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Kalliopi Baika
4. Apollonia final 07


Kalliopi Baika (extrait de Shipsheds de Blackman & Rankov, 2014).
4. Apollonia in Cyrenaica / Sozousa
The ancient harbour of Apollonia in Cyrenaica was the epineion (out-port) of Cyrene, which lay 18 km inland.
 It is in a broad open bay, delimited to the east by Cape Naustathmos (Ras el-Hilal) 20 km away, and to the west by Phycus (Ras Aamer).
 


The natural harbour must have been in use since the foundation of Cyrene in 631 BC as a Greek colony from Thera.
 Apollonia is recorded as established in ca 600 BC as the ‘harbour of Cyrene’.
 Cyrenaica became a dependency of the Ptolemaic kingdom under Ptolemy I Soter in 322-321 BC. The cities of Cyrenaica became independent in 97 BC, after the kingdom passed to Rome.
  It received the name Apollonia.
 Mark Antony restored Cyrenaica to the Ptolemaic empire, and after the Battle of Actium it was combined with Crete, under Roman rule. Apollonia was an excellent naval base in a very strategic position in Cyrenaica, and Roman fleets were maintained there.
 The city was renamed Sozousa, when it became the capital of Upper Libya, a province created by Diocletian.

Topography and location of slipways 

Apollonia was served by two harbour basins accessible in all weathers, the prevailing winds on this coast being from the north-west. The basins were formed on the rocky coastline by a projection on the west, and by a projection (which is now two islands,
 Îlot Hammàm and the smaller Îlot Sharkéa on the east) which protects them from the north (fig. B4.1a).
 


The western harbour, that was an inner harbour communicating with the eastern one via a channel, probably originally had an entrance on its north (fig. B4.1a-b). The eastern harbour was open on its eastern side, between Îlot Sharkéa and the coast,
 with a lighthouse located on the southern end of this island. The channel connecting the two basins was later walled and protected on each side by two fortification towers that were part of the city fortification system. (see ‘Fortifications’ below). The western harbour, which was partly included in the city walls, contained the main complex of slipways. In general, the harbour underwent several reconstructions from the Classical period onwards.
 The channel between the harbours was deliberately filled in late antiquity so that the eastern harbour became the only harbour.
 


The western harbour had at least five rock-cut complexes on its perimeter (fig. B4.1c). However, only one group is now identified with certainty as slipways (Complex A). This is located on the Îlot Hammàm in the north-east corner of the western basin.
 


The small complex in the eastern harbour on Îlot Sharkéa (Group B),  which was thought to be shipsheds,
 is now, after underwater exploration, identified as a quarry (fig. B4.1a, c).
 The other harbour remains and rock-cut structures on the west and south edges of the western harbour and now submerged could have been ship-building areas (on the north-west side, Group C),
 ‘quays’ or warehouses (on the south-west side, Group D,
 and on the south-east side, Group E).
 
Relative Sea Level Change
The harbours are today submerged as a result of a slow and gradual subsidence.
 The quays of the eastern and western harbours are generally 2 m below the present sea level,
 which correlates with the estimate of the geologist L. Moret in 1936 of a sea level rise of more than 3 m.
 From the depth of 2.80 m at the foot of the slipways of Complex A, Flemming estimated a relative sea level rise of more than 2.50 m since their construction.
 The change resulted from a general depression of 1.8 to 2 m (caused by either a general rise of sea level or earth movement) which is combined with smaller earth movements which vary across the site by as much as 1 m or more.
 Flemming, on the basis of several investigations, suggested that the southern part of the site may have sunk slightly more than the northern.
 

The French team that carried out supplementary investigations at the entrance towers to the western harbour estimated a difference in sea level of 3.50 m, with a small variation for the small tides.
 This evidence was based on indications of lithophaga on the sides of the fortification towers facing the channel. This level was tested on all features submerged in the harbour and gave satisfactory results for 90 per cent of them. In addition, in the channel the surfaces of the walls below the ashlar superstructure are rock-cut, suggesting that they were once above sea level.
 The artificial blocking of the channel, which terminates at the same level as the lithophaga lines, offers additional support for the suggestion of a difference of 3.70-3.80 m since the beginning of the Christian period.
 

Previous research

The harbours and various harbour installations were first explored in 1958-9 by a Cambridge University team directed by N. C. Flemming, and published in 1965 and 1972.
 Recent systematic underwater investigations of the main shipshed complex (Complex A), as well as the harbour area and the shipwrecks in the eastern harbour, were carried out by the French Archaeological Mission in Libya from 1986 to 1998 under the direction of A. Laronde
 with the collaboration of M. G. Hallier and C. Sintès. The latest systematic study by Sintès has provided more accurate information and new plans of shipshed Complex A.
 The plan published by Flemming was found to be generally correct for the arrangement of the complex.

Fortifications

The city walls were built in a single construction programme during the second half of the second century BC, according to stratigraphical surveys conducted by Y. Garlan.
 They were abandoned in the first century AD. During the third and fourth centuries AD substantial repairs were made to the perimeter wall, with more extensive repairs in the mid-fifth century. 


Laronde considered that the city walls were designed to protect the port rather than the town itself, because some public buildings were left outside the walls (the stadium, a Doric temple of the fourth century BC).
 The fortifications included the western harbour, leaving the eastern one unprotected (fig. B4.1b).
 The western section of the city walls ran along the reef that formed the western side of the western harbour. The section of the fortification which separated the two harbours enclosed the western basin from the east.
 It was built on a jetty running from the foot of the acropolis obliquely, towards Îlot Hammàm, as far as the channel that permitted communication between the two basins.
 This walled channel was strongly fortified by two massive towers that were founded on natural rock
 and are today visible on the surface of the sea.
 Sintès proposes that the channel is dated to the Hellenistic period
 and that before that the two basins were independent and did not communicate with each another, with the western harbour entered from the north.
 As the channel could not have been dug after the towers were erected, this would mean it was dug not later than when the fortifications were built, as these have a single construction phase. It is possible that when the fortifications were built (in the second half of the second century BC) the northern entry to the western harbour was closed, and the channel dug and fortified with towers to protect the entrance from the eastern harbour to the 'closed' harbour thus created. 

The ‘useful’ depth of water in the channel was estimated to be 2.20 m in the centre of the channel and 1.80 m near the towers. This would have permitted the passage of all military vessels (which have draughts between 1 m and 1.50 m), as well as of small and medium displacement commercial craft (with draughts between 0.80 and 1.70 m), but the passage of big cargo freighters would have been practically excluded.
 


Later the channel was artificially blocked, though the date of this, perhaps by the Byzantines to protect the western harbour against the Arab raids, is not yet known.
 
Architectural Description of Slipways (Complex A on Îlot Hammàm)
Complex A
 is located on the central island, Îlot Hammàm, in the north-east ‘corner’ of the western harbour, just north-west of the channel connecting it to the eastern harbour (fig. B4.1b). The slipways face south and are well protected from the north-west prevailing winds.
 The back ends of the slipways are partly above sea level, while their lower parts are today totally submerged. The site was reoccupied in Roman times, and there are traces of extensive later quarrying that has altered severely the original form of the area immediately to the north of the complex and, to a lesser (although not completely clear) extent, of the complex itself.


Ten slipways were described and planned by Flemming
 and later by Sintès
. They form a complex ca 63 m wide and at least ca 30 m long (fig. B4.2).
 They are  fairly well preserved. 


The back walls of Slipways nos. 3 to 5 are aligned, as are those of slipways 7 to 10. Those of the latter set (nos. 7-10) lie slightly further north. Slipways 2 and 6 are shorter than the others, with their back walls 2.50 m and ca 3 m to the south respectively.
 


The internal width of the slipways varies, but cannot be precisely determined due to erosion. According to Sintès, they are generally a little less than 6 m (from 5.50 m for slipways 1 and 6 to 5.95 m for slipway 7).
 According to Flemming, they were preserved for a length of ca 40 m.
 This measurement coincided with the wall across their lower end which was subsequently found to be a later, probably Roman, feature.
 . Only a maximum of 30 m were visible thirty years later, probably due to sand movement.
 Given the general accuracy of Flemming's plan it is reasonable to use his measurement, rather than speculate on it in the absence of any other.


The slope of the slipways varies between 3° (1:19) and 4° (1:14) for slipways 1 to 7.
 No change of inclination was observed in the upper part of the slipways.
 Slipways 8, 9, and 10 have an almost horizontal surface that may result from later stone extraction or occupation in the Roman period.
 
            Already for the original installation a great amount of rock must have been removed, and for a definite purpose. The dividing walls are rock-cut, on average 0.70 m thick.
 They are stepped irregularly as if to support an ashlar masonry wall, according to Flemming. No such blocks were found in situ, and he suggested that they might be in the rubble overlying slipways 3 to 5 or that they were removed deliberately before the later buildings were built on top of slipways 6 to 9.
 However, these steps are irregular and thus could result from later quarrying.
 The rock-cut walls are preserved to an average height of 0.50-0.90 m
 and, according to Flemming, up to 2 m.
 Sintes gives the height of the complex as 2.60 m on the east and 1.50 m on the west.


Flemming reported that each slipway has a shallow V-shaped cross-section
, but this was not verified by recent research.
 Slipways 3, 4, 5, 7, and 8 were equipped with a central flat runner, while those in slipways 2 and 6 have three central grooves (fig. B4.2). As recorded by Sintès, these central runners are quite narrow: 0.70 m for no. 2; 0.80 m for no. 3; 0.73 m for no. 4; 'without doubt 0.70 m for no. 6; 0.74 for no. 7 (although uncertain due to later stone quarrying)'. Only the runner in slipway 5 is wider: 1.50 m on average. No runner was found in slipway 1, although its original inclined surface is preserved. It is not known whether slipways 8, 9 and 10 had central runners because their surfaces have been re-cut. None of the runners have signs of wear on them.


Flemming reported that the central runners splayed out, widening from 30 cm at their top end to just over 1 m at the bottom end, and were about 5 cm high.
 However, recent research has ascertained that the runners did not widen, at least not in the parts that are accessible today, with the exception of the one in slipway 2 (which has central slots) on which such a gradual widening is perceptible. According to Sintès, the stone blocks surviving in the upper ends of slipways 4 and 7 on the axis of each are not part of the original construction (they are irregularly placed and too unstable and small to support the stern of a ship).
 

The runners in slipways 2 and 6 have a central slot. The one in slipway 2, which is very well preserved, is 10 cm wide and up to 30 cm deep in places. The French team observed that this slot is flanked by a slot on either side, on average 10 cm wide and 5 cm deep. These two slots are 1.10 m apart at a point 11.50 m from the back wall of the slipways, and 1.30 m apart 25 m from it. At the same points, the central runner is 25 cm high (at 11.50 m) and almost flat at 25 m from the back wall.
 This progressive splaying out and increasing shallowness is clearly shown in Flemming’s cross-section of the ramp. He also reported that while the runner becomes flatter and broader, the slot becomes progressively shallower towards the bottom of the slipway from 10 cm at the top to 3 cm at the lower end.
  According to Sintès, although slipway 6 is much less well preserved, an identical central runner can be detected on it.
 

In slipway 2 there is a very eroded rock-cut projection (ca 70 cm long and 1.50 m wide) in the rock-cut back wall of the slipway on the axis of the central slot. In slipway 6 this has the form of two stumps of rock with a cutting in the centre still visible above the water at the point where the central slot should end.
 The preserved height (ca 0.60 m) of this projection has led Sintès to suppose that a ramp may have risen to this height at the back end of the slipway; but the debris in the back end of the slipways has made difficult the interpretation of this feature and its relationship to the central slot.
 These two slipways are apparently shorter than the others as their back walls are not cut as far north as the others. Sintès suggests tentatively that slipways 2 and 6 may represent a variant type of slipway.

Roof

The dividing rock-cut walls may have been continued up with ashlar masonry
 or wooden supports to carry roofs. Several cavities were found on the upper surfaces of the dividing walls, but their disposition could not be studied as they are heavily eroded.
 

Finds

Flemming observed four 4 m high sections of column shafts (1 m diameter) lying on the slipways.
 As the slipway dividing walls are on average 0.70 m thick they are not thick enough to have supported these columns, which suggests that they did not come from the dividing walls. These columns would have also been proportionately too thick to have been used in the back wall.

 Features related to hauling and slipping

The ramps must have been equipped with wooden fittings that directly received the ships’ keel.
 The interpretation of the rock-cut features in the ramps, especially the central slots in slipways 2 and 6, is very difficult and different hypotheses can be put forward.
 Flemming interpreted the slot in the central runner of slipway 2 as a ‘keel slot’, probably intended to receive a wooden runner or some other kind of wooden support to enable the safe hauling up of the ships.
 

Related installations

Complex B on the North-eastern Island, Îlot Sharkéa)

Flemming reported three small rock-cut slipways in shallow water, which were ‘merely platforms of sloping rock’,
 facing south-west.
 The complex is ca 15 m wide and ca 19 m long.
 According to Stucchi these 'slipways' are 4.70 m wide and 22.05 m long.
 A later wall, ca 20 m long, crossed the foot of them at an angle. These installations continue into the water. After a recent underwater investigation they are now interpreted as quarries, not shipsheds.
 
Group C in North-west Corner of Western Harbour

Group C, which was inaccessible to the French team,
 consists of parallel rock-cut walls in the north-west corner of the Western Harbour, oriented approximately  east–west. They are badly weathered so that their upper parts taper slightly. They divide a series of four flat-bottomed bays with floors at a depth of ca 2.4 m.
 The bays are 18 m long and 4 m wide.
 Although the floors are flat, the tops of the walls slope down towards the ancient harbour at about 4°.
 They are nearly 2 m high at the western end and only 0.75 m at the eastern end.
 Flemming reported a very intriguing feature: in both the southern bays the floors are indented with boat-shaped hollows about 10 m long. In addition, the southernmost bay has a series of square slots of side 15 cm at intervals of 1 m along the top of the inside edges of both its sloping walls.


Flemming suggested that these slots could have supported wooden beams set 1 m apart and creating a strong surface with a slope of 3-4 degrees towards the harbour. These would have formed a raised slipway up which to drag light boats for easy access to the bottom of the hull; the boat-shaped depressions in the floor may have been intended to allow a bit of extra head-room. Thus, Flemming suggested that this area may also have served as a shipbuilding yard.
 

Group D in South-west Corner of the Western Harbour
Group D in south-west 'corner' of the Western Harbour consists of the remains of foundations of six, and traces of two more, parallel walls.
 The walls do not slope and they are closed at both ends by contemporary walls. Flemming associated them with the sea level of the early Hellenistic period and reports that Goodchild suggested that they could have been foundations of a warehouse.

Group E in South-east Corner of the Western Harbour
Flemming investigated nine rectangular structures spaced 3.5 m apart and 2 m wide, identified as ‘quays’. 
 The docks between the ‘quays’ were 25 m long. The ‘quays’ are constructed of ashlar masonry and the top courses are complete in several cases, with the upper surface 2 m below the water. If the identification is correct, they are too narrow to accommodate big commercial ships of any period. According to Flemming, because of their ‘exceptional breadth and solidity, they may have been used as quays for small merchant vessels’.
 These installations were surveyed recently by the French mission, which concluded that they are warehouses, and excluded the possibility that they could be used as docks. 

Chronology

Complex A has not been dated precisely. Due to its rock-cut nature, there are no stratigraphic elements in the complex itself to date its construction,
 apart from the Roman wall, mentioned below, built across the seaward end of it. However, as the fortification walls which enclose the complex were built in a single construction phase in the second half of the second century BC,
 they provide a terminus ante quem for the complex's construction. The channel providing access to the western harbour from the eastern one is either contemporary with, or later than the towers which guard it (see 'Fortifications' above). Excavation of the channel between the two harbours has not clarified the chronology of when it was originally dug.

The shipshed complex is the earliest harbour structure in Apollonia, according to Laronde.
 The war fleet of Cyrene was equipped with triremes in the fourth century BC.
 Although the harbour would have been in use from the seventh century BC, there are no architectural remains in the harbour dated before the fourth century BC,
 Flemming proposed a date probably at the beginning of the Hellenistic period.
  
G. Hallier has observed that the dividing walls are 2 Hellenistic [Ptolemaic] feet, of 0.35 m, wide.
 These modules are also used for the construction of the city walls. The Ptolemaic foot (0.35 m), based on the Egyptian cubit of 0.525 m, was in use in Alexandria by the end of the third century BC.
 If the slipway walls are 2 Ptolemaic feet (0.70 m) thick, and the complex is ca 63 m wide, then the slipways are each an average of 16 feet wide, and the whole complex 180 feet wide.
 This would tend to confirm the use of the Ptolemaic foot for the design of the complex. Sintès suggests, if the module can be confirmed, the renewal of a pre-existing Greek shipshed complex or the establishment of a new complex at the site after the annexation of Cyrenaica by Ptolemy I Soter (ca 322-321 BC
). As this is the standard length of a Ptolemaic foot, the fact that it is also used on the city walls
 does not mean they and the surviving slipways have to be contemporary.
 Thus, the surviving shipshed complex could be earlier than the city walls, but not earlier than 322-321 BC; and the complete design of the 'closed' military harbour dates to the second half of the second century BC. The idea of having a fortified harbour, entered through another harbour, is an arrangement similar to that used at Carthage in the first half of the second century BC.

The slipways lose their functional character when, at the beginning of the Roman Empire, the harbour was transformed. The entrances to the slipways were obstructed by the construction of a Roman wall (quay?) across their lower end.
 The site is reused and reoccupied. At this time, perhaps, the surfaces of slipways 8, 9 and 10 were re-cut and became flat.
 
	Apollonia Complex A (Ilôt Hammàm)

	A. General

	Name of complex
	Apollonia Complex A

	Exact location of complex
	On western island (Ilôt Hammàm) facing 

Western Harbour of submerged ancient 

harbour.

	Date 
	Hellenistic?


	Relation to present sea level
	Lower end of the slipways, as interpreted by Flemming, 2.80 m below sea level.
 

Relative sea level rise of 3-3.80 m.
 

(see ‘Relative sea level change’above).

	B. Layout

	Number of slipways (preserved/revealed)
	10
 

	Orientation (direction of front openings)
	Slightly south of south-west

	Alignment to the waterfront
	Perpendicular

	Construction of enclosing walls
	Rock-cut walls and ashlar masonry

	Additional utility space (storage facilities etc.)
	No evidence

	C. Dimensions

	Total width of complex (preserved/revealed)
	ca 63 m


	Total length of complex (preserved/revealed)
	ca 30 m,
 ca 40 m,
 44.10 m


	Total height of complex (preserved/revealed)
	2.60 m


	Thickness of enclosing walls
	Complex defined by bedrock

	Interaxial width of shipsheds (between 

dividing elements)
	Average (calculated): ca 6.3 m
 

	Clear width I (between the lower parts of 

dividing walls, column/pier bases)
	'A little less than 6 m' (from 5.50 m for 

nos. 1 and 6 to 5.95 m for no. 7),
 

Average (calculated): ca 5.6 m


	Clear width II (between the upper parts of 

dividing elements)
	Unknown

	Length of slipways (preserved/revealed)
	30 m,
 ca 40 m


	Length of slipways (estimated)
	40 m

	D. Structural features

	1. Back wall
	Yes

	Construction
	Rock-cut (not known if there was a masonry superstructure)

	Material of construction
	Bedrock

	Dimensions (height)
	At least 2.60 m


	Buttresses
	No

	Additional features
	Projecting structures on axis of 

central runners in slipways 2 and 6.

	2. Dividing elements
	Low continuous rock-cut walls 

	Construction
	Rock-cut, possibly also built

	Material of construction
	Bedrock, possibly ashlar masonry

	Dimensions (LD; UD)
	Thickness (average): 0.70 m (from 0.56 to 

0.75 m)
 

Height: 0.50-0.90 m (average),
 

2 m (maximum)


	3. Superstructure
	No evidence

	Proposed reconstruction
	Possibly ashlar walls or wooden posts resting 

on dividing walls to support roof 

	Gradient
	Unknown

	Architectural elements found
	No 

	4. Slipways
	Longitudinally inclined flat floor, usually 

with raised central runners, sometimes with

'keel slots'
 

	Construction
	Rock-cut

	Material of construction
	Bedrock

	Gradient of slipways (average)
	3 (1:20) to 4° (1:14)
 

No change in slope of upper and lower 

parts for upper ca 30 m visible
 

	Evidence of ramp
	

	
Construction
	Rock-cut 

	
Material of construction
	Bedrock

	
Dimensions
	Width: from 5.50 m for nos. 1 and 6 to 5.95 m for no. 7).
 [is this all ramp?]
Average (calculated): ca 5.6 m


	
Evidence of wooden cladding
	Keel slot in slipways 2 and 6 possibly 

furnished with a wooden runner.

In slipway 2 (and 6): in top surface of 

runner (of diminishing thickness) central 

groove (10 cm wide, up to 30 cm deep) as è
well as slot (average 10 cm wide, 5 cm 

deep) on either side splaying outwards.
 

Slots in slipway 2. (See 'Architectural 
Description of Slipways' above)

	Side passages
	No 

	E. Features related to hauling and slipping

	Slipway features (sleepers, keel slot, etc.)
	Slipways 2-8 have a central runner (width: 

ca 0.70-0.80 m, except slipway 5 runner 

width 1.50 m). 

Runners in slipways 2 and 6 have a central 

‘keel slot’
 for a wooden runner. 

Rock-cut projections in back walls of 

slipways 2 and 6 may be associated.
(See 'Architectural Description of Slipways'

 above). 

	Machinery (fixtures, shoring, bracing)
	No evidence


Illustrations
Aerial photographs:
Flemming 1972: B1 (opposite p. 102); Goodchild 1971: fig. 143; Goodchild et al. 1976: opp. p. 1; Laronde 1987a: 456, fig. 178; 1996: 6 fig. 1

Jones and Little 1971: figs. 1-2 (pl. VI) fig. 1 pl. VII.

Photographs:
Goodchild 1971: fig. 14 (Western harbour, complex A).

Sintès 2010: fig. 9 (back end of slipways 8, 9 and 10 with dividing walls), fig. 10. 

Drawings (plan, sections):

Plans of the harbour and location of shipshed complexes: Flemming 1965: 171 fig. 68; and 1972: 100-101 fig. 14; Goodchild 1971: plan of the city, DD; Goodchild et al. 1976: pl.75 (ruins visible from air only); Laronde and Sintès 1998: 303 fig. 1 (by E. Pessarelli); Stucchi 1975: pl. II (with street grid); Laronde 1992: 58 (Late Imperial city); Beechey 1828: opposite p. 467 (plan of the harbour, reproduced in Laronde and Sintès 1998: pl. I, 1; Laronde 1996: 8 fig. 3); Sintès 2010: fig. 2 (harbour before third century BC), fig. 3 (Hellenistic harbour); fig. 5 (Roman harbour); fig. 6 (Late Antique harbour) (all plans by E. Pessarelli).

Plans and sections of Complex A: Flemming 1965: 172 figs. 69-70 reproduced by Flemming 1972: 104 fig. 15 (plan of Complex A, longitudinal section of one slipway, and cross-sections of the ‘keel slot’ of slipway 2) and by Sintès 2010: fig. 1; Sintès 2010: fig. 7 (plan by J. Brémont), fig. 8 (cross-sections and plan by J. Brémont)
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� For the history of Apollonia: Laronde 1985; 1987a; 1996 with previous bibliography. 


� Laronde 1996: 5.


� Laronde 1996: 10; ODC3 421.


� Scyl. Periplous 108. 


� ODC3 422.


� Laronde 1987a: 457-9.


� Laronde 1987a: 478-9.


� Laronde 1987a: 457-9.


� Flemming 1972: aerial photograph B1 (opposite p. 102).


� Laronde and Sintès 1998: 303 fig. 1; Flemming 1972: 103-5, fig. 14; Laronde (1992), 58 (plan of Apollonia in Late Imperial times); Goodchild 1971: 181-2, plan 2. Goodchild et al. 1976: loose plan. Laronde 1997. 


� Laronde and Sintès 1998: 302; Laronde 1997.


� Sintès 2010: figs. 2, 3, 5, 6.


� Sintès 2010: fig. 6.


� Flemming 1965: 170-3, figs. 68-70, 177-8; Flemming 1972: 103-5, fig. 15 (plan and cross-section) and location fig. 14 (A 9-10, B 9-10); Stucchi 1975: 577-9.


� Flemming 1972: 109, location fig. 14 (A14).


� Laronde 1997. 


� Flemming 1972: 108-9, location fig. 14 (C 5).


� Flemming 1972: location 100-1 fig. 14 (E4).


� Flemming 1972: 105-6, location fig. 14 (E9).


� Laronde and Sintès 1998: 301-2; Laronde 1996: 7.


� Laronde 1987b: 326.


� Cited by Laronde 1990: 76; 1987a: 457, n. 20; Laronde and Sintès 1998: 301.


� Flemming 1965: 177-8; 1972: 103. 


� Flemming 1972: 111; Jones and Little 1971: 74 (submergence of 3m). 


� Flemming 1965: 178. A. Laronde 1981: 64 observed that on the Cyrenaican coast the relative sea level change is greater towards the east, so that at Ptolemais the sea level change is smaller, while further east along the Cyrenaican coast we observe differences of 20 m.


� Laronde and Sintès 1998: 305-6. Laronde 1990: 76 (relative rise of sea-level of 3 m); see also Laronde 1981: 64; 1987b: 323-4, n. 6; 1985: 95-6.


� Laronde and Sintès 1998: 306, pl. III, 1 (erosion lines and tool-marks on the natural rock).


� Laronde and Sintès 1998: 309, pls. II, 2 and III, 1-2; Laronde 1996: 7, 6 fig. 2.


� Flemming 1965; 1972.


� Laronde and Sintès1998; Laronde 1987b: 326; 1990: 77-8; 1997. 


� Sintès 2010.


� Garlan 1985: 362-76. The city walls were previously thought to date to the beginning of the third century BC: Goodchild et al. 1976: 139: 'The wall project  might have been started sometime between c. 310 and 280 BC' (D. White); Hallier 1986: 252 no. 2 (with previous bibliography). 


� Laronde 1992: 61-2; 1985: 99-105.


� Laronde and Sintès 1998: 302-3. 


� Laronde and Sintès 1998: 304-10.


� Flemming 1965: 173, 171 fig. 68 (C10 to B11, 65 m long, 14 m wide); Laronde and Sintès 1998: 304-10, figs. 3-4 (cross-sections of channel before and after blocking).


� Laronde and Sintès 1998: 306, pl. III, 1. 


� Laronde and Sintès 1998: 302-5, fig. 2 (section of the south tower); Laronde 1997: 240-1. Flemming 1972: 107.


� Sintès 2010: fig. 3. The original construction date of the channel (in the Greek or Roman Imperial period) could not be determined accurately in 1993: Laronde and Sintès 1998: 310. The 1996 mission dated the construction of the channel to the Roman period: Laronde 1997: 242.


� Sintès 2010: fig. 2.


� Laronde and Sintès 1998: 306-7.


� Laronde and Sintès 1998: 308-9, pl. III, 2.


� Flemming 1965: 170-3 figs. 68-70, 177-8; Flemming 1972: 103, figs. 14-15; Stucchi 1975: 577; Goodchild 1971: 181-2, plan 2 (DD), fig. 144. cf. Laronde 1987b: 326; Sintès 2010: figs. 7-10.


� Laronde 1996: 10.


� Sintès 2010: 88-9.


� Flemming 1972: 103. 


� Sintès 2010. Only eight slipways were reported by the French team in 1987: Laronde 1987b: 326; Laronde 1990: 77.


� Measured from plan Sintès 2010: fig. 7. On Flemming's plan (1972: 104 fig. 15) the slipways are ca 39 m long.


� Sintès 2010: 94.


� Sintès 2010: 90. Laronde 1987b: 326 (5.40 to 6 m); 1990: 77;  Flemming 1972: 103 (6 m on average, from 5.40 to 6 m); Stucchi 1975: 577 (5.88 m).


� Flemming 1972: 103; Goodchild 1971: 181-2.


� Sintès 2010: 89.


� Sintès 2010: 84.


� Sintès 2010: 90; Flemming 1972: 103 (4°).


� Sintès 2010: 90.


� Sintès 2010: 90.


� Sintès 2010: 91 (average 0.70 m, from 0.56-0.75 m). Flemming 1972: 103 (0.75 m); Laronde 1987b: 326 (0.65-0.80 m).


� Flemming 1972: 104.


� Sintès 2010: 91.


� Sintès 2010: 92.


� Flemming 1965: 170.


� Sintès 2010: 90.


� Flemming 1972: 103, 104 fig. 15.


� Sintès 2010: 92, fig. 8.


� Sintès 2010: 92.


� Flemming 1972: 104 fig. 15.


� Sintès 2010: 93.


� Sintès 2010: 93. Sintès refers to notes by J.-P. Misson (who had been a member of the University of Michigan team), describing a series of 11 slots cut in the right (east) side of slot 2 – perhaps for timber fixtures for a groundway.


� Flemming 1965: 172, fig. 70 (five cross-sections of the keel slot); reproduced Flemming 1972: 104 fig. 15; Sintès 2010: 85 fig. 1. Measured from Flemming’s plan, the central runner of the ramp of slipway 2 widens from ca 0.6 m at the top to 1.3 m at the foot of the slipway.


� Sintès 2010: 93; cf. Flemming 1965: 173 (Ramps 1, 6, 9, 10 have flat central sections with no slots or runners). 


� Sintès 2010: 94, fig. 10. The feature in the back end of slipway 6 visible on the left of the photograph.


� Sintès 2010: 94, fig. 10.


� Sintès 2010: 94. He considers that it is difficult to imagine this within one row of slipways. However, variant slipways, in the form of single unusually wide slipways, in a row of slipways (suggesting different boat types within one complex) are found in both complexes at Eulimna and on the Îlot de l'Amirauté at Carthage.


� Flemming 1965: 170. 


� Sintès 2010: 92.


� Flemming 1965: 170.


� J. McKenzie.


� Sintès 2010: 92.


� Sintès 2010: 93, fig. 8. Five cross-sections of the keel-slot in slipway 2: Flemming 1965: 172, fig. 70; 1972: 104-5, fig. 15. 


� Flemming 1965: 172. See above, n. 68.


� Flemming 1965: 173.


� Flemming 1972: 109, 100-1 fig. 14 (A 14).


� Measured from plan Flemming 1972: 100-1 fig. 14.


� Stucchi 1975: 578 (15 and 75 feet).


� Laronde 1997: 240, pl. CXIXb. This installation does not appear in Goodchild's plan: Goodchild et al. 1976: loose plan of the city. It is noted in the 1998 plan by E. Pessarelli: Laronde and Sintès 1998: 303 fig. 1 (no. 19: 'Carrières').


� Sintès 2010: 84-5.


� Flemming 1965: 174-5; 1972: 108, 100-1 fig. 14 (C5).


� Flemming 1972: 108.


� Flemming 1965: 174.


� Flemming 1972: 108.


� Flemming 1965: 174; 1972: 108; 


� Flemming 1972: 108-9; see also Blackman 1993: 46-7.


� Flemming 1965: 175; 1972: fig. 14 (E4); Stucchi 1975: 578.


� Flemming 1965: 175; Goodchild 1971: 181-2.


� Flemming 1972: 105-6, 100-1 fig. 14 (E 9); 


� Flemming 1965: 174. 


� Laronde 1997: 242, 241 fig. 3 (no. 20 = 'darses'); Laronde and Sintès 1998: 303, fig. 1 (no. 20 = 'darses').. 


� Sintès 2010: 86.


� Garlan 1985: 362-76; but see also Goodchild et al. 1976: 139 (early third century BC); cf. Hallier 1986: 252 no. 2.


� Laronde and Sintès 1998: 310.


� Laronde 1996: 11. 


� Laronde 1987a: 66-9. 


� Laronde 1996: 10.


� Flemming 1965: 173-7; cf. Blackman 1968: 184 and note. Flemming argued that they could not be Roman because the Romans did not use shipsheds.


� He also suggests (Sintès 2010: 87) that the average width of the shipsheds (taking into account the bad state of preservation of the structures) corresponds to 11 Hellenistic cubits of 0.525 m. However, this is not possible if the walls are 0.70 m thick and the whole complex is 63 m wide. (J. McKenzie)


� J. McKenzie; cf. Coulton 1975: 77 n. 73; McKenzie (in press 2007) ch. 5 n. 8 (with references). 


� J. McKenzie.


� OCD3 422.


� Sintès 2010: 87. 


� Sintès raises the question whether, as the modules are also applicable to the construction of the city walls, this could be an indication of the contemporaneity of them with the channel between the two harbours, the towers and the shipsheds: Sintès 2010: 87. 


� Sintès 2010: 89; Flemming 1972: plan, 104 fig. 15


� Sintès 2010: 89. 


� Flemming 1965: 173-7; cf. Blackman 1968: 184 and note; Sintès 2009: 86.


� Flemming 1965: 177-8; 1972: 103.


� Laronde 1996: 7.


� Flemming 1972: 104, fig. 15; Sintès 2010: 90. 


� Measured from plan of Sintès 2010: fig. 7. So also, measured from plan of Flemming 1972: 104 fig. 15. 62.54 m: Stucchi 1975: 577.


� Sintès 2010: 84.


� Flemming 1972: 103; Goodchild 1971: 181-2.


� Stucchi 1975: 577.


� Sintès 2010: 90.


� Width of complex measured from plan divided by number of sheds. Plan: Sintès 2010: fig. 7.


� Sintès 2010: 90. Laronde 1987b: 326 (5.40 to 6 m); 1990: 77;  Flemming 1972: 103 (6 m on average, from 5.40 to 6 m); Stucchi 1975: 577 (5.88 m).


� Calculated average interaxial width minus average wall thickness.


� Measured from the plan of Sintès 2010: fig.7.


� Flemming 1972: 103; measured from the plan of Flemming 1972: 104 fig. 15.


� Sintès 2010: 90.


� Sintès 2010: 91. 0.75 m: Flemming 1972: 103. 0.65-0.80 m: Laronde 1987b: 326; 1996: 11.


� Sintès 2010: 92.


� Flemming 1965: 170.


� Flemming 1972: 103, fig. 15 p. 104.


� Sintès 2010: 90 (3-4°); Flemming 1972: 103 (4°).


� Sintès 2010: 90.


� Sintès 2010: 90. Laronde 1987b: 326 (5.40 to 6 m); 1990: 77;  Flemming 1972: 103 (6 m on average, from 5.40 to 6 m); Stucchi 1975: 577 (5.88 m).


� Calculated average interaxial width minus average wall thickness.


� Sintès 2010: 93.


� Sintès 2010:93.





