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Note

2014 Myndos Eastern Harbour Bathymetric Study and First
Assessment

Myndos is an important ancient city in the
Caria Region of Western Anatolia. In 1837,
Thomas Graves created a bathymetric map

of the ancient city’s harbours (Figs 1 and 2). The project
reported here compared data taken from this historic
mapwith bathymetric data recorded in 2014, in order to
investigate changes to the main eastern harbour basin
over the past 177 years.

Myndos is located in the town of Gümüşlük on
the Bodrum Peninsula, in Muğla Province, Turkey.
Strabo wrote that the Termerion promontory belonged
to the Myndians, and that Myndos was reached via
the Astypalai and Zephyrion promontories (Strabo,
Geographica, 14.2.20). The earliest information,
though, comes from Herodotus, who mentions that
Myndian ships joined the campaign ofNaxos in 500 BC
under the command ofMegabates, the cousin of Darius
I (Herodotus, Histories, 5.33.1–3). Polybius stated that
during the Lade Sea Battle of 494 BC, Rhodian
ships that wanted to cross to Kos Island had to
anchor overnight in Myndos Harbour (Polybius, The
History, 16.15.1–8), indicating that Myndos provided a
sheltered harbour for warships in the 5th century BC.
Moreover, prevailing winds and weather conditions
change very quickly on the coasts of the Aegean and
the Mediterranean, and sailing ships and galleys have
tended to voyage close to the shore (Pryor, 2004:
29–41). Myndos was likely an important port of call
for the ships travelling via the Bodrum Peninsula in
antiquity.

During underwater research at Myndos in 2013,
a second harbour, dated to the Roman period, was
discovered in the west of the city. The western harbour
is thought to have been used as an exterior harbour,
and the eastern one as the main harbour (Dumankaya,
2015: 12–20; Dumankaya and Gündüz, 2016a: 10–3;
2016b: 1–5). The eastern harbour is examined in detail
here.

Kocadağ Hill, 484m in height, which forms the
western arm of the bay, was joined to the mainland
over time at its northern end by a sand tombolo. Such
features have commonly been made use of as natural
harbours (Frost, 1973: 90; Erol, 1991; Doğaner, 2000;
Brückner et al., 2002, Brückner et al., 2004; Ceylan,
2011; 2012), and Myndians likewise made use of this
natural topography. However, wave action and alluvial
deposits could cause such harbours to silt up. To inhibit
siltation and to accelerate water circulation channels

were opened in other harbours (see Blackman, 1982:
193–202; 2008: 662–663; Franco, 1996: 115–151;
Raban, 2009: 63; Büyüközer, 2013: 11–12). While no
such channel has been located at Myndos, the bay’s
use as a harbour is indicated by a mole (Fig. 3a–c),
a fortification wall (Fig. 4a–b) and a harbour wall
(Fig. 4c), all dated to the 5th–4th BC and theMausolus
period. These would have prevented undercurrents and
siltation. The fortification wall also served to reduce the
effects of theLodoswind and connect Asar Island to the
mainland (Fig. 1). The mole protected the basin from
waves and undercurrents by narrowing the entrance.

The 1837 map
The 1837map shows the archaeological structural ruins
of Myndos observed at that time, and the depths
recorded in the harbours. English Imperial units were
used; heights given in feet, depths in fathoms (Fig. 2).
A graphic scale in yards is included in the legend of the
map. For this study, measurements have been digitally
converted to metric units.

The 1837 bathymetric map was made using the
most suitable technique of the time: a sounding line
(also called a lead line). The general accuracy of the
1837 map was assessed by comparing the following
fixed points: the 5th–4th BC century mole located at
the entrance of the harbour (Dumankaya, 2015: 19,
figs 3–4; Dumankaya and Gündüz, 2016a: 13–21); a
rocky outcrop in the middle of the harbour, shown on
the 1837 map at a depth of 5–6m that was recorded in
2014 at a depth of 5–7m; and the fault line on the north
slope of Kocadağ Hill. The correlation of these points
reveals the 1837 map to be accurate.

The contour lines and depth points of the 1837 map
were transferred to the ArcMap 10 program and were
digitally converted to be compatible with coordinates
within UTM and WGS 1984 projections. By using the
‘Topo to raster’ function, a digital version of the 1837
bathymetric map was created.

The 2014 bathymetric map
Four datum points were established around the
harbour, each visible from the other three. Using a
Leika TS 06 Total Station, a reflector, RIB, and a depth
sounder, the Intersection Method, more commonly
used in lakes and reservoirs, was chosen (see Erdi
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Figure 1. a)Location ofMyndos ancient city; b) view of the remaining structures and the eastern harbour ofMyndos (Myndos
Excavation Archive).

Figure 2. Detail from the Myndos and Bargylia map by Lt
Cdr Thomas Graves, 1837 UKHO Chart 1531, published in
1844 (The British Library Board, Maps SEC.5.1531).

et al., 2007; Günok and Pınar, 2009; Ceylan et al.,
2010, 2011), and the location and depth data of 520
points at maximum intervals of 10m were recorded.
The data obtained was first transferred to Netcad 4.0,
and then to ArcMap 10, within which the Triangle
Irregular Network (TIN) function and ‘TIN to raster’
functions were used, resulting in a Digital Elevation
Model (DEM) of the harbour.

Error limitations
Three problems were encountered that could have
introduced errors into the 2014 map. The first, was the
rocking motion caused by waves especially on stormy
days, which meant the coordinates obtained from the

reflector couldn’t be recorded accurately. The second
was that the RIB could not get close to the coast
in shallows of less than 0.60m. The third was not
being able to obtain measurements in certain places
as a result of boats and yachts being anchored in the
harbour.

In order to reduce the impact of the first, using
information obtained from theMeteorological General
Directorate of the Turkish Ministry of Forest and
Water Affairs, it was determined that August was the
period most likely to have the lowest waves. Following
the standards published in 2008 by the International
Hydrographic Organization (see IHO, 2008: 15,
fig. 1), error tolerances were calculated using maximum
and minimum depths recorded. The deepest point was
determined to be 27.53m, while the shallowest point
was 0.69m. As a result, the maximum tolerance for the
deepest point was 0.32m and for the shallowest point
0.25m.

Comparison of the 1837 and 2014 maps
To compare the 1837 and 2014 data five different maps
were created. ADEM (Fig. 5a–b), DEMdifferencemap
(Fig. 5d),block diagrams (Fig. 5c–d), a coastline map
for both 1837 and 2014 data (Fig. 6); and a Digital
Terrain Model for 2014 data only (Fig. 7).

In the DEM based on the 1837 bathymetric map,
the deepest point of the harbour is shown as -22m
(Fig. 5a). There is no evident depth difference between
the inner harbour and the entrance. In the 2014 DEM,
the deepest point of the harbour was -28m. When the
1837 DEM and 2014 DEM maps are compared, a
difference of at least 5m depth is noted in the entrance
of the harbour (Fig. 5e).

The block diagram shows a rocky outcrop that was
in the -9 to -7m depth range in 1837 (Fig. 5c) and in
the -7 to -5m range in 2014 (Fig. 5d). The reason for
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Figure 3. a) view of the ancient harbour mole; b) harbour mole, south-southwest façade; c) harbour mole, south-southeast
façade; d) a view of fault line (?) extending to north-west; e) stone block used as a mooring stone; f) detail of the stone blocks
and anchors dispersed on the sea-floor (O. Dumankaya).

Figure 4. a) and b)Harbour and fortification wall; c) harbour wall on the south and north of the harbour (Myndos Excavation
Archive).
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Figure 5. a) 1837 DEM; b) 2014 DEM; c) 1837 block diagram bathymetric map; d) 2014 block diagram bathymetric map;
e) 1837–2014 DEM difference map; f) map of undercurrents.

this reduction in depth is the area around the outcrop is
filled with sand and clay. On the basis of only this rocky
outcrop and its surroundings, it was found that, over
the course of 177 years, a 2m-deep layer of material has
accumulated in the harbour.

TheDEMDifferenceMapwas created by combining
the polygon points of the 1837 and 2014 bathymetric
maps at the same coordinates (Fig. 5e). In this way,
the increase and decrease in depths between 1837 and
2014 can be compared. In the harbour, while one would
expect sedimentation to increase over this period, the
shallowing of the coasts and deepening of the middle
of the harbour and its entrance are noteworthy.

The change in coastline was plotted by overlaying
the 1837 and 2014 maps. Depth values were added
from 25 different points (Figs 6 and 8). The greatest
depth variation can be seen in the areas numbered 11,
12 and 13, where depths have increased because of
undercurrents. The least depth variation is seen in the
areas numbered 1, 2, 3, 9, 14, 15 and 16, where the water
circulates least (Fig. 5f).

Contributing factors
In research carried out on Kocadağ Hill, scattered
bands and nodules of chert were observed. These
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Figure 6. Coastline map for 1837 and 2014 showing measured depth points (see Fig. 8).

Figure 7. Digital Terrain Model 2014.

contained smooth, grey-coloured fine-medium layers
and abundant shell pieces. In similar studies, pelagic
limestones, basalt and andesite were also found
(Brinkmann 1967: 1–12; Ercan et al., 1981–1982: 24,
fig. 1; Ulusoy et al., 2004: 72, fig. 1). This geological
structure, known as a Kışladağ formation, is widely
dispersed outside the ancient city, too (Bernouilli et al.,
1974: 47, 60, 78, fig. 3; Ercan et al., 1981–1982: 24,
fig. 1; Ersoy, 1991: 4, fig. 4). The Kışladağ formation
generally shows the fractured and fissured structure that
is typical of intense tectonic activity. Water feeding this

formation, as a result of hydro geo-chemical processes,
creates karstic holes and caves. Therefore, the majority
of the rain falling on this area is carried into the sea by
fault lines and karstic channels.

Alluvial surfaces in this region consist of gravel, sand,
silt and mud and extend to the coast, for example the
acropolis of Myndos is covered in alluviums (Ulusoy
et al., 2004: 72, fig. 1). This formation allows water from
seasonal streams to drain down and be carried to the
sea (Koç, 2005: 28). Depth variations in the harbour
between 1837 and 2014 can be seen at points 1, 2, 4,
5, 15, 16, 17, 20, 22, and 24 as a result of these two
processes (Figs 6, 8).

Earthquakes are another factor that has caused the
deformation of ancient city structures. One of the fault
lines observed around the ancient city is situated on
the east of Kocadağ with a displacement of up to
4m (Fig. 1). Another, stretching to the north-west of
Kocadağ, which could be an extension of that seen
on the east of Kocadağ, was observed under water in
the west harbour (Fig. 3d). A third, east-west fault
line lies at the acropolis (Ercan et al., 1981–1982:
24, fig. 1). The earliest harbour structures date from
5th century BC (Dumankaya, 2015; Dumankaya and
Gündüz, 2016a). Between the 19th and 5th centuries
BC more than 100 earthquakes were detected around
Rhodes, Kos and Crete, within the Aegean graben
region (Ergin et al., 1967; McKenzie, 1972: 115–
60, fig. 3.5g; Guidoboni et al., 1994: 408–413; Dirik
et al., 2003: 29–30;Kouskouna andMakropoulos, 2004:
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Figure 8. a) Depth values for points shown on Figure 6; b) depth differences for sample points (O. Dumankaya).

723–731; Altunel, 2004; Ambraseys, 2009: 141–787;
Yolsal and Taymaz, 2010: 56), some of which caused
tsunamis of up to 3.35m (Yolsal and Taymaz, 2010: 59–
60, fig. 4–5).

Research into seismic activities during the so-
called Early Byzantine Tectonic Paroxysm covering
the coastal areas of Crete, Rhodes, the Aegean, the
Mediterranean and the Levant, shows that between
the 4th and 6th centuries AD, coastlines were raised
0.5–1.5m (Kelletat and Kayan, 1983; Pirazzoli, 1986;
Kayan, 1988: 205–214; 1999: 541–546; Lambeck, 1995:
1022–1039, fig. 9.18; Pirazzoli et al., 1996: 6083–6097,
fig. 1; Stiros, 2001: 549–556; Salamon et al., 2007: 1–20;
Bekaroğlu, 2008: 1–14; Baika, 2008: 33–48). Using
radiocarbon dating, geomorphological-biological and
historical resources it has been shown that in the period
AD 350–550, coastlines rose approximately 1.5m
(Di Vita, 1995: 971–976; Bekaroğlu, 2008: 1–14).

In theAegean graben region, between 1895 and 2003,
31 powerful earthquakes also occurred (Kouskouna
and Makropoulos, 2004: 724, fig. 2; Polat et al., 2008:
593–614).

These earthquakes reveal the effects of active fault
lines in the region. The density, intensity andmagnitude
of these earthquakes inevitably provoked changes to the
coastlines of the Aegean andMediterranean region (see
Flemming, 1978).

Coastal variation can also be caused by climate
change. Over the past 100 years, a rise in global
sea-levels of 0.1 m has been recorded (Flemming and
Webb, 1986: 24). The effects of earthquakes and climate
change, which brought about major changes to the
coastlines of the Aegean and Mediterranean region,
can also be seen in Myndos city’s structural ruins
(Flemming et al., 1973: 42–44), although, at Myndos,
the deepening of the seabed in the harbour might
also have been caused by wave action, undercurrents
and tidal scour. Today, the mole lies 0.30m–1m
under water (Fig. 3a–c), which is likely the effect of
earthquakes, rising sea-levels (Dumankaya, 2015:
16–45, figs. 4–15; Dumankaya and Gündüz, 2016a:
10–13, figs. 13–22), and it having sunk into the ground
over time as a result of its own weight and the effect of
undercurrents.
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Figure 9. a) Engraving titled ‘Remains of Myndus at Gumishlu’, marginal drawing from Chart L1573 by Lt Cdr Thomas
Graves in 1837 (UKHO title: Port Gumishlu and the Remains of Ancient Myndus); b) recent photograph of the same view
(O. Dumankaya).

A second map, drafted by English Admiral Thomas
Abel Brimage Spratt in 1847, includes an engraving
of the harbour (Fig. 9) that provides evidence of
damage by wave erosion. A photograph taken from
the same position shows a mound of soil that was on
the coastline has now been deposited into the harbour.
In the engraving, a small boat can be seen towing a
sailing boat towards the shore, while on the coastline
blocks of stones that had been removed from the
ancient city were being used as moorings. Our research
revealed that blocks of stones have been removed from
the harbour and used to build a wall on a piece of
land approximately 1km away (Fig. 2e). This data
is important in terms of showing damage caused by
mankind.

In antiquity, a protective wall surrounding the
harbour basin was built to decrease the impact of waves
and undercurrents and to stop deposits flowing from
Kocadağ and the acropolis and filling the harbour

(Bernouilli et al., 1974: 47, fig. 3; Ercan et al., 1981–
1982: 24, fig. 1, 2; Ulusoy et al., 2004: 72, fig. 1).
The walls, which suffered extensive damage due to
a combination of human activities, earthquakes, and
waves, can be seen now only on the north and south
coastlines of the harbour (Fig. 4c).

Conclusion and recommendations
The harbour structures of Myndos may have suffered
major damage as a result of earthquakes, undercurrents
and wave action. For these reasons, while the inner
harbour has silted up, an increase in depth was seen
in the entrance. The extent of destruction caused by
human activity is also incontrovertible. Over the past
century, increasing modern settlement on the coastline
has almost covered the whole of the north coast of the
harbour, causing the harbour to narrow by becoming
shallower. Also in the past century, stone blocks have
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been removed from the harbour structures for modern
construction work. Today, in stormy weather, boats
and yachts can only be safely anchored to the east of
Kocadağ and Asar Island.

Modern buildings have been constructed very close
to the coastline. Therefore, every summer Bodrum
municipality pile up sand to create a new beach area
and a promenade, which is carried into the harbour
each winter: sediment accumulation is increasing
rapidly as a result. Measures could be taken to prevent
both the accumulation of sand and further damage
to the archaeological remains at the harbour. These
might include removing modern buildings occupying
the harbour basin so that it returns to its ancient
extent. Fixed moorings at certain places on the seabed
would alleviate damage to fallen blocks and the sea-
floor from anchors of the boats and yachts moored
inside the harbour. The restoration of the mole and

harbour walls would reduce the effects of waves and
undercurrents.

As part of this study a map for monitoring future
changes in the ancient harbour was created (Fig. 7).
This method of comparing historic and modern
bathymetric data could be used in other ancient city
harbours, enabling changes to be tracked and analysed.
The data produced can inform the management of
these cultural assets. Additionally, the rate of sediment
accumulation can be calculated by geological and
geophysical survey of ancient city harbours, which
raises the necessity for a multi-disciplinary approach.
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Brinkmann, R., 1967, Die Südflanke des Menderes-Massivs bei Milas-Bodrum und Ören. Ege Universitesi Fen Fakultesi İlmi
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Brückner, H., Müllenhoff, M., Handl, M. and Van Der Borg, K. 2002, Holocene landscape evolution of the Büyük
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Dirik, K., Türkmenoğlu, A., Tuna, N. and Dirican, M., 2003,Datça Yarımadası’nın Neotektoniği, Jeomorfolojisi ve Bunların Eski
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