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Introduction to Rhodes Island 

 

Rhodes within the geodynamic regime of the Hellenic Arc 

Rhodes Island has a spearhead-like shape, with a length of 80 km and a width of 38 km. It is 

the largest island among the Dodecanese Archipelago in the Southeastern Aegean Sea, covering 

an area of ~1400 km2, with a coastline of 220 km. The top of Attavyros Mount is the island's 

highest point of elevation, reaching 1216 m. Rhodes Island along with Kassos, Karpathos and 

Crete islands, the western part of Peloponnese and the Ionian islands form the Hellenic Island 

Arc, which is located between the Volcanic Arc to the north and the Hellenic Trench to the south 

(Figure 1). These three elements (Island Arc, Volcanic Arc and Hellenic Trench) compose the 

active Hellenic Orogenic Arc, which has resulted from the convergence between the Eurasian 

and African lithospheric plates and the subduction of the Eastern Mediterranean crust (African 

plate) (McKenzie, 1970, 1972, 1978; Dewey & Şengör, 1979; Le Pichon & Angelier, 1981). 

 

 
Figure 1: The geodynamic setting of the Aegean Sea (Sakellariou & Tsampouraki-Kraounaki, 2018, 

modified) and the island of Rhodes (white box). CHRZ: Central Hellenic Relay Zone. KF: Kephallinia 
Transform Fault. The Ionian and Pliny/Strabo Trenches mark the two sectors of the Hellenic Trench.  
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The island of Rhodes belongs to the overriding Aegean microplate, representing an uplifted 

segment of the eastern branch of the Hellenic forearc. It is located near the trenches of Pliny and 

Strabo, two transpressional features with sinistral strike slip movement, which constitute the 

eastern branch of the present-day Hellenic Trench. These en echelon segmented, bathymetric 

troughs delineate subparallel strike-slip zones within the forearc (Jongsma, 1977; Le Pichon et 

al., 1979), which were formed as a result of escape tectonics along the arc (Sakellariou et al., 

2010). 

The curvature of the Hellenic plate boundary and consequent obliquity of convergence has 

increased systematically since middle-late Miocene (11 Ma), which has been attributed to a 

number of processes including the following:  

1. Oligocene-Quaternary back arc spreading in the northern Aegean Sea (Gautier & Brun, 

1994; Jolivet et al., 2013; Brun et al., 2016), 

2. rollback of the subduction interface induced by the slab-pull force of the down-going 

African slab (Le Pichon & Angelier, 1979; Le Pichon, 1982; Jolivet et al., 2013; Brun et 

al., 2016),  

3. gravitational body forces associated with overthickened Alpine crust (e.g. Le Pichon et 

al., 1995; Jolivet, 2001), and 

4. the westward extrusion of the Anatolian block along the North Anatolian fault (Taymaz 

et al., 1991; Le Pichon et al., 1995; Armijo et al., 1999).  

The convergence between the African plate and the Hellenic forearc is nearly perpendicular 

along western Crete and highly oblique (30°) in the eastern Hellenic forearc along Rhodes 

(Kreemer & Chamot-Rooke, 2004; Reilinger et al., 2010). ten Veen and Meijer (1998) proposed 

a latest Miocene threshold when the plate boundary became sufficiently arcuate to force the 

forearc to partition into oblique slip and strike slip. Sinistral wrench tectonics has also been 

indicated by paleomagnetic data from Pliocene basins on forearc islands (Duermeijer et al., 

1998, 2000). 

 

Geology of Rhodes Island 

The alpine basement of Rhodes Island is composed of sedimentary, metamorphic and 

ophiolitic rocks belonging to six alpine units, which form a stack of Alpine nappes of the 
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Hellenide-Tauride orogen exposed in uplifted fault blocks (Figure 2). The alpine units are: 

Lindos/Mani unit, the Wild Flysch of Laerma, the Attavyros/Ionian unit, the 

Archangelos/Tripolis unit, the Profitis Ilias/Pindos unit and the Ophiolitic Nape, all correlated 

with well-studied alpine units known from mainland Greece. Oligocene molassic rocks are also 

present on the island (Mutti et al., 1970, Lekkas et al., 1993, 2002; Sakellariou et al., 2010). 

 

The only metamorphic unit on the island, Lindos unit, is found in the central eastern part, 

around the area of Lindos peninsula. This unit consists of thick Mesozoic limestones and marbles 

that pass upwards to a metamorphic flysch composed of Upper Eocene – Lower Oligocene 

greenish schists and phyllites. According to the majority of researchers, Lindos unit probably 

corresponds to the Ionian zone or its metamorphic “equivalent” Mani unit (“Plattenkalk”). 

Attavyros – Akramitis unit is found on the mountainous part of southwestern Rhodes 

(Attavyros Mt. – 1215 m, Akramitis - Armenistis Mt. – 825 m). It consists of a pelagic sequence 

composed of thin bedded, often microbrechiques limestones and cherts of Upper Jurassic – 

Middle Eocene age and Middle-Upper Eocene red marly limestones, which mark the transition 

from the carbonate sedimentation to the flysch deposition in Oligocene. This unit corresponds 

with the Ionian Unit of Western Greece and Crete.  

 

Figure 2: Simplified geological map of Rhodes Island (from Lekkas et al., 1993, 2002). 
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Archangelos unit consists of a thick sequence of shallow water carbonates (limestone and 

dolomites) of Upper Triassic to Lower Eocene age and a Lower Eocene flysch. It is mainly 

found on Archangelos village and Profitis Ilias mountain. Based on its paleogeographical and 

structural characteristics, this unit coincides with Gavrovo-Tripolis unit of mainland Greece. 

Profitis Ilias unit is composed of Upper Triassic to Upper Cretaceous thin bedded marly or 

microbrechiques limestones with silex, red marls and radiolarites, however, its lithostratigraphic 

column is incomplete. Profitis Ilias unit is mainly found on the homonymous mountain range, 

and it corresponds to the well-known Pindos unit, of Western Greece, Peloponnese and Crete. 

Laerma Wild Flysch or Kattavia Flysch unit is composed of clays, pelites, schists, sandstones 

and conglomerates. It is characterized by the occurrence of exotic blocks (olistholithes) of meters 

to hundreds meters in size and of different origin. Although some of the exotic blocks are 

composed of ophiolithic rocks and sandstone, the majority has calcareous origin. This wild-

flysch-type formation of Oligocene age covers large areas in the southern part of Rhodes. 

The last alpine geotectonic unit is composed of Mesozoic ophiolitic rocks, such as gabbros, 

diabases and serpentinites, accommodated by radiolarites. This unit represents remnants of the 

Tethys oceanic crust, part of which was obducted during the culmination of the alpine orogeny in 

Cenozoic and the closure of the ocean. The alpine orogeny during the Oligocene resulted in a 

complex structure of nappes. The structurally lowermost unit is Lindos unit, which is tectonically 

overlain by the Laerma Wild Flysch. The Attavyros-Akramitis unit is the lower allochthonous 

unit above the Laerma wild flysch. Archagelos unit rests also on top of the wild flysch and is 

overthrusted by Profitis Ilias unit. The ophiolitic rocks occupy the structurally highest level of 

Rhodos nappe stack. Significant Oligocene-lower Miocene unroofing of the nappe stack has 

generated the marine molasse-flysch of the Vati group. Fluvial to deltaic polymictic 

conglomerates, followed upwards by marls and thick sandstone deposits, outcrop mainly in the 

southern and central part of the island, while minor outcrops are found on the northern part. Mio-

Pliocene normal faulting has generated restricted continental basins, which were filled by coarse 

grained sediments (Figure 3) (Mutti et al., 1970). The Miocene-Pleistocene basin fill involved 

mainly Miocene to early Pliocene erosion of the basement units (Meulenkamp et al., 1972). The 

area of Northern Rhodes (north of Profitis Ilias mountain range), the lowland of Apollona (south 

of Profitis Ilias mountain range), the Apolakkia basin and the area of Lachania in the 

southeastern part of the island received the clastic material, which was produced by the erosion 
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of the uplifting mountainous areas such as Attavyros, Profitis Ilias etc. During early-late 

Pliocene, a fluvio-lacustrine island-wide basin accommodated a large sediment flux from the east 

and northeast. During the third phase a late Pliocene marine transgression along the north and 

east coasts marked a general eastward tilt, which is still apparent in the modern island 

(Meulenkamp et al., 1972; Hanken et al., 1996; Van Hinsbergen et al., 2007). 

 

During the late Pliocene or Pleistocene, the island became separated from Minor Asia 

mainland (Meulenkamp, 1985). Terraced regressive cyclic marine sequences along the eastern 

coast of Rhodes were attributed to differential vertical tectonic movements (Keraudren, 1971; 

Meulenkamp et al., 1972; Hanken et al., 1996; Hansen, 1999; Cornée et al., 2018; Milker et al., 

2019). Before the late Pliocene submergence, a high-relief karstic landscape had been formed on 

the alpine limestone basement, on which the Upper Pliocene, shallow marine and brackish 

Kritika formation was deposited. Kritika formation consists of polymictic conglomerates and 

coarse sands which interfinger with silts and fine sands. A relative sea level fall after the 

deposition of the Kritika formation renewed subaerial erosion and developed an irregular 

topography on the Kritika sediments. 

During subsequent transgressions, subsiding basins with spectacular cliffed and bioeroded 

margins were infilled by a mosaic of carbonate-dominated sediments, sourced by high rates of 

carbonate productivity on narrow shelves rimming the basins and their drowning islands. Periods 

 
Figure 3: Lithostratigraphic columns of the Quaternary formations in Rhodes Island (from Cornée et 

al., 2018). 
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of relative sea-level fall superimposed a complex series of 'fossil' coastal geomorphological 

features such as cliffs, abrasion platforms, surf caves, notches, boulder beaches and palaeo-

karsts. All these features have shaped the rugged present day topography of the island's northeast 

coast (from Hanken et al., 1996; Cornée et al., 2006). A major phase of transgression was 

initiated in Late Pliocene and resulted to a depth related, energy-controlled faunal zonation and 

the deposition of the Rhodes formation (Hanken et al., 1996). This formation includes a series of 

facies groups that vary spatially, involving rapid lateral and vertical gradation and interfingering, 

which indicate differences in tectonic activity and paleomorphology between neighbouring 

basins. 

The Rhodes formation consists of six lithofacies groups: 1) Haraki limestone, 2) Kolymbia 

limestone, 3) Lindos Bay clay  with depositional depth greater than 400 m, 4) the shallow marine 

Ladiko sand, 5) the Late Pliocene – Early Pleistocene St. Paul’s Bay limestone bearing deep-

water corals (Lophelia pertusa) and brachiopods and 6) the Pleistocene shallow marine Cape 

Archangelos calcarenite (equivalent to Rhodes Formation according to Meulenkamp et al., 1972) 

with spectacular large asymptotic clinoforms. Relative sea level fall in Lower Pleistocene 

(Rhodes forced regression of Hanken et al., 1996) resulted in subaerial exposure or shallowing of 

the Rhodes formation sediments. A prominent series of terraces was formed, indicating the 

pulsed nature of the forced regression (Hanken et al., 1996). A subsequent sea level rise of about 

30 m led to the deposition of the Late Pleistocene Lindos Akropolis formation along a belt 

parallel to the present day coastline. The sediments of this formation are restricted at an elevation 

less than 50 m above present sea level and consist mainly of carbonate sandstones of irregular 

thickness. 

 

Coastal geomorphology, active tectonics and seismicity  

The active tectonics has clearly affected the geomorphological features of Rhodes Island. The 

drainage network is asymmetric with the drainage divide of the catchment basins, near the 

western coast of the island (Sakellariou et al., 2010). A number of Quaternary marine terraces 

are found near the eastern and northwestern coastal zone of the island, at elevations as high as 

250 m near the Holocene palaeoshorelines (Gauthier, 1979; Kontogianni et al., 2002; Sakellariou 

et al., 2010; Howell et al., 2015). According to Kontogianni et al. (2002), the terraces have a 
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characteristic pattern that is similar to that of Holocene notches. Their number, elevation and 

spacing are decreasing towards the south, until they disappear. Up-to-date, the characteristic 

Tyrrhenian species, Strombus bubonius, has not been found; however, in some of the lowest 

terraces Quaternary fauna has been identified (Kontogianni et al., 2002). In terms of dating, a 

terrace located at 10 m, at Lindos area, has been dated at 120±10 ka (Th230/U234) based on a 

Spondylus gaederopus (Keraudren, 1971). According to Sakellariou et al. (2010), the ESE tilting 

of the island has also affected the development of the marine terraces, which are slightly inclined 

towards the southeast due to the rotation of the island. 

Holocene coastal features also attest to the active tectonics of the Island. Pirazzoli et al. 

(1989) systematically surveyed the coastal zone of Rhodes and reported evidence of up to eight 

stepped Late Holocene palaeoshorelines. Their findings led them to suggest that Rhodes is 

divided in several small crustal blocks, with different tectonic behavior. They further reported 

uplift and subsidence movements for each block, with a recurrence interval varying between a 

few centuries and 1000-2000 years. An overall tendency of uplift has been noted, which 

increases from south to north, reaching about 1 mm/yr on the north part (Pirazzoli et al., 1989). 

Kontogianni et al. (2002) have suggested that these shorelines, up to +3.8 m high, were probably 

originally continuous along the 75-km-long SE Rhodes coast, possibly locally disturbed by 

minor normal faults, and reflect the last phases of the uplift and tilting of the island as a rather 

rigid block since Late Pliocene. According to Kontogianni et al. (2002) the earthquakes 

responsible for the vertical displacement of the shorelines are probably associated with a major 

reverse offshore fault, running along the coast of Rhodes. This fault model has been confirmed 

from reflection profiles offshore and seems to be also responsible for the Pliocene-Pleistocene 

terraces and the tilting of the island as a rather rigid block (Sakellariou et al., 2010). This fault 

model can also explain why the SE edge of the Hellenic (Aegean) Arc is associated with strong 

earthquakes (Ms7.5) producing destruction at an eastern Mediterranean scale, as well as 

tsunamis. Causative faults are large enough to generate earthquakes of such magnitude and cut 

through to the sea bed, and hence can generate tsunamis (Kontogianni et al., 2002). According to 

Howell et al. (2015), the fault responsible for the uplift dips at an angle of 30–60◦ above the 

more gently dipping oblique subduction interface. The same authors modelled tsunami 

propagation from a range of tectonically plausible earthquake sources, which suggested that 
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earthquakes on the fault uplifting Rhodes represent a significant tsunami hazard for Rhodes, SW 

Turkey, and also possibly for Cyprus and the Nile Delta. 

The area has been struck by a number of strong earthquakes during historic times that 

produced extensive damage and loss of human lives. The walls and the harbor of the ancient city 

of Rhodes, as well as the statue of Colossus were destroyed by an earthquake in 227 BC. Other 

earthquakes accompanied by tsunamis were those of 142 AD and 1481. The earthquake of 1303 

AD devastated the island, causing 4000 deaths. Two strong earthquakes on April 22, 1863 and 

June 26, 1926 destroyed about 2000 and 3000 houses, respectively (Papazachos & Papazachos, 

1989).  

The following table (Table 1) presents a complete record of the known earthquakes to have 

struck Rhodes Island. Most, if not all of these earthquakes are associated with faults of the 

Hellenic Arc, south or southeast of Rhodes (Kontogianni et al., 2002). 

Table 1: Major historical and 20th century earthquakes of Rhodes (from Kontogianni et al. 2002 and 

references therein). 

ca 227 BC  Major earthquake deduced from ancient text and inscriptions, which destroyed walls, 

shipsheds and overturned the famous statue of Colossus in Rhodes town. The 

destruction was probably island-wide, extending also to the nearby mainland (Turkish) 

coast.  

199-198 BC A cluster (?) of destructive earthquakes in Rhodes, the SE part of the Aegean and the 

opposite mainland (Turkish) coast, but also eruption of the Thera volcano and 

emergence of an islet in its caldera. 

142-144 AD Major earthquakes deduced from ancient texts and inscriptions destroyed Rhodes and 

the opposite mainland (Turkish) coast. 

344 AD Strong destructive earthquake 

474-478 AD Strong destructive earthquake 

513 AD Strong destructive earthquake 

1303 Regional destructive earthquake (Crete, SW Greek mainland, Egypt, Libya) associated 

with tsunami 

1481 A long, destructive seismic sequence, probably associated with tsunami 

1609 Destructive earthquake, associated with tsunami  

1616 Destructive earthquake 

1741 Large destructive earthquake producing tsunami, with the damaged area extending to 
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the opposing mainland (Turkish) coast, Crete, Cyprus and Egypt 

1863 Destructive earthquake in Rhodes 

1926 Earthquake of the Hellenic Arc, destructive in Rhodes, but also in Crete, Turkey, even 

Egypt. The only major event for which an instrumental minimum magnitude of 7.4 is 

available.  
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DAY 2, Monday, September 23rd 2019 
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Photo M. Lykouropoulos, 2019 
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Stop 1. Kavourakia: Submerged quarry 

A number of slightly submerged quarries suggest that, during historical times, the sea level 

was located at about 0.4 m below the modern one (Figure 4) (Pirazzoli et al., 1989). The quarries 

consist of Pleistocene carbonates or sandstones of the Rhodes formation and their material was 

used for the majority of the ancient and Medieval buildings in Rhodes (Sakellariou et al., 2010). 

 

According to Flemming (1978, appendix 1), the coastal quarries between the city of Rhodes 

and Kalithea are dated at about 2400-2300 yr B.P., when the classical city was founded, or at 

about 1305-1522 AD, i.e. to the time of the Knights of St. John. Conversely, Pirazzoli et al. 

(1989) performed field observations and radiocarbon dating on barnacle samples, and suggested 

that the relative sea level was located almost 4 m above the quarries’ floor at 2280±110 yr B.P., 

during Classical times, and also during Medieval times. According to Pirazzoli et al. (1989), the 

coastal quarries were most likely cut during Roman times, similar to many other Mediterranean 

sites. This suggests that slightly after 2280±110 yr B.P. the relative sea level fell by 3.8 m, from 

+3.4 m to -0.4 m. Pirazzoli et al. (1989) linked this rapid sea level fall to the great earthquake of 

227 B.C., which was accompanied by a sudden uplift movement and destroyed the Colossus in 

 
Figure 4: The rectangular cuts of the coastal quarries, which nowadays, lie at about -0.4 m. 

Photo: M. Lykouropoulos, 2019. 
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the harbor of Rhodes. It is also worth noting that Stiros et al. (2010) have reported ~1 m of 

subsidence for the 227 B.C. earthquake in the ancient shipsheds of the harbor of Rhodes. In fact, 

Stiros et al. (2014), discuss a ramp that was constructed at about ~250–225 BC and was repaved 

some decades later, after a major earthquake destroyed the town of Rhodes and most probably 

the harbour and sheltered ships. According to Stiros et al. (2014), the only plausible explanation 

for the repavement of the ramp was to counteract a 1 m seismic subsidence that occurred at ~220 

BC or earlier. 

However, the aforementioned contradiction does not necessary suggest that only one 

hypothesis is correct (Sakellariou et al., 2010). According to Pirazzoli et al. (1989), the eastern 

part of Rhodes Island is divided in a series of tectonic blocks, which are characterized by 

different uplift/subsidence history, both in terms of movement and amplitude (Figure 5). 

Therefore, there is strong evidence of active vertical tectonics during the Late Holocene, with a 

number of active faults in the eastern coastline that have brought about large earthquakes and 

differential vertical movements (Sakellariou et al., 2010). 

 

 
Figure 5: General pattern of Holocene shorelines along the easten coasts of Rhodes. a. Projection of 

shorelines on a vertical plane, b. locations of paleoshorelines. Dots represent emerged shorelines, 
triangles submerged quarries. The numbers above shorelines correspond to approximate ages x 1000 

yr B.P. (from Pirazzoli et al., 1989). 
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Photo M. Lykouropoulos, 2019 
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Stop 2. Kalithea (Oasis beach): Sedimentary features of Plio-Pleistocene deposits, Marine 
Terrace  

Along the eastern coast of Rhodes island, marine Plio-Pleistocene deposits are present almost 

exclusively (Mutti et al., 1970; Meulenkamp et al., 1972; Broekman, 1974; Hanken et al., 1996), 

either in low-angle transgressive contact with the Lower Pliocene Maritsa conglomerates or 

directly on top of Mesozoic alpine rocks, as in Kalithea (Sakellariou et al., 2010). 

 

Kalithea site is a small bay with steep cliffs consisting of marine and coastal Pleistocene 

sediments of the Rhodes and Lindos Akropolis Formations (Hanken et al., 1996; Hansen, 1999), 

which were developed in a steep coastal basin during a larger-scale forced regression (Figure 6). 

The Rhodes formation is represented by the Lindos Bay facies group (further south) and the 

Cape Archangelos calcarenite facies group, the latter forming the majority of the exposure. The 

erosional surface on the Lindos Bay clay dips 8° towards the southeast. At the top of the section 

a conglomeratic boulder bed is preserved, which may represent the Windmill Bay or the 

Kleopulu calcirudite facies groups of the Lindos Akropolis formation (Sakellariou et al., 2010). 

 
Figure 6: Sedimentary features at Kalithea site. 

Photo: M. Lykouropoulos, 2019. 
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The Cape Archangelos calcarenite facies group in Kallithea constitutes south-eastwards 

prograding giant foresets dipping 5°-40°. The thickness of each foreset varies from 5 cm to more 

than 1 m with foresets up to 12 m high. According to Hansen (1999), the foreset packages are 

evidence of progradation of a carbonate platform that originated in shallow water west of 

Kallithea area, but is no longer preserved. The platform prograded towards the basin and left 

giant foresets and clinoforms, similar to a process of highstand shedding commonly known from 

tropical carbonates (Hansen, 1999). The average progradation direction of the foreset facies 

indicate that the Pleistocene shoreline was lying towards the west and northwest. 

The giant foresets show rhythmic alternation between bioturbated and cross-bedded foresets 

and are interpreted as recording seasonal changes. Deep scouring on the platform took place 

during major storms (Hansen, 1999). These storms created strong and probably very 

concentrated flows that were directed offshore, to the giant foresets. The resulting chute-and-

pool bedforms generated landward-migrating anti-dune stratification (Hansen, 1999). The 

process of scouring and infilling must have been almost simultaneous, while immediately after 

planar lamination and undulating beds were formed. 

The Cape Archangelos foresets are truncated by an erosional surface on which an intertidal to 

subtidal, extensive, locally channeled conglomeratic limestone of the Lindos Akropolis 

formation is developed. These deposits represent the youngest mappable sea-level rise on the 

island of Rhodes (Sakellariou et al., 2010). 
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Photo M. Lykouropoulos, 2019 
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Stop 3. Cape Ladiko: Ripple notches, biological remains, erosional terrace 

Along the northwestern steep part of Ladiko bay an active fault runs, in a SW-NE direction 

(Sakellariou et al., 2010). This fault separates well bedded grey, yellow, red limestone and 

dolomitic limestone of Mesozoic age of the Prophitis Ilias Unit from greenish grey marl with 

sand and gravel layers of the Pliocene shallow marine Ladiko sand lithofacies (Rhodes 

formation) (Hanken et al., 1996).  

On the alpine limestones a 

number of bioerosional marks by the 

well-known marine bivalves 

Lithophaga lithophaga may be 

identified, in an altitude of several 

tens of meters (Figure 7) 

(Sakellariou et al., 2010). These 

marks suggest that this cliff was 

below sea level in the Pleistocene 

and that the area has been affected 

by strong uplift.  

The Late Holocene uplift is 

evidenced by a spectacular series of 

continuous ripple notches cut along the Mesozoic limestone cliffs, on the western side of Ladiko 

bay (Pirazzoli et al., 1989) (Figure 8). Pirazzoli et al. (1989) have identified at least six 

superimposed shorelines, on the basis of marine deposits and bioerosional marks.  

 
Figure 7: Bioerosional marks from Lithophaga lithophaga, 

suggesting strong uplifting movements during the 
Pleistocene. Photo: M. Lykouropoulos, 2019. 
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According to Pirazzoli et al. (1989), the relative sea level history of the site may be 

deciphered based on the following (Figure 9): 

→ B1 is the uppermost shoreline, at +3.75 m, represented by a well preserved tidal notch. An 

algal sample of Lithophyllum cf. lichenoides, slightly below the notch base, was dated at 

4895±100 yr B.P. 

→ An algal crust at +2.6 m, was related to the B2 sea level and has been dated at 3465±80 yr 

B.P. A lower sea level (B4) was identified at +1.9 mm mainly from a Neogoniolithon 

notarisii rim and few clear erosional features, and was dated at 4050±80 yr B.P. According 

to Pirazzoli et al. (1989), these two samples, as well as others collected between +1.55 and 

+2.6 m, have shown diagenetic features of an emergence-submergence sequence after the 

deposition of the first generation of marine phreatic cements, and their ages were corrected 

to 5000±530 yr (i.e. not much younger than B1) and 3635±135 yr B.P. respectively. 

→ The phase of emergence can be probably correlated to shoreline B5, dated at 3045±80 yr 

B.P., based on a sample of Lithophyllum lichenoides. The following submergence phase 

resulted to a sea level located between +2.6 and +3.3 m, corresponding to B2’ shoreline, 

 
Figure 8: The palaeo-shorelines on the western limestone cliff of Ladiko bay.  

Photo: M. Lykouropoulos, 2019. 
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which widened the notch profile of B2 (Pirazzoli et al., 1989). The last emergence phase is 

probably related to two small notches, B3 and B6, which suggest two short periods of 

relative sea-level stability.  

 

 

 

 
Figure 9: Relative sea-level changes along tectonic block B (from Pirazzoli et al., 1989). 
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Photo M. Lykouropoulos, 2019 
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Stop 4. Prasonisi: Tombolo 

Prasonisi is a ca. 3 km² islet in the southern tip of Rhodes connected occasionally with the 

main island by a sandy isthmus (Figure 10). This hourglass-shaped sandbank has a length of 

~700 m, a width of ~400 m on the side of Rhodes, ~200 m on the side of Prasonisi and ~70 m in 

the middle of the tombolo, and a maximum depth of 9 m. It is a lowland coastal area that hosts a 

variety of sedimentary bedforms, such as a boudled-side shore, sand dunes, submarine barriers 

etc. 

The two bays separated by the sandbank have different wave microclimate depending on 

direction of dominant winds. Usually, when a bay is calm the other is wavy. Because of this 

particularity the area is considered ideal for sports activities, such as windsurfing and kitesurfing. 

In general, the northwest bay is wavier than the southeastern.  

The tombolo is partly flooded by seawater during high meteorological tides for hours or a few 

days. In this case, the water depth rarely exceeds 10-30 cm and the flow is quite low for 

developing any significant erosive process on the tombolo. After resetting of usual weather 

conditions, the water is retrograded. However, during strong winter storms, the tombolo breaks 

down and Prasonisi is cut off from Rhodes Island. Then a relatively wide and deep channel exists 

for months (rarely for years). In general, the tombolo appears for 7-8 months per year and 

disappears for the rest months. 

 

 
10/07/2007 

 
09/10/2013 
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08/03/2019 

 
16/03/2019 

Figure 10: Snapshots of the long-term evolution of Prasonisi tombolo (Πηγή Google Earth). 
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Photo M. Lykouropoulos, 2019 
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Stop 5. Gennadi: beachrocks and tsunamis? 

Pirazzoli et al. (1989) have noted the presence of an uplifted beachrock outcrop between 

Lardos and Gennadi beach, at an elevation between +0.6 and +0.8 m. This outcrop probably 

corresponds to G1 shoreline (see Figure 5), correlated with the age of an algal sample collected 

at the base of a notch located at +0.8 m, and may therefore be dated at about 4030±30 yrs B.P. 

(corrected age). On Gennadi beach, we have the opportunity to visit an extensive beachrock 

outcrop (Figure 11). An interesting feature on this site is the numerous broken beachrock slabs 

mainly on its southern part (Figure 12). The slabs are mainly positioned landwards behind the in 

situ beachrocks and they appear displaced, indicating that their dislocation could be owed to a 

high energy event (?). 

 

 

 
Figure 11: Uplifted beachrocks on the coastal zone of Gennadi. 

Photo: M. Lykouropoulos, 2019. 
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Figure 12: Numerous broken beachrock slabs on the southern part of Gennadi beach.  

Photo: M. Lykouropoulos, 2019. 
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DAY 3, Tuesday, September 24th 2019 
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Photo M. Lykouropoulos, 2019 
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Stop 1. Tsambika: Uplifted shorelines, erosional marks 

The wider area of Tsambika beach and the surrounding mountainous landscape is 

characterized by the presence of numerous active faults, which bring about significant 

morphological discontinuities and steep slopes, and complicate the geological structure of the 

region. The small bay and valley of Tsambika were formed in a graben structure between two 

active faults that separate Tsambika beach from the steep, mountainous landscape to the north 

and south (Sakellariou et al., 2010). 

The steep hill north of Tsambika beach is composed of thick bedded limestones of the 

Archagelos/Tripolis unit (Mutti et al., 1970). Plio-Pleistocene sediments have been deposited 

unconformably on the alpine limestones, draping and smoothing out the paleo-relief, which was 

formed on the alpine formations before Late Pliocene (Sakellariou et al., 2010). The basal layers 

of the clastic deposits are rich in Mesozoic limestone pebbles and boulders. Terrigenous silt/clay 

and sand content increases upwards. The typical Upper Pliocene Kolymbia limestone facies (a 

lower facies group of Rhodes formation according to Hanken et al., 1996) of grainstones and 

packstones continues and culminates with the development of clinoforms. 

Along the limestone cliffs of Tsambika, Pirazzoli et al. (1989) have identified a series of 

palaeoshorelines (Figure 13). The oldest shoreline lies at an altitude of +2.3 to +2.45 m, 

corresponding to the tidal notch C2-D2 (Figure 14). Based on an algal sample, it is dated older 

than 5000 yr B.P. and, based on its diagenetic features, it suggests an emergence-submergence-

re-emergence phase after deposition. The elevation of the samples further indicates that such a 

sequence of events would have only been possible, if the sea level first fell below +1.15 m (D6 

probably) and after a short time rose to slightly above +3 m (uppermost shoreline D1) (Pirazzoli 

et al., 1989). The uppermost shoreline D1 was already deep enough to enable a Neogoniolithon 

notarisii crust to develop on its floor, at about 4300 yr B.P. and the sea level remained at the 

same position until at least 3600 yr B.P. (Pirazzoli et al., 1989). Later, uplift movements affected 

the relative sea level in steps. Palaeo-shoreline D3 was dated between 2580±70 and 2745±75 yr 

B.P., while D7 shoreline was dated at 1205±100 yr B.P., based on an algal crust at +0.5 m 

(Pirazzoli et al., 1989).  
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A comparison of the geomorphological and biological evidence in Tsambika and Ladiko 

show that the vertical movements and the corresponding relative sea level changes in the two 

areas differ significantly (Sakellariou et al., 2010) (Figure 5).  

 

 

 

 
Figure 13: A series of palaeoshorelines are evident on the limestone coastal cliffs of Tsambika area.  

Photo: M. Lykouropoulos, 2019. 

 
Figure 14: Relative sea level changes on tectonic block C-D (from Pirazzoli et al., 1989). 
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Photo M. Lykouropoulos, 2019 
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Stop 2. Agathi beach: Archagellos faults, Uplifted terraces 

A spectacular tectonic graben structure, formed on Mesozoic limestones of the Archangelos 

unit, is visible towards Karavos Mountain (Figure 15) (Sakellariou et al., 2010). The three faults 

run N-S to NNE-SSW and are subparallel to each other. The western margin of the graben is 

controlled by one eastward-dipping fault while the eastern one displays a step-like structure 

developed by two westward dipping faults (Sakellariou et al., 2010). The three faults continue 

northwards (behind the mountain), to Archangelos village, as well as southwards. On the 

southern part of the mountain, morphological terraces are visible (Figure 15).   

 

Considering that the bedding of the massive limestones in this area is strongly deformed and 

deviates from horizontality, the terraces may be only considered as secondary, of erosional or 

depositional origin (Sakellariou et al., 2010). On most of the terraces, traces or thin deposits of 

marine Pleistocene bioclastic limestone have been found, indicating their marine origin. 

According to Hanken et al. (1996) these terraces are abrasion platforms, indicating sea-level 

standstills during the Late Pleistocene forced regression.  

Therefore, the step-like landscape owes its shape to the development of successive marine 

terraces, which were originally formed at the sea-level and were gradually uplifted since the 

Pleistocene. Although the terraces have not been studied in detail, it is clear that the elevation of 

 
Figure 15: The graben structure on Karavos mountain, composed of Mesozoic limestones of the 

Archangelos unit, is owed to three prominent faults. The morphological terraces are also evident on 
the southern flank of the mountain. 
Photo: M. Lykouropoulos, 2019. 
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the individual terraces changes abruptly from the one side of each fault to the other, which also 

strongly suggests that these faults have been active in recent geological time (Sakellariou et al., 

2010).  
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Photo M. Lykouropoulos, 2019 
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Stop 3. Lindos panorama: Uplifted Pleistocene terraces, faults 

According to the mythology, this area was first colonized by Lindos, the grandson of the sun-

god Helios. Archaeological finds have shown that the area has been inhabited during the 

Neolithic period, while Mycenaean graves indicate the presence of Achaeans here too. Lindos 

was one of the three city-states founded by the Dorians on the island in the 11th - 12th century 

BC. Lindos developed a maritime character and became an important commercial centre in the 

8th to 6th century BC. The most impressive antiquities of the city are the Acropolis with the 

Temple of Lindian Athena, which was founded in 330 BC, the Necropolis and the Amphitheater, 

which was curved on the rock. The mediaeval remains include a Byzantine Church of Our Lady 

and a number of imposing houses dating from the time of the Knights of St. John. Therefore, 

Lindos belongs to the traditional towns and villages, with very important historical, cultural and 

touristic significance, that are under the protection of the Hellenic government. This stop allows 

a spectacular view to the Bay, the Ancient Akropolis and the Village of Lindos. 

The greatest part of Lindos area consists of the homonymous “Lindos” unit with calcareous 

and clastic metamorphic rocks, which is the lower alpine geotectonic unit of Rhodes, equivalent 

to "Mani" unit of the Hellenides (Mutti et al., 1970; Meulenkamp et al., 1972; Lekkas et al., 

1993, 1997). The calcareous formations are represented by Cretaceous to Upper Eocene, thick- 

to medium-bedded marbles. The clastic sediments are represented by the flysch formation (U. 

Eocene - L. Oligocene?) consisting of alternations of sandstone, turbiditic sandstone and schist 

with low grade metamorphism. The hill with the Acropolis of Lindos is composed of crystalline 

limestones of the Lindos unit. 

The Upper Pliocene - Pleistocene sediments of the area overlay unconformably the 

metamorphic basement. They belong to the Rhodes formation, according to Meulenkamp et al. 

(1972), or to the Rhodes formation and the Lindos Akropolis formation, according to Hanken et 

al. (1996). Similar to previous chapters, we follow here the terminology of Hanken et al. (1996). 

The north side of the Lindos Bay is the type locality of the Upper Pliocene – Lower Pleistocene 

Lindos Bay clay facies group, a blue-grey calcareous silty clay. The base of Lindos Bay was 

dated at about 3 Ma and the top at less than 0.7 Ma (Broekmann, 1974; Lovlie et al., 1989). It 

contains foraminifera, pteropods, bathyal ostracods and bivalves and locally deep water corals 

(Lophelia pertusa, Madrepora oculata). The Lindos Bay clay represents deposition at depths 

greater than 400m. The Cleopulu calcirudite, a high-energy near-coast carbonate sand facies 
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group of the Pleistocene Lindos Akropolis formation or the Cape Archangelos calcarenites facies 

group and the Kolymbia limestone facies group of the Rhodes formation are the sedimentary 

remains on the marine terraces in the area of Lindos. 

In this stop, we have a panoramic view of several uplifted marine terraces: the plain where the 

village of Lindos is located, as well as the flat plain right above it, are two prominent terraces, 

whose traces can be followed all along the flanks surrounding the bay (Sakellariou et al., 2010). 

Remnants and thin drapes of marine carbonate deposits are visible at various altitudes along the 

flanks, evidenced from their yellowish color in contrast to the dark grey color of the Lindos 

Mesozoic limestones and may be followed along the morphological steps of the landscape 

(Sakellariou et al., 2010). 
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Photo M. Lykouropoulos, 2019 
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Stop 4. Lindos, St. Paul bay: Lindos acropolis, Horst & Graben structure, Paleoshorelines 

The acropolis of Lindos is a naturally fortified hill, corresponding to a typical tectonic horst 

developed on the footwall of two cross-cutting faults (Lekkas et al., 1997; Sakellariou et al., 

2010) (Figure 16). The bay of St. Paul was formed as a graben structure on the hanging wall of 

the two cross-cutting faults. The steep cliffs of the western and eastern side of the hill correspond 

to the active normal faults forming the horst. The acropolis is mainly composed of crystalline, 

intensively karstified, medium to thick bedded marbles of Cretaceous age of Lindos unit (Lekkas 

et al., 1997). 

 

On the coastal limestone cliffs of Lindos area, six superimposed shorelines are well preserved 

and are evident by erosional marks (Figure 17) (Pirazzoli et al., 1989). Similar to other parts of 

the eastern coast, shoreline F2, located at about + 2m, is the oldest one, and has been dated 

between 3800 and 5000 yrs B.P. (Pirazzoli et al., 1989). This shoreline has also experienced a 

sequence of emergence-submergence-emergence phases. According to Pirazzoli et al. (1989), the 

 
Figure 16: The Horst-structure of Lindos Acropolis. 

Photo: M. Lykouropoulos, 2019. 
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uplift-re-subsidence events of this shoreline took place shortly after 3800 yr B.P. and ended by 

2620 yr B.P. At that time marine deposits were developed at about +1.5 m, just below a notch 

cut. F2 shoreline reached its present position due to uplift movements, which occurred in two 

steps. 

 

 

 

 

 

 
Figure 17: Erosional marks of palaeoshorelines are evident on the coastal limestone cliffs.  

Photo: M. Lykouropoulos, 2019. 
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Photo M. Lykouropoulos, 2019 
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Stop 5. Lindos faults: Active faults, displaced terraces 

The fault pattern of Lindos peninsula is very impressive. Lindos is tectonically separated from 

the rest of the island by a series of faults that create an arc from Vlycha Bay, to the north, to 

Pefkos cape, to the southeast. The small block of Lindos belongs to the hangingwall of this arc-

shaped fault-zone and, hence, it subsides in relation to the rest of Rhodes island (Lekkas et al., 

1993, 1997; Sakellariou et al., 2010). 

South of Lindos, the northern flank of the elongated Pefkos cape is characterized by 

spectacular outcrops of active faults. The main fault runs parallel to the steep NE-facing cliff 

(Figure 18). Three minor faults cross-cut the main one, developing remarkable morphological 

steps on the landscape of the rocky ridge (Sakellariou et al., 2010). The top flat surfaces are 

covered by Pleistocene marine sediments. 

 

The base of the steep limestone cliff along the Pefkos fault is characterized by the presence of 

a light colored, <1m wide stripe, which differs from the dark grey color of the rest of the cliff 

and is visible from a distance (Sakellariou et al., 2010). This light colored stripe is the youngest 

exposed part of the Pefkos fault plain (Figure 19). This color change indicates that until 

relatively recently it was covered by the slope debris and/or the Pleistocene deposits, which 

occur at the base of the cliff, and was abruptly exposed on the surface. Hence, it provides 

evidence of the most recent movement of the Pefkos fault, which has possibly taken place during 

historical times. On the exposed fault-plain, characteristic striations are preserved, indicating a 

normal, dip-slip movement for Pefkos fault (Sakellariou et al., 2010). 

 
Figure 18: Panoramic view of Pefkos fault. 

Photo: M. Lykouropoulos, 2019. 
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According to Pirazzoli et al. (1989), the entire peninsula of Lindos, including Pefkos cape, is 

a single tectonic block with common history of vertical movements. However, along the steep 

coastline of Pefkos cape they identified only one shoreline, F3, from the six uplifted paleo-

shorelines on the rest of Lindos block. This may suggest that Pefkos cape is part of a different 

tectonic block with another vertical displacement history during the Late Holocene, differing 

from the one observed along the coastlines of the rest of Lindos peninsula. Therefore, Pefkos 

fault is the active tectonic boundary between the block of Lindos and the cape of Pefkos and may 

have moved several times during the Late Holocene (Sakellariou et al., 2010). 

 

 

 
Figure 19: The light colored zone at the cliff base indicates the recent activation of Pefkos fault. 

Photo: M. Lykouropoulos, 2019. 
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Photo M. Lykouropoulos, 2019 



Fieldtrip guide Regional Conference On Geomorphology –Athens 2019 

50 

Stop 6. Lardos beach: Uplifted beachrocks, trace fossils 

On Lardos beach, one of the few uplifted beachrock outcrops may be found (Figure 20). 

Although this site has not been noted by Pirazzoli et al. (1989), they have studied a similar 

outcrop between Lardos and Gennadi, which was uplifted between +0.6 and +0.8 m. According 

to Sakellariou et al. (2010), the beachrock outcrop of Lardos beach may have formed at the sea-

level during the Early Bronze Age.  

On the bedding of the beachrock, trace fossils are visible (Figure 21), which were possibly 

made by worms. The trace fossils must have been imprinted on the bedding plain before the 

beachrock cementation and were preserved during the consolidation of the coastal formation 

(Sakellariou et al., 2010). 

 

 

 
Figure 20: The beachrock outcrops of Lardos beach. 

Photo: M. Lykouropoulos, 2019. 
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Figure 21: Trace fossils imprinted on the beachrock outcrops of Lardos beach. 

Photo: M. Lykouropoulos, 2019. 
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