charts, were filled in digitally
from the terminal. Each digitized contour
stream was then manually assigned an appropri-
ate bathymetric depth by cross reference to the
contours on the printed sheets.

Prior to their release, the digitized contours for
each sheet were reviewed in detail at BODC.
This review involved plotting out the contour
vectors on the same scale and projection as the
published sheets, and checking out the registra-
tion and labelling of each vector — no mean feat
considering that the 18 sheets of the 5™ Edition
produced some 95,000 contour segments. The
registration checks confirmed that the tech-
niques adopted at the participating centres were
able to reproduce the 5th Edition contours to
an accuracy comparable with the line thickness
of the contours on the published sheets. BODC
was also responsible for edge-matching the digi-
tized contours between the various sheets so as
to ensure that the resultant data set provided
seamless bathymetry across the globe for the
basic GEBCO contour depths i.e. at Om, 200m,
500m, and at 500m intervals thereafter.

Recognising that the digitized contours would be
of limited value without corresponding informa-
tion on the distribution of soundings used in
their original compilation, it was decided that the
trackline control information should also be digi-
tized from the 5" Edition sheets. Using almost
identical techniques and procedures to those
used in digitizing the bathymetric contours and
coastlines, the tracklines were digitized on a
sheet by sheet basis in a collaborative venture be-
tween three centres from 1990 to 1993. Thus,
two sheets were digitized by the Alfred-Wegener-
Instirut fiir Polar- und Meeresforschung, Bremer-
haven; three sheets by the Head Department of
Navigation and Oceanography, St Petersburg;
while the remaining 13 sheets were digitized by
BODC. Quality control, final editing and refor-
matting of these data into a uniform data set
were again performed at BODC.

The complete data set of the digital contours,
coastlines and tracklines for the GEBCO 5*
Edition was finalised in June 1993, thereby pro-
viding a high quality digital base from which fu-
ture editions of GEBCO might evolve. The
project was a major undertaking and more than
15 staff years of effort were involved in bringing
it to a successful conclusion. The success of the
project owed much to the painstaking work of
two individuals in particular: Denis Toustou at
BGI and Pauline Weatherall at BODC.

A digital coastline for GEBCO

Having converted the 5" Edition contours into
digital form, the updating of GEBCO was no
longer constrained by the 1:10 million scale of
the printed chart and it was envisaged that fu-
ture updates might well be prepared at scales of
up to 1:500,000 (or even up to 1:250,000 in
isolated cases) in certain regions. However, by
its very nature, the digitized 5z Edition coast-
line, based primarily on the Carte générale du
monde of the Institur géographique national, Paris,
was suited only for use at scales of the order of
1:10 million.

In 1989, a search was instigated by SCDB for an
alternative coastline satisfying the criteria that it
should be: a) digital, b) suitable for scales of up
to 1:250,000, c) global in coverage, d) of consis-
tent accuracy across the globe and e) available
for use in GEBCO. It was fortunate that, just at
that time, the US Defense Mapping Agency
(DMA) (subsequently to become the US Na-
tional Imagery and Mapping Agency (NIMA))
released its World Vector Shoreline (WVS) — the
only coastline able to approach the GEBCO cri-
teria!. Acting on the advice of SCDB, the
GEBCO Guiding Committee agreed in 1991
that WVS should be adopted as the standard
coastline for use in the future updating of
GEBCO and the DMA generously gave GEBCO
permission for such use. The WVS is now also
used as the standard coastline in most of the
I0C’s Regional Ocean Mapping Projects.

The WVS was developed by the DMA as a dig-
ital data file, at a nominal scale of 1:250,000.
Worldwide coverage of the data set was com-
pleted in July 1989, working to a specification
that 90% of all identifiable shoreline features
should be located within 500 metres (i.e. 2mm
at 1:250,000) of their true geographic position
with respect to the World Geodetic System
(WGS-84) datum.

The main source material for the WVS was
DMA’s Digital L.andmass Blanking (DLMB)
database which was derived primarily from the
Joint Operations Graphics and coastal nautical
charts produced by DMA. The DLMB data
consisted of a land/water flag file on a 3 by 3
arc-second interval geographic grid. This raster
database was converted into vector form to cre-
ate WVS and explains the 3 arc-second step-
ping interval apparent in the coastline when
plotted out at high scale. For areas of the world
not covered by the DLLMB database, the shore-
line was taken from the best available hard copy
sources at a preferred scale of 1:250,000.
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The SCDB viewed WVS as an impressive prod-
uct but was concerned that the target accuracy
of 500m for WVS applied to only 90% of the
world’s shoreline and that no indication was
given for the accuracy of the remaining 10% or
where the areas with lesser accuracy occurred.
It was anticipated that the main areas of re-
duced accuracy would probably occur around
Antarctica and parts of the Arctic. Tests con-
ducted on behalf of the SCDB confirmed the
inaccuracies in WVS around the Antarctic con-
tinent and also identified the problem of defin-
ing a shoreline in the presence of ice in the
coastal zone.

In non-polar regions of the world, the coastline
is simply the boundary between the land and
the sea. Being coincident with mean sea level, it
also acts as the zero depth contour. However, in
the Antarctic, the concept of a coastline is more
complex and needs to represent the boundary
between three domains viz. land, sea and ice
shelf. The following types of coastline occur
around Antarctica: ice coastline, rock coastline,
grounding line, rock against ice shelf, iceberg
tongue, floating glacier tongue and ice shelf
front.

With the publication of the Scientific Commit-
tee on Antarctic Research (SCAR) Antarctic
Digital Database® in 1993, a high quality seam-
less and coherent coastline of Antarctica be-
came available for the first time. Not only was it
in digital vector form but it also clearly codified
the different types of coastline and included a
far more comprehensive definition of ice shelf
limits than had been available previously. Com-
piled from a combination of existing maps and
satellite imagery, this new coastline was suitable
for use at scales of up to 1:1 million.

For GEBCO purposes, it was decided in 1996
to standardise the coastline south of 60°S on
the SCAR Coastline instead of WVS. As there
are no coasts crossing the 60°S latitude bound-
ary between the two data sets, there are no dis-
continuities of coastline. Furthermore, the
SCAR Coastline is available at a range of scales
compatible with those available in the WVS.

No attempt was made to match the 5 Edition
bathymetric contours with the WVS/SCAR
coastline and isolated occurrences inevitably
arise where the WVS/SCAR coastline appears
in conflict with the bathymetry e.g. around
oceanic islands and where the coastline abuts a
submarine scarp. Such mismatches are mainly a
consequence of the different scale and resolu-
tion of the two data sets. However, as and when

the GEBCO bathymetry is revised in various
areas, the WVS/SCAR coastline is being phased
in as a matter of routine and is checked for con-
sistency with the bathymetry. This has already
occurred for the area of revised sheet 5.12 and
in all other areas where the bathymetry has
been updated.

Although uncertainty has existed about the ac-
curacy of WVS in the Arctic, it should be noted
that the International Bathymetric Chart of the
Arctic Ocean (IBCAO) project has adopted
WVS for the Arctic in all areas except Green-
land and northern Ellesmere Island, where an
updated coastline was made available to the
project by the Danish National Survey and
Cadastre (KMS). In 2002, KMS kindly gave
GEBCO permission to use its coastline in these
areas and these have now been incorporated
into GEBCO.

The GEBCO Digital Atlas (GDA)

The digitised contours, coastlines and tracklines
of the 5™ Edition were used to initialise what is
now called the GEBCO Digital Atlas and which
is maintained at BODC on behalf of the
GEBCO community. The GDA now forms the
base for the updating of the GEBCO contours.
No longer constrained by the fixed scale and
projection of the printed sheet, the GDA en-
ables improved bathymetric compilations to be
merged into GEBCO at scales ranging from
1:10 million up to 1:500,000 or better depend-
ing on the sounding density. New data can be
readily "stitched in" so as to maintain a seam-
less data set.

Not only does the GDA provide a highly practi-
cal method for maintaining and updating
GEBCO but it also forms the basis of a product
in its own right, providing users with a digital
source of data that can be readily manipulated
and displayed according to their own particular
needs. With this in mind, in 1992, the Guiding
Committee invited BODC to prepare a PC-
based product for disseminating the GDA data
set to users according to specifications prepared
by the SCDB.

The First Release of the GDA was published on
CD-ROM by BODC in March 1994°, It was
accompanied by a purpose-built PC software
interface, providing the user with a powerful
and user-friendly tool kit for selecting, interro-
gating, visualising, overlaying and exporting
data from the GDA. The following digital data
sets were included:
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a) a complete set of bathymetric contours,
coastlines and tracklines from the GEBCO
5th Edition

b) bathymetric contours and coastlines from the
1* Edition of the IOC International Bathy-
metric Chart of the Mediterranean (IBCM)

c) a set of digital global coastlines based on the
World Vector Shoreline

d) a trackline inventory of the digital echo-
sounding data held at the IHO Data Centre
for Digital Bathymetry

e) a geographically referenced version of the
THO/IOC Gazetteer of Geographical Names
of Undersea Features

f) a digital version of the Third Edition of the
Echo-Sounding Correction Tables

A Second Release of the GDA was published
on CD-ROM by BODC in March 1997 in-
cluding revised bathymetry for the southern In-
dian Ocean, Weddell Sea and the north-east
Atlantic off the British Isles*. In addition, it in-
cluded the SCAR coastline of Antarctica. The
published CD-ROMs are in use in over 1,000
institutions across the globe including research
laboratories, hydrographic offices, universities,
private companies and government depart-
ments. By 2002, BODC had distributed some
1,320 copies to users in 87 countries world-
wide.

The updating of GEBCO using digital tech-
niques effectively started with the revision of
sheet 5.12 in 1993. Instead of digitizing the
printed sheet at a scale of 1:10 million, the digi-
tization was actually carried out prior to the
printing process using base material prepared at
a scale of 1:5 million. Furthermore, when the
GDA was published in 1994 the GEBCO
bathymetry for the Mediterranean was replaced
by previously digitized contours taken from the
1:1million scale charts of the IBCM. These
serve as the first examples of the GDA being
updated at scales of better than 1:10 million.
Indeed, much of the material used to update
the GDA since 1994 has been digitised at scales
of 1:1 million or larger.

In order to maintain the high quality and global

nature of GEBCO, standards were established

by the SCDB in 1994 for incorporating new

material into the GDA?®. Prior to their inclusion

in the GDA, new updated bathymetric compila-

tions in any given area are expected to conform

to the following principles:

a) contours should be expressed in corrected
metres.

b) as a minimum, the GEBCO basic contours
of 200m, 500m, and at 500m intervals there-

after, should be included. Where appropri-
ate, the inclusion of contours at 20m, 50m
and 100m is to be encouraged. Where addi-
tional intermediate contours are included an
interval of 100m is recommended.

¢) the GEBCO basic contours should be con-
tinuous within the compilation area.

d) contours cutting the edge of the compilation
area should be ‘stitched in’ to those in the
surrounding area of the GDA - in general,
the ‘stitching in” should be from outside the
compilation area rather from inside.

e) in coastal zones and around islands, the con-
tours should be compatible with the World
Vector Shoreline (or the SCAR Coastline).

f) compilations submitted should be accompa-
nied by the ship tracks and survey boxes (an-
notated with their source) used in compiling
the contours.

g) the updating material should normally con-
sist of digitized contours — if submitted in
hard copy form, sufficient graticule points
should be included within and at the edges
of the map to enable potential distortions to
be checked through subsequent digitizing
and if necessary corrected.

h) compilation methods should be fully de-
scribed in supporting documentation, in-
cluding details of the projection, ellipsoid
and scale used, as well as information on any
support material that might have been used
e.g. magnetic surveys, sonar images, satellite
altimetry, proprietary compilations; the
names and affiliation of the authors of the
map; the data sources used; and the date the
map was compiled.

i) in international waters, the names of newly
named undersea features should be submit-
ted for approval to the GEBCO Sub-Com-
mittee on Undersea Feature Names, or to
the appropriate national authority where they
fall within territorial waters.

j) before release into the public domain, updat-
ed compilations and supporting material will
be submitted for review by an approval panel
of referees which will consist of the compiler
and two independent experts. The review
team will report back to the GEBCO Offi-
cers.

The GDA is updated and maintained at BODC
by the GDA Manager, Pauline Weatherall,
using proprietary Laser-Scan mapping and
database software. As each new compilation is
received, careful checks are made on the quality
of digitization including contour labelling, geo-
graphic registration, and conformance with any
hard copy charts that may have been published
from the compilation. Checks are also made
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against the GEBCO shorelines and any neces-
sary editing is carried out interactively. If mate-
rial is received in hard copy form, it is raster
scanned externally and then vectorized at
BODC using the Laser-Scan VIRAK system.
In merging new sheets into the GDA, careful
attention is paid to edge-matching the basic
GEBCO contours (i.e. 200m, 500m, and 500m
intervals thereafter) across the boundaries of the
sheets into the surrounding GDA bathymetry so
as to maintain seamless bathymetry. Adjust-
ments are made as necessary, taking due ac-
count of the underlying trackline control infor-
mation. Intermediate contours are only
edge-matched if present on both sides of the
boundary. No attempt is made to edge-match
tracklines crossing the boundaries — a mismatch
of tracklines between sheets usually occurs
when sheets compiled at different scales are
joined and reflects differences in geographic
registration accuracy.

In recent years, GEBCO has been able to bene-
fit from outputs provided by a number of IOC
Regional Mapping Projects in addition to the
IBCM including the International Bathymetric
Chart of the Caribbean Sea and Gulf of Mexico
(IBCCA), the International Bathymetric Chart
of the Central Eastern Atlantic (IBCEA) and
the International Bathymetric Chart of the Arc-
tic Ocean (IBCAOQ).

Since 1994, the bathymetry of about one third of
the world’s occans has been revised and submit-
ted to BODC for updating the GEBCO Digital
Atlas. The geographic coverage of the revised
material is shown in fig. 40 where the updated
areas are numbered in the sequence G1 to G9.
These comprise the following compilations:
G1: Arctic Ocean — the contours for this re-
gion were compiled from the gridded data
set of the IBCAO and were prepared for
GEBCO by Norman Cherkis (formerly of
the Naval Research Laboratory, Washing-
ton) and Martin Jakobsson (University of
New Hampshire, Durham). A striking
feature of the IBCAO is that it was gener-
ated using state of the art computing
technology with the source soundings
maintained in digital form and with the
use of gridding techniques to underpin
the compilation of the Chart®. The tech-
niques involved enable the chart (which is
essentially a digital grid-based product) to
be routinely updated as and when new
sounding data become available,
G2, G4 and G5: North-east Atlantic — much
of the work in compiling the contours in

G3:

G7:

these areas was undertaken for GEBCO
by Peter Hunter at the Southampton
Oceanography Centre. Most of the work
was carried out at scales of 1:1 million.
Included in this data set are IBCEA Sheet
1.01 off Iberia prepared by the Instituto
Hydrografico, Lisbon; and a bathymetric
map of the Bay of Biscay compiled by
Jean-Claude Sibuet at the Institut francais
de recherche pour Pexploitation de la mer
(IFREMER), Brest.

Caribbean Sea and the Gulf of Mexico
— two sets of updated bathymetry were
submitted to GEBCO for this region: a)
IBCCA Sheets 1.01 to 1.04 prepared by
the National Geophysical Data Center,
Boulder for the Northern Gulf of Mexico
and the Atlantic Ocean east of Florida;
and b) IBCCA Sheets 1.05 to 1.09 for the
Southern Gulf of Mexico and the north-
ern part of the Caribbean from José Frias
Salazar at the Instituto Nacional de Estadis-
tica, Geografia e Informatica (INEGI) in
Mexico.

Central Eastern Atlantic — updated
bathymetry for this area comprises IBCEA
Sheets 1.08 to 1.12 produced by the Ser-
vice hydrographique et océanographique de la
marine (SHOM), Brest, France, and deliv-
ered to GEBCO in digital form

Weddell Sea — an updated bathymetric
chart for the Weddell Sea was provided to
GEBCO by Hans-Werner Schenke and
his co-workers at the Alfred-Wegener-Insti-
tut fiir Polar- und Meeresforschung (AWTI),
Bremerhaven. The improvement of the
bathymetry in this area owes much to the
extensive multi-beam echo-sounding data
collected by the AWT’s ice breaking re-
search vessel RV Polarstern™®.

Greater Indian Ocean — this is by far
the largest contribution to the updating of
GEBCO, covering almost a quarter of the
world’s oceans and extending out to
12°W in the Atlantic and to 170°E in the
Pacific. It was compiled by Dr Robert L
Fisher at the Scripps Institution of
Oceanography, La Jolla, and represents a
major personal achievement of consider-
able benefit to GEBCO and its user com-
munity. The contours were compiled on
some 250 sheets at a scale of four inches
per degree longitude (approximately 1:1
million) over a ten year period up to
2002. The hand drawn contour sheets,
with accompanying trackline sheets, were
digitised by Pauline Weatherall at BODC.
In addition to the original 500 sheets
(contours and tracklines), over 600 sec-
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Fig. 40. Geographic coverage of sheet areas digitized to form the Centenary Edition of the GEBCO Digital
Atlas
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tions of update charts were delivered to
BODC for digitising during the project.
The work was completed in September
2002.

GY9: Waters around New Zealand — the re-
gional bathymetric map of New Zealand
was delivered as a contribution to
GEBCO by Ian Wright of the National
Institute of Water and Atmospheric Re-
search (NIWA) in Wellington. The data
were submitted to BODC in digital form
in 2000.

Work on incorporating these data into the
GEBCO Digital Atlas was completed in Octo-
ber 2002. It will be noted that the new material
is at a considerably larger scale than the 1:10
million scale of the GEBCO 5™ Edition. This
reflects the move of GEBCO away from the
fixed scale paper chart and the ultimate goal of
enhancing GEBCO with the best available
bathymetry.

GEBCO Gridded Data Set

From the outset, the SCDB clearly recognised
the importance of generating a gridded version
of GEBCO on a uniform global grid. With
modern computing technology, the gridded for-
mat offers far more flexibility than traditional
contour vectors, particularly in modelling appli-
cations and in the visualisation and manipula-
tion of data. The topic first arose in the context
of applying Digital Terrain Modelling tech-
niques to bathymetric mapping. Most of these
efforts were concentrated on multi-beam survey
data where the density of soundings was suffi-
cient for the application of such techniques. For
many years, the SCDB was kept abreast of de-
velopments in the field through the work of
Hans-Werner Schenke and his colleagues at
AWI, in the Weddell Sea. In 1988, a small
Task Team was established under Dr Schenke
to keep the SCDB informed.

In the period up to 1994, considerable discus-
sion took place within the SCDB on possible
ways and means of generating a GEBCO grid.
The focus of attention at the time was on the
generation of a grid based on the actual sound-
ings rather than using the digitized contours.
However, these efforts were compromised by
the problems inherent in the available coverage
of sounding data i.e. the inhomogeneous distri-
bution of data at centres such as the IHO Data
Centre for Digital Bathymetry and the fact that
the data emanated from a wide diversity of
sources with highly variable accuracy. Of partic-

ular concern were the navigation errors con-
tained in much of the earlier data, an unknown
level of dubious soundings and crossover errors
between tracks. These problems were of course
well familiar to the traditional bathymetrist
forced to apply his own interpretive skills in
order to generate a coherent set of contours.

With the publication of the First Edition of the
GDA, the SCDB reinvigorated its attempts to
generate a grid and a small Task Team was es-
tablished in 1994 to research the issue under
the leadership of Walter Smith of the US Na-
tional Ocean Survey (now at the NOAA Labo-
ratory for Satellite Altimetry). The digital con-
tours from GEBCO sheet 5.12 (revised) were
used as a test bed on which to evaluate the vari-
ous gridding techniques available. Considerable
experience was gained in the problems related
to generating a GEBCO grid and the focus
shifted back to using the GEBCO contours as
the source data.

In 1997 a draft paper "On the preparation of a
gridded data set from the GEBCO Digital Atlas
contours" was prepared by the SCDB Task
Team. It provided a comprehensive review of
the problem including the needs of potential
users, mathematical considerations, and the
strengths and weaknesses of the various meth-
ods available to compile the grid. The conclu-
sions of the review did not offer a simple solu-
tion for GEBCO and it was decided that a
pragmatic approach was required. Mike Carron
of the US Naval Oceanographic Office co-ordi-
nated the next phase of the work which was to
discover what was reasonably possible to
achieve, given the time and resources available
to GEBCO.

In the event, it was decided the GEBCO grid
should be based on the most up to date version
of the GDA contours and that computation of
the grid should be carried out by a network of
volunteering centres using common algorithms
based on "rubber-sheeting" techniques®’. Mem-
bers of the network were well versed in the
problems of gridding" and made extensive use
of the widely-used GMT package of software
programs''. Initially, the grid was to be pro-
duced at 2.5 minute intervals in geographic lati-
tude and longitude but in early 2002 it was de-
cided to create the grid at 1 minute intervals so
as to better replicate the contours.

Two particular issues that needed addressing
were: a) how to construct the grid in abyssal
plain regions where the contours were widely
spaced (this was addressed by including in the
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gridding process the data from high quality
sounding tracks passing through these areas);
and b) how to represent the bathymetry in shal-
low water areas not well represented by the
GEBCO contours ( following a circular letter
from the IHB, many hydrographic offices assist-
ed the project by volunteering more detailed
contour information on the continental
shelves).

In late 2002, a first version of the global grid
was completed and made available for inclusion
in the GDA. The work was co-ordinated by
Mike Carron with major input provided by the
gridding efforts of Bill Rankin and his co-work-
ers at the U.S. Naval Oceanographic Office,
Andrew Goodwillie at Scripps Institution of
Oceanography and Peter Hunter at Southamp-
ton Oceanography Centre. Significant regional
contributions were also provided by Martin
Jakobsson, Hans-Werner Schenke, John Hall
(Geological Survey of Israel) and Ian Wright
(NIWA). Technical advice on algorithms was
provided by Walter Smith.

IHO Data Centre for Digital
Bathymetry

il Ll Y

From its first meeting, the SCDB took a keen
interest in the establishment of an international
computer-based system for the management
and dissemination of echo-sounding data. Pre-
viously, the international soundings data bank
had been maintained in hard copy form on
master sounding sheets. As mentioned earlier,
this manual system originated with the compila-
tion of the 1* Edition of GEBCO. Subsequent-
ly, the IHB was entrusted with the task in 1929
and a world series of plotting sheets was estab-
lished, at a scale of 1:1 million on Mercator
projection, on which to record and publish all
sounding data outside the continental shelf.
This task eventually became too great for the
small staff of the Bureau and in 1962 the ITHO
Member States agreed to setting up a network
involving the services of Volunteering Hydro-
graphic Offices (VHOs) in 18 IHO Member
States. Each of VHOSs accepted responsibility
for compiling bathymetric data in specific geo-
graphic areas and for periodically updating the
1:1 million Collected Soundings Sheets in their
area of responsibility.

Individual Hydrographic Offices were charged
with ensuring the regular supply of bathymetric
data to the appropriate VHO, and the IHB in
Monaco maintained a co-ordinating role in this
scheme, issuing information on the status of the

various sheets from time to time. Copies of the
soundings sheets were available to the user
community on direct application to the appro-
priate VHO — a nominal charge was usually
made to cover the cost of copying, When the
ICSU World Data Centre (WDC) system was
established following the International Geo-
physical Year in the late 1950s, the IHO system
became recognised as the World Data Centre
for Bathymetry.

The Collected Soundings Sheets (also known as
the Ocean Plotting Sheets) formed the base
from which much of the contouring of the
GEBCO 5™ Edition was compiled. However,
during the preparation of the 5® Edition in the
early 1980s, it became apparent that a number
of the GEBCO scientists responsible for under-
taking the contouring had at their disposal con-
siderably more data than appeared on the 1:1
million sheets maintained by the VHOs. The
shortfall in data submission to the VHOs ap-
peared closely related to the introduction of
computer techniques for the handling of bathy-
metric data, particularly in the geoscience com-
munity. Since the late 1960s, geoscientists had
been finding it far more convenient to store and
exchange their data in computer files and to
plot out data automatically as and when the
need arose. Computer techniques also enabled
far greater volumes (and densities) of echo-
sounding data to be handled than could be
readily hand scribed onto plotting sheets.

The SCDB reviewed this situation in 1986,
recognising that a major part of the missing
data might well be found in the underway ma-
rine geophysics database maintained by the US
National Geophysical Data Center INGDC) in
Boulder, Colorado, USA. At that time, the
Boulder centre held almost 2,000 cruises of
bathymetric, magnetic and gravity data, prima-
rily from US laboratories but also with contri-
butions from Japan, France, Russia, UK, New
Zealand, Canada, South Africa and China. The
database already included over seven million
nautical miles of digital echo-sounding data and
had clearly demonstrated the practicality and
value of computing techniques for managing
such data.

The SCDB advised that, in pursuing its goal of
maintaining a global collection of sounding data
for the deep ocean, the IHO should seek to col-
laborate with the US NGDC in creating a digi-
tal database for sounding data. At its meeting in
Paris in 1986, the SCDB drafted supporting
documentation to facilitate such collaboration.
In 1987, the US Government submitted a pro-
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posal based on the SCDB documentation to the
XIII* International Hydrographic Conference
for the establishment of an IHO Data Centre
for Digital Bathymetry (DCDB) to be operated
by the US NGDC on behalf of the IHO. In
1990, the IHO Member States agreed to this
proposal and on 1% June 1990 the IHO DCDB
was duly established, co-located with the US
NGDC in Boulder.

The THO database of digital, single beam echo-
sounding data is co-held within NGDC’s GEO-
DAS (Geophysical Data System) database of
worldwide underway geophysics data. When the
IHO database was first established in 1990, the
GEODAS database held over 18 million echo-
soundings collected on more than 2,500 cruis-
es/cruise legs and covering a track distance of
0.3 million nautical miles. By June 2002, the
THO DCDB had assimilated a further 23 mil-
lion echo-sounding values covering 5.2 million
nautical miles of track into the GEODAS data-
base. In June 2002 the total GEODAS database
contained some 41 million echo-soundings
from 4,425 cruises/cruise legs covering a track
distance of 14.5 million nautical miles.

The distribution of the digital echo-sounding
data currently stored in the GEODAS system is
shown in fig.41. It will be readily noticed that, al-
though the international collection of sounding
data has come a long way since the 18,000
soundings of the GEBCO 1st Edition were com-
piled in 1904, for many areas of the globe there
are still large gaps in the data coverage. The dis-
tribution of data remains sparse and non-uni-
form — it is particularly sparse in the Southern
Hemisphere and, even in the North Atlantic,
trackline separation is typically of the order of
30km and up to 300km in places. Notwithstand-
ing this, the establishment of the IHO DCDB at
the US NGDC can be considered as a success
story providing GEBCO with a major resource
for updating its bathymetric products.

It is interesting to note the source of the data
submitted to the ITHO DCDB as summarised
below, where an analysis is given of the data
holdings by country of origin for January 1990
and June 2002. The analysis is given in terms of
the number of cruise legs of bathymetric data
assimilated into the database and the echo-
sounding track distance covered by these cruise
legs. Not surprisingly, the database is dominat-
ed by data from US institutions — amounting to
three quarters of the holding in 1990 and two
thirds in 2002. This reflects the highly success-
ful role that the US NGDC performs at a na-
tional level. However, it is reassuring to note

that the holding of data emanating from non-
US sources, as measured in terms of track cov-
erage, has more than doubled since the IHO
DCDB was first established.

Source No of cruises 1000s of n.miles
Country Jeruise legs  of bathymetry
1990 2002 1990 2002
Argentina 0 5 0 17
Australia 3 20 21 99
Brazil 0 10 0 44
Canada 150 170 620 632
Chile 0 1 0 3
China 1 15 2 71
Cuba 0 5 0 33
Finland 0 1 0 6
France 183 255 429 671
India 0 13 0 9
Japan 135 287 664 1,098
Germany 1 55 8 186
Netherlands 2 9 10 28
New Zealand 15 24 26 54
Portugal 0 8 0 9
Russia 16 55 155 451
South Africa 18 21 46 67
Spain 0 1 0 3

United Kingdom 40 501 123 1,139
USA 1,953 2,969 7,153 9,862
TOTAL 2,517 4,425 9,257 14,482

Source of echo-sounding data stored in the
GEODAS system in Fanuary 1990 and Fune 2002

The innovative use of computing techniques at
NGDC has revolutionised user access to the
worldwide collection of echo-sounding data. A
major step forward was taken in March 1993,
when NGDC released a two volume CD-ROM
version of its complete GEODAS data holding.
It contained all data assimilated up to the end
of 1992 and was accompanied by a user friend-
ly software interface providing the user with di-
rect access to over 4 gigabytes of marine geo-
physical trackline data, including the complete
holding of single beam echo-sounding data.

Following the success of the CD-ROM publica-
tion, NGDC released updated versions of the
CD-ROM on an almost annual basis up to the
end of 1998 thus ensuring that users were kept
up-to-date with the holdings of the GEODAS
database. Thereafter, NGDC adopted the
methodology of posting updated data on the In-
ternet as soon as they were assimilated into
GEODAS thereby greatly minimising any delay
in making newly submitted data (including the
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Fig. 41. Distribution of digital echo-sounding data stored in the GEODAS database as of June 2002
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echo-sounding data submitted to the IHO
DCDB) available to users. In June 2002, a new
release of the GEODAS CD-ROM was issued
including all updates assimilated up to the end of
May 2002'* This latest release (Version 4.1) now
occupies three CD-ROMs and offers over 7 giga-
bytes of marine geophysical trackline data. With
each succeeding release, the software interface to
the data has been enhanced and now provides
the user with a powerful set of tools for selecting
and plotting the data. It also provides the users
with a simple interface for exporting user-select-
ed darta into their own applications.

1rrclIn
INain

Measurements of seafloor depths using echo-
sounding techniques depend on knowledge of
the mean velocity of sound in the water column
between the echo-sounding device and the
seafloor. This in turn is dependent on the tem-
perature and salinity down the water column
and these characteristics vary across the world’s
oceans. Most modern echo-sounders assume a
sound speed of 1500 m/s while some earlier
versions assume 800 fm/s (1463m/s). Since
1927, when the First Edition of Matthews Ta-
bles' was published by the UK Hydrographic
Department, standard correction tables have
been used to correct for the true speed of sound
in seawater — for this purpose the world’s
oceans are divided into discrete areas linking re-
gions with common sound velocity profiles and
a table is constructed for each area with the
depth correction to be applied to various depths
down the water column.

In 1939, an extensively revised Second Edition
of Matthews Tables' was published and these
tables remained in common use until the early
1980s. In 1947, their use was recommended by
the Vth International Hydrographic Conference
to all hydrographic offices. In 1964, the Nation-
al Institute of Oceanography (subsequently to
become the Institute of Oceanographic Sci-
ences), Wormley, UK, undertook to make pilot
studies to investigate whether there was a need
for revision of the areas and depth corrections
defined by Matthews. Investigations were car-
ried out for the Mediterranean Sea’ and the
Gulf Stream Region' and both revealed a need
to update the tables. A similar conclusion was
also reached from studies in the area of Canadi-
an data holdings".

In 1980, a Third Edition of the Echo-Sounding
Correction Tables' was published by the UK

Hydrographic Department. The tables were ex-
tensively revised to incorporate the large num-
ber of temperature and salinity measurements
obtained since 1939 and used an improved for-
mula for the dependence of sound velocity on
temperature and salinity. Computations for the
revised tables were carried out by David Carter
of the Institute of Oceanographic Sciences,
Wormley, using oceanographic station data pro-
vided by the US National Oceanographic Data
Center, Washington. In 1982, the XII* Interna-
tional Hydrographic Conference at Monaco
adopted the Third Edition Tables to replace
Matthews Tables.

The Third Edition Tables (now commonly
known as Carter’s Tables) are applicable for
use throughout the world for water depths
greater than 200m, and cover depth to the sea
bed in each of 85 echo-sounding correction
areas. As the boundaries between the correction
areas lie along exact degrees of latitude and lon-
gitude, the tables are particularly suited for
computerised use. Indeed, the first action un-
dertaken by SCDB on its formation was to
make available a computer based package for
automatic determination of echo-sounding cor-
rections given simply the geographic co-ordi-
nates and the uncorrected depth. The package
was prepared by the Data Banking Section of
the UK Marine Information and Advisory Ser-
vice (forerunner of BODC) and from 1984 on-
wards was made widely available to both the
geoscience and hydrographic communities.

o B | L% iy (213t ]
SCOR Working Group 107

In late 1995, the Executive Committee of the

Scientific Committee on Oceanic Research

(SCOR) decided to establish a new Working

Group (WG 107) on the topic of Improved

Global Bathymetry, with the following Terms of

Reference:

a) to establish the scientific needs for improved
ocean bathymetry;

b) to determine the specifications for accuracy
and resolution in different areas;

¢) to recommend actions and priorities.

The Working Group was chaired by Dr Colin
Summerhayes, Southampton Oceanography
Centre (S§OC), UK, and met on two occasions;
at SOC on 11-13 November 1996 and at Johns
Hopkins University, Baltimore, USA, on 27-28
October 1997. The Working Group report was
finalised in autumn 2001 and published by
UNESCO on behalf of IOC in 2002".

WG 107 prepared a strong scientific case for
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improving global bathymetry, identifying it as a
prerequisite for progress in the scientific under-
standing of the different components of the
earth’s global systems, and for intelligent man-
agement of global resources. It recognised that
data on the shape of the seabed are necessary in
a great variety of applications e.g. to select sites
for communications cables and fisheries; to
make inferences about the geological history
and energy and mineral resource potential of
ocean floor structures; and to guide computer
simulations of the behaviour of the oceans.
These simulations are important in predictions
of the hazards faced by coastal communities
(e.g. approaching tsunamis) and in predictions
of the future patterns of climate change on time
scales of months to decades. Improved knowl-
edge of the shape of the seabed is one of the
factors required for success of the planetary
scale global observing systems (GOOQOS, the
Global Ocean Observing System, and GCOS,
the Global Climate Observing System), the op-
erations of which will help mankind to manage
sustainably an increasingly crowded Earth.

i T i .
Science topics requiring improved

ymetry

The Working Group identified the following
topics for which there are scientific justifications
for improvements in bathymetry (aspects for
which the group considered that bathymetry is
a key limiting factor in furthering understanding
of ocean processes or applications are identified
in parenthesis):

- ocean models (especially for steering of cur-
rents by straits and deep topography, and for
sills controlling exchange of deep water, but
also for much of the ocean floor)

- deep water circulation (channels/mudwaves;
for controlling paths of bottom currents)

- tides (need detailed shelf edge and shelf
bathymetry, and bathymetry of seamounts/
banks which dissipate tidal energy)

- tsunami forecasting (requires detailed
bathymetry of continental shelves in areas of
risk, and knowledge of continental slopes in
arecas prone to slumping such as trenches
and volcanic slopes; requires knowledge of
deep ocean bathymetry, because the wave-
lengths of tsunamis are so long that they
‘feel’ the bottom over most of their route
and so can be influenced by deep ocean
bathymetry)

- upwelling and fishing resources (need de-
tailed knowledge of bathymetry of seamounts
/banks)

- wave climate (detailed knowledge of coastal

seas is needed for modelling storm surges

with greater accuracy)

- coastal sediment transport (near-shore)

- continental shelf morphology (for geomorpho-
logical understanding, and tides and surges)

- environmental impact baselines (e.g. pre-dis-
position of waste)

- plate motions:

a) tectonic fabric of ocean basins (for details
of off-axis spreading history and for as-
sessing back arc basin evolution)

b) ridge dynamics (axial valleys; fracture
zones etc. — altimetry can suggest other
places and processes on the mid ocean
ridge that need to be looked at to test hy-
potheses based on work already done)

¢) structural trends (for resource potential
e.g. to measure plate buckling at trenches)

d) mantle dynamics (age/depth relationships)

- seafloor fabric (detailed mapping and under-
standing evolution of abyssal hills)

- continental margin sediment thickness (oil
and gas: for accurate prediction of subsur-
face structure)

- slope stability (islands and continents: slope
gradient is a key factor)

- palaeoceanography (for channels on conti-
nental shelves)

- industrial needs:

a) platform siting (on continental slopes and
shelves)

b) pipeline and cable siting (over entire
length of pipeline or cable route)

¢) fisheries (to assess possible new fishing
grounds)

d) waste disposal and mineral extraction (to
characterize possible sites)

- social needs
a) delimiting juridical continental shelf to

define EEZs (states with wide continental
margins)

b) education needs such as visualisation and
awareness.

In reviewing the scientific needs, WG 107 also
assessed the horizontal (H) and vertical (V) res-
olutions required of the improved bathymetric
data in order to address the needs and conclud-
ed as follows:

i) in the open ocean seawards of the continen-
tal shelf and slope, the required resolutions
are 5-10km(H) and 10-50m(V) over the
open ocean; 1-5km(H) and 20m(V) over
open ocean sills; 250m(H) and 10m(V) for
abyssal hills; and 100m(H) and a few metres
(V) in rift valleys

ii) on the continental slope, the requirement is
for 1km(H) to 500m(H) over canyons and
ridges
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iii) on the continental shelf, the requirement
progressively increases from 100-500m(H) in
waters deeper than 10m, to 50m(H) in water
less than 2.5m deep.

WG 107 Recommendations

The Working Group identified a clear scientific
need for improving the coverage of bathymetric
data worldwide, both in the open ocean and
over the continental shelves, and came up with
34 recommendations for addressing the situa-
tion. These are listed below in the order in
which they appear in the text of the Working
Group’s Report.

Rec.1: research should be undertaken on sill flow,
using high resolution modelling, nesting, and para-
meterisation, with the aim of finding an approach
that can be successfully applied in climate and other
models.

Rec.2: research should be undertaken on the sensi-
tivity of numerically modelled sill flow to model res-
olution and topographic details, resolution and ori-
entation.

Rec.3: efforts should be made to check the hypothe-
sis suggested by altimetric data that seamounts
cause much more dissipation of tidal energy in the
ocean than had formerly been supposed.

Rec.4: collection of swath bathymetric data from
continental shelves should be increased.

Rec.5: partnerships berween academia, hydro-
graphers, industry, NGOs, and navies should be
created to develop regional international bathy-
metric charts as the basis for creating a gridded
global bathymetric Digital Elevation Model or ap-
propriate resolution (which could vary depending on
water depth).

Key Issues — Data Gaps

Rec.6: NGDC(IHO DCDB) track charts (show-
ing the coverage of NGDC’s echo-sounding data
holdings) should be placed on the Internet so as to
encourage people to fill data gaps.

Rec.7: atrempts should be made to get funds from
agencies like the Defense Mapping Agency to fund

echo-sounding on commercial transits.

Rec.8: Antarctic tourist cruise ships should be ap-
proached to provide data.

Rec.9: funding agencies should be asked to recog-

nize the waste of resources involved, and to fund
echo-sounding on transit on research vessels.

Rec.10: funding agencies should develop mecha-
nisms for ensuring that data are digitised and sent
with track data to NGDC (IHO DCDB).

Rec.11: at the very least, hydrographic ships and
research vessels should keep their centre beams on at
all times (reducing the requirement for data process-
ing), and especially during transir.

Rec.12: consideration should be given to equipping
floats (like Argo floats) with pingers to indicate
water depth.

Rec.13: consideration should be given to making
low cost bathymetric surveys using autonomous ma-
rine vehicle technology, which could be particularly
effective under ice.

Rec.14: nations should be encouraged to add
bathymetric data from EEZ surveys to the interna-
tional pool of data (via NGDC(IHO DCDB)).

Rec.15: to ensure maximum benefit, the objectives
of bathymetric compilations should include the
publication of maps and the production of a digital
data set that can be placed in the public domain
for free and unrestricted use by the general commu-

niry.

Key Issues — Data Policy

Rec.16: the issue of the substantial loss of interna-
tionally potentially valuable bathymetric data
through a de facto policy of failure to collect them
requires serious consideration by environmental sci-
ence funding agencies, leading to corrective action in
this matter.

Rec.17: published bathymetric maps should be re-
leased for incorporation into the GEBCO.

Rec.18: funding agencies should provide funds for
the employment of people with appropriate expertise
to comptile and contour new bathymetric maps —
particularly at regional scales.

Rec.19: agencies funding marine science topics
should require that any proposals for scientific ex-
pertments should include provisions for site surveys
and bathymetric maps, and that the bathymetry
should be made available to GEBCO and the data
sent to NGDC (IHO DCDB).

Rec.20: funding agencies should develop policies to
review the locations of existing data, and require
principal investigators to plan new surveys and pas-
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sage tracks to and from survey areas to occupy un-
surveyed seafloor.

Key Issues — Digitizing Data

Rec.21: all available data should be digitized.

Key Issues — Getting Data into Data Centres

Rec.22: funding agencies should support an appro-
priate number of centrally funded posts to ensure
thar the widest possible use is made of expensive-to-
collect bathymetric data.

Key Issues — Accessing already collected but
‘unavailable’ data

Rec.23: major research institutions and funding
agencies should take steps to identify material that
has not yet been submitted to central archives
(NGDC (IHO DCDB)), and provide funds to en-

able these data to be rescued.

Rec.24: Antarctic Treaty countries should be en-
couraged to release and exchange data.

Rec.25: navies should declassify and release bathy-
metric data to the scientific communitry, and that at
the wvery least such data should be released in grid-
ded fashion within a 0.5 minute (900m) grid.

Rec.26: money should be found to facilitate the
digitising of Russian bathymetric data for wider re-
lease.

Rec.27: a more formal relationship is required be-
rween Hydrographic Offices and academic institu-
tions that collect bathymerry throughout the world,
so that notice 1s given to the Hydrographic Offices
when bathymetry s to be acquired, some level of
meta data are exchanged, and agreement is reached
on when and under what conditions data will be
made available.

Rec.28: academic institutions and Hydrographic
Offices should work together to address the needs for
original survey data and various types of gridded
data.

Rec.29: bathymertry should be integrated to ECDIS
for use with the ship’s primary navigation system in
offshore areas where navigation safety is not an
issue.

Rec.30: geophysical survey companies should be
approached (perhaps through joint industry groups
such as the Western Frontiers Association) to de-
termine their willingness to release bathymetric
data.

Rec.31: an international scientific discussion meet-

ing should be organised at which both industry and
academic representation would present their interests
and capabilities, with a view to forming a working

plan and identifying a potential group of sponsors.

Key Issues - Standards

Rec.32: standards of measurement should be set for
bathymerric data collected by research wvessels, and a
standard method should be used for computation of
bathymetric grids.

Key Issues — Education/Awareness

Rec.33: bathymetric maps should be made avail-
able as educational tools on the Web and through
media such as CD-ROM, as GEBCO is now
doing.

Rec.34: arncles should be written in popular science
magazines (New Scientist, Scientific American)
drawing the importance of mapping the surface of
our planet to the attention of the wider (voting)
public.

Priority Actions identified by WG 107

The Working Group identified 6 priority ac-
tions for the near future and made 34 recom-
mendations (listed above) as to how these prior-
ities could be met and other issues addressed.
Several recommendations relate to changes that
are required in the policies of national funding
agencies so as to facilitate the acquisition and
availability of bathymetric data. Bearing in
mind the constraints on funding, WG 107 de-
cided that gathering additional data by ships
equipped with swath bathymetry and side-scan
sonar systems, though crucially important espe-
cially in data gaps, would not be the first priori-
ty. It recommended that much could be done
by working more effectively and efficiently with
what had already been collected, so the initial
focus should be on getting more data into the
system. Against this background, the Working
Group concluded by recommending the follow-
ing priority actions:

Priority 1: Turn equipment on to generate
more data (all too often expensive echo-
sounding equipment is not turned on, thus
wasting the potential to acquire the data -
a penny wise/pound foolish approach to
scientific management).

Priority 2: Digitise the data that are
presently available, and send new data au-
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Thousands of nautical miles of echo-sounding data collected during specified five year periods
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Fig. 42. Distribution of digital echo-sounding data held at the IHO DCDB in Fune 2002 by country of

origin and year of collection

tomatically and in digital form to data
centres.

Priority 3: Begin serious investment in
data rescue (data archaeology).

Priority 4: Encourage cruises to fill the
substantial gaps that exist especially in the
South Pacific, South Atlantic, Indian,
Southern and Arctic Oceans, in the Arabi-
an Sea, in the back-arc basins between
China and Kamchatka, and in places in
the North Atlantic and the North Pacific
(e.g. between Hawaii and North America).

Priority 5: Use new technology (e.g. drifting
floats and autonomous marine vehicles) to
gather new data from large data gaps.

Priority 6: Investigate the possibility of ac-
quiring data from commercial ships by
voluntary means.

| [ e ey (e
1)iscussion

SCOR WG 107 has clearly emphasised the
need for improving the coverage of bathymetric

data whether by improving the management of
data already collected or by encouraging the
collection of new data particularly in data gaps.
The former is a combination both of develop-
ing, resourcing and implementing national poli-
cies to ensure the timely delivery of quality data
to the IHO DCDB and of rescuing data at risk.
In this context, it is interesting to analyse the
distribution of data currently held at the IHO
DCDB by date of collection and by country of
origin. The above table (fig.42) summarises the
volumes (expressed in terms of thousands of
nautical miles of track) of digital echo-sounding
data held in the GEODAS database by source
country and by year of collection.

A number of observations may be made from

this table:

a) the database contains very little pre-1960
data — it is presumed that much of the pre-
1960 data are to be found on the Ocean
Plotting Sheets;

b) the database is dominated by US data, re-
flecting not only the high activity of US ships
but also the effectiveness of US national
archiving at NGDC;

¢) only two non-US countries appear to routine-
ly submit their data to the IHO DCDB viz.
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Japan and the UK - the former reflects strong
bilateral arrangements between Japan and the
US; the latter is due primarily to the alloca-
tion of staff resources at SOC to ensure the
submission of UK bathymetry to NGDC;

d) there are commonly delays of the order of
five years or more before data are submitted.

Despite the successes at NGDC in assembling a
global database of digital echo-soundings, much
work remains to be done to maximise the sub-
mission of data and to ensure a routine flow of
data from all quarters of the globe. National
commitments are required to ensure the search-
ing out and delivery of data. In the pre-digital
era, Hydrographic Offices were responsible for
ensuring the input of national data to the Ocean
Plotting Sheets and the VHOs took responsibili-
ty for assembling and searching out data in
their respective geographic regions. Analogous
but updated networking mechanisms are now
required to support the activities of the THO
DCDB. In addition, resources need to be found
to rescue and digitise data that currently reside
in analogue form.

In the context of the above, it is interesting to
note the successes achieved by Dr Fisher in
searching out and assembling data for his com-
pilation of the bathymetry of the greater Indian
Ocean and by the IBCAO team in assembling
data for the Arctic Ocean. Fig.43 shows the
trackline distribution of echo-sounding data that
were used in the compilation of the 5® Edition
sheets in the area of Dr Fisher’s recent compila-
tion. Most of these sheets were printed in
1981/82 except for the area north of the Equator
which was printed in 1975, and the area north
of 40°S in the Atlantic which was published in
revised form in 1994. By comparison, fig.44
shows the trackline distribution of echo-sound-
ing data assembled by Dr Fisher in preparation
for his recent contribution to the GEBCO Digi-
tal Atlas and includes data collected up to 2002.
This shows more than a twofold increase in data
coverage over a period of two decades and re-
flects not only an increase in data collected but
also Dr Fisher’s painstaking efforts to seek out
data from both the scientific and hydrographic
communities. In soliciting data, Dr Fisher stipu-
lated that he would only use the data for com-
piling his contours and would not pass the data
to third parties. It is interesting to conjecture
what might have been the effect on data submis-
sion if this stipulation had not been made.

Similar successes in data assembly were achieved
by the IBCAO project where a pooling of echo-
sounding data was effected between the coastal

states bordering the Arctic Ocean (Canada, Den-
mark, Norway, Russia and the US) and includ-
ing the involvement of Iceland, Germany and
Sweden. The team has a close involvement with
the geoscience programmes active in the region,
including the US Scientific Ice Exercise
(SCICEX) project, and is able to attract sound-
ing data into its database within a year or so of
their collection. Availability of the IBCAO data
to the wider community is effected through the
release of a bathymetric data grid rather than
through the release of the source data.

The defence interests of several countries have
led to large areas of high quality bathymetric
survey being classified. Some of these areas
have since been declassified and made available
to GEBCO, but many more remain and could
provide extremely valuable additional data for
GEBCO. Thus, for example, the IBCAO pro-
ject and GEBCO have benefited greatly from
the release of bathymetric data collected by the
US Navy — and, to a lesser extent, by the
British Royal Navy — during patrols beneath the
permanent ice cover of the Arctic Ocean be-
tween 1957 and 1988.

In addition to the issue of data flow into the IHO
DCDB, there is also a problem with the rate at
which echo-sounding data are being collected
across the world’s oceans. Analysis of the data
held at Boulder by year of collection shows a
strong peak of around 800,000 nautical miles of
track bathymetry per annum collected in the
early 1970s compared with an average of
350,000 nautical miles per annum through the
1980s and into the early 1990s. To a large ex-
tent, the peak of 1971 reflects the widespread in-
terest in deep sea bathymetry following accept-
ance of the theory of plate tectonics. It also
reflects an era of block funding to oceanographic
institutions which permitted the operation of
ships worldwide without concern for the costs of
individual surveys. Unfortunately, in recent years,
it has become common practice on a number of
research vessels to turn off their echo-sounders
when not engaged in specific survey or science
activities (e.g. on transit), thereby missing a gold-
en opportunity to obtain valuable new data in
data gaps. This point is strongly addressed in the
SCOR WG 107 recommendations.

Unless major new initiatives such as the pro-
posed Global Ocean Mapping Project,
GOMaP,* come to fruition, it is likely for the
foreseeable future that the mapping of the deep
ocean will continue to rely to a large extent on
the data already collected over the past one
hundred years. In this context, the bathymetrist
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has to contend not only with the inhomoge-
neous and often sparse distribution of data but
also with the highly variable quality of the avail-
able data. (see e.g. *' for a review of this issue).

There are two aspects to this problem:

a) Errors introduced into the data by incorrect
processing. In addition to transcription errors,
navigation processing errors, or file corruption
problems, echo-sounding data are particularly
prone to errors made in converting travel time
to depth such as phase errors in taking read-
ings from analogue PDR records, uncertain-
ties about the nominal sound velocity used
(1463, 1500 or 1520 m/s) and uncertainties
about the application or otherwise of echo-
sounding corrections. The quality control pro-
cedures in force at the IHO DCDB are essen-
tially limited to blunder checking and
checking on the completeness of data la-
belling. The checks are capable of detecting
major corruptions in the data but fail to iden-
tify the more subtle errors that arise if the
data have not been systematically checked out
by the originating institution. This issue re-
quires serious consideration in any future net-
working activities set up to support the role of
the IHO DCDB.

b) Inaccuracies in the underlying techniques
used to collect the data. Methods for deter-
mining depth and particularly position have
evolved considerably in recent decades. (see
e.g. **). Prior to 1967, with the advent of
Transit Satellite positioning (with fixes typi-
cally every couple of hours), navigation tend-
ed to be controlled by celestial fixes. GPS
now provides more or less continuous fixing
with sub-metre accuracy but has only been
available since 1986. Errors of the order of
1-10 nautical miles or more are likely to be
apparent in earlier data. Although priority
can be given to modern data when compiling
bathymetry, such is the coverage of data that
for many areas of the world the bathymetrist
still has to rely on earlier data of inherently
lower accuracy.

As mentioned above, the two key problems that
confront the bathymetrist in compiling GEBCO
scale charts are the quality and coverage of the
source data — the former leads to uncertainty as
to how to deal with conflicting data, particularly
at crossovers, while the latter means that inter-
pretive skills are required to predict the bathy-
metry in the vast spaces between tracks.

Two technological advances have greatly eased
these problems over the past two decades; the
advent of the Global Positioning System (GPS)

and a number of highly successful satellite al-
timetry missions providing sea-surface gravity
fields with virtually global coverage. With tracks
navigated by GPS (and its forerunner satellite
navigation systems), the bathymetrist is deliv-
ered sounding depths with virtually no associat-
ed positional error and which can be used as
control data. The satellite gravity fields on the
other hand provide unique insights into the dis-
tribution of mass below the sea surface (which
is closely associated with bathymetry) — al-
though of limited application in sedimented
areas, they nevertheless provide key information
on trends and structures in sediment free areas.
They have also been used to good effect to pre-
dict the bathymetry in areas where the sounding
coverage is sparse™.

The updated sheets of the GEBCO Digital Atlas
(including revised sheet 5.12 but with the excep-
tion of parts of the Arctic) have all made use of
the gravity fields from satellite altimetry and have
also benefited from the availability of satellite
navigated soundings. However, the sheets in the
Pacific and parts of the North Atlantic are in ur-
gent need of updating. They were compiled in
the era before satellite altimetry and lack all
sounding data collected over the past 20 years
and more. Fig.45 shows the trackline distribution
of echo-sounding data used in the compilation of
the 5® Edition sheets in those areas of the Pacific
where the bathymetry has not been updated
since the sheets were published in 1979/82. The
great paucity of echo-sounding data in the South
Pacific is self-evident. The distribution of digital
data held at the IHO DCDB as of June 2002 for
the same area is given in fig.46 — this does not
include all of the data held on the IHO Ocean
Plotting Sheets and used in the compilation of
the 5" Edition. Although major gaps still remain,
an updated version of the bathymetry incorporat-
ing new data and information from satellite al-
timetry is urgently required. This represents a
major challenge for GEBCO in the years ahead.

Concluding Remarks

The past two decades have been a challenging
period for the SCDB and for GEBCO. The use
of digital techniques has played a key role in the
updating of the GEBCO contours, the creation
of a GEBCO grid and the management of echo-
sounding data. More importantly it has revolu-
tionised the use which can be made of GEBCO
and the methods by which bathymetry can be
compiled and processed. The SCDB has had
many stimulating discussions on the relative mer-
its of contouring and gridding data, on the role
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of automatic techniques in generating GEBCO’s
products and on the application of satellite al-
timetry to the prediction of bathymetry. These
discussions will continue well into GEBCO’s
second century as techniques are sought and de-
veloped in support of the goals of GEBCO.

In order to coincide with the centenary celebra-
tions of the GEBCO project, a Centenary Edi-
tion of the GDA is to be released in April 2003.
It will contain a full release of the GEBCO con-
tours, including the updates shown in fig.40
thereby providing completely new bathymetry
for the Arctic and Indian Oceans as well as sig-
nificant updates for areas of the North Atlantic,
the Weddell Sea and the area around New
Zealand. Just as importantly, the Centenary
Edition will also include the first release of the
GEBCO Bathymetric Grid, providing bathy-
metric data on a one minute global grid.

The Centenary Edition will be delivered as a set
of CD-ROMs and will be set in the environment
of a MicroSoft Windows based software interface
developed by BODC'’s software engineer, Ray
Cramer. The interface will enable the GEBCO
bathymetry to be viewed in a variety of forms
and projections and enable the user to select and
download contour vectors and gridded data for
use in their own applications. Fig. 36 provides an
example of the type of output that can be gener-
ated using the facilities of the software interface.

One important aspect of GEBCO, which is
continued in the Centenary Edition of the
GDA, is the inclusion of trackline information
highlighting the coverage of data used in its
compilation. This is intended to act as a con-
tinual reminder to users that the world’s
oceans have not been systematically surveyed
and that, for virtually all areas of the oceans,
the mapping is based on the interpretation of
random tracklines of data from a multitude of
sources and with highly variable data quality
and coverage. SCOR WG 107 has delivered a
clear message about the urgent need to im-
prove the coverage of bathymetric data in the
world’s oceans.

In presenting the 1* Edition of GEBCO to the
Paris Academy of Sciences in January 1904,
Professor Julien Thoulet remarked ".... Here
then is everything that is known today about the
relief of the ocean floor. For many years to
come, mariners, telegraphists, engineers,
oceanographers, and scientists will continue
their soundings, for now we must proceed to fill
in the details; no point of any sea on the globe
will escape our investigations ...."

Nearly one hundred years on, Professor Thoulet’s
remarks appear equally applicable on the release
of the Centenary Edition of the GDA. It is salu-
tary to note that, whereas in the meantime high
resolution topographic maps have been produced
for Mars, Venus and the far side of the Moon,
the mapping of the world’s oceans will continue
well into the foreseeable future. Moreover, it
seems likely that it will depend, as in the past, on
a small band of enthusiastic scientists across the
world who are prepared to volunteer and apply
their skills and energies to this challenging en-
deavour. It is the aim of GEBCO to encourage
and facilitate these efforts and to strive continual-
ly to ensure that GEBCO can deliver the best
available bathymetry of the world’s oceans, fol-
lowing in the footsteps of those enlightened indi-
viduals who initiated the project a century ago.
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