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Editorial 1

Almost forty-five years ago, the French explorer Jacques-Yves Cousteau
and the engineer Emile Gagnan invented the aqualung (Scuba), a
self-contained underwater breathing device, and opened up anew era in
the exploration of the ocean floor. Before the aqualung, divers were
weighed down by heavy, cumbersome equipment which severely limited
their underwater stamina and work capacity. With the aqualung vast
areas of the sea floor became accessible to human curiosity—to marine
biologists, to photographers, and to archaeologists.

Since that time underwater archaeology has made great strides. A
number of spectacular discoveries, excavations and rescue operations (a
selection of which are described in this issue) have captured the
imagination of a wide public. Meanwhile, away from the limelight, great
progress has been made in the development of underwater archaeology
as a discipline on a par with land archaeology. This is a science which
brings together not only professional and amateur archaeologists but
sports divers, geologists, architects, surveyors and marine historians, as
well as the geophysicists and electronic engineers who help to search the
seabed and pinpoint remains through the use of remote sensing
equipment. Underwater archaeologists are today adding to our
knowledge of the past in many ways. Ancient wrecks are “time-capsules”
which, when scientifically studied, can provide a microcosmic picture of
life in the civilizations which produced them. On alarger scale, the
collection, collation and interpretation of a growing mass of data
accumulated from individual wrecks and underwater sites which are often
notspectacular in themselves are throwing new light on ancient
technologies and patterns of trade, changing sealevels, ancient
settlements and migrations, helping us, in short, to understand human
use of the sea and lakes over several millennia.

This issue presents a selection of reports on the activities of underwater
archaeologists working in different world regions, in different marine
environments, on different types of site, using different methods, on
projects of different scales. The reports cover not only investigations of
marine shipwrecks, but of submerged inland sites, as well as harbours,
cities and even a vast landmass, now located underwater as a result of
various kinds of natural occurrences. Finally, two articles reflect
Unesco’s concern about the protection of archaeological sites and the
need for action to combat the looting of underwater sites and the growing
illegal traffic in archaeological treasures.

Cover: A ghostly ship looms out of the past in this side-scan sonar image
of the wreck of an early 19th-century Great Lakes sailing vessel with masts
still standing. Sound pulses reflected from 70 metres down show the ship,
which sank in 1813, in black, casting a white acoustic shadow that outlines
her masts.

Photo Gary Kozak © Canadian Center for Inland Waters, Klein Associates, Inc.

Back cover: A diver surveys a hull at a wreck-site off the coast of Gabon.
Photo Xavier Desmier © CEDRI, Paris
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tech, and plumb luck. The great majority of
finds have resulted from methods as simple
as talking to local sponge divers, or spend-
ing long hours in a small boat with a hand-
operated coring device.

Side-scan sonars and sub-bottom profil-
ers are acoustic devices that use sound
waves to produce a hard-copy, graphic re-
cord of the sea floor and underlying
sediments. Both instruments are portable
and utilize battery power. They can be
operated from small boats, thus making it
possible to mount search operations in diffi-
cult or remote locations.

In the side-scan sonar, a torpedo-shaped
“towfish” transmits pulses of high-frequen-
cy sound (50 to 500 kilohertz) out to both
sides. The pulses are transmitted in a nar-
row beam in the horizontal plane, giving
good resolution, and a broad beam in the
vertical plane, providing wide coverage.
Sound is returned to the sonar from the
texture of the sea floor and by reflections
from targets. The returns from successive
pulses are printed side by side on the paper
record, producing a very detailed view of
the sea floor, similar to an aerial photo-
graph. A side-scan can produce an image of
the sea floor more than 300 metres out on

b },th sides of the tow path.
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Side-scan sonar produces a detailed
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graphicimage of the surface of the sea floor.
Areas of rock, sand, mud, or other material
can be distinguished. If an archaeological
site leaves some visible trace on the sea
floor, itcan be found by side-scan sonar. If a
wreck is relatively intact, the sonar image
may be clear enough to allow identification
from the sonar record alone. In some cases,
indirect indications, such as a difference in
material type, may be enough to point to a
site location even if no portion of the wreck
itself is exposed. A side-scan sonar unit
cannot detect sites that are completely
buried beneath the sea floor. Extremely
rocky orirregular bottoms can make it hard
to interpret sonar returns.

The sub-bottom profiler utilizes low-fre-
quency sound (3.5 to 12 kilohertz) to pene-
trate bottom sediments. A pulse of sound is
directed vertically down into the bottom.
Ateachinterface between different types of
sediment layers some of the sound energy
continues on and some is reflected. As the
device is towed along, a cross-sectional view
of the sea floor is generated, showing the
different layers and the underlying bed-
rock. If there are buried hull remains, they
can show up as a localized reflection below
the bottom.

A sub-bottom profiler can be used to
locate sites that are completely buried.

Drawing shows 4 methods of geophysical
surveying under water. (1) The proton
magnetometer detects variations in the
earth’s magnetic field, which is distorted
by objects of a ferrous nature such as
cannon, iron shot or steel hulls. (2) Side-
scan sonar detects variations of projec-
tions above the sea-bed. A “fish” towed
behind the boat transmits a fan-shaped
beam of acoustic energy perpendicular to
its path, and rock outcrops, sandwaves,
wrecks and other projections are recorded
on a continuous graph (see front cover).
(3) The sub-bottom profiler is an acoustic
transmitter which sends out into the sea-
bed sound pulses which bounce back
from underlying strata or buried objects.
All 3 devices, when used simultaneously,
can detect objects lying on or below the
sea-bed and distinguish ferrous and non-
ferrous anomalies, thus helping
archaeologists to distinguish early timber
structures from later metal wrecks. (4)
Another system is the Remotely Operated
Vehicle (ROV). Equipped with low-light
videos and cameras, such highly man-
oeuvrable unmanned submersibles are
connected to a mother vessel by a cable
through which they receive electricity and
commands from their human pilot and
transmit pictures and data.

Drawing © Mark Redknap
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already performed television and photo-
graphic inspections of several sites. One-
atmosphere diving “suits” now commonly
used in the offshore oil industry provide the
archaeologist with direct access to sites at
ever-increasing depths, with no danger of
decompression sickness.

Improvements also continue to be made
in the ability to document sites rapidly and
accurately. New film and camera technolo-
gies make it easier to obtain high-quality
photographs for documentation.

A new mapping system is currently
undergoing field trials. It promises to great-

ly reduce. the time needed to make,

measurements. The system uses acoustic
signals to replace measuring tapes. The
diver holds a wand-like device wherever he
wants a measurement. When he pulls a
trigger, acoustic pulses travel out to receiv-
ers at carefully surveyed locations. The
travel time of the pulses is converted into a
distance measurement by a computer on the
surface, which then calculates the location
of the point in space. To achieve the neces-
sary accuracy of less than a centimetre, the
system must continually measure and adjust
for the speed of sound in the water. The
equipment is compact and portable. The
system is so fast and accurate that the diver
can sign his name on the computer screen
simply by holding down the trigger and
“writing” with the wand.

As computers become smaller, cheaper,
and more powerful, they are increasingly
being used in the field of underwater
archaeology. This is not to say that
archaeologists have not been using com-
puters. University mainframe computers
have been used for a number of years for
archaeological database management—
storing, sorting, analysing and displaying
information on artefacts and sites. The data
are brought in from the field on standard
reporting forms. Recently, however, more
and more archaeologists have been taking
either terminals or small computers into the
field so that data can be sent back to the
mainframe computer over telephone lines
on a daily basis.

With the advent of portable, battery-
powered microcomputers, field uses are
starting to go far beyond simple cataloguing
tasks. Underwater measurements can be
entered into the computer on site to be
converted into useful co-ordinates for im-
mediate plotting or display on a graphics
screen. This provides both on-the-spot
error checking and a tool for site planning.
The role of computers as an integral part of
archaeological fieldwork is one that should
show rapid development in the next few
years. ]

CHARLES MAZEL, of the USA, is an ocean
engineer who is technical director of the non-
profit Maritime Archaeological and Historical Re-
search Unit, based in Maine. He is presently a
consultant on ocean survey and electronics pro-
jects and is developing new equipment for under-
water photography. This article was first pub-
lished in Oceanus magazine (vol. 28, no. 1,
Spring 1985) published by the Woods Hole
Oceanographic Institution, Massachusetts.

Colour page oppoéite

A sunken ship is a “time capsule” of life at
sea, frozen at a moment in the past.

These 3 photos show a silver pocket watch
recovered by Australian archaeologists

from the remains of HMS Pandora, which °

foundered on Australia’s Great Barrier
Reef on 29 August 1791 with the loss of 35
men. Pandora had been sent to Tahiti in
1790 by the British Admiralty to capture
the mutineers who had seized HMS Bounty
the previous year and “bring them to con-
dign punishment”. She went down on her
return voyage to England with 14
mutineers manacled inside a deckhouse
cell.

The watch, thought to have belonged to
the ship’s surgeon because it had a

second hand useful for taking a patient’s
pulse, was brought up in a wet container.
An X-ray showed that most of its works
were still intact. 1t had stopped at 12 min-
utes and 20 seconds past 11. Pandora
sank at 6:30 A.M. and so the watch may
have been stopped by the shock of impact
when the ship hit the reef the night before
or by rising waters when she began to fill.
Remarkably preserved, the watch was
conserved and restored by Jon Carpenter,
conservator of the Pandora expedition,
and rebuilt nearly to working condition
(below right) by an antiquarian watch-
maker, Hugh Whitwell.

Photo © Patrick Baker/Western Australian Maritime Museum
Photo © Jon Carpenter/Westem Australian Maritime Museum
Photo © Jim Brandenburg, Minneapolis

Centre colour pages

Photos on this double page spread show
some of the processes and techniques of
underwater archaeology today, from sur-
veying and excavation to conservation.

1. Laying down the line. Before excava-
tions can take place, an accurate survey of
the site is made to record archaeological
material and the environmental situation.
Site planning before and during excava-
tion is usually done with the aid of a site
grid made using poles or line (see also
photo page 28).

2. Making measurements. Detailed site
plans often involve measuring the posi-
tion of objects by taking the distance at

. right angles to the main grid line. The diver

at right is carefully noting the distances.
3. By swimming along lines strung be-
tween two fixed points, divers can inspect
the sea-bed for archaeological material.
Intensive surveying and plotting with re-
covery of selected items for dating evi-
dence can identify new sites worthy of
further investigation.

4. Underwater vacuum cleaners called air-
lifts are commonly used to remove sedi-
ment from the site. They come in all sizes.
The equivalent of the wheelbarrow on
land, they should only be used to remove
sediment and not the evidence embedded
in it.

5. The rim of a pot gradually appears as
divers carefully remove the topmost layer
of sediment with a vacuum hose. The di-
ver's hand is the most sensitive working
tool of all.

6. Drawing underwater is done with an
ordinary pencil on a sheet of underwater
drawing film. Meticulous records need to
be made of archaeological sites under wa-
ter just as on land, since all archaeology is

destructive. Once the excavation is com-
plete the only record is that produced on
paper and film.

7. Stereophotogrammetry (making plans
by computer from stereophotographs)
may be used to produce a 3-dimensional
record of parts of a site or even of com-
plete hulls. )
8. Underwater archaeologists are not sole-
ly concerned with shipwrecks. They also
explore sites once occupied by prehistoric
man in inland waters or submerged on the
continental shelf. Here, divers record data
and prepare to recover a mastodon tusk
from a North Florida river.

9. Archaeologists and divers working at
great depths face the danger of decom-
pression sickness, commonly known as
“the bends”, which can kill or paralyse.
Photo shows a submersible decompress-
ion chamber (SDC) used at Yassi Ada (Tur-
key) inthe late 1960s by George Bass and a
team from the University of Pennsylvania.
By allowing four- divers at a time to de-
compress, the SDC permitted longer daily
dives.

10. Adiver uses a pneumatic saw to cut off
a piece of the hull of a wreck off Gabon for
study ashore.

11. Air-filled bags are used for raising
heavy objects to the surface.

12. Deep water sites are now becoming
accessible thanks to technological de-
velopments in the field of off-shore en-
gineering. Here, a diver clad in a revolu-
tionary “wearable” submarine. Such
equipment circumvents decompression
problems.

13. The Bremen Cog. Reassembly of this
medieval ship from about 2,000 pieces of
waterlogged timber took 7 years.

14. Inside the hull of the Sohar, a full-size
replica of a medieval Arab ship (see photo
story page 23). The workmen are using
mops dipped in vegetable oil to preserve
the coir (rope made of hand-twisted coco-
nut fibres) used to lash the ship’s timbers
together.

1. Photo © M. Little; 2. Photo ©) Charles Hood; 3. Photo © Jon
Adams; 4. Photo © Nils Aukan, Stavanger, Norway. 5. Photo Bill
Curtsinger © 1987 National Geographic Society/Photo Resear-
chers; 6. Photo Xavier Desmier € CEDRI, Paris; 7. Photo Claude
Rives © MARINA-CEDRI, Paris; 8. Photo © James Dunbar,
Florida Bureau of Archeology; 9. Photo Flip Schulke © Rapho,
Paris; 10. Photo Xavier Desmier © MARINA-CEDRI, Paris; 11.
Photo © M. Little; 12. Photo Emory Kristof © 1983 National
Geographic Society, Washington, D.C.; 13. Photo © Deutsches
Schiffahitsmuseum, Bremerhaven, Fed. Rep. of Germany; 14.
Photo Bruce Foster © Tim Severin-Sindbad Voyage
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Apollonia,

a model port of Antiquity

ECENT discoveries made in the
R submerged ancient harbour of

Apollonia (see colour page 22) by
the French Archaeological Mission to the
Libyan Arab Jamahiriya were featured in
an exhibition held at Unesco’s Paris head-
quarters from 3 to 15 June 1987. The exhibi-
tion, produced by Unesco’s Division of
Cultural Heritage, also highlighted the re-
sults of major projects for the study, safe-
guard and presentation of the Libyan Cultu-
ral Heritage carried out as a result of co-
operation between Unesco, the Depart-
ment of Antiquities of the Libyan Arab
Jamahiriya, and the Archaeology Depart-
ment of the University of Manchester
(UK).

Located on the northeast Libyan coast,
Apollonia has been described as “a text-
book example of an ancient harbour.” It
was the port, and originally a dependency,
of the greatinland city of Cyrene, which was
founded around 631 BC. In the first century
BC, it became a city in its own right. Today
the ancient harbour installations are sub-
merged because of subsidence that has
occurred all along this part of the Libyan
coastline.

The harbour was formed of two linked
sandstone islets joined to the shore by natu-
ral breakwaters. Today these islets are 300
metres offshore. An extraordinary range of
buildings and other structures has been dis-
covered, including the best preserved set of
slipways in the Mediterranean, a well-pre-

served piscina or fish tank, and the remains
of warehouses including grain-storage silos
cut into the rock.

The French Mission, directed by Profes-
sor André Laronde and working in co-op-
eration with the Archaeological Service of
the city of Arles, has carried out a systema-
tic survey of submerged structures and
wrecks and other material recently located
in the eastern dock. The wreck of a mer-
chant ship, originally about 25 metres long,
has been discovered. Apart from its
wooden structure, the wreck has also
yielded ship’s tackle and the remains of a
cargo have been found nearby.

Another wreck contained terra-cotta
bowls with ornamentation in relief, known
as “Megarian” ware, which come from the
coast of Asia Minor, together with Rhodian
amphoras for transporting wine. The
stamps on the handles make it possible to
date this material and consequently the
whole cargo to about 180 BC. Underwater
exploration has also produced an abund-
ance of undecorated ceramic ware, most of
it locally made, which gives an idea of the
accessories of everyday living. A bronze
candelabrum head from the beginning of
the Roman period bears witness to trade
with southern Italy in the first century BC,
while a gold coin (solidus) from Constanti-
nople shows that trading relations were still
being maintained at the time the Arabs
arrived in Libya. |
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