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From the Director - Kevin Crisman

 

NAP Alumni Association
The NAP is developing an Alumni Association for all interested former attendees of the program. We envision creating an online 

home where members can easily update their contact information, provide a curriculum vitae, homepage URL, or links to popular 
social networking tools. Registrants will be able to choose what information they share and with whom. The goal is to create a 
SURIHVVLRQDO�QHWZRUN�WKDW�FDQ�FRQQHFW�DUFKDHRORJLVWV�DOUHDG\�ZRUNLQJ�LQ�WKH�¿HOG��SURYLGH�VWXGHQWV�DQG�QHZ�JUDGXDWHV�D�VHJXH�
into internships, jobs, or other opportunities that may become available, and provide a common forum for relevant announcements 
from the program. We anticipate a Spring or Summer 2012 launch date for the website. To ensure you are on the mailing list and 
receive the announcement, please send your e-mail address to nautical_librarian@tamu.edu with the subject: ALUMNI.

Welcome to the Fall, 2011 edition of the CMAC News & Reports. I believe 
it is customary in these sorts of introductions for the director to start by 
saying what a productive year we’ve enjoyed. This is entirely true, thanks 

to the enthusiasm, hard work and perseverance of CMAC’s associated students, staff, 
faculty, and research colleagues. If you don’t believe me, take a look through this 
issue (and the Spring, 2011 edition of the News & Reports) for summaries of some 
of the maritime archaeological research and conservation projects that CMAC has 
co-sponsored in 2011 around North America and around the world. In the following 
SDJHV�\RX�FDQ�UHDG�RI�¿HOG�DQG�ODERUDWRU\�VWXGLHV�RQ�VKLSZUHFNV�DQFLHQW�DQG�PRGHUQ��
from the coast of southern Brazil, to the islands of Nevis and Bermuda, to the coast 
of Spain and the inland waters of Italy, to the Conservation Research Lab at Texas 
A&M University. The temporal and global range of CMAC-sponsored scholarship 
is entirely in keeping with seafaring’s ubiquity in the span of human existence. 

The kind of work described here costs money, and it will be no surprise to any 
of our readers to learn that research at CMAC and Texas A&M has run into the 
VDPH�¿QDQFLDO� FRQVWUDLQWV� WKDW� KDYH� UHFHQWO\� EHVHW� XQLYHUVLWLHV�� JRYHUQPHQWV� DQG�
QRQ�SUR¿WV�LQ�WKH�8�6��DQG�LQ�RWKHU�FRXQWULHV��7KH�JHQHUDO�EHOW�WLJKWHQLQJ�KDV�DGGHG�
new challenges to our work. On the plus side, nautical archaeology here has always 
operated under the philosophy that every dollar should be stretched to its full capacity 
and somewhat beyond. Since the Nautical Program’s founding in 1976, faculty and 
students here prided themselves on running major operations on a comparative shoestring. This kind of austerity invariably 
UHTXLUHV�VRPH�DPRXQW�RI�SHUVRQDO�VDFUL¿FH�RQ�WKH�SDUW�RI�SURMHFW�GLUHFWRUV�DQG�SDUWLFLSDQWV��DQG�RXU�VWXGHQWV��LQ�SDUWLFXODU��DUH�
accustomed to truly earning their achievements and promotion to the ranks of professional maritime archaeologists. 

With that said, I warmly encourage any readers who feel charitable urges, are looking for organizations that make their donations 
count, and who like the kind of exciting work we are doing, to remember the Center for Maritime Archaeology and Conservation. 
:H�FKHHUIXOO\�DFFHSW�GRQDWLRQV�IRU�HLWKHU�VSHFL¿F�SURMHFWV�RU�IRU�JHQHUDO�VXSSRUW�RI�HTXLSPHQW�DQG�UHVHDUFK��,I�\RX�DUH�LQWHUHVWHG�
supporting our research and students, please feel free to contact me at the following address:

        Kevin Crisman, Director
        CMAC
        Anthropology Building 107
        Texas A&M University
        College Station, Texas 77843-4352

        email: kcrisman@tamu.edu
        phone: (979)-845-6696
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Filipe Vieira de Castro was born in Portugal, a country 
with a long maritime history. He spent long summer 
KROLGD\V� DW� %DOHDO�� DQ� ROG� ¿VKHUPHQ¶V� YLOODJH� IXOO� RI�

stories of wreckers and smugglers, whose coast was littered 
with shipwreck sites. In spite of his lifelong passion for 
archaeology, he ended up studying civil engineering, “there 
were no professional archaeologists in Portugal until the late 
1970s.” 

Castro earned his civil engineering degree 
from the Technical University of Lisbon 
in 1984, followed by a post-graduation in 
restoration of old buildings and monuments 
from Lisbon’s Fine Arts School (1986), and 
a MBA in international management from 
Lisbon’s Catholic University (1993). After 
working as a civil engineer for ten years, in 
1995 he decided to change his career. Castro 
became a manager that led the team responsible 
for creating the Portuguese central agency for 
nautical and underwater archaeology. 

After completing this job, he came to 
Texas A&M University with a grant from the 
Portuguese ministry of culture to study nautical 
archaeology. He completed his Ph.D. in 2001, 
writing his dissertation on the reconstruction of 
a Portuguese Indiaman lost on the mouth of the Tagus River 
on its return voyage from India in 1606. Castro was then 
invited to stay one more year at Texas A&M, as an assistant 
professor. “One thing led to another…” he says, and today he 
is a professor in the Nautical Archaeology Program, where he 
holds the Frederick R. Mayer II Fellowship and directs the J. 
Richard Steffy Ship Reconstruction Laboratory (ShipLAB). 
%HQH¿WLQJ�IURP�KLV�HQJLQHHULQJ�EDFNJURXQG��&DVWUR�ZRUNV�

with the Departments of Computer Science and Visualization 

Sciences at Texas A&M University, and the Center for 
Marine Technology and Engineering at the Technical 
University of Lisbon, developing computational tools and 
research models. “Computers are formidable tools that can 
help us treat large amounts of data and test our hypothesis 
in ways that were unthinkable a few decades ago, and the 
WHFKQRORJLFDO�GHYHORSPHQWV�LQ�WKLV�¿HOG�DUH�DVWRQLVKLQJO\�IDVW�
and tremendously promising.” 

Computers have yet another attraction for 
Castro, “they are an amazing tool to promote 
the importance of the world’s underwater 
FXOWXUDO�KHULWDJH��GLI¿FXOW�WR�GHIHQG�EHFDXVH�LW�
is invisible to most people.” Castro struggled 
against treasure hunting for three decades. 
He welcomes the internet as an effective 
educational tool through computer games and 
simulations.

Passionate about what he does, in the last 
decade Castro has taught eight different 
courses and is adding another – Peoples and 
Cultures of the World – for the Spring 2012 
semester. He has chaired more than thirty 
graduate committees, published three books 
and more than forty papers. His main research 
interests are Iberian seafaring in the 15th and 

16th centuries, and the history of wooden shipbuilding. Most 
RI� KLV� ¿HOGZRUN� ZDV� FRQGXFWHG� LQ� 3RUWXJDO�� ZKHUH� KH� ZDV�
involved in the excavation and reconstruction of the Cais do 
Sodré shipwreck dated to the beginning of the 16th century, 
the Arade 1 shipwreck dated to the third quarter of the 16th 
century, and the Pepper Wreck dated to 1606. He has also 
FRQGXFWHG�¿HOG�ZRUN�LQ�3DQDPD��3XHUWR�5LFR��DQG�,WDO\�

)DFXOW\�3UR¿OH��)LOLSH�9LHLUD�GH�&DVWUR

 

S.O.S. - Help Support our Nautical Library, Research, and Student Education
&0$&�PDLQWDLQV�LWV�RZQ�LQ�KRXVH��SURJUDP�VSHFL¿F�OLEUDU\�WKDW�FRPSOHPHQWV�7H[DV�$	0�8QLYHUVLW\¶V�ZRQGHUIXO�OLEUDU\��7KLV�

invaluable collection of books, periodicals, and rare manuscript reproductions represents a concentration of seafaring history and 
QDXWLFDO�DUFKDHRORJ\�PDWHULDOV�WKDW�VLJQL¿FDQWO\�DLGV�LQ�RXU�UHVHDUFK�PLVVLRQ��:H�KDYH�D�JRDO�WR�XOWLPDWHO\�HQGRZ�WKH�OLEUDU\�WR�
cover the costs of professional journal subscriptions, growing the collection, library-related technology, and a graduate student 
librarian. If you would like to support this effort, please contact our librarian by email: nautical_librarian@tamu.edu.

Another way to make a meaningful contribution is to purchase a book from a wish list we maintain (it doesn’t need to be new!). 
The book will be added to the library with your name added to the inside cover. Enter the URL below and look for “Nautical 
Archaeology Librarian” in the ‘Find Someone’s List’ search box.

http://www.amazon.com/registry/wishlist/
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Gutto! Chikyubin

Japanese television aired last July a 30 minute episode of a show about Japanese travelers living abroad, which featured NAP 
student Kotaro Yamafune’s life in the United States and… his project in Italy! Over the course of two weeks, a television crew 
UHFRUGHG�WKH�OLYHV�RI�WKH������$QD[XP�3URMHFW�WHDP�IURP�HDUO\�PRUQLQJ�EUHDNIDVW�WR�WKH�ODWH�HYHQLQJ�EULH¿QJV��7KH�UHVXOW�ZDV�D�
success in Japan and CMAC has been contacted by other television producers for similar projects. 

During the summer of 2011, a joint team from ProMare, Texas A&M University, and Udine University excavated a Roman boat 
dating to the 1st century CE, and surveyed other points of potential interest in the region (see “The Stella 1 Shipwreck” article on 
page 17).
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The Oxford Handbook of Maritime Archaeology
Edited by Alexis Catsambis, Ben Ford, Donny L. Hamilton.
Oxford University Press, 1240 pages.
ISBN13: 978-0195375176
ISBN10: 0195375173  

7KLV�FRPSUHKHQVLYH�VXUYH\��ZLWK�FKDSWHUV�IURP�QHDUO\�¿IW\�VFKRODUV��FRYHUV�D�ZLGH�
range of topics within the discipline. The book has four main themes: the research 
process, ships and shipwrecks, maritime and nautical culture, and issues of preservation 
and management.

Alexis Catsambis is an Underwater Archaeologist with the Naval History & Heritage 
Command, Ben Ford is an Assistant Professor of Anthropology at Indiana University 
of Pennsylvania, and Donny L. Hamilton is a Professor in the Nautical Archaeology 
Program at Texas A&M University.

ACUA Underwater Archaeology Proceedings 2011
Edited by Filipe Castro and Lindsey Thomas.
An Advisory Council on Underwater Archaeology Publication, 201 pages.
ISBN13: 978-1427649768

The is the 2011 ACUA Underwater Archaeology Proceedings from the Society 
for Historical Archaeology’s 44th Annual Conference on Historical and Underwater 
Archaeology, held in Austin, Texas. The underwater proceedings have been a hallmark 
of this annual conference for over 40 years. They provide a record of the development of 
underwater archaeology as a profession and include research from across North America 
and around the world. This year’s edition presents underwater archaeological research 
extending from Louisiana to Ireland, and from Mexico to Saipan.

New Publications
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The Shore Stranded Shipwrecks of Southern Brazil: 2011 Season

Rodrigo de Oliveira Torres
Nautical Archaeology Program, Texas A&M University

 

The 19th century was a 
fascinating historical period 
for the nations situated 

along the margins of the Atlantic 
rim. New political conditions 
and the liberalization of seaborne 
commerce early in that century 
provided opportunities for Brazilian 
port cities to exploit Atlantic 
trading networks. By this time, the 
Atlantic Ocean was already a well-
established commercial and cultural 
venue, where merchant vessels 
from various parts of the world 
intertwined goods, peoples, and 
ideas, along with the development of modern economies. In 
VRXWKHUQ�%UD]LO�� WKH�VPDOO�SRUW�FLW\�RI�5LR�*UDQGH�ÀRXULVKHG�
as an important commercial center of Atlantic South America 
�¿J�����

Along the southernmost coast of Brazil, an extensive and 
scarcely populated sandy shore over 600 km long, is home 

to stranded ships representing various seafaring periods in 
WKH� VRXWKZHVWHUQ�$WODQWLF� �¿J������3UHOLPLQDU\� LQYHVWLJDWLRQV�
suggest a greater occurrence of maritime accidents in the last 
200 years, especially in the 19th century, due to the greater 
numbers of merchant sailing vessels engaged in newly opened 
trading routes between Europe, North America, Southern 
Brazil and River Plate provinces.

This research is a comparative study 
of four of these wreck sites as part 
of my doctoral studies of Atlantic 
seafaring technology and its effects in 
the emergent port city of Rio Grande, 
Brazil. The studied shipwrecks 
are partially buried in the wet and 
GU\� SRUWLRQV� RI� WKH� EHDFK�� 3UR¿OH�
observations in these areas reveal 
alternations of cyclical (seasonal) 
and non-cyclical (meteorological) 
HYHQWV� RI� QDWXUDO� ÀRRGLQJ� WKDW� EXU\�
DQG�H[SRVH�ZUHFNV��¿J������7KH�UHVXOWV�
SURGXFH� VLJQL¿FDQW� LPSOLFDWLRQV� IRU�
preservation conditions, as well as for 
the interpretation of the archaeological 
data. In this context, I returned to 
WKH�¿HOG� LQ� -XO\� �����ZLWK� D� WHDP�RI�
archaeologists and geomorphologists 
from the Federal University of Rio 
Grande in Brazil. Our purpose was 
to establish an experiment in site 
formation processes designed to 
provide a baseline study for long-
term monitoring of the archaeological 
remains in relation to environmental 
variability in these exceptionally 

Figure 1: Urban waterfront of theport of Rio Grande, Brazil, c. 1865.

Figure�Ϯ͗�DĂƉ�ƐŚŽǁŝŶŐ�ƚŚĞ�ŝĚĞŶƟĮĞĚ�ƐŚŝƉǁƌĞĐŬ�ƐŝƚĞƐ�ŝŶ�ƚŚĞ�ƐŽƵƚŚĞƌŶ�ĐŽĂƐƚ�ŽĨ��ƌĂǌŝů͘
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dynamic wreck sites. 
We chose a pilot site and installed benchmarks in a convenient 

SRVLWLRQ� QHDU� D� ZUHFN�� +XOO� IHDWXUHV� ZHUH� WDJJHG� ZLWK� ¿YH�
permanent control points each and surveyed with the aid of 
a digital topographic instrument (Total Station). Precision 
surveys will be conducted every two months by students of 

the Archaeology Laboratory of the Federal University of Rio 
Grande to provide a three-dimensional model of the terrain, so 
that the relative position of wreck features and their horizontal 
and vertical displacements can be compared with future 
VXUYH\V��¿J�����

Moreover, during the 2011 season we travelled almost 

Figure�ϯ͗�^ŽŵĞ�ŽĨ�ƚŚĞ�ŵŽŶŝƚŽƌĞĚ�ƐŚŝƉǁƌĞĐŬƐ�ƐŝƚĞƐ͕�ƐŚŽǁŝŶŐ�ƚŚĞ�ĚŝǀĞƌƐŝƚǇ�ŝŶ�ƚǇƉĞƐ�ĂŶĚ�ĚĞƉŽƐŝƟŽŶĂů�ĞŶǀŝƌŽŶŵĞŶƚƐ͘
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500 km along the shoreline to document other wreck sites, and record complementary measurements, images and assess their 
SUHVHUYDWLRQ�VWDWXV��3UHYLRXVO\�XQPDSSHG�ZUHFN�IHDWXUHV�ZHUH�LGHQWL¿HG�DQG�UHJLVWHUHG�LQWR�RXU�GDWDEDVH��+RZHYHU��WKH�RYHUDOO�
preservation of wrecks in this province warrants concern. We were unable to relocate one of the already known sites. Observations 
LQGLFDWH�WKDW�LW�ZDV�GLVPDQWOHG�E\�ORFDO�¿VKHUPHQ�RU�SDVVHUVE\��

Since the beginning of this research in 2001, degradation of the monitored sites is visible due to environmental and human 
IDFWRUV�RI�GHVWUXFWLRQ��$PRQJ�WKH�KXPDQ�LQÀXHQFHV��GHOLEHUDWH�YDQGDOLVP�RU�UHXVH�RI�WLPEHUV�IRU�¿UH�DQG�KXW�EXLOGLQJ��H[WHQVLYH�
FDWWOH�JUD]LQJ�RYHU�WKH�GXQHV��DQG�WUDI¿F�RI�YHKLFOHV�GXULQJ�DOO�VHDVRQV��$PRQJ�WKH�HQYLURQPHQWDO�HIIHFWV�WKH�PRVW�QRWLFHDEOH�LV�
WKH�QHW�HURVLRQDO�SDWWHUQ�XSRQ�WKH�EHDFK�SUR¿OH�ZKLFK�KDV�EHHQ�UHFRUGHG�DOO�DORQJ�WKH�VRXWKHUQ�%UD]LOLDQ�VHDVKRUH��DWWULEXWHG�WR�D�
rising sea level and increasing climatic changes.

Future research will focus on gathering data for the interpretation of architectural details and ship reconstructions. Controlled 
H[FDYDWLRQV�ZLOO�EH�FRQVLGHUHG�WR�LQYHVWLJDWH�SRVVLEOH�LQ�GHSWK�DUFKDHRORJLFDO�OHYHOV��)RU�������LQ�SDUWLFXODU��DQRWKHU�¿HOG�VHDVRQ�
is being planned for hull recording and wood sampling of a possible wooden, merchant schooner from Prussia, lost in 1868, 
sailing to the port of Rio Grande with a cargo of coal from Cardiff, Wales.

Figure�ϰ͗�/ŶƐƚĂůůĂƟŽŶ�ŽĨ�ĐŽŶƚƌŽů�ƉŽŝŶƚƐ�ĂŶĚ�ƉƌĞĐŝƐŝŽŶ�ƐƵƌǀĞǇ�ĚŽŶĞ�ĚƵƌŝŶŐ�ƚŚĞ�ϮϬϭϭ�ĮĞůĚ�ǁŽƌŬŝŶŐ�ƐĞĂƐŽŶ͘
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HMS Solebay Shipwreck: An 18th-Century British Frigate in Nevis, West Indies

Justin Parkoff
Nautical Archaeology Program, Texas A&M University

Chris Cartellone
Nautical Archaeology Program, Texas A&M University

Located in the Lesser Antilles of the Eastern Caribbean, 
WKH� ,VODQG�RI�1HYLV� LV� D�EHDXWLIXO� VLJKW� WR�EHKROG� �¿J��
1). From the beaches, thick jungle gradually slopes up 

toward the island’s center, where the cloud shrouded volcano of 
Nevis Peak majestically dominates the landscape. Even more 
impressive, the crystal blue waters of the Caribbean expand 
out on all sides to a never ending horizon. At times, it becomes 
GLI¿FXOW�WR�GHWHUPLQH�WKLV�ZDWHU�IURP�WKH�VN\�LWVHOI��JLYLQJ�WKH�
LOOXVLRQ� WKDW�1HYLV� LV� ÀRDWLQJ� DW� WKH� FHQWHU� RI� D� JODVV� JOREH��
Despite the intense tranquility of this scene, the location once 
played host to an impressive battle between the French and 
British Empires. Known as the Battle of Frigate Bay in 1782, 
this engagement resulted from France’s continued efforts 
to seize British sugar islands near the end of the American 
Revolutionary War. Although both sides sustained losses, the 
%ULWLVK�ÀHHW�HPHUJHG�YLFWRULRXV��DQG�WKH�)UHQFK�UHWUHDWHG�IURP�
the island.

One of the British losses involved HMS Solebay, a Mermaid-
class, sixth-rate frigate in the Royal Navy. During the battle, 
Solebay served as a repeater vessel to pass signals from the 
ÀDJVKLS�WR�WKH�ÀHHW��$V�Solebay ran closer to shore for greater 
YLVLELOLW\� WR� WKH�ÀHHW��Solebay ran aground near Fort Charles 
off of Nevis’ leeward coast. As an easy target, French warships 
SRXQGHG� KHU�ZLWK� FDQQRQ� ¿UH� EHIRUH� WKH� FDSWDLQ� GHFLGHG� WR�
scuttle the vessel to prevent capture. After safely evacuating 
KLV�FUHZ��&DSWDLQ�&KDUOHV�+ROPHV�(YHULWW�VHW�¿UH�WR�Solebay, 

which upon reaching her powder stores, exploded and violently 
destroyed the ship.
,Q�SUHVHQW�GD\��RQH�PLJKW�¿QG�GLI¿FXOW\�LPDJLQLQJ�WKDW�WKLV�

TXLHW�LVODQG�RQFH�VDZ�VXFK�FRQÀLFW��(YHQ�)RUW�&KDUOHV�LV�KDUGO\�
distinguishable from the rest of the coast line. Now a low lying 
crumbling ruin, very little remains of the fort’s past architecture 
to indicate that this site once held a bastion of British colonial 
power. However underneath these waters, the signs of a battle 
are more evident. Scattered across the seabed, a massive debris 
¿HOG�PDUNV�WKH�SUREDEOH�UHVWLQJ�SODFH�RI�Solebay.

The sandy and rocky bottom that once trapped Solebay 
scattered much of her remains from years of continuous 
hurricanes. Although the site remained mostly forgotten, 
renewed interest in the island’s colonial past led members 
of the Nevis Historical and Conservation Society (NHCS) to 
search for the vessel. In 2010, they successfully located a debris 
¿HOG��EXW�FRXOG�QRW�FRQ¿UP�LI�WKH�PDWHULDO�FDPH�IURP�Solebay. 
$GGLQJ� WR� WKLV� GLI¿FXOW\�� WKH� VLWH� OLHV� QHDU�&KDUOHVWRZQ�� WKH�
protectee of the former fortress. With ships passing through 
these waters since colonial history into present day, the debris 
could have come from any number of shipwrecks.

In the summer of 2011, a new expedition led by Texas 
A&M University graduate student Chris Cartellone--in 
the Department of Anthropology’s Nautical Archaeology 
Program (NAP), with collaboration from multiple institutions, 
LQYHVWLJDWHG�WKH�UHPDLQV�ZLWK�KRSHV�WR�FRQ¿UP�WKH�LGHQWLW\�DV�

Figure�ϭ͗�'ĞŶĞƌĂů�ůŽĐĂƟŽŶ�ŽĨ�ƐŝƚĞ͖�ƐƉĞĐŝĮĐ�ƉŽƐŝƟŽŶ�ǁŝƚŚŚĞůĚ�ƚŽ�ƉƌŽƚĞĐƚ�ĨƌŽŵ�ůŽŽƟŶŐ�;'ŽŽŐůĞ��ĂƌƚŚͿ͘
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Solebay�� ,Q� GRLQJ� WKH� ¿HOG� ZRUN�� WKH� WHDP� UHVSHFWHG� 5R\DO�
Navy sovereignty rights for lost warships, and UNESCO 
guidelines protecting underwater cultural heritage, which St. 
.LWWV�DQG�1HYLV�UDWL¿HG�LQ������

To help delineate the wreck site, Cartellone and fellow 
Texas A&M graduate student Justin Parkoff conducted a 
remote sensing survey by towing a magnetometer behind the 
island’s police boat--a valuable resource generously offered 
by the Nevis Air and Sea Ports Authority. They systematically 
surveyed a half-kilometer area that covered an approximate 
triangle leading from a submerged anchor offshore between 
Fort Charles and a radio tower on the island. The team divided 
WKH� VHDUFK� DUHD� LQWR� WKLUW\�VL[� ERDW� ODQHV� DW� ¿IWHHQ� PHWHU�
spacing. The magnetometer detects disruptions in the Earth’s 
PDJQHWLF�¿HOG� FDXVHG�E\� IHUURXV�PDWHULDOV��7KH� ORFDWLRQV�RI�
submerged magnetic anomalies were tagged with GPS tracking 
data that helped direct the archaeologists to potential areas of 
interest. This marked the second attempt using towed survey 
equipment of data collection on the site; the former previously 
attempted by the NHCS members over a smaller area. After 
acquiring new data, the team established that while the debris 
¿HOG�H[WHQGHG�RXWVLGH� WKH�RULJLQDO�VLWH�� WKH�GLVFRYHULQJ� WHDP�
correctly located the main concentration of artifacts.
&RQ¿GHQW�RI�WKH�VLWH¶V�SHULPHWHUV��WKH�WHDP�VWDUWHG�WKH�VHFRQG�

phase of the project--mapping artifacts within the triangle to 
establish their position and relationship to the greater area. 
Efforts initially concentrated on the sole anchor, before moving 
to other large artifacts consisting of four large cannon, two 
small carronades, and eight massive rectangular ballast blocks 
�¿JV����DQG�����2QFH�PDSSHG��WKHVH�ODUJHU�DUWLIDFWV�VHUYHG�DV�
easily recognizable features. Due to the site’s large area, the 
team connected these artifacts with a web of nylon cave lines 
that helped guide divers to their designated search areas.

Using the features as datum points, separate teams comprised 

of two divers each systematically conducted thirty meter circle 
searches to map out smaller artifacts. One diver held the 
zero end of a measuring tape reel at the datum point while 
his or her dive partner circled around them with the reel end, 
LQFUHDVLQJ� VHDUFK� FLUFXPIHUHQFHV� LQ� ¿YH�PHWHU� LQFUHPHQWV��
Upon discovering artifacts, the divers recorded the distance 
and compass bearing from the datum point.

Although the visibility underwater remained clear, strong 
FXUUHQWV�PDGH�WKLV�GDWD�FROOHFWLRQ�GLI¿FXOW��+LJK�HQHUJ\�VXUJHV�
often unexpectedly developed and pulled divers back and forth 
from their desired target. Just when a diver comfortably placed 
their measuring tape on the artifact, the current would pull 
WKHP�DZD\�EHIRUH�JHWWLQJ�DQ�DFFXUDWH�UHDGLQJ��,Q�WKH�¿UVW�IHZ�
days of recording, the scene was amusing to watch as divers 
shook their heads and swayed frustrated across their targets. In 
WLPH��WKH�WHDPV�FRPEDWHG�WKLV�GLI¿FXOWO\�E\�GHYHORSLQJ�FOHYHU�
ways of anchoring themselves at a moments notice as well 
as timing their measurements with the moving surge. Some 
divers proclaimed that judging this timing felt as if they were 
playing a game of wits against an unseen competitor. 

Upon completing each day’s work, the team compiled the 
¿HOG�QRWHV�DQG�DGGHG�WKHP�WR�WKH�PDLQ�VLWH�PDS��6ORZO\�EXW�
surely, a picture of the overall site developed. Yet despite 
repeated searches, divers never located any wood remains or 
a concentrated ballast pile. Subject to the warm Caribbean 
waters, teredo worms and other marine life likely long since 
destroyed the frigate’s timbers. The hard rocky bottom leaves 
minimal opportunity for buried remains, with few sandy 
pockets.

The minimal amount of ballast or other large cannons remains 
puzzling. While the initial blast as well as hurricanes scattered 
smaller artifacts, due to the heavy nature of the ballast, there is 
an unlikely probability that these larger artifacts were dispersed 
in the same manner. Even if Solebay’s explosion destroyed the 

Figure�ϯ͗��ŚƌŝƐ��ĂƌƚĞůůŽŶĞ�ĂŶĚ�:ƵƐƟŶ�WĂƌŬŽī�ŽďƐĞƌǀŝŶŐ�ĐĂƌƌŽŶĂĚĞ�
;WĂƵů��ŝĂŵŽŶĚͿ͘

Figure� Ϯ͗� >ŝůůŝĂŶ� �ǌĞǀĞĚŽ� ĂŶĚ� :ŝŵ� ,ĞǁůĞƩ� ƌĞĐŽƌĚŝŶŐ� ĂŶĐŚŽƌ�
;WĂƵů��ŝĂŵŽŶĚͿ͘
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superstructure, the hull and larger components within would 
have been blown downward into a concentrated area. The lack 
of these artifacts perhaps indicates human salvage behavior 
after the wrecking. Diver-held metal detectors suggests that 
the remaining ballast was comprised of solid pig iron. While 
this fact might imply that salvors retrieved the main ballast pile 
and some cannon for the iron, it unfortunately does not explain 
why others were left behind. The captain’s court martial detail 
a scenario in which the crew jettisoned their guns overboard in 
an effort to become ungrounded, prior to the captain’s order to 
VHW�WKH�VKLS�D¿UH��SRVVLEO\�UHVXOWLQJ�LQ�D�PRUH�VFDWWHUHG�GHEULV�
pattern. Additionally, the lack of a centralized wreck site might 
indicate that the ship did not 
initially sink after her explosion 
and perhaps drifted while burning 
to an undetermined area outside 
of the survey zone. 

As archaeologists question 
Solebay¶V� ¿QDO� PRPHQWV�� WKH�
artifacts help portray the last 
events before the crew abandoned 
ship. The anchor’s surviving head 
and shank oriented north and 
northeast towards Fort Charles 
and rested at the edge of the debris 
¿HOG�� 7KH� FUHZ� OLNHO\� GURSSHG�
the anchor during the battle as 
they drifted towards the shore or 
after they grounded as an attempt 
to winch themselves free. As 
described, the scattered cannon 
represented the crew’s attempt to 
lighten the ship’s load from the 
bottom. Hopefully, as the newly 
collected data from both the 
magnetometer and underwater 
survey are correlated, questions 
regarding Solebay¶V� ¿QDO� UHVWLQJ�
place will be answered and will 
reveal more information about 
the last moments prior to her 

destruction. Even the smallest of clues may help recreate some 
of these events.

As part of this effort, the team recovered small diagnostic 
artifacts to undergo conservation at the Texas A&M 
Conservation Research Laboratory. Already these artifacts are 
UHYHDOLQJ� FOXHV� WKDW� VXSSRUW� WKH� YHVVHO¶V� LGHQWLW\� �¿J�� ���� ,Q�
removing marine concretion from a copper artifact, graduate 
student and conservator Brennan Bajdek discovered a broad 
arrow engraved into the artifact’s surface. As a key symbol of 
the British Royal Navy, this clue helped narrow the vessel’s 
identity to a non-merchant vessel and in all likelihood Solebay 
herself. Several other artifacts that will undergo study after 

conservation include a musket trigger 
guard, musket balls, copper sheathing, 
lead, copper fasteners, and a possible 
gudgeon. These artifacts will be studied 
and upon completion returned to the 
Nevis Historical and Conservation 
Society for display in their museum.

On the last dive of the last day in the 
¿HOG��WKH�WHDP�YLVLWHG�D�VLWH�RI�D�ZUHFN�
purported to be HMS Drake, a 16-gun 
schooner lost in 1804 off Nevis. They 
recorded one large anchor, and observed 
thin copper metal, possible sheathing, 
and encrusted artifacts. Documenting 
Solebay� LV� WKH� ¿UVW� HIIRUW� WR� VWXG\�
the nautical archaeology of Nevis 
through exploring lost shipwrecks. 
The team hopes to return in the future 
and continue a broad, comprehensive, 
remote sensing survey to discover 
and document other vessels. In the 
meantime, the team will complete the 
conservation of Solebay’s artifacts, and 
interpretation of all materials including 
site plan and archival research along 
ZLWK� ¿QLVKLQJ� D� ¿QGLQJV� UHSRUW�� 7KH�
future of nautical archaeology in Nevis 
appears promising.Figure�ϰ͗��ƌĞŶŶĂŶ��ĂũĚĞŬ�ĐŽŶƐĞƌǀŝŶŐ�ůĞĂĚ�;�ŚƌŝƐ�

�ĂƌƚĞůůŽŶĞͿ͘
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Between June 4 and July 22, 2011, a team from the 
Nautical Archaeology Program (NAP) successfully 
completed the second season of excavation of the early 

17th–century English galleon Warwick. As a collaborative 
effort, the project included the National Museum of Bermuda 
(NMB), the Center for Maritime Archaeology and Conservation 
(CMAC), the Institute of Nautical Archaeology (INA), the 
University of Southampton, and the Global Exploration and 
Oceanographic Society (G-EOS). 
'XULQJ� WKH� ����� ¿HOG� VHDVRQ�� WKH� WHDP� XQFRYHUHG� DQG�

recorded a previously unexcavated section which roughly 
corresponded to the Warwick¶V�PLGVKLS��¿J������7KLV�VHFWLRQ�
was deeply covered with a thick layer of sand and silt mixed 

with ballast. Even with multiple diving teams in the water, local 
volunteers and two dredges constantly running, it took more 
than two weeks to move the majority of the rock pile. The top 
layer of the ballast was composed of large, irregularly-shaped 
EORFNV� LGHQWL¿HG�DV�GROHULWH��ZKLFK�ZDV�TXDUULHG� LQ� WKH� DUHD�
of Newcastle, England (Peacock). The bottom layer included 
rounded river shingle. When the ship sank, the heavy dolerite 
VKLIWHG�RYHU�WKH�IUHH�ÀRZLQJ�SHEEOHV�DQG�VOXPSHG�DJDLQVW�WKH�
starboard side of the hull. The shingle ballast was mixed with 
river-worn fragments of ancient Roman Pottery known as 
terra sigillata��¿J������7KLV�LV�W\SLFDO�RI�EDOODVW�GUHGJHG�IURP�
English rivers and has been seen on other wrecks in Bermuda.

Mixed with the ballast, we found hundreds of other artifacts. A concentration of barrels staves, hoop fragments, intact withies 

Figure�ϭ͗�^ŝƚĞ�WůĂŶ͘
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and cow bones is probably 
the crushed remains of an oak 
provision barrel once packed 
with salted beef. We recovered 
fragmentary pottery, personal 
items, a comb and even an 
intact clay pipe from the 
cloying sediments that lined 
the ceiling planking. 

Beneath the ballast and 
clay, the ship’s timbers were 
beautifully preserved. Even the 
chamfers of the stingers were 
VWLOO� FULVS� DQG� GH¿QHG�� 7KH�
wood looked almost new, and 
after 400 years the carpenter’s 
marks were still visible. The 
hull remains are extensive, 

and include ceiling, framing, knees, beams, the waterway, spirketting and deck 
SODQQLQJ��¿J������

Once the hull was uncovered, we were joined by Dr. Kevin Crisman from Texas 
A&M University, Dr. Jon Adams from the University of Southampton, and Dr. 
Kroum Batchvarov from the University of Connecticut. Dr. Crisman oversaw 
direct hull recording, Dr. Adams focused on mapping the hull curvatures using 
DSM and Dr. Batchvarov used techniques pioneered at the Vasa Museum to map 
Warwick¶V�IUDPLQJ�ZLWKRXW�UHPRYLQJ�WKH�FHLOLQJ�SODQNLQJ��¿J������

Similarly to what was discovered during the 2010 season, the ceiling followed an alternating pattern with the stringers which 
were noticeably more robust 
and chamfered along both edges 
�¿J������2I�WKH�IRXU�VWULQJHUV��WKH�
uppermost one also functioned 
as a shelf clamp on which the 
lodging knees, large cross-beams, 
and smaller half-beams or ledges 
were placed. 

The visible framing included 
WKH� ÀRRU� WLPEHU¶V� ZURQJKHDGV��
¿UVW� IXWWRFNV�� DQG� WKLUG� IXWWRFNV��
while the second futtocks were 
covered by the ceiling. With 
the exception of the two frames 
horizontally fastened with 
treenails, the overlapping of the 
framing timbers was rather loose. 
The timbers were regular in 
cross-sections and nicely squared 
off. They were also fastened 
directly to the outer planking 
with treenails, which were tightly 
spaced with two to four per each 
futtock-plank intersection.

Looking at the position of the 
shelf clamp, knees and beams, we 
determined that the arrangement 

Figure� Ϯ͗� �ǆĂŵƉůĞƐ� ŽĨ� ZŽŵĂŶ� ƌĞĚ� ƐůŝƉǁĂƌĞ�
ƚĞƌƌĂ�ƐŝŐŝůůĂƚĂ�ĨŽƵŶĚ�ŵŝǆĞĚ�ǁŝƚŚ�ƐŚŝŶŐůĞ�ďĂůůĂƐƚ͘

Figure�ϯ͗�WƌĞƐĞƌǀĞĚ�ƐƉŝƌŬĞƫŶŐ͘

Figure�ϰ͗��ƌ͘ ��ĂƚĐŚǀĂƌŽǀ�ĂŶĚ�^ƵƐĂŶĂ�sĂůůĞũŽƐ�
ŝŶǀĞƐƟŐĂƚĞ�ƚŚĞ�ĨƌĂŵŝŶŐ͘
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SURGXFHG� D� VWXUG\� VXSSRUW� IRU� WKH� ¿UVW� RU� RUORS� GHFN� WKDW�
most likely could have functioned as the gundeck. The deck 
arrangement was composed of thick L-shaped waterway 
fastened to the hull with treenails and iron bolts and covered 
with deck planking. Directly above the waterway, there was 
VSLUNHWWLQJ� ¿QLVKHG� ZLWK� ¿OOHU� ERDUG�� ZKLOH� DERYH� WKDW� WKH�
third futtocks and external planks still continued for about two 
strakes.

At deck level, we found an arsenal of ordinance: concreted 
cannon balls, spike shot, bar shot, and beautifully preserved 
expanding bar shot. One of our Bermudian teammates, 
Captain James Davidson, conducted a close survey off the 
stern with a metal detector, revealing concretions of lead 
VKRW�DV�ZHOO�DV�VHYHQ�OHDG�SRZGHU�KROGHU�FDSV��¿J������7KHVH�
curious looking caps were originally associated with wooden 
SRZGHU�ÀDVNV�ZKLFK�FDUULHG�WKH�H[DFW�DPRXQW�RI�EODFN�SRZGHU�
for a single musket shot. Since a soldier would normally carry 
twelve of them on his bandolier, they were referred to as the 
twelve “apostles.” Other interesting objects included stamped 
merchant weights in three increments, ball padlock, and a 
partial pommel or grip of a sword. 

We also found fragments of Warwick’s standing rigging. 
With a video camera rolling, divers excavated and recovered 
an intact chainplate. There is evidence of two more chainplates 
still in situ, attached to the hull. When coupled with the partial 
block recovered last year, and three-hole and six-hole deadeyes 
recovered in previous years, we have essential evidence of 
how the ship was rigged. As the season drew to a close, we 
located and raised both a pintle and a gudgeon that had been 
buried in the reefs alongside Warwick’s stern. Once analyzed, 
they may provide important clues about the size of the rudder 
and the design of the stern.

 The crown jewel of the project was an 
artifact found during the 2010 season of 
excavation. Resembling a common wooden 
ruler or scale, the preliminary research 
suggested that the artifact might be a Gunter 
Scale, a navigational instrument of the early 
17th century. However, new research and 
detail analysis conducted during 2011 indicate 
that the artifact is one of the earliest examples 
RI�D�³3ODLQ�6FDOH´��¿J�����

The Plain Scale is described in detail by 
John Aspley in 1624 in his book Speculum 
Nauticum (Aspley 1977). It was used for 
constructing and measuring “course triangles” 
on paper with dividers. The plain scale is 
described as a ruler, usually with three parallel 
lines on the front face. The top line is called 
the line of rhumbs, the middle line is the line of 
Chords (numbered 0-90 for the 90 degrees in 
a quadrant), and the bottom line is the “Scale 
of equal leagues,” This last line was used to 
facilitate calculations of distance a ship had 
sailed on a given course. The line of rhumbs 

and line of chords terminate at the same place because there 
are only 8 rhumb lines in a quadrant of a circle.

According to Aspley, two other lines were placed on the 
EDFN�RI�WKH�VFDOH��ZKLFK�KH�FDOOHG�³WKH�¿UVW�DQG�VHFRQG�OLQHV�
RI�/RQJLWXGHV�´�$VSOH\�SURYLGHV�D�¿JXUH�VKRZLQJ�WKH�IURQW�RI�
WKH�SODLQ�VFDOH��EXW�QRW�D�¿JXUH�RI�WKH�EDFN��7KLV�LV�LPSRUWDQW�
because during the 2011 season, lines which had been 
previously obscured became visible. The purpose of the lines 
on the back face of the scale is not exactly known. The seven 
visible vertical lines extending from right to left are spaced 
incrementally apart suggesting they could represent the miles 

Figure 5: Rodrigo Torres recording the ceiling.

Figure�ϲ͗��ǆĂŵƉůĞ�ŽĨ�Ă�ůĞĂĚ�ƉŽǁĚĞƌͲŚŽůĚĞƌ�ĐĂƉ͘
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of longitude scale in raising one degree of latitude. This new 
UHVHDUFK�LQWR�WKH�3ODLQ�6FDOH�PDUNV�D�VLJQL¿FDQW�FRQWULEXWLRQ�
to the Warwick Project.

In addition to excavation, the 2011 season was also an 
excellent opportunity for public outreach. Students from 
the Bermuda Institute of Ocean Sciences (BIOS) visited the 
project. It was a great chance to get young Bermudians excited 
about maritime archaeology and local history. Bringing science 
and history together, older students worked alongside BIOS 
researchers to take sediment cores from around and beneath 
the shipwreck. They will hopefully provide us with important 
information about site formation and the local environment 
400 years ago.

Jason Paterniti, founder of the G-EOS, maintained a project 
blog and shot daily video of the excavation, crew, and recovered 
artifacts (all available online at the website: YouTube). Local 
Bermudian journalist and producer Robert Zuill recorded a 
short documentary about the Warwick. We also had an exciting 
photo opportunity with project supporter Mr. Ross Perot--he 
was kind enough to give us a tour of the historical landmarks 
DURXQG�&DVWOH�+DUERU�LQ�KLV�KLJK�SRZHUHG�VSHHG�ERDW��¿J�����

Figure�ϴ͗�dŚĞ�tĂƌǁŝĐŬ�ƚĞĂŵ͕�ůĞŌ�ƚŽ�ƌŝŐŚƚ�;ƐƚĂƌƟŶŐ�ĨƌŽŵ�ƚŚĞ�ƚŽƉͿ͗�
�ŽƵŐůĂƐ� /ŶŐůŝƐ͕� :ĂƐŽŶ� WĂƚĞƌŶŝƟ͕� DĂƵƌĞĞŶ� DĞƌƌŝŐĂŶ͕� DŝĐŚĂĞů�
'ŝůďĂƌƚ͕� �ƌ͘ � :ŽŶ��ĚĂŵƐ͕� �ĂƉƚ͘� :ĂŵĞƐ��ĂǀŝĚƐŽŶ͕� >ĞĂŚ� �ƌŝƐŵĂŶ͕�
�ƌ͘ �<ĞǀŝŶ��ƌŝƐŵĂŶ͕��ƌ͘ �<ƌŽƵŵ��ĂƚĐŚǀĂƌŽǀ͕�^ƵƐĂŶĂ�sĂůůĞũŽƐ͕�WŝŽƚƌ�
�ŽũĂŬŽǁƐŬŝ͘�EŽƚ�ŝŶ�ƚŚĞ�ƉŚŽƚŽŐƌĂƉŚ͗��ƌ͘ �<ĂƟĞ��ƵƐƚĞƌ��ŽũĂŬŽǁƐŬŝ͕�
�ĂŶŶǇ�^ĐŽƩ͕�ĂŶĚ�^ĂŵŝůĂ�&ĞƌƌĞŝƌĂ͘

Figure�ϳ͗�EĂǀŝŐĂƟŽŶĂů�ŝŶƐƚƌƵŵĞŶƚ�ŬŶŽǁŶ�ĂƐ�WůĂŝŶ�^ĐĂůĞ͘
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Cape Finisterre is located 
in the north-west 
coast of the Iberian 

Peninsula, cornering one of 
the most important maritime 
routes of the world. The 
maritime trade routes between 
the north and south of Europe, 
along this coast, have always 
been an option to the longer 
and more dangerous land 
routes. In the same way, the 
major trade routes between the 
north of Europe and the rest 
of the world had to pass along 
this coast. This coast is known 
in Spain as “Death’s Coast” 
(Costa de la Muerte). Its name 
conveys the large numbers of 
deaths from the numerous shipwrecks in this area.

Formed during the last glaciation, several deep valleys 
GH¿QH�WKLV�VKDUS�FRDVWOLQH��5LVLQJ�VHD�OHYHOV�DW�WKH�HQG�RI�WKH�
JODFLDO�SHULRG�ÀRRGHG�WKH�YDOOH\V�DQG�WKLV�SURFHVV�FUHDWHG�GHHS�
and protected bays, as well as dangerous reefs formed by the 
tops of the mountains that are now submerged. Its location in 
the North Atlantic, together with winter storms, dangerous 
currents, and dense fog have contributed to the large number 
of shipwrecks in this part of the Galicia region.

Underwater heritage management along the coast involves 
locating and identifying numerous shipwrecks and historical 
ports in the archaeological record. Since 2007, the Regional 
Government of Galicia has been carrying out the Underwater 
+HULWDJH�&KDUW�RI�*DOLFLD��7KLV� LQLWLDWLYH�KDV� LGHQWL¿HG�PRUH�
than 700 shipwrecks in archives and other written sources. 
0RUHRYHU��FLUFD�����DUFKDHRORJLFDO�¿QGV�DQG�KLVWRULFDO�SRUWV�
have been recorded.

One of the most important naval events that happened 
in this area was the 1596 Armada of more than 100 vessels. 
7KLV�ÀHHW¶V�PLVVLRQ�ZDV�WR�WUDQVSRUW�DQ�H[SHGLWLRQDU\�DUP\�WR�
Ireland to support the insurrection of Irish patriots against the 
English invasion. On 28 October, a storm blew some 25 ships 

against the coast with a loss of 
about 2500 men, ending the 
expedition.

Names and characteristics 
of the main wrecked ships are 
known. Due to the discovery 
and looting of one of these ships, 
in 2007 the Heritage Division 
of Galicia Government 
supported a preliminary 
archaeological assessment of 
Punta Restelos shipwreck, one 
of the 1596 Armada vessels. 
This preliminary research 
was carried by the underwater 
archaeologist Miguel San 
&ODXGLR� DQG� KLV� &50� ¿UP�
Archeonauta S.L. The initial 
archaeological assessment 

permitted the recovery of some artifacts at risk of disappearing.
Then a geophysical, underwater archaeological survey of a 

large portion of this area was conducted to locate and provide 
information about the numerous shipwrecks of the area. Six 
more shipwrecks of the 1596 Armada were located, along 
with many more shipwrecks of later historical periods. All of 
the wrecks meet the UNESCO Underwater Cultural Heritage 
criteria for protection. These newly discovered shipwrecks 
were all mapped. At the same time, a research survey was 
FRPSOHWHG�E\�¿VKHUPHQ�DQG�GLYHUV�WR�ORFDWH�RWKHU�ZUHFNV�

During 2011, the shipwrecks located in previous seasons 
were recorded. In addition, new possible wreck locations 
provided by locals were also surveyed. Two of these additions 
are steamers sunk at the end of the 19th century that lay at 
50-meters depth. Moreover, some new remote sensing survey 
targets have also been investigated. The main effort of 
archaeology was concentrated on Punta Restelos shipwreck 
and the French corvette Bayonaisse, scuttled by its own crew 
in 1803 at Langosteira Beach (Finisterre).

At Punta Restelos, archaeologists recorded numerous 
wooden structures as well as artifacts that belonged to its crew 
DQG� WKH� WURRSV� RQ� ERDUG� �¿J�� ���� 7KH� VKLSZUHFN� LV� SDUWLDOO\�

Figure�ϭ͗�>ĞĂĚ�ŝŶŐŽƚ�ǁŝƚŚ�ŵĂƌŬƐ͘
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buried in sand while other parts lie on 
rocks. Vessel timbers exist under the sand 
with some still assembled. Between the 
wooden remains recorded, there are at 
least two planks among other pieces. The 
archaeologists observed an assembled 
wooden structure composed of several 
pieces with an approximated length of 
WKUHH�PHWHUV�� ,W�ZDV� WHQWDWLYHO\� LGHQWL¿HG�
as a rudder, although this hypothesis still 
QHHGV�FRQ¿UPDWLRQ��¿J�����

Pewter plates have been recorded 
along with three medical syringes of two 
GLIIHUHQW� W\SHV� �¿J�� ���� 7ZR� ODUJH� RQHV�
possibly used to administer enemas, and a 
smaller one possibly used for the treatment 
of sexual diseases. These objects are made 
of a copper alloy, and the large ones have 
a central wooden rod. They are currently 
being conserved. 

Included in the numerous weaponry 
located in this shipwreck, various cannons 
of wrought iron were also recorded, 
particularly a bombarda. Moreover, a 
bronze cannon for stone shot was also 
ORFDWHG�DQG�PDSSHG��¿J������$QRWKHU�W\SH�
of recorded weaponry was composed 
of swords and muskets. Most of these 
artifacts were left on the bottom since 
WKHUH�ZDV�QR�ULVN�WR�WKHLU�LQWHJULW\��¿J�����

In 2011, new possible shipwreck 
ORFDWLRQV�SURYLGHG�E\�ORFDO�¿VKHUPHQ�DQG�
divers, allowed the directors of the project, 
Miguel San Claudio, Jose Luis Casaban 
and Filipe Castro, to propose new survey 
campaigns for the future with the support 
of the CMAC, INA, Texas A&M, and the 
Heritage Division of Galicia Government.

Figure 2: Wooden feature, “rudder.”

Figure�ϯ͗�^ǇƌŝŶŐĞ͘ Figure 4: Bronze cannon and pewter dish. Figure 5: Gun carriage wheel.
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The Stella 1 Shipwreck, Uldine, Italy
 
Luiggi Fozzati
Soprintendenza per i Beni Archeologici del Friuli Venezia Giulia

Massimo Capulli
Università degli studi di Udine

Filipe Castro
Center for Maritime Archaeology & Conservation, Texas A&M University

 

IQ������WKH�UHPDLQV�RI�D�VPDOO�5RPDQ�ERDW��GDWHG�WR�WKH�¿UVW�
TXDUWHU�RI�WKH�¿UVW�FHQWXU\�$�'��ZHUH�IRXQG�RQ�WKH�6WHOOD�
River, at Palazzolo dello Stella, about 600 meters from the 

3LD]]D�GHO�3RUWR�RI�WKH�YLOODJH�RI�3UHFHQLFFR��8GLQH��,WDO\��¿J���
���� &RQWUDFW� DUFKDHRORJLVWV±,'$� V�Q�F�±XQGHU� WKH� VFLHQWL¿F�
direction of Dott.ssa Serena Vitri from the Soprintendenza per 
I Beni Archeologici del Friuli-Venezia Giulia, inspected and 
recorded the wreck in 1998 and 1999. Arch. Giuseppe Franca 
DQG�'RWW�VVD�)UDQFHVFD�%UHVVDQ�GLUHFWHG� WKH�¿HOGZRUN��7KH\�
observed a portion of the cargo spilled over an area to at least 
30 m upstream of the site. In 1998 the team concentrated its 
efforts on the cargo inside the vessel. It consisted mainly of roof 
tiles, both embrici and coppi, which were stacked vertically on 
WKH�ÀDW�ERWWRP�RI�WKH�EDUJH��,Q�������D�VHFRQG�DUFKDHRORJLFDO�
¿HOG�VHDVRQ�ZDV�FRQGXFWHG�IRU�WZR�ZHHNV�DLPHG�DW�UHFRUGLQJ�
the hull remains  (Vitri et al. 1999 and Vitri et al. 2003).

In 2011, a joint team from the Universities of Udine and 
Texas A&M reopened the site to record the hull remains in 
detail. During six weeks a team composed of Massimo Capulli, 

Lucrezia Maria Federico, Massimo Lob, and Daniel Lacumin, 
from the University of Udine, Ayse Atauz, Peter Holt, Dante 
Bartoli, and Lindsey Thomas, from ProMare, and Filipe Castro, 
Kelby Rose, and Kotaro Yamafune, from INA / Texas A&M 
University, recorded the Stella 1 shipwreck and a submerged 
wooden structure found nearby, inspected a collapsed Roman 
bridge over the River Stella, and surveyed a portion of the river 
LQ�VHDUFK�IRU�PRUH�DUFKDHRORJLFDO�VLWHV��¿J�����

The team removed the geotextil protection from the Stella 
1 shipwreck and found the hull structure perfectly preserved. 
They then removed the sediment protecting the hull remains 
and recorded the site in stages. They removed the ceiling 
planking and opened trenches along two sides of the vessel to 
assess the stratigraphy and try to understand the site formation 
process.

The hull remains lie on the left margin of the river, 
almost perfectly oriented North-South, forming an angle of 
DSSUR[LPDWHO\����GHJUHHV�ZLWK� WKH� D[LV� RI� WKH� ULYHU� �¿J�� ����
The hull bottom is slightly inclined towards the center of the 

Figure�ϭ͗�>ŽĐĂůŝǌĂƟŽŶ�;'ŽŽŐůĞ��ĂƌƚŚͿ͘
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river and tilted to upstream, lying at a depth between 4.6 and 
5.6 m. It rests on a layer of sand of variable thickness (about 
5 to 10 cm around the shipwreck) with large timber fragments 
mixed with twigs and leaves. This sand and organic layer 
covers a thicker layer (about 25 to 30 cm) of brown or grey 
silt, with a heavy concentration of twigs and leaves – also 
found underneath the boat’s ceiling planking – which in turn 
stands on a thick and heavily compacted layer of grey clay that 
exfoliates along thin horizontal layers. Underneath there is a 
layer of highly compacted sand without much apparent organic 
material.

A large amount of animal bones was found on site, all cut 
in small sections, from 15 to 25 cm. Amphora remains were 
found on the site as well, although diagnostic parts, such as 
collars and handles were absent, as mentioned above. The 
accessibility of the site, which has been visited by sport divers 
for many decades, may explain this fact. 
7KH� 6WHOOD� �� ERDW� ZDV� D� ÀDW�ERWWRPHG� EDUJH�� D� OLWWOH� RYHU�

2.00 m wide and its length unknown. The depth-in-hold is also 
unknown, but the embrici stacked over the ceiling planking 
were about 60 cm tall. It is possible that the sides of the Stella 1 
boat stood about 70 or 80 cm high, making an angle around 75 
degrees from the vertical and thus requiring a draft of around 
25 cm when loaded with embrici. Neither the bow nor stern of 
this boat were preserved, although the curve of the bottom on 
the west extremity of the hull suggests the proximity of one of 
the ends. It was built with laced planks, following a traditional 
construction method in the region, which does not require the 
use of dowels to edge-fasten the planks together. This provides 
resistance to sheer efforts, as in the Greek tradition of the Pre-
Classical and Classical periods. 

As mentioned earlier, a submerged wooden structure was 
found near the shipwreck, possibly the bottom of a containment 
barrier that was once part of the margins of the Stella River. 
This has since eroded and been dragged to the center of the 
river. It was composed of two layers of planks, the inner one 
fastened with mortise and tenon joints, and the outer one more 
GLI¿FXOW�WR�LQWHUSUHW�LQ�WKLV�SUHOLPLQDU\�VWDJH�RI�RXU�UHVHDUFK�

The Stella 1 Project is the most important project in a long-

Figure�Ϯ͗�dŚĞ�ƚĞĂŵ�Ăƚ�ǁŽƌŬ�;WŚŽƚŽ͗�DĂƐƐŝŵŽ��ĂƉƵůůŝͿ͘

Figure�ϯ͗�^ŝƚĞ�WůĂŶ�;�ƌĂǁŝŶŐ͗�&ŝůŝƉĞ��ĂƐƚƌŽ�ĂŶĚ�<ŽƚĂƌŽ�zĂŵĂĨƵŶĞͿ͘
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term cooperative plan between 
the Universities of Udine and 
Texas A&M, the Institute of 
Nautical Archaeology, and 
the Soprintendenza per I 
Beni Archeologici del Friuli-
Venezia Giulia. During the 
intense six weeks of work a 
number of other sites were 
visited and inspected, and other 
possible projects analyzed and 
evaluated. The Friuli Venezia 
Giulia is an immensely rich 
archaeological region with 
tremendous possibilities for 
projects of all sizes. The 
cooperation between the 
Universities of Udine and 
Texas A&M promises to create 
numerous opportunities for 
ERWK� ¿HOGZRUN� DQG� WKHRUHWLFDO�
SURMHFWV��¿J�����

As we are completing 
the archaeological report, a 
virtual model is already being 
developed by Kotaro Yamafune 
and a wooden model is in preparation. This research will study 
the recorded lacing solution and analyze the hull’s structural 
remains to determine the range of loads that this vessel could 
support.
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In the wake of the USS Shark’s loss in the mouth of the 
WUHDFKHURXV� &ROXPELD� 5LYHU�� RI¿FHUV� DQG� PHQ� RI� WKH�
twelve-gun schooner explored the beaches from Point 

Adams southward for any articles of the wreck that could be 
salvaged, but “they seldom found a spar or plank from her 
which the Indians had not already visited and robbed of its 
copper and iron fastenings” (Howison 1846:5). In October 
1846, Shark’s Lieutenant Commander, Neil M. Howison, 
received information through a group of local Clatsop Indians 
that part of the hull, with guns upon it, had come ashore below 
Tillamook Head, about 20 or 30 miles (32 to 48 km) south of 
Point Adams, in an area now known as Arch Cape.

Howison dispatched Midshipman T.J. Simes to the location 

and Simes reported that “the deck between the mainmast and 
forehatch, with an equal length of the starboard broadside 
planking above the wales, had been stranded, and that three of 
the carronades adhered to this portion of the wreck” (Howison 
1846:6). Simes managed to move one of the carronades above 
the high water mark, but the other two were inaccessible due 
to the surf. Howison determined that the transportation of 
the carronades over the rough mountain trail was impractical 
and the decision was made to abandon the guns to the surf 
and sand. Although Howison relayed to Governor George 
Abernathy the location of the carronades, with the hopes of 
sending a boat round in the summer months to collect them, 
the guns remained in Arch Cape for the next eight years.

The Arch Cape Carronades: From USS Shark to Texas A&M University

Brennan Bajdek
Conservation Research Laboratory, Center for Maritime Archaeology & Conservation, Texas A&M University

Figureϭ͗�'ĞŽƌŐĞ�>ƵĐĞ�ĂŶĚ�:ŽŚŶ�'ĞƌƌŝƚƐĞ�ǁŝƚŚ�ƚŚĞ�ϭϴͲƉŽƵŶĚĞƌ�ĐĂƌƌŽŶĂĚĞ�ĐŝƌĐĂ�ϭϴϵϴ�;KƌĞŐŽŶ�^ƚĂƌĞ��ƌĐŚŝǀĞƐͿ͘
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The Morning Star of Tillamook
:LWK� WKH�DUULYDO�RI� WKH�¿UVW�VHWWOHUV� LQWR�7LOODPRRN�&RXQW\�

LQ������� WKH�GDLU\� LQGXVWU\�RI� WKH�DUHD�EHJDQ� WR�ÀRXULVK�DQG�
there was soon an abundance of butter and  milk to take to the 
larger markets of Portland and Astoria (Orcutt 1951:62). Due 
WR� WKH�UHPRWH� ORFDWLRQ�RI� WKH�UHJLRQ��ERUGHUHG�E\� WKH�3DFL¿F�
Ocean to the west and the Coast Range to the east, these larger 
PDUNHWV� ZHUH� GLI¿FXOW� WR� UHDFK� ZLWKRXW� WKH� RIWHQ� XQUHOLDEOH�
trading ships or the long wagon rides over rough roads. In the 
summer of 1854, the last small sloop sailed out of Tillamook 
Bay but was reported wrecked on Peacock Spit at the mouth of 
the Columbia River. 

Instead of seeing their products go to waste, a group of 
desperate pioneers, which included Warren Vaughn, Charles 
Hendrickson, Peter Morgan and O.S. Thomas, met on 24 
September 1854, with the intention of building a small trading 
VFKRRQHU��7KH�JURXS�VHW�WR�ZRUN�DQG�IURP�QDWLYH�'RXJODV�¿U��
they shaped a 37-foot keel and constructed a six-foot hold using 
six foot by eight foot timbers spaced ten inches apart. These 
were then covered with a two-inch thick planking of Douglas 
¿U�� VDZHG� E\� KDQG� LQWR� ���IRRW� OHQJWKV� �0DUVKDOO� ����������
There was, however, a dire shortage of iron. 

John Hobson, a pioneer of Clatsop, informed 
the group of USS Shark’s demise in the mouth 
of the Columbia and that pieces of the deck and 
hull, all heavy with iron, had washed ashore on 
the beach of Arch Cape. The group reached Arch 
Cape on horseback and discovered many pieces of 
hardware that could be salvaged for their schooner. 
They packed only the useable iron, bolts, knees 
and nails from the wreckage – nearly all the brass 
¿WWLQJV�DQG�FRSSHU�EROWV�KDG�EHHQ�WDNHQ�E\�HDUOLHU�
scavengers. The group left the two remaining 
carronades where they laid at the mouth of a small 
creek near a hemlock tree (Marshall 1984:78). 
This stream would subsequently be called “Shark 
Creek.” 

A total of six trips with four packhorses were 
required to carry the iron loads on the trail over 
Neah-Kah-Nie Mountain, across the Nehalem 
River and south to Kilchis Point in Tillamook 
Bay – roughly 289 miles (465 km). The pioneers 
quickly built a small blacksmith’s shop and 
converted the left-over ship’s lumber into charcoal. 
A local settler by the name of Clark became the 
town’s blacksmith and began re-shaping Shark’s 
iron as needed. The rigging and sails for their new 
schooner were made from bolts of canvas, rope 
and blocks purchased for $10 from the Tillamook 
Indians, who had salvaged the materials from 
the 1851 wreck of the bark Oriole in Netarts 
Bay (Marshall 1984:79-80). On January 5, 1855, 
the Morning Star of Tillamook, a two-masted 
schooner, was launched.

“Cannon” Beach
In 1891, James P. Austin moved to the location where the 

¿UVW�FDUURQDGH�ZDV�VXSSRVHG�WR�KDYH�EHHQ�OHIW�E\�0LGVKLSPDQ�
Simes in the creek south of Hug Point. After building the 
“Ocean View House”, Austin applied to establish a new post 
RI¿FH�� ZKLFK� KH� QDPHG� ³&DQQRQ� %HDFK´� �0F$UWKXU� DQG�
0F$UWKXU�����������+H�EHFDPH�WKH�¿UVW�SRVWPDVWHU�RI�&DQQRQ�
Beach on May 29, 1891. James had always been fascinated 
ZLWK�WKH�SURVSHFW�RI�¿QGLQJ�WKH�FDUURQDGHV�EXULHG�EHQHDWK�WKH�
sand and he spent the remaining years of his life searching for 
them until his death on May 7, 1894.

A winter storm in January 1898 revealed one of the carronades 
RQ� WKH� EHDFK� LQ� IURQW� RI� WKH� WRZQ¶V� SRVW� RI¿FH��0DLOFDUULHU�
George Luce of Nehalem discovered the gun embedded in the 
creek while on his regular route. Upon returning to Nehalem, 
/XFH� WROG� -RKQ� DQG� 0DU\� *HUULWVH� DERXW� KLV� ¿QG� DQG� WKH\�
brought a team of horses to the location, where the carronade 
�¿J�����ZDV�SXOOHG�IURP�WKH�VDQG��DORQJ�ZLWK�Shark’s capstan, 
chock and cleat (Miller 1954:7). The gun was no doubt the 
carronade Midshipman Simes had removed from Shark’s deck. 
The other two carronades were believed to be in the surf, per 

Figure�Ϯ͗�����KƌĞŐŽŶ��ĂƌƌŽŶĂĚĞ���;WƌĞͲ�ŽŶƐĞƌǀĂƟŽŶͿ͘

Figure�ϯ͗�����KƌĞŐŽŶ��ĂƌƌŽŶĂĚĞ���;WƌĞͲ�ŽŶƐĞƌǀĂƟŽŶͿ͘
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Howison’s report, and presumed buried there still.

The Recovery of the Arch Cape Carronades
After a winter storm in mid-February 2008, a father and 

daughter from Tualatin, Mike and Miranda Petrone, discovered 
one of the two remaining carronades while walking along the 
beach. Upon recognizing the shape of the carronade (henceforth 
referred to as Carronade A), they contacted  representatives 
from the Cannon Beach Historical Society who, in turn, 
FRQWDFWHG�WKH�WRZQ¶V�PD\RU�WR�FRQ¿UP�WKH�GLVFRYHU\��5ROOLQV�
and Crombie 2008:A4). News of the carronade attracted 
many people to the Arch Cape beach and State Park personnel 

became worried that the gun or other associated artifacts would 
disappear during low tide with many people looking to obtain 
a piece of Oregon’s past. 

A second carronade (henceforth referred to as Carronade 
B) was located further up the beach from Carronade A by 
Tualatin resident, Sharisse Repp. State Archaeologist, Dennis 
*ULI¿Q��DORQJ�ZLWK�VWDII�PHPEHUV�RI�1HKDOHP�%D\�6WDWH�3DUN��
recovered the guns with the assistance of a backhoe and placed 
them immediately into tubs of saltwater in order to maintain a 
saturated condition. 

Seven heavily concreted artifacts were recovered during 
the salvage operations, including the two carronades and 
WKHLU�JXQ�FDUULDJHV��¿JV����DQG�����SLHFHV�RI�FKDLQ�OLQN�DQG�DQ�
iron wedge. In early 2009, the Oregon Parks and Recreation 
Department signed a contract with the Center for Marine 
Archaeology and Conservation at Texas A&M University and 
the carronades and associated artifacts were transported to the 
university’s Conservation Research Laboratory for long-term 
SUHVHUYDWLRQ�DQG�FRQVHUYDWLRQ� �¿J������:LWK�RQH�RI� WKH�JXQV�
already conserved and the remaining artifacts in treatment, the 
Conservation Research Laboratory is currently working with 
the Cannon Beach History Center and Museum to preserve the 
FDUURQDGH�DQG�FDSVWDQ�RULJLQDOO\�GLVFRYHUHG�LQ�������¿J�����

Figure� ϰ͗� DĂƐƚĞƌ͛Ɛ� ƐƚƵĚĞŶƚ� �ƌĞŶŶĂŶ� �ĂũĚĞŬ� ĐŽŶƐĞƌǀŝŶŐ� �ƌĐŚ�
�ĂƉĞ͕� KƌĞŐŽŶ� �ĂƌƌŽŶĂĚĞƐ� WƌŽũĞĐƚ� Ăƚ� ƚŚĞ� �D��� �ŽŶƐĞƌǀĂƟŽŶ�
ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͘

Figure 5: The carronade and capstan at the Cannon Beach 
,ŝƐƚŽƌǇ��ĞŶƚĞƌ�ĂŶĚ�DƵƐĞƵŵ�ĐŝƌĐĂ�ϮϬϬϴ�;�ĂŶŶŽŶ��ĞĂĐŚ�,ŝƐƚŽƌŝĐĂů�
^ŽĐŝĞƚǇͿ͘
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 EĞĞĚ�ĂƌƟĨĂĐƚƐ�ĐŽŶƐĞƌǀĞĚ�ĨƌŽŵ�ĂŶǇ�ĂƌĐŚĂĞŽůŽŐŝĐĂů�ƐŝƚĞ�Ͳ�ŽŶ�ůĂŶĚ�Žƌ�ƵŶĚĞƌǁĂƚĞƌ͍�
 

CMAC does Contract Conservation
 

 �D�� Ɛ͛� �ŽŶƐĞƌǀĂƟŽŶ�ZĞƐĞĂƌĐŚ� >ĂďŽƌĂƚŽƌǇ� ;�Z>Ϳ͕� �ƌĐŚĂĞŽůŽŐŝĐĂů� WƌĞƐĞƌǀĂƟŽŶ�ZĞƐĞĂƌĐŚ� >ĂďŽƌĂƚŽƌǇ� ;�WZ>Ϳ�
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ŽĨ� ĂƌƟĨĂĐƚƐ͘� dŚĞ� �ŽŶƐĞƌǀĂƟŽŶ�ZĞƐĞĂƌĐŚ� >ĂďŽƌĂƚŽƌǇ� ŝƐ� ŽŶĞ� ŽĨ� ƚŚĞ� ŽůĚĞƐƚ� ĐŽŶƟŶƵŽƵƐůǇ� ŽƉĞƌĂƚĞĚ� ĐŽŶƐĞƌǀĂƟŽŶ�
ůĂďŽƌĂƚŽƌŝĞƐ�ƚŚĂƚ�ĚĞĂůƐ�ƉƌŝŵĂƌŝůǇ�ǁŝƚŚ�ĂƌĐŚĂĞŽůŽŐŝĐĂů�ŵĂƚĞƌŝĂů�ĨƌŽŵ�ƐŚŝƉǁƌĞĐŬƐ�ĂŶĚ�ŽƚŚĞƌ�ƵŶĚĞƌǁĂƚĞƌ�ƐŝƚĞƐ͘��Z>�
ǁŽƌŬƐ�ǁŝƚŚ�ĂĐĂĚĞŵŝĐ� ŝŶƐƟƚƵƟŽŶƐ͕�ŵƵƐĞƵŵƐ͕�ŚŝƐƚŽƌŝĐĂů� ƐŽĐŝĞƟĞƐ͕�ĂŶĚ�ŐŽǀĞƌŶŵĞŶƚ�ŽĸĐĞƐ͕�ĂƐ�ǁĞůů�ĂƐ�ǁŝƚŚ�ƚŚĞ�
ƉƌŝǀĂƚĞ� ĐŽŶƐĞƌǀĂƚŽƌ͘ �KƵƌ� ŐŽĂů� ŝƐ� ƚŽ� ĐƌĞĂƚĞ� ǀŝĂďůĞ� ĐŽŶƐĞƌǀĂƟŽŶ� ƐƚƌĂƚĞŐŝĞƐ�ŽĨ� ƚŚĞ�ŚŝŐŚĞƐƚ� ƐƚĂŶĚĂƌĚ� ƚŚĂƚ� ĐĂŶ�ďĞ�
ĂĐĐŽŵƉůŝƐŚĞĚ�Ăƚ�ŵŝŶŝŵĂů�ĐŽƐƚ͘
ZĞƐĞĂƌĐŚ�ĐŽŶĚƵĐƚĞĚ�Ăƚ�ƚŚĞ��ƌĐŚĂĞŽůŽŐŝĐĂů�WƌĞƐĞƌǀĂƟŽŶ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ�ŚĂƐ�ĐŽŶƚƌŝďƵƚĞĚ�ƚŽ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�

ŽĨ�ŶĞǁ�ƉƌŽĐĞƐƐĞƐ�ĨŽƌ�ƚŚĞ�ƐƚĂďŝůŝǌĂƟŽŶ�ĂŶĚ�ĐŽŶƐĞƌǀĂƟŽŶ�ŽĨ�ŽƌŐĂŶŝĐ�ĂƌƟĨĂĐƚƐ͘� /Ŷ�ĐŽŶũƵŶĐƟŽŶ�ǁŝƚŚ��Žǁ��ŽƌŶŝŶŐ�
�ŽƌƉŽƌĂƟŽŶ͕�ƌĞƐĞĂƌĐŚ�Ăƚ��WZ>�ĨŽĐƵƐĞƐ�ŽŶ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŽƌŐĂŶŽͲƐŝůŝĐŽŶĞ�ĐŚĞŵŝƐƚƌǇ�ĂŶĚ�ƉŽůǇŵĞƌƐ�ĂƐ�ǁĞůů�ĂƐ�
ƚŚĞŝƌ�ĂƉƉůŝĐĂƟŽŶ�ŝŶ�ĐŽŶƐĞƌǀŝŶŐ�ŽƌŐĂŶŝĐ�ĂƌĐŚĂĞŽůŽŐŝĐĂů�ĂƌƟĨĂĐƚƐ͘
dŚĞ�tŝůĚĞƌ�ϯͲ�ŝŵĞŶƐŝŽŶĂů�/ŵĂŐŝŶŐ�>ĂďŽƌĂƚŽƌǇ�ŽīĞƌƐ�ƐĞƌǀŝĐĞƐ�ĨŽƌ�ƚŚƌĞĞʹĚŝŵĞŶƐŝŽŶĂů�ƐĐĂŶŶŝŶŐ�ĂŶĚ�ƌĞĐŽƌĚŝŶŐ�ŽĨ�

ĂƌĐŚĂĞŽůŽŐŝĐĂů�ƐŝƚĞƐ�ĂŶĚ�ƐŝŶŐůĞ�ĂƌƟĨĂĐƚ�ƌĞĐŽƌĚŝŶŐ͘�KŶĐĞ�ƐŝƚĞ�ĚĂƚĂ�ĂŶĚ�ĂƌƟĨĂĐƚ�ŝŵĂŐŝŶŐ�ŝƐ�ĐŽŵƉůĞƚĞ͕�ŝƚ�ŝƐ�ƉŽƐƐŝďůĞ�ƚŽ�
ŵĂŬĞ�ĨĂĐƐŝŵŝůĞ�ĐŽƉŝĞƐ�ŽĨ�ƐŝƚĞƐ�ĂŶĚ�ƐŝŶŐůĞ�ĂƌƟĨĂĐƚƐ�ĨŽƌ�ƚĞĂĐŚŝŶŐ�ĂŶĚ�ĚŝƐƉůĂǇ�ƉƵƌƉŽƐĞƐ͘�KŌĞŶ͕�ĂƌƟĨĂĐƚ�ƌĞƉůŝĐĂƟŽŶƐ�
ĂƌĞ�ĐƌĞĂƚĞĚ�ŝŶ�ůĂƌŐĞƌͲƚŚĂŶͲůŝĨĞ�ƐŝǌĞƐ�ĨŽƌ�ƵƐĞ�ŝŶ�ĐůĂƐƐƌŽŽŵƐ͘

 
^ĞƌǀŝĐĞƐ͗
/ŶĚƵƐƚƌŝĂů�ƌĂĚŝŽŐƌĂƉŚǇ͕ �ĞůĞĐƚƌŽůǇƟĐ͕�ĂŶĚ�ĐŚĞŵŝĐĂů�ĐůĞĂŶŝŶŐ͘
EŽƌƚŚ��ŵĞƌŝĐĂ Ɛ͛�ůĂƌŐĞƐƚ�ǁŽŽĚͲƚƌĞĂƚŵĞŶƚ�ĨĂĐŝůŝƚǇ͘
ϲϬͲĨŽŽƚ�y�ϮϬͲĨŽŽƚ�y�ϭϮͲĨŽŽƚ�ǁŽŽĚ�ĐŽŶƐĞƌǀĂƟŽŶ�ǀĂƚ͘
�ƌƟĨĂĐƚ�ĐĂƐƟŶŐ�ĂŶĚ�ƌĞƐƚŽƌĂƟŽŶ͘
EĞǁ�ƐŝůŝĐŽŶĞ�Žŝů�ƚƌĞĂƚŵĞŶƚƐ͘
^ĂƚĞͲŽĨͲƚŚĞͲĂƌƚ�ĞƋƵŝƉŵĞŶƚ�ĨŽƌ�ƚƌĂŝŶŝŶŐ͕�ĂŶĂůǇƐŝƐ͕�ĂŶĚ�ƌĞƐĞĂƌĐŚ͘
tŽƌůĚ Ɛ͛�ůĂƌŐĞƐƚ�ĂƌƟĨĂĐƚ�ĨƌĞĞǌĞ�ĚƌŝĞƌ�ϰϬͲĨŽŽƚ�ůĞŶŐƚŚ�y�ϴͲĨŽŽƚ�ĚŝĂŵĞƚĞƌ͘

&Žƌ�ŵŽƌĞ�ĚĞƚĂŝůƐ�ƐĞĞ� ŚƩƉ͗ͬͬŶĂƵƚĂƌĐŚ͘ƚĂŵƵ͘ĞĚƵͬ�Z>ͬƐĞƌǀŝĐĞƐͬ
 
�ŽŶƚĂĐƚ�ƵƐ�ƚŽ�ůĞĂƌŶ�ŚŽǁ�ǁĞ�ĐĂŶ�ŚĞůƉ�ǇŽƵ͗

�ƩŶ͗�:ŝŵ�:ŽďůŝŶŐ
�ŽŶƐĞƌǀĂƟŽŶ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
�ĞŶƚĞƌ�ĨŽƌ�DĂƌŝƟŵĞ��ƌĐŚĂĞŽůŽŐǇ�Θ��ŽŶƐĞƌǀĂƟŽŶ
dĞǆĂƐ��ΘD�hŶŝǀĞƌƐŝƚǇ�Ͳ�ϰϯϱϮ
�ŽůůĞŐĞ�^ƚĂƟŽŶ͕�dĞǆĂƐ�ϳϳϴϰϯͲϰϯϱϮ

WŚŽŶĞ͗��ϵϳϵͲϴϲϮͲϳϳϵϭ�
&�y͗��ϵϳϵͲϴϲϮͲϳϳϵϮ
�ͲŵĂŝů͗��ĐƌůΛƚĂŵƵ͘ĞĚƵ
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ŚƩƉ͗ͬͬŶĂƵƚĂƌĐŚ͘ƚĂŵƵ͘ĞĚƵͬ�
 

KǀĞƌ�ƚŚĞ�ƉĂƐƚ�ƚǁŽ�ĚĞĐĂĚĞƐ�dĞǆĂƐ��ΘD�hŶŝǀĞƌƐŝƚǇ�;d�DhͿ͕�ƚŚƌŽƵŐŚ�ŝƚƐ�ĂĸůŝĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�/ŶƐƟƚƵƚĞ�
ŽĨ�EĂƵƟĐĂů��ƌĐŚĂĞŽůŽŐǇ�;/E�Ϳ͕�ƚŚĞ�ũŽŝŶƚ�ĞǆĐĂǀĂƟŽŶƐ�ŽĨ�ƐŝŐŶŝĮĐĂŶƚ�ƐŚŝƉǁƌĞĐŬƐ�ǁŝƚŚ�/E�͕�ĂŶĚ�ƚŚĞ�
ĞƐƚĂďůŝƐŚŵĞŶƚ�ŽĨ�ƚŚĞ�EĂƵƟĐĂů��ƌĐŚĂĞŽůŽŐǇ�WƌŽŐƌĂŵ�;E�WͿ�ŝŶ�ƚŚĞ��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŶƚŚƌŽƉŽůŽŐǇ͕ �
ŚĂƐ�ďĞĐŽŵĞ�ƌĞĐŽŐŶŝǌĞĚ�ĂƐ�ŚĂǀŝŶŐ�ŽŶĞ�ŽĨ�ƚŚĞ�ďĞƐƚ�ŶĂƵƟĐĂů�ĂƌĐŚĂĞŽůŽŐǇ�ĂĐĂĚĞŵŝĐ�ĂŶĚ�ƌĞƐĞĂƌĐŚ�
ƉƌŽŐƌĂŵƐ�ŝŶ�ƚŚĞ�ǁŽƌůĚ͘�KǀĞƌ�ƚŚŝƐ�ƐĂŵĞ�ƉĞƌŝŽĚ͕�ƚŚĞ�ĐŽŶƐĞƌǀĂƟŽŶ�ůĂďŽƌĂƚŽƌŝĞƐ�ƚŚĂƚ�ĂƌĞ�ƉĂƌƚ�ŽĨ�E�W�
ŚĂǀĞ�ďĞĐŽŵĞ�ǀĞƌǇ�ŝŶŶŽǀĂƟǀĞ�ĂŶĚ�ĂƌĞ�ĂĐŬŶŽǁůĞĚŐĞĚ�ĂƐ�ďĞŝŶŐ�ůĞĂĚĞƌƐ�ŝŶ�ƚŚŝƐ�ĮĞůĚ�ŽĨ�ĐŽŶƐĞƌǀĂƟŽŶ͘�
/Ŷ� ŽƌĚĞƌ� ƚŽ� ĐĂƉŝƚĂůŝǌĞ� ĂŶĚ� ďƵŝůĚ� ŽŶ� ƚŚŝƐ� ƌĞĐŽŐŶŝƟŽŶ͕� Ă� �ĞŶƚĞƌ� ĨŽƌ� DĂƌŝƟŵĞ� �ƌĐŚĂĞŽůŽŐǇ� ĂŶĚ�
�ŽŶƐĞƌǀĂƟŽŶ�;�D��Ϳ�ǁĂƐ�ĐƌĞĂƚĞĚ�ďǇ�ƚŚĞ�dĞǆĂƐ��ΘD�hŶŝǀĞƌƐŝƚǇ��ŽĂƌĚ�ŽĨ�ZĞŐĞŶƚƐ�ŝŶ�DĂǇ�ϮϬϬϱ�ĂƐ�
ƚŚĞ�ďĞƐƚ�ŵĞĂŶƐ�ďǇ�ǁŚŝĐŚ�ƚŚĞ�ŐŽĂůƐ�ĂŶĚ�ŵŝƐƐŝŽŶ�ŽĨ�ŶĂƵƟĐĂů�ĂƌĐŚĂĞŽůŽŐǇ�Ăƚ�d�Dh�ĐĂŶ�ďĞ�ƌĞĂůŝǌĞĚ͘

dŚĞ�ŵŝƐƐŝŽŶ�ŽĨ��D���ŝƐ�ƐŝŵƉůĞ͘��D��͕�ĂƐ�Ă�ƌĞƐĞĂƌĐŚ�ĐĞŶƚĞƌ�Ăƚ�d�Dh͕�ĂŶĚ�ƚŚƌŽƵŐŚ�ŝƚƐ�ĂĸůŝĂƟŽŶ�
ǁŝƚŚ�/E��ĂŶĚ�ƚŚĞ��ĞƉĂƌƚŵĞŶƚ�ŽĨ�KĐĞĂŶŽŐƌĂƉŚǇ͕ �ǁŝůů�ĐŽŶƟŶƵĞ�ƚŽ�ŬĞĞƉ�d�Dh�ŝŶ�ƚŚĞ�ĨŽƌĞĨƌŽŶƚ�ŽĨ�
ŶĂƵƟĐĂů͕�ŵĂƌŝƟŵĞ͕�ĂŶĚ�ƵŶĚĞƌǁĂƚĞƌ�ĂƌĐŚĂĞŽůŽŐǇ�ƌĞƐĞĂƌĐŚ͘�/ƚ�ǁŝůů�ĐŽŶƟŶƵĞ�ƚŽ�ďƵŝůĚ�ŽŶ�ŽƵƌ�ĞǆƉĞƌƟƐĞ�
ŝŶ�ĂƌƟĨĂĐƚ�ĐŽŶƐĞƌǀĂƟŽŶ͕�ĂĚǀĂŶĐĞ�ƵŶĚĞƌǁĂƚĞƌ�ŵĂƉƉŝŶŐ�ƚĞĐŚŶŽůŽŐǇ͕ �ĂŶĚ�ďƵŝůĚ�ŽŶ�ƚŚĞ�ƌĞƉƵƚĂƟŽŶ�ŝƚ�
ŶŽǁ�ŚĂƐ�ŝŶ�ƚŚĞƐĞ�ƌĞƐĞĂƌĐŚ�ĂƌĞĂƐ͘�DŽƌĞ�ƐŝŵƉůǇ�ƉƵƚ͕��D�� Ɛ͛�ŵŝƐƐŝŽŶ�ŝƐ�ƚŽ�ĨŽƌŵ�ƌĞƐĞĂƌĐŚ�ĂůůŝĂŶĐĞƐ�
ƐƵĐŚ�ĂƐ�ƚŚĞ�ŽŶĞ�ǁĞ�ŚĂǀĞ�ǁŝƚŚ�ƚŚĞ� /E��ŝŶ�ŽƌĚĞƌ�ƚŽ�ĐŽŶƟŶƵĞ�ƚŽ�ďĞ� ŝŶ�ƚŚĞ�ĨŽƌĞĨƌŽŶƚ�ŽĨ�ŵĂƌŝƟŵĞ�
ĂƌĐŚĂĞŽůŽŐǇ�ƌĞƐĞĂƌĐŚ�ĂŶĚ�ďĞ�ĂŶ�ĂĐƟǀĞ�ƉĂƌƚŶĞƌ�ŝŶ�ŽŶĞ�ŽĨ�ƚŚĞ�ďĞƐƚ�ĂĐĂĚĞŵŝĐ�ƉƌŽŐƌĂŵƐ�ŝŶ�ŶĂƵƟĐĂů�
ĂƌĐŚĂĞŽůŽŐǇ� ŝŶ� ƚŚĞ�ǁŽƌůĚ͘� dŽ� ĂĐĐŽŵƉůŝƐŚ� ƚŚĞƐĞ� ŝĚĞĂůƐ͕� �D��� ŚĂƐ� ŝŶĐŽƌƉŽƌĂƚĞĚ� ƐĞǀĞƌĂů� ǀĂƌŝĞĚ�
ůĂďŽƌĂƚŽƌŝĞƐ�ƐƉĞĐŝĂůŝǌŝŶŐ�ŝŶ�ǀĂƌŝŽƵƐ�ƌĞƐĞĂƌĐŚ�ĂƌĞĂƐ�ĂŶĚ�ĂƐƉĞĐƚƐ�ŽĨ�ŶĂƵƟĐĂů�ĂƌĐŚĂĞŽůŽŐǇ͘

 
�Ǉ�ĐŽŶĐĞŶƚƌĂƟŶŐ�ŽŶ�ƚŚĞƐĞ�ŽďũĞĐƟǀĞƐ͕��D���ǁŝůů�ĂĐĐŽŵƉůŝƐŚ�ƚŚŝƐ�ŵƵůƟĨĂĐĞƚĞĚ�ŵŝƐƐŝŽŶ͕�ďƵƚ�ǁĞ�

ŶĞĞĚ�ǇŽƵƌ�ƐƵƉƉŽƌƚ͘��ŽŶƚĂĐƚ�ƵƐ�ƚŽĚĂǇ�ƚŽ�ůĞĂƌŶ�ŚŽǁ�ǇŽƵ�ĐĂŶ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ŽƵƌ�ƌĞƐĞĂƌĐŚ�ĞīŽƌƚƐ�ŝŶ�
ĞǆƉůŽƌŝŶŐ͕�ĚŽĐƵŵĞŶƟŶŐ͕�ĐŽŶƐĞƌǀŝŶŐ͕�ĂŶĚ�ƐƚƵĚǇŝŶŐ�ƵŶĚĞƌǁĂƚĞƌ�ĂƌĐŚĂĞŽůŽŐŝĐĂů�ƐŝƚĞƐ͕�ĂŶĚ�ĞĚƵĐĂƟŶŐ�
ƚŚĞ�ŶĞǆƚ�ŐĞŶĞƌĂƟŽŶ�ŽĨ�ŵĂƌŝƟŵĞ�ĂƌĐŚĂĞŽůŽŐŝƐƚƐ͘

 
� � � �ƩŶ͗�<ĞǀŝŶ��ƌŝƐŵĂŶ
� � � �ĞŶƚĞƌ�ĨŽƌ�DĂƌŝƟŵĞ��ƌĐŚĂĞŽůŽŐǇ�Θ��ŽŶƐĞƌǀĂƟŽŶ
� � � �ŶƚŚƌŽƉŽůŽŐǇ��ƵŝůĚŝŶŐ�ϭϬϳ
� � � dĞǆĂƐ��ΘD�hŶŝǀĞƌƐŝƚǇ
� � � �ŽůůĞŐĞ�^ƚĂƟŽŶ͕�dy�ϳϳϴϰϯͲϰϯϱϮ
� � � hŶŝƚĞĚ�^ƚĂƚĞƐ




