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How ancient societies dealt with the siltation of their harbours -the example of Ephesus

One of the major natural risks for maritime societies in ancient times was the siltation of their harbours. Ephesus is an excellent example of how the inhabitants of this famous city, the capital of proconsular Asia, dealt with this hazard.

Evidence of continued siltation of the Gulf of Ephesus is manifold. In ca. AD 77, Pliny the Elder properly How ancient societies dealt with the siltation of their harbours -the example of Ephesus -Maison des Sciences de l'Homme de Bordeaux https://mshbordeaux.hypotheses.org/4624 7/7 Rechercher dans OpenEdition Search Vous allez être redirigé vers OpenEdition Search Expression ou mot-c Dans tout OpenEdition Dans Le carnet de la Maison des sciences de l'Homme de Bordeaux Rechercher datant de la première moitié du IIe siècle après J.-C. jusqu'à la fin du Ve siècle / début du VIe siècle après J.-C. (Steskal, 2017). Un transect à travers le canal afin de déchiffrer son évolution a montré qu'il était pleinement utilisé entre le 3e et le 5e siècle après J.-C., tandis qu'au 8e/9e siècle, les roseaux poussaient sur ses bords et il ne restait plus qu'un passage étroit pour la navigation (Stock et al., 2016).
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describes the reason for the landlocking of the island of Syrie (nowadays: Korudağ or Kuru Tepe): "From these [rivers] comes a quantity of mud which advances the coastline and has now joined the island of Syrie on to the mainland by the flats interposed" (Naturalis historia 5.115; [START_REF] Brückner | Life cycle of estuarine islands -From the formation to the landlocking of former islands in the environs of Miletos and Ephesos in western Asia Minor (Turkey)[END_REF]. The fight against flooding and siltation can already be noted for the 6 th century BC soon after the first temples of the Artemision had been erected [START_REF] Brückner | Vom Meer umspült, vom Fluss begraben -zur Paläogeographie des Artemisions[END_REF]. Due to the ongoing progradation of the Kaystros delta (the later Küçük Menderes) the settlement had to relocate its harbour westwards several times (see fig. 1). Due to the continued delta advance the harbour of the settlement had to be relocated several times.

Source : Brückner et al., 2017: fig. 10.

One of the first harbours was presumably a landing site in an embayment at the western foot of Ayasoluk hill close to the Artemision (possibly the so-called Sacred Harbour; Geometric-Archaic times; no. 1). The next harbour was to the north of the Coressos hill (no. 2), the third one is presumed to have been to the west of Panayırdağ in Hellenistic times (between nos 2 and 3). The most important and most famous one is the Roman -early Byzantine Harbour (no. 3; fig. 2). With the ongoing delta advance a canal was built in order to keep its connection to the open sea. In Byzantine times there was a harbour to the west of the Kenchrios (Arvalya) valley in the area of the present Çanakgöl (no. 4), in late Byzantine and Ottoman times another one even further to the west where docking installations are still preserved (no. 5). A sixth harbour is presumed at Pygela, especially for ships with greater draught (no. 6) (for details see [START_REF] Stock | In search of the harbours: New evidence of Late Roman and Byzantine harbours of Ephesus[END_REF][START_REF] Stock | The palaeogeographies of Ephesos (Turkey), its harbours, and the Artemision -a geoarchaeological reconstruction for the timespan 1500 -300 BC[END_REF][START_REF] Stock | 'envasement de leurs ports. Éphèse est un excellent exemple de la manière dont les habitants de cette célèbre ville, capitale de l'Asie proconsulaire[END_REF]. During Roman times dredging of the harbour basin is mentioned five times between the 1 st and the 3 rd centuries AD [START_REF] Kraft | A geological analysis of ancient landscapes and the harbors of Ephesus and the Artemision in Anatolia[END_REF][START_REF] Kraft | The geographies of ancient Ephesus and the Artemision in Anatolia[END_REF]. One of these operations occurred when the harbour was renewed:

at the beginning of the 2 nd century the high priest donated a huge amount of money to reconstruct and enlarge the harbour area. In order to keep it clean the proconsul prohibited the disposal of waste, debris and construction rubble into the basin in the mid-2 nd century [START_REF] Kraft | A geological analysis of ancient landscapes and the harbors of Ephesus and the Artemision in Anatolia[END_REF].

Using the Roman harbour of Ephesus as geobio-archive, [START_REF] Stock | Human impact on Holocene sediment dynamics in the Eastern Mediterranean -the example of the Roman harbour of Ephesus[END_REF] could demonstrate that with the construction of the protected harbour basin the geochemistry changed: after a sharp erosional disconformity due to dredging the sediment column shows pollution with the heavy metals lead (Pb) and copper (Cu) from the 1 st century BC onwards; the contamination decreases after the 6 th /7 th century AD with the demise of the harbour [START_REF] Delile | Demise of a harbor: a geochemical chronicle from Ephesus[END_REF]. The harbour time is also documented by the occurrence of eggs of intestinal parasites, such as Trichuris sp., since this basin was the final sink of the city's waste [START_REF] Ledger | Intestinal parasites from public and private latrines and the harbour canal in Roman Period Ephesus, Turkey (1st c. BCE to 6th c. CE)[END_REF]. The increased presence of pollen of the thorny burnet (Sarcopoterium spinosum) shows its use as packaging material in ancient shipping [START_REF] Stock | Human impact on Holocene sediment dynamics in the Eastern Mediterranean -the example of the Roman harbour of Ephesus[END_REF]. As for the organic contamination (polycyclical hydrocarbons, PAHs), the 1 st century BC to the early 7 th century AD evidence high values of resins and essential oils [START_REF] Schwarzbauer | Molecular organic indicators for human activities in the Roman harbor of Ephesus, Turkey[END_REF].

Concerning the spectrum of heavy minerals, corundum exclusively occurs in the harbour basin, not however in the sediments of Lake Belevi, a natural lake a few kilometres northeast of Ephesus (Roman Another measure to cope with siltation was the construction of a canal to connect the harbour with the open sea, associated with dredging operations. The canal was lined on both sides with necropolises, dating from the first half of the 2 nd century AD until the end of the 5 th / beginning of the 6 th century AD [START_REF] Steskal | Life and death in Asia 27/10/2023 10:41 How ancient societies dealt with the siltation of their harbours -the example of Ephesus -Maison des Sciences de l'Homme de Bordeaux[END_REF]. A transect through the canal in order to decipher its evolution showed that it was in full use during the 3 rd to 5 th centuries AD while in the 8 th /9 th century reeds grew at its fringes and there was only a narrow passage left for navigation [START_REF] Stock | Human impact on Holocene sediment dynamics in the Eastern Mediterranean -the example of the Roman harbour of Ephesus[END_REF].

  https://mshbordeaux.hypotheses.org/4624 2/7 Scenario of delta progradation for the Küçük Menderes (Kaystros) since the max. transgression ca. 7000 years before present. The former 'Ephesian gulf' hosted several islands; Syrie (now called Korudağ or Kuru Tepe) is the most prominent. The positions of the shoreline are indicated for different time slices.

Futile

  measures to fight siltation already in the mid-2 nd cent. BC are reported from the Hellenistic harbour of Ephesus. According to Strabon (14,1,24) king Attalus II Philadelphus (reign: 159-138 BC) ordered his engineers to narrow the harbour entrance by constructing a mole at the mouth. The idea was that due to tides and currents a natural flushing effect would keep the shipping canal deep enough for merchant vessels. But the result was the opposite: the king and his engineers had created a sediment trap.

  

  marble(Pliny, N.h., 37); there is a corundum quarry near Ephesus. Besides corundum many carbonate particles, e.g. from marble, occur in the sediments of the harbour basin of that time. Hence the decree by the governor of the province of Asia under Emperor Antoninus Pius (86-161 AD) that made dumping marble powder and emery (corundum) into the harbour a punishable offence.
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Sauer, Vienna; unpublished). Corundum (Al 2 O 3 , aluminium oxide) was used as an abrasive for processing
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