





















































For all my grandparents.
Praise God from whom all blessings flow.

This dissertation is also in remembrancdb&ophilus Elton Exbert Onumah, who died
at the hands of the sea in GhamaJuly 19, 2009. He was larger than the limited life
afforded him in the village of Komenda, was always willing to learn and to serve, and

wanted nothing more than to be as much as he could be

Photo by A. Schnabel, 2007
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Figure 1.1. This schematic summarizes the formation processes that work

to create and preserve submerged arclemlogical sites; each of these

factors is considered and addressed throughout this dissertation on

maritime archaeology in coastal Ghana (modified from Clifton 2005:270).
While the example of a shipwreck site is used in the schematic, it is cruciaétthab
this relates to the deposition and investigation of all submerged cultural material, and it is
this larger, holistic approach that informs this research. Each of these different formation
processes is addressed throughout the research, sometén detail than others; all

aspects are presented as crucial not only to the creation of archaeological sites, but also to

holistic investigation and interpretation.









continue to focus on the complex social, economic, and cultural aspects of cultural
continuity and change associated with and asegidiesult of the Atlantic trade in the
region. The investigative, theoreticahd methodological tenets of the Central Region
Project provided the foundation and opportunity for maritime archaeological

investigations in Ghang@rigure 1.2)

Figure 1.2. The town of EImina is located in central coastal Ghana (image modified
from TapOil.com).

Maritime Archaeology in Ghana

The maritime archaeology component of the Central Region Project was
envisioned from the start as an anthropological approach twib&tmaritime research.
After initial research and a summer cultivating relationships with local fishermen in

Elmina during the summer of 2000 (DeCoetal.2000), Syracuse University PhD
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present (Figures 3.2, 3.4, aBd), anchoring at the mouth of the Benya and the
immediate bay area to the east of it would have been difficult and unwise fsizidl

merchant vessel$of example, a caravel drawing more than two or three meters), as it is

Figure 3.2. This GoogleEarth image provides a nice overview of the Elmina

peninsula and Elmina Bay as they are today; the approximated f9century

shoreline is outlined in red. Note the modern harbor entrance to the east of the

Castle and the Benya Lagoon running roughly parallel to the coast. Historically,
access would have been closer to the Castle and more direct, although the shadlo
and rocks to the east of the Castle would still have been problematic to many vessels.

far too shallow to allow a vessel of any draft to safely enter or anchor there. Tides,
shifting sand s and breakers associated with the Castle peninsula itself would have

further complicated the process. Any large vessels that did enter the |IBggoawould

have done so through the use of towing, kedging or warping (Bowditch 1838B85-
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Figure 35. As can be seen in this I7century engraving, the large European trading
vessels are all anchored well away from the castle (in center). Smaller vessels of
unknown origin fill the space between the roadstead and the castle ("Anonymous
engraving,” in O. Dapper, Nauwkeurige beschrijvinge der Afrikaensche gewesten van
Egyptn, Barbaryen, Lybien, biledulgerid, Negroslant, Guinea, Ethiopie, Abyssinie
(Amsterdam: Jacob van Meurs, 1676), 2: 68. Courtesy of the Koninklijke

Bibliotheek, The Hague [185 B 12]).

still to be learned from both storical and archaeological source material concerning
trade, navigation, and anchoring practices in coastal EImina. There is also clearly still a
need for much more detailed study of the historical sources in order to create a more
nuanced understandind the past. While maritime archaeological investigations have
begun to address these questions, it is also anticipated that additional investigations will

be able to shed greater light on this interesting aspect of historical navigation and

anchoring on the Elmina Coast.



Figure 3.6. This panorama of coastal ElImina was taken facing&E from Fort St. Jago, which overlooks the Elmina peninsula
and Elmina Castle to the south, in 2009. The newlgenstructed moles/breakwaters are visible in the east (left side of image),
and are significantly different from any other structure that has been built at the mouth of the peninsula. As discussed by
DeCorse (2001:554), there have been other significant modifications to the mouth of the Benya; the current formation is the
most extensive modification to date. Regardless of how far to the east the modifications have been made, however, EImina Bay
and the harbor mouth are shallowwhich would have been a significant factor in determining anchorage and vessel interaction
with the Castle In addition, the Benya itself, as dictated by the rock peninsulthat constrains it to the south and the mainland
to the north, was not a wide drainage; any large vessel enteringghether for careening or some other purposeyould have

been towedor kedged upstream The breakers to the south and southeast of the Castle, seen as the white line behind it,
indicate the sandbar created by the rock peninsula; the Single Anchor Site is located just to the lee (inshore) of this line of
breakers. While the perspective of this dissertation is viewing the land from the sdaais also useful to switch viewpoints and to
view the seascape from the land looking seawards (photos C. Toftgaard, 2009; mosaic R. Horlings).
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Figure 4.1. The site plan above was compiled by Pietruszka from the original site
plan created by Cook in 2005, measurements taken in 2007 and 2009, and objects
recorded by Horlings in 2009. This version of the plan does not include a collection

of stackedbasins in the southeastern side of the wreck site (see Fig4r@), as they
were mostly covered with sediment during the 2007 season. While it was not possible
to collect sediment cores in the center of the wreck site, there is correlation between
sedimert strata observed in the excavation units and across the site, as recorded in
sediment cores.
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Figure 4.2. The distribution of cores in and around the wreck site was designed to
build as representative a sample as possible of the cultural material at the site,
evidence of site formation processes, and data concerning the local environment of
the wreck. A solid concretion (outlined in red) through most of the center of the site,
as well as large artifacts such as cannon and basins prevented us from collecting
cores there. The dashed lines indicatine estimated extent and position of the
concretion. Note also that all the wood (green circles) was collected on the eastern
side of the site, some of which is just outside the esaited limits of the concretion
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Using a modified version of a diver
controlled sediment coring device (Figure 4.4)
(Horlings 2009), 32 sediment cores were collected in
and around the shipwreck site (Figure 42)The
location chosen each core was determined by a
number of factors. In order to collect a representative
sample in and around the wreck site, the first cores
were located as close to the center as possible. A
number of cores encountered solid material (most
likely concretion) somewhere in the sediments and
shattered as a result. The clear presence of solid
material at these locations meant that it would not be
possible to collect cores there and cores were

subsequently taken at a slightly greater distance from

Figure 4.4. The total length
of corer is more than 2
meters, rendering it
unwieldy in heavy seas.
Additional weights are used
to pound in the PVC and
removed before the core is
extracted (photo C.
Cartellone, 2007).

themain collection of wreck materials to prevent
further problems. Known landmarks on the wreck
site, such as the cannon that were prominent in thq

wreck material, were used to provide controls in

terms of locating the cores, as the zeibility

precludedvisual confirmation.
To ensure consistency, a five meter or ten meter piece of twine with clips on

either end was used — one end was clipped to the landmark in question, the other to the

142 Details concerning the process of collecting theesanay be found in Horlings (2009) and in Appendix
l.
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the GPS to the magnetometer, any targets that we investigated that were solely based on
magnetometer readings had to be carefully recalculated to compensate for the difference
between the position of the transducer and that oG#8 taking the mark. Consistently

georeferenced magnetometer data will significantly improve this situation.

Results of the Surveys
Sixteen targets (including the known shipwreck site) were investigated in the
2009 season (Figure 4.9; Table 4.2). Eachedt was selected based on distinct remote

sensing signature (from data collected in 2003, 2009 or both), and was investigated using

Figure 4.8. Superimposing the locations of the targets on this GoogleEarth image
provides not only perspective of the sites in relation to each other, but also to the
shore and surrounding seascape. The target designation “WP” refers to the
waypoint # by which each site was identified. The Chain Site is located 10 kilometers
to the west.
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approximately five metrs (16 feet) water depth (Figurd@. Only a single fluke was

visible above the sediments; it measured approximately 50 centimeters across, suggesting
that the total size of the anchor is likely between three and four meters in length (Cotsell
1858:1417; Curryer 1999:49; Rubin 1971:237). Although this site is located in the area

relatively protected area on the lee side of the sandbar and near the Castle, which should

Figure 4.10. Conditions at the Single Anchor Site did not permit
photo documentaton, so drawings provide the best visual
description. When we found the sight 50 centimeters of the fluke
was visible above the sediments, but one week later only 28-
centimeters could be seen, a testament to the dynamic nature of
this environment (sketd R. Horlings).

suggest easier working conditions, its location in the-sedrzone made conditions
difficult, and usually meant that there was little to no visibility. The location of the site in

a zone heavily affected by surf made the processligictiog cores significantly more

difficult, but analysis of the cores has provided invaluable data concerning the local


















Figure 4.12 The anchors positionedn a vertical stance on the
seafloor is highlyunusual suggesting that a unique set of
circumstances or events contributed to their current
conditions (sketch and photo (2009) R. Horlings)
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Figure 4.14. This composite image shows both side scan sonar surveitk their geological interpretation overlaid on a
GoogleEarth image of the Elmina area. Note the distinct areas with geological features related to the peninsula and the Benya
lagoon output.
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Figure 4.16. This composite image (reaodified from the image in Figure 4.1 by R. Horlings), illustrates the changes occurring
at the Elmina Wreck site over a period of four years. It should be noted that in the 2005 image the anchor and small cannon
(NW corner) and the object positioned just south of the lead rolls, were not identified, and therefore it is nobgsible to know
whether or not they were exposed; they are illustrated here because they are clearly associated with the site, whether or not
they were fully visible. The anchor and cannon were identified in 2007, but not verified until 2009, and the objdxy the lead
rolls was not identified until 2009. In my two seasons at the wreck site (2007 and 2009), | was able to observe changes in th
locations of scour: in 2007 there was significant scour underneath the central southern cannon, but there did nppear to be
extensive scouring elsewhere; in 2009 the scouring was north of the rows of basins (center of the site).
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different locations (whether in and around the wreck site or elsewt&fg)e
second form consisted of microscopic analysisawh stratum of each cofe.
Characteristics of each stratum were recorded, including grain size and
weathering, biot& artifacts, and modern or obviously intrusive material. Each
category was removed and bagged separately to allow for future analysis. Aft
separation categories of objects or artifacts collected in the cores were
considered to be their own entities and were treated individually in further

methods of posprocessing and analysis. As will be

discussed later, one of the most dramatic typewvidence Figure 4.17

_ Even without
collected in cores (from 2007) was wood from the hull o detailed
explanation, the
variety of
sediments and
characteristics
seen in sediment
cores can be
seen in this
example from
Analysis of Remote Sensing Data Core 09 10.

_ _ _ _ Full details of
Prior to fiedwork in 2007 re-analyzed the side | each core may

_ _ be found in
scan sonar data collected by Cook in 2003. This study | Appendix I.

the vessel. Among the evidence provided by the wood \f
a confirmed terminus post quetate for the vessel in the

middle of the 1% century.

#%profiles of cores collected in the 2007 season are-colbed to represent colors of the sediments, but
there are two different issues with this: the first is that colorse $hey were determined from wet material

in variable light conditions in the field are relatively arbitrary, and the second is that since the cores were
washed, there is usually no sediment remaining in them from which to determine colors consistently, for
instance with at Munsell color chart. For these reasons, | have determined to base the sediment analysis
primarily on sediment consistency, shape and wear, although where applicable | do note the observed
colors.

21 Details of this process may be founddippendix |.

#2This category included both flora and fauna. In analysis of the cores collected in 2007, shells were
analyzed in terms of type as much as possible, but poor comparative resources made this extremely
difficult. I finally determined that the amunt of effort | was putting into it was not nearly equal to the

return and | was not actually able to say very much substantial, so analysis of fauna and marine flora will
have to wait until | can either gain the expertise myself, or pay a professialwaitto
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known or studied facet of the past, and the investigation both of the known sites as well
as various locations throughout the seafloor environment is already providing invaluable
data concerning the mechanics of historical maritirage. Two primary data sources,
remote sensing surveyoupled with diver investigations, and microsampling, are

discussed below.

Figure 5.1. This GoogleEarth image nicely illustrates the complex movement of
sediments near the EImina peninsula. Note that although the sediments are being
discharged from the Benya Lagoon and clouds of sediments to the south of the
peninsula extend to nearly one kilometer offshore, all of them are being pushed
inshore from the predominant current as it rounds the end of the peninsula. Note
also the sediment plumes coming fro the Sweet River in the upper right hand

corner of the image. This image was taken October 28, 2007, towards the end of the
rainy season.

Remote Sensing and Diver Observations
Remote sensing is a nalestructive and nomirusive technique that is capalof

the identification, quantification, and monitoring of submerged archaeological sites (Dix










































Figure 5.2. The geomorphological interpretation presented here was based solely on the side scan sonar data from 2003 and
2009; while most of the targets dived confirm this, there are differences (see Appendix VIII). LR is the large rock targetAS
is the Single Anchor Site; DAS is the Double Anchor Site; and EWS is the Elmina Wreck Site; each of these is discussed below.
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Figure 5.3. The major forcing factors at work in the Gulf of Guinea

and along the Ghanaian coast are illustrated here. The small ellipse

adjacent to the Ghana coastline represents the approximate location

of the Guinea upwelling. The narrow Ivorian Undercurrent runs from

east to west directly adjacent to the coast, but is very minor and not

constant throughout the year (modified from Mitchell 2005:180).
impact, if any, this current has on sediment movement along the coast. The cdntinenta
shelf varies in width between 13 and 80 kilometers, with the widest point being just to the
west of Elmina, near Cape Three Points (Koranteng 2(@)1:1-

The Guinea upwelling is a mass of cold, clear water that surfaces near the coast
for several weeks iduly and August; the upwelling drops the surface temperature of the
water by several degrees during the time it is presenting. After a period of several weeks,
it once again drops below the Guinea current and moves further offshore. It is possible,

although this has not been tested and confirmed, that the downwelling phase of this

phenomenon is responsible for moving some artifacts offshore, along with the sediments
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Figure 54. The blue arrows indicate he target in the 2003 side scan
sonar data: the upper image is in the raw data, while the lower image is
in the corrected form. The green arrow indicates the same target in the
2009 corrected side scan sonar data. The feature is approximately 30
meters long.

closely resembled that of the EImina Wreck site identified in 2003, and it was thus
considered an attractive target. Finally, it was an area recognized by Papa Kofi Arhin as
being a net snag, although he believed it was a grouping of large rocks, which was in fact
the case upon diver observation.

In 2007 the site consisted of one very large rock with varying topography sitting
one to one and a half meters above the surface of the seafloor, surrounded by a series of
smaller mes and mud. €early the rock featurest this target have remained constant,
but it is uncertain from the 2009 side scan sonar data what changes, if any, have taken
place in the composition or quantities of sediments at the site. Because this area of rocks

is located in the shallovghoreward side of the bay, they are subject to a battery of
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at the shoreward end), and the reefs, which lay less than two meters from the snapped or
cut end, played a role in the severing of the chain. It is estimated that the chain'ls of 19
century construction, but it is difficult to date chain, and it is unknown when it was

actually deposited.

Figure 55. The Chain Site is indicated here by the diamond in the left side;
unfortunately GoogleEarth image coverage has not yet expanded to this region. The
site is bcated approximately ten kilometers west of the Elmina Castle. Because of its
distance from the survey area, it is not indicated on the geomorphological analysis
(Figure 5.2).

Although not part of the immediate survey area around the Elmina Castle, the
Chain Site relates to a number of features that are associated with it. First, it is likely an
example of a historical interaction of a vessel with the dangers of a reef system. The
chain (and therefore the extent of the site, as it is presently undernssetids dwarfed
by the size of the reefmore than one kilometer long — and yet its size in comparison to
other (anchor) chains, is large (Pering 18198%-suggesting that the vessel that carried
it was relatively large and equipped to handle suleinge piece of equipment.
Regardless of the size of the vessel, however, the broken or snapped chain is possible

evidence that the encounter with and event at the reef was at the least problematic for the
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Figure 5.6. The blue arrows indicate the location of the target dived in 2007, and the
green indicates the location where the anchor was actually identified in 2009. The
image at the left is raw data cdected in 2003, which presents a slightly distorted
version of the target; the image on the right is processed data collected in 2009. Note
that the ripple patterns have clearly shifted location and shape in the span of six
years.

of cultural material prgent may also have played a role in securing the sediments inside
the tube. Sediments in the upper parts of the cores tended to be angular or have some
indications of rounding, but those towards the middle and bottom of the cores were well
rounded, indicang not only the higlenergy character of the coast and the area within

the coast, but also the effects of those sediments having spent more time in this particular
high-energy area. As noted in the previous chapter, the dynamism of this area is

highlighted by the fact that over a period of one week there was a 25 centimeter
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The Elmina Wreck Site and Its Environs

The Elmina Wreck site is located approximately two kilometers southeast of the
Elmina peninsula (Figure 6.1) and is in 12-meters of water in a highly dynamic ocean
environment (Anthony and Blivi 1999:165). Discovery of the Elmina Wreck was through
a side scasonarremote sensing suryeonducted in 2003 (Cook and Spiers 2004), and
additional remote sensing investigations of the site in 2009 provided insayidsrning

the seafloor environment in which it lies (Figure 6.2) and intektentof its

Figure 6.1. The location of theElmina Wreck site is shown in this GoogleEarth
image as it relates to the rest of the EImina seascape, particularly its relation to the
Castle and to the morphology of the coastline, which affected navigation and
anchoring practices. The site is locatechithe region historically considered to be the
Elmina roadstead, an area that, while deeper than the Elmina Bay, is still in a
dynamic zone that is a significant factor in formation processes.
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conundrum in terms of correlating what is observed on the seafloor withsixdeen in
the remote sensing data.

As depicted in the side scan sonar data, the seadfl@oralatively uniform matrix
— sand or mud or both, but no ripples and only light indications of scouring are visible.
Some evidence for scouring, although it is poorly defined, is visible on the northeast side
of the wreck in both the 2003 and the 2009 data; extensive scouring in the northeastern
region of the site was observed in 2009. In addition, there is very little indication of
ripples at the site in the side scan sonar data, but ripples were clearly observed outside of

the wreck in 2007* and bothmniside and out in 2009 (Figure 6.3); the lack of visibility of

Figure 6.3 Light ripple marks

are visible behind this concreted
stack of small basins inside the
shipwreck site. Rarely more than
1cm high, it is not surprising that
the side scan images do not depict
them. It is interesting, however,

to compare these smaller ripples
with the larger ripples/
undulations reported elsewhere in
the region, and which were
depicted in the side scan images
(photo R. Horlings, 2007).

ripples near the wreck site is likely the result of the smaller scales or sizes of the ripples
compared to other sites across the redidignificant geomorphological changes have
occurred inthe six years that the site has been observed by divers. These observed

changes, as well as those indicated in sediment core records, can safely be assumed to be

3341t is possible that the ripples were also inside the wreck in 2007, buvisésiity conditions prevented

us from seeing them; thigples outside the wreck were observed while taking sediment coresifirtisix
visibility.

3% 3ee, for instance, the ripples clearly visible in the Single Anchor Site side scan images (Chapter 5), and
in several examples in Appendix VIII.
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seawater and sediment environment can serve to create chemicaémicomments that
affect materials differently (Browat al.1988:143; Hocker 2000b:643;del_eod
1985:10, 1997:112) and therefore create different compositions of concretion.

In many instances concretion envelops an object to the point that it is beyond
recognition. Reactions of materials such as iron with seawater work to degrade and break
down materials, but the subsequent formation of concretion can serve to actually protect
it from further decay (Callegari 1971:43) (Figure 6l8)addition to the mineralized

concretions that form on

Figure 6.9. The
marine flora
growing on this
concretion is

objects, surface accretions,

primarily made up of

. . forming a
calciumdepositing . )
biological
: concretion over the
organisms, are common .
mineral one.

Turquoise fishing
line caught in the
wreck is visible
wrapped around
the plant (photo R.
Horlings, 2007).

(Florian 1987:12). In
addition, other organisms

such as floa colonize

objects and create
essentially an organic concretion on objects (Figure 6.9). These organisms form part of
the biota of the site, and can also serve as protectors or destroyers of submerged material
(Wheeler 2002:1151)

One final concretion feature of the Elmina Wreck site is worth highlighting here.
Excavations through the middle of the wreck site (see Figure 4.2) revealed that there is
what appears to be a solid concretion across almost the entire site, located agiphpxim

30 centimeters below the surface sediments, but varying depending on the region of the
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Metals and Melted Materials

Two primary formation processes are identifiable in the metals collected in

sediment core samples from the wreck site: the first is corroded metal in the form of iron

rust, iron concretionsnal eroded pieces of metal artifacts such as basins, and the second

Figure 6.10 The flake
depicted here is typical
of deteriorated iron
and is found
throughout the wreck
site and across the
region (photo R.
Horlinas. 2008).

Is melted material, likelps a result of an intense fire on

the vessel. In terms of corrosion and erosion, metal
artifacts at the sediment/water line tend to show
accelerated corrosion at the water/sediment interface
(Jones 2003:15), but deterioration is prevalent across all
exposé metals. As noted above, the presence of multiple
kinds of metals and alloys on a shipwreck site complicates
this process (MacLeod 1982, 1997:1112; Scott

2000:362). The effects of corrosion on iron are the most

easily identified, as exposed iron tends to rust and break off

in pieces (Figure 6.10), or else form a mass as demonstrated in Figure 6.8 above.

One of the most intriguing discoveries made based on artifacts collected in

sediment cores was a range of burned and melted material. As discussagtar 6h

charcoal is relatively ubiquitous across the site and the region (see Appendix 1V), so,

while it is interesting, it is less diagnostic than the melted material. PXRF testing

indicates that there is a large range of material that is burned ated nvetluding iron-

based, coppdpased, silicdzased (probably glass) objects (Figure 6.11), as well as

objects that appear to contain several different materials (Figure 6.12). Several

discussions below and Appendix | contain more details on thesdatgtleut it is
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Figure 6.11.All of these melted objects were collected in sediment cores and are
clearly melted, as indicated by the bubbles and rounded nodules on each of them.
Images a, b and c are not metallibased materials, and b in particular is
reminiscent of vitrification of ceramic glaze; images d, e and f are all coppéased,
and image g is unidentified, although it is likely ironbased (all scales are
millimeters, and all photos were taken on a Nikon SMZ800 macroscope by R.
Horlings, 2008).

important to note that theeppears to be very little pedépositional change on the

materials apart from breakage, which suggests that the burning and melting process in

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































