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A Letter from the President

Dear Members,

We have closed out 1991 with another full year of projects. Some of them, such as a trip to Syria and the use of new sonar
and diving equipment in surveys in Turkey. will be reported in later issues.

We have been pleased to welcome this year a new faculty member, Dr. Frederick Hocker, a ship specialist, who has assumed
responsibility for the Ship Reconstruction Laboratory.

To paraphrase an old saying, the water's the limit-we can move as far as our human and financial resources allow. All of us
appreciate the generous support you have given INA that has made so much of our work possible. At this time, I urge all of you
who have not yet taken the opportunity to do so, to respond to our campaign for endowment under the NEH Challenge Grant.

In addition to assistance from our Directors, we acknowledge the following for their support:

These endowments, given to Texas A&M,
further the goals of INA
The George T. and Gladys H. Abell
Professorship

The Frederick: R. Mayer Professorship
The Meadows Foundation Professorship
The Sarah W. and George O. Yamini
Professorship

The INA Faculty Fellowship
The Nautical Archaeology Faculty Fellowship
The Frederick R. Mayer Faculty Fellowship
The Mr. and Mrs. J. Brown Cook Graduate
Fellowship

The Mr. and Mrs. Ray H. Siegfried II
Graduate Fellowship

Supporting Entities
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American Way Magazine
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Support Center, Smithsonian Institution
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Cressi-sub, Italy (CP)
English Speaking Union
General Electric
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INA Films
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Patrons
Mr. Edward Boshell, Jr.
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Mr. and Mrs. Sanford
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The Late Bronze Age Shipwreck at Diu Burun,
1991 Field Season: "Ingot Summer"

by Cernal Pulak

Since 1984, the Institute of Nautical Archaeology has
been excavating a Late Bronze Age shipwreck at Ulu
Burun near Kas in southern Turkey. The ship had sunk
close to cliffs that line the shore and had come to rest on
a steep slope underwater, with the bow pointing downward
and the stem at the slope's higher end. Excavation has
revealed an extremely rich and varied cargo spread over
the site.

Raw materials make up most of the cargo, but manufac-
tured goods also form part of the consignment. Ingredients
for bronze-nearly 10 tons of copper ingots, most cast in a
four-handled oxhide shape, and about half a ton of tin
ingots cast in similar oxhide shapes--make the cargo the
single largest assemblage of copper and tin ingots from the
Late Bronze Age. Other notable raw materials from the
ship include glass ingots; logs of African ebony, and of
spruce or larch; hippopotamus teeth, and a section of an
elephant tusk; ostrich eggshells; murex shell opercula;
pomegranates, and other fruits and spices, some of which
probably represent provisions for the voyage; and more
than a ton of terebinth resin. The manufactured cargo
includes fine Cypriot export wares packed for safety in
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large storage jars, or pithoi; faience drinking cups, or
rhyta, shaped like rams' heads; glass and faience beads;
and sea-shell rings. Some seals (Kassite, Assyrian, Syrian,
and Mycenaean), a boxwood diptych, bronze weapons,
some pottery, jewelry of Canaanite and Egyptian designs,
and pan-balance weights, on the other hand, were almost
certainly personal effects of those on board; while cooking
wares, a stone mortar, grinding trays, bronze tools, and
fishing implements represent items for shipboard use.

Between June 1 and September 21, 1991, INA complet-
ed its eighth excavation season at Ulu Burun. During the
campaign 2,872 dives were made, totaling some 932 hours
on the wreck. This brings the number of dives on the site
to 15,414, for a total of 4,948 hours of excavation time.
No other wreck has taken us so many years to excavate.
The full excavation of the less complex 7th-century
Byzantine shipwreck at Yassiada, for example, required
1,244 working hours in 3,533 dives.

We learned in 1991 that the site is larger and archaeo-
logically far richer than previously realized. After raising
102 copper oxhide ingots we discovered that the total
number of ingots carried by the ship is close to 350, far
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many more than our earlier estimate of about 200 ingots.
Moreover, it was not clear until the recent campaign if the
seemingly small row of ingots lying at the deeper end of
the site formed a true row, or had simply slid down from
the rows of ingots directly above. Excavation now has
revealed the presence of a short but distinct fourth row of
ingots in the area. Without doubt, this information will be
important in the ultimate reconstruction of the ship's size
and shape.
Of the four ingot rows, the stern-most (and therefore the

row highest on the slope) was excavated first, with a total
of 68 ingots raised by the end of the 1985 campaign. It was
based on this figure that we grossly underestimated the
number of ingots carried on the ship. We now know that
the second row, excavated this season, contained 90 ingots,
with a 91st removed during the initial site survey in 1983.
The third row, only partially excavated, probably will hold
as many.
The complete excavation of a nearly undisturbed row of

ingots has allowed us to understand better their stacking. It
appears that each of the four rows reached from one side
of the hull to the other and comprised layers of ingots that
overlapped one another like roof shingles, with the direc-
tion of overlap alternating from layer to layer, apparently
to prevent slippage during transit. The stacking is surpris-
ingly consistent; the direction of overlap alternates in
keeping with the chosen pattern in all but one place.
Whether this irregularity in the sixth layer represents a
simple mistake on the loaders' part or an intentional change
that indicates some other consideration has not been deter-
mined.
Eight layers (each averaging 12 ingots) formed the

excavated second row, and under the bottom layer a
bedding of thorny burnet (Sarcopoterium spinosum, a
common Mediterranean shrub) protected hull timbers from
the cargo of metal. Additionally, except where displaced
after wrecking, all the ingots were found with their "mold
side" down. It is not clear why such deliberate care was
taken in the initial lading of these ingots but there are many
possible reasons. Such an arrangement provides a better

Figure 1. (Opposite page) Divers take elevation measure-
ments for an ingot before it is raised. The ingots were
stacked inside the ship in a consistent, and still Visible,
overlapping pattern.

Figure 2. (Righi) A collared axe (KW 3176), possibly for
ceremonial use, is of a type found at Ugarit in Syria (13
em long).

grip between metal pieces by assuring that no two smooth,
or mold, sides face each other; allows for the viewing of
ingot marks, which almost always appear on the side
opposite to the mold side; and facilitates handling by
providing a natural purchase, formed by the ingots' beveled
edges.
Recent excavation has confirmed our belief that the

ship's forward half had lodged inside a large gully at the
lower end of the site and that the ship eventually came to
rest on the sea floor with a 15-degree list to starboard. Due
to this list, most of the objects stored in the after half of
the ship moved to the right as well as down the slope. In
the forward areas, however, most of the ingots were kept
from spilling to starboard by tbe steep bedrock sides of the
gully; only some downward spillage occurred there.
During the excavation of copper ingots from the bow

area, elevation measurements were taken (along with
coordinate measurements to all corners of each ingot) to
produce sectional views of the ingot piles (fig. 1). Because
there was less shifting of heavy cargo in the forward area
it is hoped that these measurements will help us reproduce
the profile of the ship's now lost hold.
Many fragile artifacts had become wedged between

ingots and covered with heavy concretion; these could be
removed only after many hours of delicate chiseling. Our
efforts were rewarded, however, by the discovery of an
adze and a collared axe (fig. 2), both of types new to the
site. A scrap bracelet of silver and a bronze dagger (fig.
3), also found between ingots, resemble examples discov-
ered during previous seasons. Both the dagger and the
collared axe are of Syro-Palestinian types, with good
parallels found at Ugarit in Syria.
Although found loose, a section of an ivory hinge

similar in its basic design to that on the wooden diptych
found in 1986--the first known from the Bronze Age--
almost certainly came from the undersurface of a copper
ingot that was freed for raising. Whether the new hinge
reveals the presence of a second writing tablet on the Ulu
Burun ship or is merely a box hinge can not be ascertained
until its remaining pieces are recovered.

Photo: S. Mack & v. Stewart
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Hundreds of glass beads that had become trapped among
the rows of copper ingots were embedded in heavy concre-
tion that had formed between the slabs of metal. Most were
so poorly preserved that their presence was revealed only
by spherical cavities in the concretion, while others disinte-
grated upon exposure to seawater (fig. 4).
The area of the site directly underneath the second row

of ingots, although not excavated fully, proved to be
extremely rich in artifacts. This section forms a natural
catchment for objects that had rolled or fallen down the
steep slope. Many bronze caldron parts uncovered here
complement the array of similar pieces found during the
1990 campaign. Also recovered here were six hematite and
bronze pan-balance weights, faience beads, glass Mycen-
aean relief beads or pendants, an ivory scepter complete
with its decorated disc-shaped finial (fig. 5), pieces of
ostrich eggshell, a fragment that may be a section of ebony
furniture, pilgrim flasks, stirrup-jar fragments, and a
collection of Cypriot export wares that includes at least five
White Shaved juglets.

INA Newsletter, Vol. 18, No.4

PbotoI (above and nlht): S. Mark & V. Stewart

Figure 3. (Above) This bronze dagger
is shaped much like one found in 1987
with a hilt inlay of ivory and ebony. It
is of a type found along the Syro-
Palestinian coast (KW 3280; 39.3
em).

Figure 4. (Left) Glass beads came to
rest in the crevices between oxhide in-
gots. As the bronze reacted with
seawater, concretions formed and
embedded the beads. Many of the
beads are so poorly preserved they
disintegrate when exposed to seawa-
ter. Approximately twice actual size.

Figure 5. (Right) Incised lines deco-
rate the finial of this ivory scepter
(KW 3215; 27.7 em).

In order to prevent damage to the fragile hull remains,
the protective concretion of sand, shell, and copper corro-
sion products overlying this area will be left undisturbed
until most or all copper ingots have been removed. It is al-
most certain that some of the more exciting discoveries of
1992 will be made here.
Many disc-shaped glass ingots, most a deep cobalt blue,

had been recovered in earlier seasons from the shallow end
of the wreck, which we believe to have been the aft section
of the ship's hold. In 1991 some 30 glass ingots in various
states of preservation were found in a group just downslope
of the deepest row of copper ingots (fig. 6). It is certainly
possible that glass was also stored in the forward part of
the hold; but, because these ingots appeared somewhat
scattered and because several had broken upon impact, it
seems more likely that they had rolled down the slope,
perhaps kept together inside a basket. Several ingots in this
group are only half as thick as the others and are turquoise
in color rather than the usual cobalt blue. Samples from
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these ingots, perhaps tinted with copper, will be analyzed
to determine the coloring material used.

A small catchment area to the northeast of the boulder-
like rock outcrop located in the center of the site continued
to yield diverse artifacts. The assemblage suggests that
most objects found here slid from areas higher up on the
slope. Among them were faience, glass, and agate beads;
three bronze bowls nested one inside the other; a bronze
netting needle and several lead fish-net sinkers; a fragment
of an ornate ivory disc, and a section of what may be a
scepter or spindle; fragments of Canaanite and Cypriot
pottery; and crescentic pendants of lead. Of the eight pan-
balance weights found in this area, two are shaped like
lions (fig. 7). This brings the number of zoomorphic
weights found on the site to 14. Raw materials from the
area include hippopotamus teeth (12 found so far); frag-
ments of ostrich eggshell; quadrants of oxhide-shaped tin
ingots; fossilized shell; and more glass ingots.

Farther downslope, beyond the last row of ingots and in
the area that we believe to have corresponded roughly to
the ship's bow, several concreted stone weight-anchors
were chiseled free for raising. Altogether, six anchors were
removed from this general area, with an additional one
raised from the row of anchors higher up on the slope in
the probable area of the maststep (fig. 8). Excavation

between and under the six anchors from the bow area
yielded several small artifacts, including a bronze spear-
head (fig. 9). Just two meters farther down the slope we
discovered the only major tool missing from the ship's
locker: a bronze saw (fig. 10).

At the deepest end of the site, at about 55 meters, we
encountered wreck spillage of ballast stones, two Canaanite
amphoras of a type found previously on the wreck and
known to have contained olives, and two pithos bases. The
bases indicate that the ship carried at least nine of these
large storage jars (in three sizes). Two White Shaved jug-
lets and fragments of other Cypriot pottery found near one
base suggest that it had held Cypriot export wares, as had
two other pithoi found in past years. It is suspected that
spillage from the wreck continues into deeper areas since
missing body sherds for the two recently discovered bases
have not been found.

A medium-sized ledge to the south of the large outcrop
had yielded a variety of artifacts during earlier campaigns.
These seem to have slid from higher areas on the slope. In
1991 we began excavating a somewhat wider ledge farther
down the slope. Here, we found fragments of several
amphoras (including an intrusive one) and a large pilgrim
flask, as well as a White Shaved juglet, caldron straps,
several bun ingots, and half an oxhide ingot of tin. It
appears that most of these objects had rolled over the
boulder and had broken on the rock ledge, rather than
sliding down the slope through the gully.

Excavation on the southeastern side of the site focused
on an area that had yielded surface finds of Cypriot
pottery, most of which appeared to have been lying under
a pithos raised earlier. The new finds include nearly three
dozen agate beads, some fluted faience beads, a small
hippopotamus tooth with its enamel removed to facilitate
carving or cutting, two sea-shell rings, a bronze arrow-
head, and more Cypriot pottery, most of it broken from
having rolled down the steep rocky slope. Many more
agate beads, a lump of molten gold, and a cut section of a
gold ingot-ring of the type found in 1990 came from a
pocket just upslope of this deposit.

A few meters downslope lay another pithos, the only
intact one remaining on the site (fig. 11). The sediment
inside, decanted and collected in large sacks, revealed sur-
prisingly few organic remains, and only one small sherd,
possibly from a White Shaved juglet. Until further investi-

Figure 6. A diver chisels free an ingot from a row in the
ship's bow area. Some 30 glass ingots embedded in
concretion here (a few are visible in the foreground) may
have rolled down from the ship's after half where most of
the glass ingots were originally stored.
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Photo: S. Mark & V. Stewart

gation in 1992 of the distribution of Cypriot pottery in this
general area, we will not know if tbis pithos also originally
contained Cypriot wares.
A well preserved piece of a tortoise shell was recovered

from sediment inside the same pithos. This fragment and
dozens of others found on the site represent shells from at
least five individuals. That the tortoises (Testudo cf.
graeca) were not taken aboard live, and that their shells
were modified to be used as sounding boxes for lutes, is
demonstrated beyond reasonable doubt by our most recent
discovery, which shows clearly the cut separating the upper
shell (carapace) from the lower (plastron). A skin would
have been tightly stretched and secured across the upper
shell to make a lyre. To date, no pieces from a lower shell
have been found.
The scattered sherds of yet another pithos, found at a

depth of 57 meters, were mapped, chiseled free, and
moved to a shallower area for raising at a later date.
Investigation of the immediate area failed to produce
Cypriot pottery, but we did find a wall-bracket about a
meter farther down the slope. Again, until this area is
completely excavated, we will not know if the pithos once
held Cypriot pottery.
For students of early seafaring, the hull and anchors will

be the most important artifacts from the site. Until now, we
have not known how shipwrights constructed seagoing
vessels during the Late Bronze Age. Preliminary exami-
nation of our hull remains reveals that this seagoing vessel
was constructed in a technique similar to that of later
Greco-Roman ships; that is, in the shell-first mode of

Figure 7. The Ulu Burun zoomorphic weights form what moy be
the most complete set of such objects from the Bronze Age. At left,
one of two recently discovered weights shaped like lions (KW
3292; 8.4 em long).

,
construction where the ship's planks were edge joined with
mortise-and-tenon joints held fast with wooden pegs, a
joining method much like that of the Kyrenia ship built a
millennium later. Based on preliminary examination of
cargo disposition, we estimate the Ulu Burun ship to have
been about 15 meters long and to have carried at least 15
tons of cargo. This figure does not take into account the
weight of the ship's anchors, ballast, and any cargo that
has perished.
Until now, no Bronze Age stone anchor has been found

in association with a ship, although many have been
discovered in isolation. The 24 stone weight-anchors lying
in rows across the U1u Burun ship are similar to those
frequently found built into walls of temples, perhaps as
votive offerings, at Kition on Cyprus, and at Ugarit and
Byblos.
The earliest date for the wreck is given by a gold scarab

of Queen Nefertiti (found at the site in 1986), while the
latest is suggested mainly by the preliminary examination
of Mycenaean pottery on board. Taken as a whole, and
depending on the chronology used, it appears that the Ulu
Burun ship came to grief sometime during the latter part of
the 14th century or perhaps early in the 13th century BC.
We have no additional information that will allow for a
refinement of this date, but a more precise date, at least for
the felling of the trees used in constructing the vessel rather
than for the demise of the ship itself, might be possible
when the wooden hull remains are excavated and submitted
for dendrochronological sequencing.
The vast distances over which goods were transported in

the Late Bronze Age, however, is remarkably demonstrated
by the diverse origins of goods found at Ulu Burun. The
composition of the cargo suggests that the ship had sailed
from a Canaanite port on this particular east-west voyage
before its demise at Ulu Burun, but its home port and the
nationality of its crew remain unknown, although the
presence of a Mycenaean aboard is suggested by some of
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the personal effects.
While only representative artifacts from the site have

been submitted for various analytical tests, the results so
far only affirm our earlier contention that the Ulu Burun
wreck holds great potential for provenance studies of raw
materials and chronological sequencing of Canaanite,
Cypriot, and Mycenaean pottery. Eighteen oxhide ingots
and one plano-convex or "bun" ingot from the wreck have
been subjected to atomic absorption analysis by Robert
Maddin of Harvard University. The results suggest that the
Ulu Burun ingots probably did not derive from Cypriot
ores as we know them to exist today. More recent lead-
isotope analysis by Noel Gale at Oxford University, of four
oxhide, five bun, and one slab ingot from Ulu Burun, on
the other hand, suggests that all but two in bun form app-

Photo: S. M.rk

Figure 8. (Above) Seven of the 24 stone weight-anchors on
the ship were raised during the 1991 field season. At left
above, KW 3334 (max. length 85 em); at right, KW 3335
(max. length 95 em).

Figure 9. (Below, left) Bronze spearhead KW 3158 is one
of nearly two dozen spearheads of various types found on
the wreck (23.9 em long).

ear to be of Cypriot ores. Although definitive conclusions
about the source of most Ulu Burun ingots must await
further analysis of material from the wreck, it does appear
that at least those in oxhide form originated in Cyprus.
Several Ulu Burun tin ingots are also being tested for lead-

Figure 10. Bronze saw
KW 3172, along with
other 1001s from the
wreck, probably came
from a carpenter's chest
carried aboard the ship
(48 em long).Photo: S. Mark & V. Stewart
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isotope ratios by Ashhan Yener of the Smithsonian Institu-
tion Conservation Analytical Laboratory. Results are pend-
ing, but her analysis of a lead fish-net sinker and a tin-alloy
pilgrim flask from Ulu Burun suggests that their lead came
from the Taurus Mountains of Turkey, while the lead of
three other fish-net sinkers probably came from the Laurion
district of Greece.

We anticipate completing the excavation of the Ulu
Burun shipwreck in 1992, although experience tells us that
unexpected finds may well demand a brief 1993 campaign.
Part of the next season will be devoted to uncovering,
mapping, and raising surviving hull remains. Previous

Figure 11. A diver collects sediment from pithos KW 255
for analysis. The pithos contained few organic remains, a
tortoise-shell fragment, and one pottery sherd.

Photo: D. Frey
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projects have shown us that some of the smaller, and
usually the more significant, objects find their way down
to the layers below the ship's hull, all of which suggests
that many pleasant surprises await us next summer.
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members, but errors, both of fact and of judgement,
remain mine. Shorter versions of this report were read at
the 93rd Annual Meeting of the Archaeological Institute
of America held in Chicago on 27-30 December 1991 and
at the Conference on Underwater Archaeology held in
Kingston, Jamaica, in January 1992.

{
'j

10



Organic Goods from the Ulu Burun Wreck

by Cheryl Haldane

1
\

Documents from the Late Bronze Age eastern Mediterranean world show that
its extensive trading networks relied heavily upon the exchange of organic goods.
Merchant accounts from Ugarit, royal letters from Amarna and A1ashiya, palace
records on Linear B tablets, and paintings and inscriptions in Egyptian tombs all
reflect an appreciation of the value of spices, perfumes, rare woods, and other
organic materials. INA's excavation of the wreck at Ulu Burun has shown that the
ship carried a tremendously varied cargo of these luxury goods from the Late
Bronze Age.
From the excavation's first season, it has been clear that plant products were an

important part of the Ulu Burun cargo. Early finds of large and small lumps of
aromatic resin were soon followed by the recovery of spices, fruit seeds, nuts,
grains, and weed seeds. Analysis of the resin showed it to be terebinth resin from
Pistacia terebinthus , the terebinth tree. Amphoras used to ship more than a ton of
the resin also held terebinth nutlets and leaves. The resin was used for incense and
embalming, as perfume, and as a protective coating for Egyptian tomb paintings.
I spent the summer of 1991 in the new conservation laboratory at the Bodrum

Museum of Underwater Archaeology sorting and analyzing archaeobotanical
samples from the past six years of excavation. The samples often include insects,
textile fibers, and dyed crimson, blue, and purple hairs as well as plant remains.
Samples evaluated this year included several types of skin fragments, probably

from figs, olives, and pomegranates, that will need additional study. Almonds,
acorns, pine nuts, and wild pistachio nuts; olives and olive stones; pomegranate
seeds, fig seeds and other fig fragments, a very few grape seeds; coriander, nigella
(black cumin), and sumac seeds; charred barley in the husk and wheat seeds; rachis
and chaff fragments from a large grass; several species of small grass seeds, and
seeds from about 20 weed species were recorded.
In addition to the above plant remains, archaeobotanical materials from Ulu

Burun include fragments of wood from at least six species; bits of rope, basketry,
and matting; well preserved leaves from several kinds of oaks, pistachio trees, and
conifers; and thousands of pieces of thorny burnet (used as dunnage in the bottom
of the hull). Many fragments of charcoal also were found, and it is possible to
identify at least eight different trees or shrubs as their sources.

One of the most exciting discoveries was that of an unusual form of resin, very
different from the predominant golden-brown terebinth resin that filled amphoras.
One small vial of white, highly aromatic resin that I believe may be myrrh was
recovered; it will be analyzed chemically.
In addition to sorting this material, I recorded each sample's location on the

wreck. By compiling the horizontal and vertical stratigraphy of plant samples, I
plan to evaluate ship wreck processes, to look at questions of cargo storage and
dunnage composition, and will attempt to quantify the cargo.
The next stage of the archaeobotanical research will be to make secure identifi-

cations of as many species and fragments of leaves and charcoal as possible and to
coordinate this information with that gained from spatial analyses of plant
distribution both in the eastern Mediterranean and on the shipwreck. Archaeologi-
cal and documentary evidence of trade in these plant products also will be re-
viewed.
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Two views of a grape seed (Vitis vini-
fera). 108 X actual size,fr0m Ulu Burun.

. '.
Caper seed (Capparis spinosum), 120 X
actual size.

Safflower seed (Carthamus linatus), 60 X
actual size.

Drawings: C. Haldane

My work this summer was sup-
ported by the Archaeological
Institute of America's Harriet
Pomerance Fellowship in Aegean
Bronze Age Archaeology
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Horsepower on the Water:
The Burlington Bay
Horse Ferry Project
by Kevin Crisman

Perspective view (below) of the horse ferry wreck on the
bottom of Lake Champlain. Theforward portion of the deck
was missing (it was probably separated from the hull when
the vessel struck the bottom), and most wood surfaces were
eroded. The hull and horse mechanism were otherwise in
excellent condition.

Dfllwing: K. Crisman

The first half of the 19th century has been termed the
"Golden Age" of waterborne transportation in North
America. This was an era of outstanding advances in naval
architecture and marine propulsion, a time when sidewheel
steamboats and canal boats opened the interior of the
continent, packet ships shortened the sailing time between
the United States and Europe, and majestic clipper ships
carried gold-seekers to the shores of California. The early
19th century also witnessed the adoption and widespread
use of a singular (and now little-known) type of lake and
river craft--the horse-powered ferry or team boat.

Horse-powered ferryboats might have been accorded
more coverage in history books if their arrival on the North
American scene had not been preceded by the steamboat.
The development of commercially viable steamboats and
horse-powered boats began in the late 18th century, but it
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was Robert Fulton's North River Steamboat of Clermont
that introduced Americans to reliable paddle-powered
navigation in 1807. The first successful horse ferry made
its debut seven years later, when a six-horsed vessel began
regular service on the East River between Manhattan and
Brooklyn, New York.

This boat and scores that followed her occupied an
important niche in the American transportation system.
Whereas steamboats were chiefly employed as long-
distance conveyors up and down the lengths of rivers,
lakes, and bays, horse boats performed the traditional
ferryboat task of carrying people and goods across narrow
bodies of water. Horse ferries were limited to short- and
medium-distance crossings due to the limited endurance of
their equine crews. Nevertheless, paddle wheel propulsion
allowed them to make dependable, scheduled trips regard-
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Map of Lake Champlain (left) showing the location of
known horse ferry crossings between 1820 and about
1860. Note that crossings were made at the narrower
northern and southern ends of the lake; the central
portion was too broad and too dangerous for horse-
powered boats.

Reconstructed brown-glazed earthenware teapot (right)
found during excavations in the ferry's bow. This was
one of the only crew-related artifacts found on the
wreck; most other finds related to the horses, horse
mechanism, or the hull.

less of wind and currents, an obvious advantage over
earlier sailing ferries.

Relatively inexpensive mechanisms and low fuel costs
permitted horse ferries to operate economically on cross-
ings that would have been unprofitable for early steamers.
Team boats gradually passed from the scene after the Civil
War (the result of lighter, cheaper marine engines, the
construction of bridges, and the rise of railroads), but a
few would remain in service until the early decades of the
20th century.

Horse-powered mechanisms evolved rapidly in the first
four decades of the 19th century. The earliest versions
worked on the same principle as a ship's capstan, with the
horses walking in a narrow circle and rotating a centrally-
located system of gears and power shafts. The capstan-style
mechanism had two disadvantages: the walkway for the
horses occupied a large amount of deck space (displacing
profitable cargo), and the action of walking in a tight circle
all day was harmful to horses.

The problems of the capstan mechanism were resolved
by the introduction of the turntable in 1819. This consisted
of a large, revolving circular platform placed beneath the
deck of a ferry; openings cut into the deck allowed horses
to walk in place upon the turntable and rotate it, thereby
powering the paddle wheels. The third and final mechanism
to be widely used was the compact and inexpensive
treadmill or "horse power." Treadmills were developed in
the 1830s, came into widespread use in the 1840s, and
were installed on most, if not all, horse ferries built after
this time.

Most horse ferries were small, inexpensive, workaday
boats, owned and operated by local entrepreneurs of
limited means; it is therefore not surprising that they left
only a scattered and incomplete record of their construction
and appearance. This is especially true for the earlier
capstan and turntable models.

A side-scan sonar survey of Burlington Bay, Lake

Drawlng: R. BaIT08

Champlain, in 1983 revealed the remains of a small,
wooden-hulled sidewheel boat under 50 feet of water.
During subsequent inspections by divers the wreck was
identified as a turntable-powered horse ferry, the first of its
kind ever discovered. Lake Champlain, a narrow, l20-mile
long freshwater body between Vermont and New York was
a good locale for the operation of team boats; between the
late 1820s and the early 1860s an estimated 10 to 12 of
these craft ferried people, horse-drawn vehicles, livestock,
and assorted cargoes across the lake.

The ferry found in Burlington Bay lay upright on the
lake bottom, with a slight list to starboard. The hull
measured 62 feet, 9-3/4 inches in length and 15 feet, 3
inches in breadth; the broad deck fastened atop the hull was
23 feet, 2 inches wide. Damage to the vessel was minor:
the forward one-third of the deck was missing, the soft-
wood blades (or "buckets") of the paddle wheels had
disintegrated, and all exposed wood surfaces were slightly
eroded. The ferry's turntable, axles, gears, and other
machinery components were all present and in their
original position.

The horse ferry was recorded with a photomosaic in
1984 by underwater photographer Scott Hill of Rochester,
New York. During the next five years the wreck lay
undisturbed while Vermont state preservation officials,
archaeologists, and local divers pondered its future. In
1989 the wreck was selected for inclusion in the state's
Underwater Historic Preserve program and was opened 10
visiting divers by the placement of a boat mooring system
and preserve guideline signs around the site.

A multi-year program of archaeological study of the
horse ferry was also begun in 1989, the goals of this effort
being to learn more about the craft's design, construction,
and history, and to create a permanent record of the wreck
in the form of written description, scale plans, and photo-
graphs. The job of recording began in 1989 when a team
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A diver (right) uses a custom-made goniometer to
record frame curvatures in the bow of the vessel. The
device measures angles of the hull at one foot inter-
vals, which are then plotted, resulting in a picture of
the hull's shape.

Section view (far right) of the ferry slightly forward of
the paddle wheels. All of the frame futtocks were sawn
across their sided width to the turn of the bilge,
steamed, and then bent to achieve the desired hull
form

Plan view (below) of the ferry's bow, showing the
light but adequate construction of the hull.

of divers under my direction measured and sketched the
exposed upperworks of the hull, the deck structure, and the
turntable machinery. The measurements from this initial
survey were used to prepare a reconstructed view of the
ferry's deck and upper hull.

The investigation of the horse ferry could not be com-
pleted until mud that obscured the wreck's interior was re-
moved in selected locations to permit examination of the
lower hull. The ferry's now deckless bow was the obvious
location to focus our efforts: it was easily accessible to
divers, grids, and excavation tools. In 1990 my colleague
Arthur Cohn and I directed the systematic uncovering of

Photo: J. Butler

the port side of the bow. Digging here revealed plank and
timber fragments, well preserved keelson and lower frame
timbers, and (not surprisingly) an assortment of broken
horseshoes and harness fragments.

Further bow excavations were carried out in 1991 as
part of a field school jointly sponsored by the Institute of
Nautical Archaeology, Texas A&M University, the Univer-
sity of Vermont, the Lake Champlain Maritime Museum,
and the Vermont Division for Historic Preservation. During
the five-week expedition a thick deposit of sediment
overlying the starboard side of the bow was dredged away
in 4-inch levels, uncovering hull structure and a multitude

of artifacts. The finds included more horse-
shoes, fragments of a brown-glazed teapot,
a bronze bushing for the paddle wheel axle,
cast iron gear wheels from the turntable
mechanism, and a caulking iron. In the very
bow we made an unexpected discovery: the
ferry's rudder, complete with its iron post
and wooden blade.

The artifacts and hull timbers exposed in
1991 together confirmed a long-held suspi-
cion, namely, that the ferry had seen many
years of service on the lake and was sunk
when she was no longer worthy of repair.
Evidence for long service included the worn
state of the gear wheels found in the bow,
a number of makeshift repairs visible on the
rudder, and signs of pre-sinking erosion and
weathering on buried lower portions of the
hull. The fact that the rudder was stowed in
the bow strongly suggested that the vessel

BOW CONSTRUCTION

THE BURLINGTON BAY HORSE FERRY
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(Below) Two discarded
cast iron gear wheels
from the horse mecha-
nism were found in the
forwardmost pan of the
bow. Wear patterns on
the gears showed that
they had seen consider-
able use before they were
deposited there by the
crew.
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THE BURLINGTON BAY HORSE FERRY
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Drawing: K. Crisman
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was towed out on the lake by another vessel and then
scuttled. A missing section of outside planking on the star-
board bow may in fact have been the hole knocked in the
bottom to sink the ferry.

While the ferry's advanced age at the time of her
sinking and the probable cause of her loss have been
determined, many other questions about this vessel remain
unanswered. We do not know who built her, or when and
where she was built (the height of horse ferry construction
on Lake Champlain occurred in
the late 1820s and the early
1830s, a likely period for the
construction of this vessel). Her
home port on the lake is also a
mystery since historical records
suggest that horse ferries never
operated out of Burlington,
Vermont (the lake at Burlington
was too wide for these boats).

The horse ferry wreck has
opened our eyes to the ingenuity ~
of the early 19th-century inven-' ~
tors and entrepreneurs who
created a new fonn of transpor-
tation by combining an ancient r
source of power with the latest f
in mechanical improvements.
We plan to return to the horse
ferry during the summer of 1992
to complete the study of the hull
and artifacts and satisfy our curi-
osity about these peculiar, fasci-
nating craft.

Photo: J. Butler
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The Search for Columbus's Last Ships:
The 1991 Field Season

by James Parrent, Jack Neville, and Bob Neyland

The second field season of the Columbus Caravels
Archaeological Project (CCAP) was conducted at St. Ann's
Bay, Jamaica, between June 15 and September I, 1991.
During these 11 weeks, archaeologists from the Institute of
Nautical Archaeology and the Jamaica National Heritage
Trust, as well as Texas A&M University field school
students, surveyed the area of St. Ann's Bay in search of
the remains of Columbus's last command--the caravels
Capitano and Santiago. The fatigue and unseaworthiness of
these ships forced Columbus to conclude his last voyage by
grounding his vessels on the shore of St. Ann's Bay in
1503. Columbus and his men lived on the decks of the
ships, beached side by side, for over a year before being
rescued (see INA Newsletter 16/4 and 17/4).

1991 survey
The 1991 field season consisted of two phases: a

remote-sensing survey of the area to the west of Reader's
Point followed by test excavations of several significant
anomalies (fig. 1). We conducted the remote-sensing
survey with a "chirp" subbottom-profiler unit developed
and operated by Dr. Steven Schock of Florida Atlantic

University. Named after the distinctive sound it makes
during operation, the "chirp" unit (fig. 2) uses advanced
sonar technology to produce an image of subsurface
sediments and any objects buried within the sediments.

This season, 21 potential shipwreck sites were found
with the "chirp" unit, giving us a total of 27 sites located
in two field seasons. Each site discovered by the "chirp"
sonar was tested by probing with steel rods in order to
verify the type and depth of detected objects. The most
promising sites were further tested by using a vibracore
machine to take 3-inch diameter core samples (fig. 3).
Probing and coring allowed us to differentiate materials
such as gravel, ballast stone, wood, and pockets of organic
gas detected by the system. (The reflective properties of
submerged organic gas make such targets look like solid
objects buried beneath the seabed.)

Our success in identifying potential wreck sites was a
mixed blessing. Our surveying methods allowed us to cover
a large section of the bay in a short period, but we located
far too many sites to excavate during a single field season.
Of the 21 new sites found, probing and coring indicated
that 14 were associated with wood. Four were confirmed
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Figure 1. Map of the area sur-
veyed during the CCAP 1991 field
season. MS3. Site 16. and Site
21/22 are shipwrecks that were
discovered with the "chirp" sub-
bonom-profiler; they are denoted
by the crossed lines. The test
trenches dug at these sites are
shown with heavier lines. Both the
large and small dots represent
range poles and datum points.



as shipwrecks when cores taken from them proved
to contain fragments of ship's wood such as
frames, ceiling planking, and hull planking. Small
artifacts, including ceramic sherds and a small
brass buckle, also appeared in the cores.

In the final analysis, we identified II sites that
fit within the broad criteria established for locating
the resting place of the caravels. The sites lie in
protected areas of the bay which would have been
shallow enough in the 16th century for Columbus
to have beached his ships. Some sites also appear
to represent two contiguous wrecks, a configura-
tion that agrees with historical accounts of Colum-
bus beaching his ships next to each other and
permanently fixing their position by shoring up the
hulls. These sites were given the highest priority
for test excavations.

1991 excavations
Test excavations were conducted on four sites this

summer. These sites were buried beneath as much as 10
feet of sediment. Texas A&M geoarchaeologists Mike
Waters and Rick Giardino have determined that most of the
sediment was deposited as a result of agricultural activity
beginning with the Taino Indian occupation around 1100
BP and dramatically increasing with the colonization and
development of the St. Ann's Bay area after the English
conquest of Jamaica in 1655.

The first site chosen for testing is known as
Mangrove Site 3 (MS3). Originally located in
November 1990, MS3 was examined briefly during
the final days of the 1990 season. The site seemed
especially promising due to an early radiocarbon
date for a wood sample from the hull. Work at MS3
in 1991 began with a thorough subbottom-profiler
survey, which we refined by probing and coring.
After consideration of the data, a test trench was
excavated through the approximate center of the
wreck, uncovering a maststep and revealing a cross-
sectional view of the hull remains. Preliminary anal-
ysis of the hull reveals a shape consistent with that •
of an early vessel. The maststep displays a complex
and unique construction, being composed of six oak
timbers fastened to the keelson with iron bolts (fig.
4). So far no parallels to the composite construction
of the MS3 maststep have been found.

The only evidence of cargo in the MS3 wreck
was a number of logs stowed amid the ship's ballast.
The logs appear to be of different species, one of
which has been tentatively identified as lignum vitae
(Guaiacum officinale). All of the logs had been cut

Photo: CCAP ,taff

Figure 2. (Above) Field school students walk the
"chirp" subbottom profiler through shallow water.
Graduate student Greg Cook at right marks the
beginning and end of the remote-sensing run.

Figure 3. Samples obtained with the vibracore ma-
chine were examined and logged at the site. The cores
were used to identify materials targeted by the "chirp"
unit and to obtain a sediment profile of the bay.
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Figure 4. Viewfrom above the MS3 hull remains. Ceiling
planking runs from the lift side of the drawing to a
maststep and keelson at right. The circles denote
trunnels (some wedged. as can be seen where lines run
through the circles), which attacn the ceiling planking to
frames. Frames protrude at the top and bottom of the
drawing. At lower right. the wreck's unusual maststep
construction is visible. The stippled areas represent
parts of the wreck still covered with sediments .
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relatively early date for MS3; however, the wreck
is more likely to date from the late 17th or early
18th century since several ceramic sherds and
kaolin pipe fragments dating to this later period
were recovered from the site. The data collected
at MS3 does not provide an immediate identifica-
tion of the wreck or its age, but further analysis of
the hull remains and the artifacts will produce a
more accurate picture.

The second test excavation was carried out at
Site 21/22. This area was chosen because it
appeared to contain two targets situated side by
side when first located with remote-sensing equip-
ment, and cores from the site contained wood
from a ship's hull. A trench was excavated be-
tween the two sites so that sections of both could
be examined simultaneously. Excavation revealed
a single large wreck lying parallel to the shore on
an east/west axis with th "ow probably facing
west. The section of the ln.,; ~..covered was badly
damaged but it appears to be aft of midships and
near the stem. The ship evidently was a deep-
drafted seagoing vessel having a heavy keel and
deadwood assembly with V-shaped floor timbersDl"Bwing: B. Neyland

resting on the deadwood. In the area tested, the
hull was largely swept clear of artifacts, probably due to its
proximity to a relic stream mouth. The few ceramic
artifacts recovered include three porcelain sherds and a
single piece of tin-glazed earthenware, possibly delft,
which together suggest a late 17th- or 18th-century date for
the ship (fig. 6).

The third site tested this season is designated Site 16.
This vessel, like the other two wrecks, was oriented in an
east/west direction, with the bow pointed east. A 13-foot
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into approximately 4-foot lengths and retained marks of the
axe used to fell them. Part of the mandate of early explor-
ers to the New World was the collection of wood samples
to determine their viability for commercial exploitation.
Lignum vitae, for example, was found to have a wide
variety of uses. Its hardness and durability quickly made it
a favored material for the construction of sheaves for
blocks, and a drink prepared by boiling shavings of the
wood was used as a remedy for syphilis. The small logs
from MS3 may have been intended for shipment to Europe
as trade goods or perhaps for research purposes.

The radiocarbon date for wood from the hull and the
presence of a single Taino Indian bead (fig. 5)' suggest a

'Such objects are identified in Jamaica's museums as Taino
beads; in fact. they may not be manmade but naturally
formed stones or fossils. The MS3 "bead" will be
investigated further.
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section of its starboard bow was
uncovered. This well preserved
hull is characterized by a radial
cant frame construction. Artifacts
such as salt-glazed stoneware
sherds, a case bottle, and a kaolin
tobacco pipe date the wreck to the
late 18th century (fig. 7).

During the last two days of the
field season, Site 14 was exam-
ined. Subbottom-profiler, probe,
and core data suggested that this
site contained ballast but did not
show any evidence of hull re-
mains. Test excavation revealed a
lens of thick gravel containing
some ballast stones and a few
artifacts, including a leather shoe
sole, encrusted iron nails, a cargo
hook, sherds from a creamware
pitcher, and fragments of worked
wood. These artifacts do not rep-
resent a shipwreck site and are
more likely the result of ships
dumping their ballast in the bay.

Although the caravels were not
identified this season, the sites
which were tested represent sig-
nificant discoveries. The three
shipwrecks partially excavated are
well preserved, and MS3 exhibits
unique construction features. Al-
though possibly salvaged at the
time they were originally lost,
these wrecks have not been dis-
turbed by modern looters. Their
pristine archaeological condition
and their location in shallow
water make them good candi-
dates for future research.

Conservation and analysis of
the artifacts and data recovered
from St. Ann's Bay is continuing
under the supervision of field
directors Jack Neville and Bob
Neyland. Nautical archaeology
graduate student Amy Ruben-
stein is conserving, recording,
and cataloging artifacts that were
brought to College Station, and
graduate student Greg Cook is
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Figure 5. (Top) A Taino Indian bead from MS3
suggests an early date for the most promising site
targeted by the remote-sensing system, but other
artifacts from a later period supply conflicting
evidence for the wreck's age.

Figure 6. (Middle) Fragments of a porcelain bowl
and a tin-glazed artifact from Site 21/22. These
sherds probably date to after 1700.

Figure 7. (Bottom) A well preserved kaolin tobac-
co pipe dates the wreck found at Site 16 to the late
18th century.
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working on reconstruction draw-
ings of the hull remains discov-
ered at Site 16. Graduate student
Bess Manning is analyzing the
data recovered from 136 cores
taken this summer, while Dr.
Mike Waters is reconstructing the
geoarchaeological history of the
bay with special emphasis on the
position of the 16th-century coast-
line.

The discovery, exploration,
commerce, and development of
early Jamaica are all represented
in the archaeological sites of St.
Ann's Bay. The high concentra-
tion of shipwrecks in the primary
search area indicates that it was
an attractive, protected anchorage
in use for several centuries. This
summer, a solid foundation for
further research in the bay was
laid. Sites were located and eval-
uated with speed and accuracy.
The goal of the project continues
to be the discovery and study of
the remains of the two caravels
sailed by Columbus; the search
area for them has been narrowed,
and plans are underway for an-
other field season in 1992.
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