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Abstract 

A team of earth scientists conducted a series of exploratory transects across the summit of 

Eratosthenes Seamount in 2010 and 2012 to better understand the geologic structure of this unique 

flat-topped feature in the East Mediterranean Sea. and optical imaging systems. The researchers 

could instantaneously communicate with archaeologists on shore by utilizing a high bandwidth 

satellite system on the E/V Nautilus. This system allowed researchers and archaeologists to better 

take advantage of this series of discoveries. The data collected during these field seasons, presented 

and discussed in this article, contributes to existing literature on the maritime traffic patterns of the 

ancient Eastern Mediterranean, and of open-sea travel over the underwater plateau from 800 BC— 

800 AD. 

1. Introduction 

The purpose of this paper is to demonstrate how telepresence technology was used by 

oceanographers in the field to assess and analyze three shipwrecks and numerous artifacts 

discovered during exploratory expeditions of the submerged plateau known as Eratosthenes 

Seamount (Figs 1, 2, 5) The goals for this expedition were expanded from the original focus on 

biologic and geologic research to explore the environment of the Eratosthenes Seamount as an ideal 

location for deep-sea archaeology. Not only does the summit provide the perfect physical setting, 

but the seamount is positioned in a central location for maritime traffic between the Aegean, Crete, 

the Levant, Cyprus, and Egypt. The limitations of underwater archaeological techniques 

(Muckelroy, 1978) have heretofore restricted investigations to coastal regions and shallow waters, 

preventing scholars from gaining insight into the movements of ancient seafarers as trade routes 

move away from shore. Technological innovation has made it possible for social scientists to study 

previously unexamined sections of ocean and sea.  

From August 22 - 28, 2010 the research team aboard the E/V Nautilus conducted a survey of 

Eratosthenes Seamount discovering 70 isolated amphorae and returned in 2012 for a more 

systematic survey of the underwater plateau. Between August 14 - 25, 2012 the research team found 

another 149 isolated amphorae in addition to three shipwrecks, one of which was modeled via 
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photomosaic. Approximately 18% of the seamount was explored between the two seasons. The 

potential for evidence of distant-offshore maritime traffic in the Mediterranean is more apparent 

when the collected data is extrapolated. It is the hope of the research team that archeologists will 

take advantage of the data collected in this preliminary exploratory survey to conduct a more  

exhaustive investigation of the seamount after accessing the data presented in this paper.  

2. Area of Study: Eratosthenes Seamount 

The Eratosthenes Seamount is an underwater plateau 120 km in length and 80 km in width 

situated between the northern and central segments of the Eastern Mediterranean (Schattner, 2010; 

Fig 1). The seamount rises from the surrounding seafloor at a depth of 2,700 meters to its summit at 

an average depth of 690 meters. Its flat top was formed in the Miocene epoch (23-5.3 million years 

ago) when its upper limestone cap lay above sea level (Robertson, 1998) much like the Bahamian 

Archipelago today. The seamount is located 93 km south of the island of Cyprus, 260 km west of 

Beirut, and 260 km from the entrance to the eastern Nile River. 

It became clear during the Exploration Vessel (E/V) Nautilus survey in 2010 that the 

Eratosthenes Seamount offered ideal conditions for the preservation of cultural resources. Deep sea 

trawling damage to artifacts is less apparent on the underwater plateau because the average 

elevation is too deep for most fishing trawlers. Furthermore, the plateau has a low sedimentation 

rate averaging 2 cm/1000 years (Flecker and Grove, 1994), compared to 83 cm/1000 years in the 

nearby Herodotus Abyssal Plain (Reeder et al., 1998).  The primary sources of sediment in the 

Herodotus Abyssal Plain are turbidites from the Nile Cone, the Libyan-Egyptian shelf and debris 

flows from the Mediterranean Ridge.  Sunken artifacts and ships resting on the seamount summit 

are in a high enough position to avoid being quickly covered by bottom-traveling sediment flows. 

Artifacts and ships also benefit from the karst topography which reduces buildup of sediments by 

acting as a natural sieve. The depth of the seamount additionally affects the way sunlight interacts 

with the environment. Sunlight from the surface cannot reach the seamount making it difficult for 

organic life to grow on sunken artifacts. The Eratosthenes Seamount is an ideal environment for the 

preservation of artifacts because they require less effort to identify and are better preserved than  

those exposed to higher sedimentation rates and sunlight. 

3. Methodology 

Aboard E/V Nautilus are several deep-sea vehicle systems (Phillips et. al., 2011) including: 

Echo and Diana, a dual frequency towed side-scan sonars which have 100 and 400 kHz transducers 

and 300 and 600 kHz transducers, respectively, Argus, a deep-towed camera sled and Hercules, a 

remotely operated vehicle (ROV).  Important to the research in this paper, the exploration vessel 
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has been fitted with a high bandwidth satellite link allowing real time connection between the 

research team aboard, with scientists and engineers on shore (Kulin, et. al., 2011; Coleman and 

Ballard, 2011; Austin et. al., 2011). This satellite uplink system allows the team on board to consult 

remotely with experts around the world via video interface. 

A survey of the Eratosthenes Seamount was plotted using a map generated by the Medimap 

Group (Loubrieu et al. 2005). Argus was initially used to survey the top of the Seamount to detect 

individual artifacts or isolated shipwrecks using dual frequency towed side-scan sonars (Mesotech 

1071 profiling sonar, and the EdgeTech 4200 MP CHIRP side-scan sonar) operating at 100 and 400 

kHz.    

Argus was used next in tandem with the Hercules ROV to locate targets detected by Argus 

and obtain high-resolution images, measure their dimensions using a laser-measuring sensor, and 

capture a photo-mosaic of one of the three shipwrecks encountered. Argus, connected to Nautilus 

via ship-board winch, absorbed fluctuations caused by changes in above-water conditions and the 

position of the ship, allowing Hercules (connected to Argus via loose fiber optic cable) to maneuver 

with greater accuracy. The photo-mosaic was constructed by maneuvering Hercules over the site in 

a 10 x 30 m “checkerboard” grid imaging the wreck using the 1,375 kHz BlueView Technologies 

multibeam, color and black-and-white 12-bit 1,360 × 1,024 Prosilica stereo cameras, along with a 

100 mW 532 nm green laser sheet and a dedicated black and white camera (Roman et al. 2012; Figs 

6a, 6b).  

 The telepresence capabilities of the E/V Nautilus played an integral role in the research 

team’s ability to properly identify the artifacts observed over the course of the 2010 and 2012 field 

seasons. Through consultation with both Dr. Lawrence Stager of Harvard University and Andrei 

Opait of the Institute of Archaeology, Iaşi, researchers in the field were able to accurately classify  

and analyze the amphora they encountered across the seamount.  

4. Results 

During the 2010 expedition 70 individual artifacts (Table 1) were found across the 

Eratosthenes Seamount, as well as two shipwrecks from the 19th century (Wachsmann, et al., 2011). 

A preliminary analysis was completed on 31 of the 70 individual artifacts revealed ages ranging 

from the 7th century BCE to the beginning of the Byzantine period; roughly 6th to 7th centuries CE 

(Wachsmann, et al. 2011). The remaining 39 vessels found during the 2010 field season have not 

yet been identified. These vessels were either too fragmented, covered with extensive silt or the 

image quality was too low to analyze. The team did not have archaeological permits to handle or 
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raise any of the found artifacts and did not try to move otherwise identifiable pieces from the 

seafloor to get higher quality pictures. 

High definition video and still images of isolated artifacts were captured by the Hercules 

ROV during the 2012 return of the E/V Nautilus to the Eratosthenes. The research team aboard 

Nautilus found 149 new isolated artifacts using a grid-pattern method to survey the face of the 

seamount (Table 2). Out of the 149 vessels found, 69 were positively identified and catalogued. 

These vessels ranged from amphorae to cooking and eating vessels, which dated from the early 6th 

century BCE, with continuous representation, up to the 7th century CE. Approximately half of the 

remaining 80 vessels found in 2012 have been deemed unidentifiable for of the same reasons noted 

for the 2010 unidentifiable finds. 

During the 2012 expedition one shipwreck, the Eratosthenes C wreck, was surveyed and 

imaged. A high definition photo-mosaic was created of the wreck site using the acoustic and optical 

imaging systems of Hercules (Fig 3). The photomosaic of the wreck allowed a detailed analysis of 

the site while leaving it undisturbed. The main cargo appears to have been wine carried in amphorae 

along with large pithoi (Fig 4, Bottom Right). Nearly 100 complete amphorae are visible and 

another 10–15 are broken. The amphorae from wreck C are primarily from the SE Aegean area: 

Rhodes and its Peraea, Knidos, Samos (mushroom rim types), and Chios. The next most 

represented group is north Aegean amphorae: Mende, Peparethos, Pella, Thasos, and perhaps other 

small northern centers (Akanthos, Samothrace). Isolated amphorae originating from  Corinth/Corfu, 

Sinope, and a Phoenician center can be added to the above groups. At least 14–15 amphorae belong 

to unknown types. Drinking vessels and the kitchen ware make up the secondary cargo: large and 

medium krateres, krateriskoi, kantharoi represented by numerous large-neck jugs of five to six liter 

capacity, several small, narrow-necked jugs, and numerous kitchen wares that primarily consisted 

of pots and casseroles. A single lamp was visible, although there were possibly more that went 

undetected, covered by sand or were stored inside the larger vessels for protection. Based on all of 

this exposed cargo, the shipwreck has been given a preliminary dating of late 4th century BCE, 

possibly around 330 BCE. In addition, the ship’s length (~26 m) is congruent with that of biremes 

used across the Mediterranean during this period. (Encyclopædia Britannica,Inc 2012, Naval Ship) 

The wreck’s amphorae are concentrated in high density at the fore and aft of the vessel, and 

separated by a long depression in the sediment potentially caused by initial weight of the now 

deteriorated hull. The low-density of artifacts at the vessel's center may be due either to the 

presence of foodstuffs and other goods that would deteriorate over time, or the presence of rowing 

benches.  
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5. Discussion 

The National Oceanic and Atmospheric Administration’s Office of Ocean Exploration and 

Research (NOAA OER) sponsored these expeditions with the stipulation that all data collected on 

an expedition it sponsors is “open-sourced” and available to any scholar seeking access to this 

database. What follows is a preliminary description of the archaeological data available to interested 

scholars wanting such access. Data from the E/V Nautilus’ 2010 and 2012 field seasons can be 

requested through the Ocean Exploration Trust website: “OET Home Page. Data Request Form. 

http://www.oceanexplorationtrust.org/data-request” (April. 2017) 

The 2010 and 2012 field season surveys of Eratosthenes Seamount yielded a large number 

of isolated artifacts. Both the volume of artifacts and their location far from sight of land provide 

evidence in support of deep-sea trade routes. The 219 ceramic vessels, 100 positively identified, 

vary widely in date and origin. The Levantine area of production dominates the assemblage (see 

Table 1 & 2), yet numerous ceramic vessels from the Aegean, Egypt, and western Asia Minor were 

also present. This collection of ceramics provides evidence for continuous maritime traffic from 800 

BCE—800 CE, and may be used as a reference when determining the frequency of maritime travel 

across other offshore survey areas. Each isolated artifact is evidence of the passage of a vessel, 

which must have sailed over that spot and discarded the amphora, bowl or wine jug. While a single 

artifact may not necessarily indicate the origin port of a vessel, tracing its origin gives us a better 

understanding of the intricate web of cultural exchange that tied together the varied corners of the 

Mediterranean world for centuries. 

Literary evidence and previous archaeological discoveries suggests that people in the Levant 

actively traded goods and wares with those in the Aegean as early as the Late Bronze Age 

(Wachsmann, 2008).  Similarly, it is known that there was commerce between Egypt and Cyprus 

(Wachsmann, 1986). Wachsmann scrupulously investigates a recorded maritime journey from 

Egypt to Syria via Cyprus. The text he examines explains that Rib-Addi is forced to send his envoy 

on this roundabout route under the duress of war; however, normally the route from Egypt to Syria 

would be a straight sail (Wachsmann, 2008, p. 295-296).  Still other archaeological finds provide 

evidence for cultural diffusion between the Near East and North Africa (Casson, 1991; Aubet, 

2001), as the Phoenicians are suspected to be the early settlers in what eventually became Carthage 

(Aubet, p. 208). 

It is evident that these trade routes existed and approximately when they occurred, but the 

precise routes have been elusive.  With advances in modern technology (Ballard, 2008), we are now 

able to explore previously unreachable areas that may contribute information toward our 

understanding of ancient open-sea voyaging.  It is even possible that the isolated artifacts found on 
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this underwater plateau could help define some specific maritime routes to and from known ancient 

ports. 

The Eratosthenes C wreck (Fig 3), for example, was carrying primarily Aegean wares, but 

held a small number of Levantine kitchen wares. This combination of cargo and personal 

belongings suggests the merchant ship may have been importing foreign goods from the Aegean 

into the Near East when it sank. Understanding this we are able to hypothesize the potential trade 

relations between cities and states at the time of the ship’s sinking.  

In figure 5 the distribution of known individual artifacts is plotted over the bathymetry of 

Eratosthenes Seamount. Several patterns appear through this analysis, the most prominent of are the 

two E-W and two N-S trails. Without a full survey of the underwater plateau, it is not possible to 

equate these trails with individual ‘routes’ or if these patterns are merely a consequence of the track 

lines of the survey. Interestingly, prior to 100 BCE wares from Greece and the Near East are 

common, and after 400 CE the pottery is of different types but of a similar origin. The concentration 

of Rhodian amphorae (denoted by green) in the southwest corner of the seamount may be the result 

of a single event. Their grouping suggests the possibility of a shipwreck; however, a search around 

this concentration found no evidence of a wreck. Just as with the archaeological remains at the 

Skerki Bank, it is hoped that the isolated artifacts and shipwreck site found on the Eratosthenes 

plateau can contribute to understanding specific maritime routes far offshore, and that this material  

can be used for comparison to similar future discoveries. 
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Table 1 - Dates for Amphora Catalogued During 2010 Expedition 

Source # Origin Classification Period Quantity Image 

1 Levant Phoenician 750–700 BCE 1 Appendix I, Figure 1 

2 Levant Late Roman 
6th—4th 

centuries BCE 1  

2 Levant  4th century BCE 1  

2 Levant  4th century BCE 1  

3 Levant Early Roman 
1st—3rd 

centuries CE 1 Appendix I, Figure 2 

4 Knidos Greek 
2nd century 

BCE 1 Appendix I, Figure 3 

5 Crete Mid Roman 
1st BCE—1st 
centuries CE 1  

6 Crete Mid Roman 
1st—2nd 

centuries CE 1  

7 Aegean  
1st—2nd 

centuries CE 1  

8 Crete  2nd century CE 1 Appendix I, Figure 4 

9 Cyprus or Cilia Late Roman 
6th—7th 

centuries CE 7 Appendix I, Figure 5 

10 Egypt Late Roman 5th century CE 1 Appendix I, Figure 6 

11 Egypt Late Roman 6th century CE 6  

12 Egypt Late Roman 7th century CE 1 Appendix I, Figure 7 

13 Egypt Late Roman 6th century CE 1 Appendix I, Figure 8 

14 Egypt Late Roman 7th century CE 1 Appendix I, Figure 9 

15 Egypt  
3rd—4th 

centuries CE 1 Appendix I, Figure 10 

16 Palestine  
2nd—3rd 

centuries CE 1 Appendix I, Figure 11 

17 Egypt  
1st—3rd 

centuries CE 1  

18 Carthage Mid Roman 2nd century CE 1  
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Table 2 - Dates for Amphora Catalogued During 2012 Expedition (1 of 2) 

Source # Origin Classification Period Quantity Image 

19 Levant Canaanite 
15th century 

BCE 1 Appendix I, Figure 12 

20 Levant Phoenician 
6th—5th 

century BCE 1 Appendix I, Figure 13 

21 Gaza  
2nd—4th 
centuries 1 Appendix I, Figure 14 

22 Rhodes  

1st century BCE 
to the 1st 

century CE 10 
Appendix I, Figures 

15–21 

23 Kos  
3rd to 1st 

centuries BCE 2 Appendix I, Figure 23 

24 Chios  6th century BCE 1 Appendix I, Figure 22 

23 Kos  
2nd century 

BCE 2  

25 Pompeii Mid Roman 
1st—2nd 

centuries CE 1 Appendix I, Figure 24 

26 SE Agean  4th century BCE 1 Appendix I, Figure 25 

27 Rhodes  4th century BCE 1 Appendix I, Figure 26 

28 Rhodes  
first half of the 
1st century CE 1  

29 Thrace  
3rd century 

BCE 1  

30 Thrace  
5th—6th 

centuries CE 1 Appendix I, Figure 27 

31 Crete  2nd century CE 1  

32 Knidos  3rd century CE 1  

33 
Tyrrhenian and 
Adriatic Italy Greco-Italic 

3rd century 
BCE 1 Appendix I, Figure 28 

34 Pontis Herakleian 2nd century CE 1 Appendix I, Figure 29 

35 Pontis Colchian 
5th—6th 

centuries CE 2 Appendix I, Figure 30 

36 South Pontis Herakleian 4th century CE 1  

37 Egypt  
1st – 3rd 

centuries CE 3 Appendix I, Figure 31 
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Table 2 - Dates for Amphora Catalogued During 2012 Expedition (2 of 2) 

Source # Origin Culture Period Quantity Image 

38 Tripoli  3rd century CE 2 
Appendix I, Figure 

32a – 32b 

39 Cyprus or Cilia LRA 1 
6th – 7th 

centuries CE 12 
Appendix I, Figure 

33, 34 examples 

40 Cyprus or Cilia LRA 1 
4th – 6th 

centuries CE 4 
Appendix I, Figure 

33, 34 examples 

41 Egypt LRA 4 6th century CE 5 Appendix I, Figure 35 

42 Egypt LRA 4 7th century CE 2 Appendix I, Figure 36 

43 Egypt LRA 5 6th century CE 4 Appendix I, Figure 37 

44 Egypt LRA 5 
7th and 8th 

centuries CE 5 Appendix I, Figure 37 

45  Byzantine 12th – 13th CE 1 Appendix I, Figure 38 
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Figure 1 –  Bathymetric Survey of the Eratosthenes Seamount  
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Figure 2 – Bathymetric Analysis of the Eratosthenes Seamount (Schattner, U., 2010) 

 

Originally adapted from the work of the Medimap Group (Loubrieu et al. 2005) with additional 

geomorphological analysis (Mascle et al., 2000). 
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Figure 3 - Photo-Mosaic Image of the Eratosthenes C Wreck 

 
 

Positions of artifacts shown in Figure 4 are designated by number.  
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Figure 4 - Images of the Eratosthenes C Wreck Cargo   

 
 
Positions of the artifacts above are shown in Figure 3.  
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Figure 5 - Bathymetric Map of Isolated Artifacts Distribution 

 

 
Key:  

Shapes represent amphorae from different regions: circles = Roman, squares = Hellenic, diamonds = Near Eastern.  

Colors represent time periods: orange circles = Pre-1000 BCE, red = 800–100 BCE, green = 100 BCE to 100 CE,  

blue = 100–400 CE, purple = 400–800 CE, black circles = Byzantine, teal circles = post-1000 CE. The black star 

indicates the approximate location of the Eratosthenes C wreck, and black x’s represent unidentified amphorae. 

32˚33'E 32˚42'E 32˚51'E 

33˚54'N 

33˚45'N 

33˚36'N 



 

15 

Figures 6a – Hercules ROV Photo Imaging Sensor Layout  

 

 

Figures 6b – 2012 Additions to Hercules ROV Photo Imaging Capabilities 
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pl.XXV.74 ; Günsenin 1989, type 3, 271-74, fig.8-11; Barnea 1989, 134, fig.4. 
45 Romanchuk et alii 1995, 75, Class 44, type 2, no.154, pl.38. 

 

 

 

 

 

 

 

 

 

 

 



 

18 

References 

Abadie-Reynal, C. and Sodini S.P., 1992, La céramique paléochrétienne de Thasos. Paris. 

Abadie-Reynal, C. and Martz, A.S., 2010, La céramique commune de Zeugma et les problèmes de 

provenance (Ve—VIIe s.), in S. Menchelli, S. Santoro, M. Pasquinucci, G. Guiducci (eds.), LRCW 

3. Late Roman Coarse Wares and Amphorae in the Mediterranean: Archaeology and 

Archaeometry. Comparison between Western and Eastern Mediterranean, BAR I.S. 2185, 839–45. 

Oxford. 

Auriemma, R., 2000, Le anfore del relitto di Grado e il loro contenuto, Mélanges de l’École Française de 

Rome 112, 27–51. 

Austin, J., Ballard, R.D. and Croff-Bell, K., 2011, The Doctors-on-Call Program: Maximizing the 

Interpretive Power of Tele-presence, in Bell, K.L.C. and Fuller, S. (eds.), New Frontiers in Ocean 

Exploration, The E/V Nautilus 2010 Field Season, Oceanography, v. 24, no. 1, Supplement, March, 

11. 

Ballard, R.D., Hiebert, F.T., Coleman, D.F., Ward, C., Smith, J., Willis, K., Foley, B., Croff, K., Major, 

C., and Torre, T., 2001, Deepwater Archaeology of the Black Sea: The 2000 Season at Sinop, 

Turkey, American Journal of Archaeology, v. 105, no. 4, 607–23. 

Ballard, R.D. McCann, A. M., Yoerger, D., Whitcomb, L., Mindell, D., Oked, S., 2001, ‘Gaza Jar,’ a 

Chronicle and Economic Overview, in A. Sasson, Z. Safari, and N. Sagiv (eds.), Ashkelon: A City 

on the Seashore, 227–50. Tel Aviv. 

Ballard, R.D., Stager, L.E., Master, D., Yoerger, D., Mindell, D., Whitcomb, L., Singh, H., and Piechota, 

D., 2002, Iron Age Shipwrecks in Deep Water Off Ashkelon, Israel, American Journal of 

Archaeology, v. 106, no. 2, 151–68. 

Ballard, R.D. and Ward, C., 2005, Searching for Deep-water Ships in the Black Sea, in G. Bass (ed.), 

Beneath the Seven Seas, 124–26. 

Ballard, R.D., 2008, Archaeological Oceanography. Princeton. 

Barnea, I., 1989. La céramique byzantine de Dobroudja, Xe—XIIe siècles, V. Déroche and J.M. Spiesser 

(eds.), Recherches sur la céramique Byzantine, BCH Supplément 18, 131–42. Paris. 

Bass, G., 1987, Oldest Known Shipwreck, National Geographic. Vol. 172, No. 6, 693—733. 

Beijdor, C., van der Wer, W. and Gubanov, Y. 1994, Eratosthenes Seamount; MAK-1 sonographs and 

prorles, in A.F. Limonov, J.M. Woodside, and M.K. Ivanov (eds.), Mud Volcanism in the 

Mediterranean and Black Seas and Shallow Structure of the Eratosthenes Seamount, UNESCO 

Reports in Marine Science, No.64, UNESCO, 173. New York. 

 

 



 

19 

Bell, K., Phillips, B., Knott, R., 2012, Technology: Exploration Vessel Nautilus, in Bell, K.L.C., Elliot, 

K., Martinez, C. and Fuller, S., (eds.), New Frontiers in Ocean Exploration, The E/V Nautilus 2011 

Field Season, Oceanography, v. 24, no. 1, Supplement, March, 8–11. 

Bettles, E.A., 2003. Phoenician amphora production and distribution in the southern Levant. A 

multidisciplinary investigation into carinated-shoulder amphorae of the Persian period (539–332 

BC), BAR Int. Series, 1183. 

Bilic, T., 2009, The Myth of Alpheus and Arethusa and Open-Sea Voyages on the Mediterranean—

Stellar Navigation in Antiquity, International Journal of Nautical Archaeology, v. 38, Issue 1, 116–

32. 

Bloomberg, M. and Henriksson, G., 1999, Evidence for the Minoan Origins of Stellar Navigation in the 

Aegean, Swiatowit Supplement Series H: Anthropology II: 69–81. 

Bonifay, M., 2004, Etudes sur la céramique romaine tardive d’Afrique, BAR Int. Series, 1301. 

Brennan, M.L., Ballard, R.D., Roman, C, Croff Bell, K.L., Buxton, B., Coleman, D.F., Inglis, G., 

Köyağasıoğlu, O., and Turanlı, T., 2012, Evaluation of the modern submarine landscape off 

southwestern Turkey through the documentation of ancient shipwreck sites, Continental Shelf 

Research, v. 43, 55–70. 

Cary, M.J. and Warmington, E.H., 1963, The Ancient Explorers, 43. Penguin. 

Casson, L., 1991, The Ancient Mariners: Seafarers and Seafaring of the Mediterranean in Ancient Times, 

6–23; 157–170. Great Britain. 

Casson, L., 1995, Ships and Seamanship in the Ancient World, 245; 280. Baltimore 

Coleman, D. and Ballard, R.D., 2011, The Development of Tele-presence Technology for Remote 

Exploration and Education, in Bell, K.L.C. and Fuller, S., (eds.), New Frontiers in Ocean 

Exploration, The E/V Nautilus 2010 Field Season, Oceanography, v. 24, no. 1, Supplement, March, 

10–11. 

Davis, D., 2009, Commercial Navigation in the Greek and Roman World. Unpublished PhD. Dissertation. 

The University of Texas at Austin. 

Defernez, C., 2007, Tell el-Herr. Le mobilier amphorique provenant d’un édifice monumental découvert 

sur le site de Tell el-Herr (Nord-Sinaï (IV-e-VIIe siecles apr. J. C.), in S. Marchand and A. 

Marangou (eds.), Amphores d’Égypte de la Basse Époque á l’époque arabe, Cahiers de la 

Céramique Égyptienne 8, 547–620. Cairo. 

Egloff, M., 1977, La poterie copte. Quatre siècles d’artisanat et d’échanges en Basse Égypte. Recherches 

Suisses d’Archéologie Copte 3. Geneva. 

Empereur, J.Y. and Picon, M., 1986, A la recherché des fours d’amphores, in J.Y. Empereur and Y. 

Garlan, (eds.), Recherches sur les amphores grecques, BCH Supplément 13, 103–26. Athens. 



 

20 

Empereur, J.Y. and Hesnard, A., 1987, Les amphores hellénistiques, in P. Lévêque and J.P. Morel, (eds.), 

Céramiques Hellénistiques et Romaines II, 9–71. Paris. 

Flecker, R. and Glover, C., 1994, Recent Sedimentation of the Eratosthenes Seamount: Observations from 

the TTR3 Cruise, June 1993, in Recent Marine Geological Research in the Mediterranean and Black 

Seas through the LJNESCO/TREDMA programme and its “Floating University” project, Report of 

the second post-cruise meeting of TREDMAR students Free University, Amsterdam 31 January—4 

February 1994. 

Ford, D.C. and Williams, P., 2007, Karst Hydrogeology and Geomorphology. 

Grace, V.R., 1963, Notes on the amphoras from the Koroni Peninsula, Hesperia 32, 319–34. 

Grace, V.R., 1971, Samian amphoras, Hesperia 40, 52–95. 

Grace, V.R., 1979, Amphorae and the Ancient Wine Trade. Picture Book no. 6. Princeton. 

Günsenin N., 1989, Recherches sur les amphores byzantines dans les musées turcs, in V. Déroche and 

J.M. Spiesser (eds.), Recherches sur la céramique Byzantine, BCH Supplément 18, 276–76. Paris. 

Hayes, J.W., 1991, Paphos III: The Hellenistic and Roman Pottery. Nicosia. 

Hesnard, A., 1997, Entrepôts et navires a dolia: l’invention du transport de vin en vrac, in D. Garcia, and 

D. Meeks, (eds.), Techniques et économie antiques et médiévales. Temps de l’innovation, 130–31. 

Paris. 

Jones, F.F., 1950, The pottery, in H. Goldman (ed.), Excavations at Gözlü Küle, Tarsus I. The Hellenistic 

and Roman Periods, 149–296. Princeton. 

Kassab Tezgör, D. and Akkaya, M., 2000. Les amphores, Pseudo-Colchiennes du musée de Samsun, 

Anatolia Antiqua VIII, 121–41. 

Kulin, I., Gregory, T., and Newman, J., 2011, Exploration Vessel (E/V) Nautilus, in Bell, K.L.C. and 

Fuller, S., (eds.), New Frontiers in Ocean Exploration, The E/V Nautilus 2010 Field Season, 

Oceanography, v. 24, no. 1, Supplement, March, 8. 

Laubenheimer, F., 2007, Amphores égyptiennes en Gaule, in S. Marchand and A. Marangou (eds.), 

Amphores d’Égypte de la Basse Époque á l’ époque arabe, Cahiers de la Céramique Égyptienne 8, 

651–55. Cairo. 

Lehman, G., 1998, Trends in the local pottery development of the Late Iron Age and Persian period in 

Syria and Lebanon, ca.700 to 300 BC, BASOR 311, 7–37. 

Loubrieu, B., Mascle, J., and MediMap group, 2005, Morphobathymetry of the Mediterranean sea. Two 

sheets: the Western Mediterranean sea, the Easterm Mediterranean sea, CIESM/Ifremer special 

publication. 

 



 

21 

Marangou Lerat, A., 1995, Le vin et les amphores de Crète, de l’époque classique à l’époque impérial, 

Paris-Athènes. 

Martin-Kilchner, S., 2005, Carthage: Imported eastern amphorae in the Roman Colonia Iulia, in M. Berg-

Briese and L. E. Vaag (eds.), Trade relations in the eastern Mediterranean from the late Hellenistic 

Period to Late Antiquity: the ceramic evidence, 202–20. 

Mascle, J., Benkhelil, J., Bellaiche, G., Zitter, T., Woodside, J., Loncke, L., Party, a. t. P. I. S, 

2000. Marine geologic evidence for a Levantine–Sinai plate, a new piece of the Mediterranean 

puzzle. Geology 28, 779–782. 

McCann, A.M. and Freed, J., 1994, Deep Water Archaeology: A Late-Roman Ship from Carthage and an 

Ancient Trade Route Near Skerki Bank off Northwest Sicily, Journal of Roman Archaeology, 

Supplementary Series Number 13. 

McCann, A.M., and Oleson, J.P., 2004, Deep-Water Shipwrecks off Skerki Bank: The 1997 Survey. 

Journal of Roman Archaeology, Supplementary Series Number 58. 

Muckelroy, K., 1978, Maritime Archaeology, 24–36. Cambridge. 

Navarette, M., 1846, Historia de la náutica, y de las ciencias matemáticas. Madrid. 

Oleson, J., Singh, H., Foley. B., Adams, J., Piechota, D., and Giangrande, C., 2000, 

The Discovery of Ancient History in the Deep Sea Using Advanced Deep 

Submergence Technology, Deep Sea Research, Part I, v. 47, 1591–1620. 

Opait, A., 2010, Sinopean, Heraklean and Chersonesan “Carrot” Amphorae, Ancient Civilizations from 

Scythia to Siberia 16, 371–401, 552–556. 

Panella, C., 1972, Annotazioni in margine alle stratigrafie delle Terme ostiensi del Nuotator, in P. 

Baldacci (ed.), Recherches sur les amphores romaines, Collection de L’École Française de Rome 

10, 69–106. Rome. 

Panella, C. and Fano, M., 1977, Le anfore con anse bifide conservate a Pompeii: contributo a una loro 

classificazione, in G. Vallet (ed.), Méthodes classiques et méthods formelles dans l’étude des 

amphores, Collection de L’École Française de Rome 32, 133–77. Rome. 

Panella, C., 2001, Le anfore di età imperiale del Mediterraneo occidentale, in P. Leveque and J.P. Morel 

(eds.), Céramiques hellénistiques et romaines III, 177–275. Besançon. 

Panella, C., 2002, Le anfore di età imperiale nel Mediterraneo occidentale, Céramiques héllenistiques et 

romaines 3. Publications du Centre Camille-Julien. 28, 177–275. 

Pasqualini, M., 2002, Le pot de chambre une forme particulière du vaisselier céramique dans la maison 

romaine entre les Ier et IIIe siècles de notre ère, in Rivet, L. and Sciallano, M. (eds.), Vivre, 

produire et échanger: reflets Méditerranéens. Mélanges offerts à Bernard Liou, 267–74. 

Montagnac. 



 

22 

Patrich, J., 2008, Archaeological excavations at Caesarea Maritima. Areas CC, KK and NN. Final 

reports. Volume I: the objects. Jerusalem. 

 

Pelegrino, E., 2004, Note sur un depotoire de ceramique du IIIe s. ap. J.-C. et la datation de la residence 

du nord-est de l’acropole Lycienne de Xanthos, Anatolia Antiqua XII: 123–43. 

Phaneup, B.A., Dettweiler, T.K., and Bethge, T., 2001, Deepest Wreck, Archaeology Magazine, 

March/April, 26–7. 

Phillips, B., Newman, J., and Gregory, T., 2011, E/V Nautilus vehicles, in Bell, K.L.C. and Fuller, S., 

(eds.), New Frontiers in Ocean Exploration, The E/V Nautilus 2010 Field Season, Oceanography, 

v. 24, no. 1, Supplement, March, 9. 

Piéri, D., 2005, Le commerce du vin oriental à l’époque byzantine, Bibliothèque d’Archéologie et 

d’Histoire. Beirut. 

Reeder, M., Rothwell, R.G., Stow, D.A.V., Kahler, G., and Kenyon, 

N.H., 1998, Turbidite flue, architecture and chemostratigraphy of the 

Herodotus Basin, Levantine Sea, SE Mediterranean, in D. Evans, 

M.S. Stoker, and A. Cramp (eds.), Geological processes on continental margins: 

Sedimentation, Mass-Wasting and Stability, Geological Society Special 

Publication No. 129. 

Riley, J.A., 1979, The Coarse Pottery from Benghazi, in J.A. Lloyd (ed.), Excavations at Sidi Khrebish 

Benghazi (Berenice) II, LibAnt Supplement 5.2, 91–467. Tripoli. 

Riley, J.A., 1981, The Pottery from the Cisterns 1977.1, 1977.2 and 1977.3, in J.H. Humphrey (ed.), 

Excavations at Carthage Conducted by the University of Michigan, VI, 85–124. Ann Arbor. 

Robertson, B.V., 1998, Petroleum Geology of the East Mediterranean 

A.H.F. Robertson, K.C. Emeis, C. Richter, and A. Camerlenghi (eds.), 1998 Proceedings of the Ocean 

Drilling Program, Scientific Results, Vol. 160. 

Roman, C.N., Inglis, G., Vaughn, J.I., Williams, S., Pizarro, O., Friedman, A. and D. Steinberg, 2011, in 

Bell, K.L.C. and Fuller, S., (eds.), New Frontiers in Ocean Exploration, The E/V Nautilus 2010 

Field Season, Oceanography, v. 24, no. 1, Supplement, March, 14–7. 

Roman, C., Inglis, G., Ian Vaughn, J., Smart, C., Douillard, B. and Williams, S., 2012 The Development 

of High-Resolution Seafloor Mapping Techniques, in Bell, K.L.C., Elliot, K., Martinez, C. and 

Fuller, S., (eds.), New Frontiers in Ocean Exploration, The E/V Nautilus 2011 Field Season, 

Oceanography, v. 24, no. 1, Supplement, March, 42–5. 

Romanchuk, A. I., Sazanov, A. V. and Sedikova, L. V., 1995, Amfory iz kompleksov vazantiiyskovo 

Hersonesa. Ekaterinburg. 



 

23 

Romm, J., 1994, The Edges of the Earth in Ancient Thought: Geography, Exploration, and Fiction, 15–

17. Princeton. 

Seel, O., 1961, Antike Entdeckerfahrten: zwei Reiseberichte, 38–49. Artemis-Verlag. 

Schattner, U., 2010. What triggered the early-to-mid Pleistocene tectonic transition across the entire 

eastern Mediterranean? Earth Planet. Sci. Lett. 289, 539–548. 

Shelov, D.B., 1986, Les amphorae d’argile claire des premiers siècles de notre ère en Mer Noire, in J.Y. 

Empereur and Y. Garlan (eds.) Recherches sur les amphorae grecques, BCH Supplément 13, 395–

400. Athens. 

Siegelmann, A., 1974, A mosaic floor at Caesarea Maritima, Israel Exploration Journal, 24, 216–21. 

Turnovsky, P., 2005, The Morphological Repertory of Late Roman/Early Byzantine Coarse Wares in 

Ephesos, in J.M. Gurt, Esparraguera, J. Buxeda, Garrigós, and M.A. Cau Ontiveros, (eds.), LRCW I. 

Late Roman Coarse Wares, Cooking Wares and Amphorae in the Mediterranean: Archaeology and 

Archaeometry, BAR-IS 1340, 635–45. Oxford. 

Wachsmann, S., Demesticha, S., Chryssohen, I., and Croff-Bell, K., 2011, Archaeological Discoveries on 

Eratosthenes Seamount, in Bell, K.L.C. and Fuller, S., (eds.), New Frontiers in Ocean Exploration, 

The E/V Nautilus 2010 Field Season, Oceanography, v. 24, no. 1, Supplement, March, 30. 

Ward, C. and Ballard, R.D., 2004, Deep-water Archaeological Survey in the Black Sea: 2000 Season, The 

International Journal of Nautical Archaeology, 33.1, 2–13. 

Zemer, A., 1978, Storage Jars in Ancient Sea Trade. Haifa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

24 

Appendix I 

 

          
    

     
      

Figure 1 – Phoenician  
     

    
   

 

 

          
    

     
      

Figure 2 – Levantine  
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Figure 6 – LRA 4  

     
     

         
   

      
Figure 7 – LRA 4  

     

 

        
  

    
     

      
Figure 8 – LRA 5  

 

        
  

    
     

      
Figure 9 – LRA 5  

           
    

     
      

Figure 5 – LRA 1  
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Figure 10a – Egyptian  

     
    

   
 

 

        
  

    
     

      
Figure 10b – Egyptian  

 

        
  

    
     

      
Figure 11 – Palestinian  

     
    

   
 

 

        
  

    
     

      
Figure 12 – Possible Canaanite Jar  
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Figure 13 – Phoenician13  

     
    

   
 

         
  

    
     

      
Figure 14 – Gazan  

     
    

   
 

 

        
  

    
     

      
Figure 15 – Rhodian  

     
    

 

        
  

    
     

      
Figure 16 – Rhodian  

     
    

 

        
  

    
     

      
Figure 17 – Rhodian  
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Figure 18 – Rhodian  

     

 

        
  

    
     

      
Figure 19 – Rhodian  

     
    

 

        
  

      
      

Figure 20 – Rhodian  
     

    

 

Figure 21 – Rhodian  
      

 

        
  

    
     

      
Figure 22 Possibly Chian  
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Figure 23 – Koan  
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Figure 25 – Aegean  
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Figure 27 – Thracian  
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Figure 28 - Greco-Italic 
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Figure 31 - Egyptian 

 

Figure 32a - Tripolitan 
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Figure 32b - Tripolitan 

 

Figure 33 - LRA 1 

 

Figure 34 - LRA 1 
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32 

 

Figure 37 - LRA 5 

 

Figure 38 - Byzantine 

 

Figure 39 - Byzantine 

 




