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Abstract 

 

This Ph.D. aims to shed light upon the interaction between the tectonic movements and 

the paleoenvironmental changes. The goal is to determine the tectonic uplift and the 

significance of the regional uplift at the Corinth isthmus, to estimate the slip rate of the 

Kalamaki-Isthmia fault and reconstruct the paleoenvironment and the paleogeography 

of the study area following a multidisciplinary approach.   

In the tectonically active region of Corinth Isthmus the paleoenvironment and 

paleogeography has been studied mainly through detailed field mapping, surface 

observations and data obtained from 11 borehole cores up to 70 m deep. The interplay 

between the glacioeustatic sea level changes and the active tectonics resulted into a 

complicated paleoenvironmental pattern and stratigraphic structure. As a result, a multi 

proxy analysis have been followed that incorporates paleoenvironmental and 

micropaleontological studies (foraminifera, nannofossils), magnetic susceptibility, 

absolute dating techniques (U/Th, luminescence), borehole and surface data, geological 

mapping.  

Quantitative analysis of foraminiferal fauna assemblages (355 in total) extracted both 

from surface outcrops and 8 borehole cores were employed to describe the 

paleoenvironment and the regional paleodepth estimation. Three indexes have been 

used to accurately describe the paleoenvironmetal conditions in the examined samples 

and in particular the foraminifer‘s density (FD), the percentage of the broken/weathered 

specimens in each sample (BR ratio) and the relationship between small sized and 

large Ammonia spp. (A-ratio). Magnetic Susceptibility measurements, extracted only 

from the borehole cores, were also used as an independent methodology to describe 

the alternations in the sedimentary sequences, while the results were correlated with 

the findings deprived from foraminiferal analyses. 

To determine the age of the sediments three different techniques were employed. Coral 

dating and luminescence dating techniques were used for absolute dating and 
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calcareous nannofossils assemblages for relevant dating, with the latter offering a 

higher reliability. 

Based on the data obtained both from the borehole sequences and the examined 

surface outcrops that have been successfully correlated, a 3-D spatial and temporal 

distribution of the sediments at the eastern part of the Canal has been described. 

Furthermore, based on the ages supported by the nannofossils assemblages and the 

glacioeustatic sea level curve, the uplift rate of the Eastern part of the Corinth Isthmus 

has been re-interpreted following an independent approach compared to existing 

published rates. It is interesting that even though a different approach than previous 

researchers have followed, approximately the same results have been proposed adding 

credibility to the existing uplift rates. 

The most important active fault that crosses the Corinth Canal has been studied in 

detail. Also in the basis of the ages proposed both from previous corals data and 

through nannofossils assemblages, the fault‘s activity has been estimated verifying a 

relatively low slip-rate but active fault. Based on the slip rates of the major faults which 

influence the area; a model has been developed describing the significance of each 

fault and the influence of the regional uplift to the total uplift rate of the study area, 

where a regional uplift of approximately 0.34±0.04 mm/yr is required in order to explain 

the stratigraphy of the boreholes and the paleoenvironmental pattern. 

Finally, based on age constraints provided by nannofossils assemblages correlated with 

the glacioeustatic sea level changes and the uplift rate of the area, the paleogeography 

at the eastern part of the Corinth Isthmus during Pleistocene has been reconstructed, 

from MIS 9 (~330 ka) till the present day.   

Key words: Paleoenvironment, Paleogeography, Benthic foraminifera, Calcareous 

nannofossils, Active faults 
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Περίιευε 

 

Η παξνχζα δηαηξηβή έρεη ζαλ αληηθείκελν κειέηεο ηελ αιιειεπίδξαζε κεηαμχ ησλ 

ηεθηνληθψλ θηλήζεσλ θαη ησλ παιαηνπεξηβαιινληηθψλ ελαιιαγψλ ζε κηα πεξηνρή. O 

ζθνπφο ηεο εξγαζίαο είλαη ε κειέηε ηνπ ξπζκνχ ηεθηνληθήο αλχςσζεο ζηελ πεξηνρή 

κειέηεο, ηνπ ξπζκνχ νιίζζεζεο ηνπ ξήγκαηνο Καιακαθίνπ-Ιζζκίσλ, θαζσο θαη ε κειέηε 

θαη αλαθαηαζθεπή ηνπ παιαηνπεξηβάιινληνο θαη ηεο παιαηνγεσγξαθίαο ζηνλ Ιζζκφ ηεο 

Κνξίλζνπ.  

Η πεξηνρή έξεπλαο είλαη ε ελεξγή ηεθηνληθά πεξηνρή ηεο Κνξίλζνπ θαη θπξίσο ε πεξηνρή 

ηνπ Ιζζκνχ, φπνπ κειεηήζεθε κέζσ ιεπηνκεξνχο ραξηνγξάθεζεο ηεο πεξηνρήο, θαζψο 

θαη δεδνκέλσλ απφ 11 ππξήλεο γεσηξήζεσλ βάζνπο κέρξη 70 κ. Η έληνλε 

αιιειεπίδξαζε κεηαμχ ησλ ηεθηνληθψλ δηαδηθαζηψλ θαη ησλ ζπλερφκελσλ κεηαβνιψλ 

ηεο ζηάζκεο ηεο ζάιαζζαο νδήγεζε ζε έλα πνιχπινθν παιαηνπεξηβαιινληηθφ κνληέιν. 

Γηα ηελ θαιχηεξε θαη πιεξέζηεξε αλάιπζε ησλ δεδνκέλσλ, αμηνπνηήζεθαλ  δηαθνξηθέο 

κεζνδνινγίεο. 

Η αλάιπζε ησλ ζπγθεληξψζεσλ ηεο κηθξφ παλίδαο ηφζν απφ επηθαλεηαθά δείγκαηα φζν 

θαη απφ ηνπο ππξήλεο γεσηξήζεσλ  ήηαλ ε βαζηθή κεζνδνινγία πνπ ρξεζηκνπνηήζεθε 

γηα ηελ πεξηγξαθή ηνπ παιαηνπεξηβάιινληνο. Τξεηο δείθηεο ρξεζηκνπνηήζεθαλ γηα ηελ 

αθξηβέζηεξε πεξηγξαθή ηνπ παιαηνπεξηβάιινληνο θαη πην ζπγθεθξηκέλα ε ππθλφηεηα 

ησλ ηξεκαηνθφξσλ (FD), ην πνζνζηφ ησλ ζπαζκέλσλ / θζαξκέλσλ ηξεκαηνθφξσλ ζε 

θάζε δείγκα (BR) θαη  ζρέζε κεηαμχ κηθξνχ θαη κεγάινπ κεγέζνπο Ammonia spp. (Α-

ratio). Παξάιιεια, κεηξήζεθε ε καγλεηηθή επηδεθηηθφηεηα ζηηο γεσηξήζεηο θαη έγηλε 

ζπζρέηηζε ησλ παξαηεξνχκελσλ ελαιιαγψλ κε ηηο κεηαβνιέο ηνπ 

παιαηνπεξηβάιινληνο.  

Γηα ηνλ ρξνλνινγηθφ πξνζδηνξηζκφ ηεο ηδεκαηνγέλεζεο ρξεζηκνπνηήζεθαλ ηξεηο 

δηαθνξεηηθέο ηερληθέο. Γηα ηνλ απφιπην πξνζδηνξηζκφ ηεο ειηθίαο έγηλε ρξνλνιφγεζε 

θνξαιιηψλ πνπ βξέζεθαλ ζηα δείγκαηα ησλ γεσηξήζεσλ θαζψο θαη κέζσ ηεο  

θσηαχγεηαο ησλ ηδεκάησλ. Ο ζρεηηθφο πξνζδηνξηζκφο ηεο ειηθίαο ησλ ηδεκάησλ έγηλε 

κέζσ ηεο βηνζηξσκαηνγξαθίαο θαζψο αλαιχζεθαλ δείγκαηα σο πξνο ην πεξηερφκελν 
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ηνπο ζε λαλλν απνιηζψκαηα. Η ηειεπηαία κεζνδνινγία παξείρε ηα πην αμηφπηζηα 

απνηειέζκαηα.   

Με βάζε ηα δεδνκέλα πνπ πξνέθπςαλ ηφζν απφ ηελ αλάιπζε ησλ επηθαλεηαθψλ 

δεδνκέλσλ φζν θαη ηα δεδνκέλα απφ ηηο γεσηξήζεηο, έγηλε ε ηξηζδηάζηαηε  ρσξηθή θαη 

ρξνληθή θαηαλνκή ησλ ηδεκάησλ ζην αλαηνιηθφ ηκήκα ηεο Γηψξπγαο. 

Δπηπιένλ, κε βάζε ηηο εθηηκψκελεο ειηθίεο έγηλε ν επαλαπξνζδηνξηζκφο ηνπ ξπζκνχ ηεο 

αλχςσζεο ηνπ αλαηνιηθνχ ηκήκαηνο ηνπ ηζζκνχ ηεο Κνξίλζνπ. Δίλαη ελδηαθέξνλ ην 

γεγνλφο πσο παξφιν πνπ έρεη αθνινπζεζεί κηα δηαθνξεηηθή πξνζέγγηζε ζε ζρέζε κε 

πξνεγνχκελεο έξεπλεο, πξνθχπηνπλ πεξίπνπ ηα ίδηα απνηειέζκαηα, επηβεβαηψλνληαο 

ηνπο  πξνηεηλφκελνπο ξπζκνχο αλχςσζεο απφ πξνεγνχκελεο κειέηεο. 

Μειεηήζεθε κέζσ ιεπηνκεξνχο ραξηνγξάθεζεο ην ξήγκα Καιακάθη – Ίζζκηα ην 

ζεκαληηθφηεξν ελεξγφ ξήγκα πνπ ηέκλεη ην θαλάιη ηνπ Ιζζκνχ ηεο Κνξίλζνπ. Με βάζε  

ηηο ειηθίεο πνπ πξνηείλνληαη απφ ηελ παξνχζα δηαηξηβή, εθηηκήζεθε ε δξαζηεξηφηεηα 

ηνπ ξήγκαηνο,  επηβεβαηψλνληαο έλαλ ζρεηηθά ρακειφ ξπζκφ νιίζζεζεο ελφο θαηά άιια 

ελεξγνχ ξήγκαηνο. Με βάζε ηελ αλάιπζε ηεο επίδξαζεο ησλ ζεκαληηθφηεξσλ 

ξεγκάησλ πνπ επεξεάδνπλ ηελ πεξηνρή, επηβεβαηψλεηαη ε ζεκαζία ηεο γεληθφηεξεο 

ηεθηνληθήο αλχςσζεο ηεο πεξηνρήο. 

Με βάζε ηνλ ζρεηηθφ πξνζδηνξηζκφ ηεο ειηθίαο ησλ ηδεκάησλ θαη ηηο επζηαηηθέο 

κεηαβνιέο ηεο ζηάζκεο ηεο ζάιαζζαο θαη ηελ ηεθηνληθή αλχςσζε ηεο πεξηνρήο, 

πξνζδηνξίζηεθε ε παιαηνγεσγξαθία ζην αλαηνιηθφ ηκήκα ηνπ Ιζζκνχ ηεο Κνξίλζνπ 

θαηά ην Τεηαξηνγελέο, κε έκθαζε θπξίσο απφ MIS 9 (~ 400 ka ) κέρξη ζήκεξα.  

Λέξεις κλειδιά: Παιαηνπεξηβάιινλ, Παιαηνγεσγξαθία, Βελζνληθά ηξεκαηνθφξα, 

Αζβεζηνιηζηθφ λαλνπιαγθηφλ, Δλεξγά ξήγκαηα.      
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1 Introduction 

 

1.1 Introduction 

 

The morphology of the coastal areas is constantly influenced mainly by three major 

processes (e.g. Emery & Myers, 1994; Nichols, 1999). The first process is tectonic 

activity, the second is glacioeustatic sea-level changes and the third is sediments‘ 

accumulation and/or erosion at the coastal areas. Additional processes may also apply 

locally (e.g. sea currents) but are considered of secondary importance.  The interplay of 

these three processes results into the constant shifting of the coastline either seawards 

(regression) or landwards (transgression). 

Seawards movement of the coastline (regression, Fig. 1-1) is caused either by 

sediments accumulation, relative sea level fall or tectonic uplift of the coastal area 

(forced regression) (e.g. Collier, 1990). Relative sea level rise will force the coastline to 

move landwards (transgression) (e.g. Nagendra et al., 2011; Scarponi et al., 2014). 

These changes to the shoreline cause different sedimentary patterns which can be 

preserved in the vertical stacking of strata as changes in facies going up through a 

succession (e.g. Amorosi et al., 2014a; Nichols, 1999). A deepening upwards pattern is 

described as a transgression succession (e.g. Collier, 1990; Emery and Myers, 1996; 

Nichols, 1999; Scarponi et al., 2014), while the opposite pattern is described as a 

regression sequence. 

Sequence stratigraphy of the sediments is based on the identification of specific strata 

stacking patterns and characterization of bounding surfaces (Amorosi et al., 2014b). 

The identification of these depositional trends can be relatively difficult within a borehole 

sequence considering the lack of geometric constraints and scarcity of sedimentary 

structures. In such cases the description of the fossil organisms preserved in the core 

can be used to describe the paleoenvironmental alternations within the core and 

through them stratigraphical interpretation of the sediments (e.g. Amorosi et al., 2014a, 

b). 



Introduction 

 

14 

 

Furthermore, data on fault activity and slip-rates can be extracted from 

paleoenvironmental analysis and interpretations based on correlating morphological 

surfaces and stratigraphic data extracted from the surface or boreholes (Yasuhara et 

al., 2005; Ferranti et al., 2011; Papanikolaou et al., 2015). Papanikolaou et al. (2015) 

made a pioneer use of paleoenvironmental indicators for extracting the slip-rate of the 

Kalamaki-Isthmia fault, based on the correlation between the footwall and hangingwall 

horizons, indicating that only minor displacement of several metres has been 

accumulated over the last 175 kyrs, suggesting that this structure progressively dies 

out. 

The Corinth Gulf is a fine example to examine these processes since all three factors 

influence the area. The Gulf is one of the most active and one of the fastest extending 

regions not only in Greece but worldwide (up to 20 mm/year that diminishes to 8 and 4 

mm/year towards its eastern end) (e.g. Billiris et al., 1991; Briole et al., 2000), 

dominated by major active fault systems, such as the Xylokastro (e.g. Armijo et al., 

(1996)), the Eliki fault (e.g. Koukouvelas et al., 2005) and the South Alkyonides Fault 

System (SAFS) (e.g. Morewood and Roberts, 1997, 1999; Collier et al., 1998). The 

glacioeustatic sea level changes have constantly shifted the coastline landwards and 

seawards, influencing the type and the duration of the sedimentation. Furthermore, the 

drainage system (e.g. Rachiotis) supplies coarse sediments in the Corinth Gulf, 

resulting into successively packages of fluvial – torrential and marine layers. 

The latter can be observed in the Corinth Canal, a 6.3 km long and up to ~ 90 m high 

mega – trench (Marinos and Tsiambaos, 2008; Papantoniou et al., 2008), excavated 

during 1893. The described sediments in the Canal (e.g. Collier, 1990) combined with 

the data obtained from 11 boreholes, all of them drilled at the eastern part of the Canal; 

offer an opportunity for a detailed study of the sedimentological processes and syn 

sedimentary faults in a highly complicated environment. 
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Figure 1-1. Nichols (1999) has simple presented the various possible sedimentation 

patterns as a result of the interplay of the three major factors which control them. In 

cases I and II transgression sequences (sea level rise and/or limited sediment 

accumulation) will occur, while coastline moves landwards. In cases III the equilibrium 

between sea level rise and the sedimentation will lead into constant facies and the 

coastline will remain standstill (a rare scenario though). In cases IV to VII the coastline 

will shift seawards (regression and forced regression).                                            

Εηθόλα 1-1. Ο Nichols (2009) παξνπζίαζε κε απιό ηξόπν ηα δηάθνξα πηζαλά κνηίβα ηεο 

ηδεκαηνγέλεζεο σο πξντόλ ηεο αιιειεπίδξαζεο ησλ ηξηώλ βαζηθώλ παξαγόλησλ πνπ ηηο 

ειέγρνπλ. ηηο πεξηπηώζεηο I θαη II παξαηεξείηαη ε άλνδνο ηεο ζηάζκεο ηεο ζάιαζζαο κε 

ηελ αθηνγξακκή λα  θηλείηαη πξνο ηελ μεξά. ηηο πεξηπηώζεηο ΙΙΙ παξαηεξείηαη ηζνξξνπία 

αλάκεζα ζηνλ ξπζκό αλόδνπ ηεο ζηάζκεο ηεο ζάιαζζαο θαη ηνλ ξπζκό ηδεκαηνγέλεζεο 

κε ηελ  αθηνγξακκή λα παξακείλεη ζηάζηκε (ζπάλην ζελάξην). ηηο πεξηπηώζεηο IV έσο 

VII ε αθηνγξακκή ζα κεηαηνπηζηεί πξνο ηελ ζάιαζζα (απόζπξζε) 

The scientific community has deployed numerous tools (foraminifera, ostracods, 

echinoderms, mollusks, diatoms etc.) to examine the paleoenvironmetal conditions 

(salinity, temperature, depth, chemistry, pollution etc.) (e.g. Benson, 1976; Nurnberg et 

al., 1996; Campeau et al., 1999; Keller et al., 2002; Martin et al., 2002; Debenay et al., 

2005; Regenberg et al., 2009; Ivanova et al., 2012; Dimiza et al., 2016), tectonic 

movements (e.g. Avnaim – Katav et al., 2012; 2013), natural hazards (e.g. Cundy et al., 

2000; Mischke et al., 2012), the glacioeustatic sea level changes (e.g. Kemp et al., 

2012) climate change (e.g. Zubakov and Borzenkov 1988; Howell et al., 1990; Jalut et. 

al., 1997) etc. 

Benthic foraminifera assemblages are the most common and essential paleontological 

tool since are considered a sensitive indicator of paleoenvironmental variations in 

nearshore to shallow marine environments. Several researches have used the 

foraminiferal assemblages to reconstruct the paleoenvironment and the paleogeography 

of an area early from the Paleozoic (e.g. Ershova et al., 2016) till the Quaternary (e.g., 

Scott and Medioli, 1980; Triantaphyllou et al., 2003, 2010;  Murray, 2007; Pavlopoulos 

et al., 2007; Koukousioura et al., 2012; Avnaim – Katav et al., 2012, 2013, 2015).  
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Even though that active tectonic areas are not preferable for paleontological and 

paleoenvironmetal research since the sediments are often disturbed and not in situ 

position, foraminiferal assemblages and the paleoenvironmetal changes can also be 

helpful in such challenging environments. Cundy et al. (2000) through foraminiferal 

analysis described the subsidence caused by the Atalanti Fault during the 1894 rupture. 

Yasuhara et al. (2005) provided a robust method for reconstruction of the Holocene 

seismic history using ostracods assemblages within cores, since through them they 

reconstructed the relative sea-level curve showing seismic subsidence during the 

Holocene. Ferranti et al. (2011) also used different paleoenvironments described within 

borehole cores and correlated them to study the tectonic subsidence in Calabria 

(Southern Italy) caused by active faults during the Holocene. Avnaim – Katav et al. 

(2012, 2013) through the paleoenvironmetal description of borehole cores complied 

after foraminiferal analysis estimated the vertical offset of Carmel fault in Israel coast 

during Early to Middle Pleistocene. Yeager et al. (2012) through lithostratigraphic and 

biostratigraphic description of borehole cores estimated the vertical offset and the 

growth of an active fault in Louisiana (USA). Active fault movements were examined as 

well by Feagin et al. (2013) in Texas area also thought foraminiferal analysis and 

paleogeographical description of borehole cores. 

A scientific tool which is also used with the paleoenvironmental analysis is Magnetic 

susceptibility (MS) of the sediments. MS depends mostly on mineral composition and 

grain size (e.g., Mullins 1977, Oldfield; 1991, Da Silva et al., 2009; Reicherter et al., 

2010). In general, iron bearing minerals lead to high values of MS (dimensionless SI 

units).Several researchers have employed MS signal along with other methods to 

examine paleoenvironmental alternations (e.g. Ghilardi et al., 2008; Lézin et al., 2012; 

Sonnenburg et al., 2013; Danelian et al., 2014; Maselli et al., 2014), sedimentology 

studies (e.g. Waldmann et al., 2014), natural hazards (e.g. Reicherter et al., 2010; Goff 

et al., 2012), active tectonics (e.g. Braun et al., 2015; Drahor and Berge, 2017) etc. 

The paleoenvironmental reconstruction of an area though would be incomplete without 

data constraining the sediments‘ age. Several scientific tools have been used in the 

past in order to estimate the age of sedimentary sequences (corals, mollusks, 
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foraminifera etc.) examined through many different techniques (234U/238U, 14C, 

230Th/238U, OSL, IRSL etc.). Every methodology offers both advantages and 

disadvantages since it is constrained by significant physical parameters. The preferable 

technique is determined by the requested chronological framework of the study area, 

while the aim of the researchers is to develop more accurate, faster and less expensive 

dating methodologies. 

For the examination of the Middle-Upper Pleistocene (the last ~ 350 ka) 234U/238U in 

corals stems is the most common methodology followed by the majority of the 

researchers. Several studies applied 234U/238U dating in corals to estimate the uplift in 

tectonically active areas (e.g. Collier et al., 1992; Vita-Finzi, 1993; Dia et al., 1997; 

Houghton et al., 2003; Kershaw et al., 2005; Roberts et al., 2009). Apart from corals 

stems, 234U/238U is applied in other fossils as well (e.g. mollusks, ostracods). 

Considering that the chemistry of the surrounding environment poses significant 

influence to the chemical components of the samples, the results have to be examined 

with precautions (e.g. Scholz et al., 2004; Scholz and Mangini, 2007). 

Optical and Infra-red Luminescence dating (OSL and IRLS respectively) techniques are 

also applied to determine the age of the sediments. Luminescence techniques offer the 

possibility of dating sediments‘ even ~1 Ma ago and therefore have a significant 

advantage against 234U/ 238U dating. The main principal of these techniques is to 

estimate how long has been since sediments‘ grains were exposed to sunlight and 

therefore when the sediment was deposited 

There are several techniques that can be used to measure mineral‘s luminescence 

where Quartz and feldspar are most commonly used, since both of them are abundant 

in nature, are resistant in weathering and their signal is more stable during time.  

A significant limitation of luminescence dating is that the minerals‘ grains were not 

completely bleached from their previous exposure to sunlight. It is often observed that 
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the signal of the feldspar is weak and the Quartz‘s signal saturated1, cases which is not 

possible to apply OSL and IRSL to estimate the sediments‘ age.  

Luminescence dating is commonly used in archaeology (e.g. Lang & Wagner, 1996; 

Folz et al., 2001) paleoenvironment reconstruction and sea level changes (e.g. Pope et 

al., 2008; Pawley et al., 2010; Reimann et al., 2011; Ozturk et al., 2016) active tectonics 

(e.g. Porat et al., 1997, 2009; Chen et al., 2009; Mayo et al., 2009; Rizza et al., 2011; 

Tsodoulos et al., 2016). 

Calcareous nannofossils assemblages are also a useful scientific tool for 

paleoenvironmental studies, since constitute a significant component of the marine 

micro fauna (Dimiza et al., 2011) and have a world-wide distribution in modern oceans. 

Through them it is possible to study climate conditions and environmental parameters 

(e.g. Triantaphyllou et al., 2009; Dimiza et al., 2011; Triantaphyllou, 2014), 

paleoenvironmental conditions (e.g. Triantaphyllou, 2015), stratigraphy (e.g. 

Triantaphyllou, 2013; Athanasiou et al., 2015; Foroughi et al., 2017). Their appearance 

is widely used during the last decades in marine biostratigraphy and the biozonation of 

calcareous nannofossils was established by several researchers in the past, while their 

presence is widely used to determine the chronological framework of an area (e.g. 

Martini, 1971; Raffi et al., 2006; Rio et al., 2010; Backman et al., 2012).  

Arai et al. (2014) based on the age implied by calcareous nannofossils, estimated the 

vertical displacements of normal faults at the Ryukyu Island Arc (West Pacific) the last 

265 ka. Chen et al. (2015) deployed both planktonic foraminifera and calcareous 

nannofossils analysis to demonstrate the tectonic evolution of the oblique collision 

between the North Luzon Arc and the Eurasian Continent margin. Clauzon et al. (2015) 

examined the evolution of the Roussillon Basin during Miocene in respect with the 

active tectonics of the area, also based in foraminiferal and calcareous nannofossils 

assemblages. 

                                            

1 
See chapter 4 for a description and an explanation of the methodology and its principals. 
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For this Ph.D. three different methodologies have been followed to define the 

chronological framework of the sedimentation processes, determining the rates of the 

tectonic movements and the paleogeography of the study area. Two techniques were 

used for absolute dating (230Th/238U dating in corals stems, OSL and IRSL 

luminescence dating to samples extracted from borehole cores) and one for relevant 

dating (the biozonation of calcareous nannofossils, combined with the glacioeustatic 

sea level changes and the regional uplift). The latter comprises the innovation of this 

research. Considering as well that few researchers have analyzed the 

paleoenvironment for studying the active tectonics of an area, this study distinguishes 

from them since the most valuable and reliable results, deprive mainly through 

nannofossils and afterwards through the 230Th/U-method.   

 

1.2  Scope of study 

 

This study aims to estimate the activity of the Kalamaki-Isthmia fault located at the 

eastern margin of the Corinth canal, examine the uplift rate of the area and offers an 

estimation of the regional uplift rate of the area. The low slip rate of the Kalamaki-

Isthmia fault is confirmed and the uplift rate of the area since MIS 7 was re-examined 

following a different and independent methodology, compared with the methodologies 

followed by previous researchers. 

Furthermore, the detail description of the paleoenvironmental alternations at the eastern 

part of the Corinth Isthmus has been examined through different methodologies. The 

studied area is a complex area influenced both by glacioeustatic sea level changes and 

tectonic movements leading into a complicated lithosedimentary pattern with alternating 

beds of marls, sands and gravels. The 3D model of the area was reconstructed showing 

the spatial and temporal distribution of the strata. Finally the paleogeography of the 

eastern part of the Corinth Isthmus area has been reconstructed.  

The study is focused on the detailed examination of 11 boreholes drilled in either sides 

of the Kalamaki-Isthmia fault. Boreholes Bh-6 and Bh-3 (which was longest of them, 
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70.20 m long), were drilled at fault‘s footwall while the rest towards the immediate 

hangingwall of the fault. Eight of them were examined in detail, while for the rest only 

lithological description was obtained. Overall, 355 samples were extracted from the total 

373 m long borehole cores and were examined for their foraminiferal contend. The 

Magnetic Susceptibility (MS) of the sediments has been measured (986 measurements) 

also assisting in the paleoenvironmental interpretation of the sedimentary sequences. 

Furthermore, specific samples were examined for nannofossils assemblages2. Through 

the biozonation established by several researchers before age constrains of the 

described sediments were implied. Furthermore, an area of ~15 km2 was detailed 

mapped in depth (1:5000 scale) and 249 measurements of the tectonic and 

stratigraphic features were obtained. In addition, 99 outcrop samples were extracted for 

further laboratory examination (foraminiferal and nannofossils assemblages).   

Six samples were examined for OSL and IRSL in the laboratory of Archaeometry / 

Paleoenvironment & Archaeometallurgy  of N.C.S.R. Demokritos. The poor quality of 

the samples resulted into no scientifically significant result. Coral stems found within the 

boreholes were dated through U238/ Th234 . The value of the results limit their possible 

age to be older than 175 ka, since the processes of diagenesis have significantly 

influence the chemistry of the samples.  

The dating difficulties were overcome based on the glacioeustatic sea level curve and 

the uplift rate of the area. The combination of these along with the biozonation as was 

implied by nannofossils assemblages, resulted into a specific age period were 

sedimentation could occur ranging from MIS 5.5 to MIS 7.5.   

 

 

                                            

2 Nannofossils thrive into relatively deeper marine environments. After the detailed 

paleoenvironmetal description the samples indicating more open marine conditions, based on 

the palaeobathymetry as well, were examined for nannofossils. Samples of lagoonal or coastal 

environments were barren confirming the previous statement.  
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1.3 Chapters – Outline of the Ph.D. thesis  

 

The first chapter of this thesis introduces the reader to the sedimentation processes. 

The main factors which influence the sedimentology and therefore the coastal 

morphology of an area are highlighted based on previous researches. The Corinth Gulf 

is mentioned as a fine example where all three factors influence the processes. 

Furthermore, every methodology which has been used in this multi-proximal study is 

briefly mentioned and described through examples of previous researchers. Finally, the 

scope of this study is presented a well as the different procedures which have been 

followed. 

The second chapter describes the paleoclimate, the paleotemperature and their 

influence to the glacioeustatic sea level changes. Furthermore, the influence of the 

paleotemperature conditions is also mentioned.   

The third chapter describes the area of Corinth and Saronic Gulf, where this research is 

focus on. These active extensional regions have been studied in detailed by several 

researchers, especially after the 1981 Alkyonides earthquakes sequence and the 

previous studies regarding these Gulfs are briefly described. Previous researchers have 

focused not only on the active tectonics and the seismicity, but also to the 

paleoenvironment, the sedimentology and the paleogeography of these areas as well. 

The unique Corinth Canal, also offers an opportunity to study in detail the 

sedimentological processes of the area, influenced by active syn-sedimentary faults. 

The forth chapter describes all the different methodologies which have been applied in 

this multi-proxy study. The basis of this thesis are 11 boreholes and surface samples, 

located at the eastern part of the Corinth Canal and more specific, foraminifera and 

calcareous nannofossils assemblages extracted through them. In addition through a 

Bartington MS2 system with the MS2K sensor the magnetic susceptibility of the 

sediments has been measured. The results (MS measurements and foraminiferal 

assemblages), have been statistically analyzed. Through detailed mapping the 

lithologies of the area and the Kalamaki-Isthmia fault have been described, while 



Introduction 

 

23 

 

samples extracted from surface outcrops have also been examined for their micro- and 

nanno- fossils assemblages. Finally, in order to establish the chronological framework of 

the sedimentation processes, two independent methodologies have been deployed; 

230Th/238U to coral stems found in growth position in two boreholes and OSL / IRSL 

techniques to undisturbed sediments extracted from three borehole cores.    

In chapter five, the detailed analysis of the 11 boreholes cores is presented. Several 

lithological alternations have been described, ranging from fine marine sediments to 

coarse fluvial gravels. Eight of them were analyzed for their micro and nanno 

paleontological contend. In each borehole, the results of the detailed foraminiferal 

analysis are provided, as well as the A-ratio, BR-ratio and FD index of the described 

foraminifera. Furthermore, the results of the calcareous nannofossils analysis from 6 

boreholes are also presented. The MS measurements extracted from borehole cores 

are presented and correlated with the described lithological alternations within the 

sequences. 

In chapter six the detailed mapping of the study area is described. The eastern part of 

the Corinth Canal has been detailed described (1:5000 scale) where different 

lithological sequences have been identified, varying from coarse fluvial sediments to 

fine clayey marine horizons. Samples extracted from surface outcrops have been 

analyzed for their nanno and micro paleontological content. Tectonic fractures and fault 

planes have also been described.  

In chapter seven the statistical analysis both of the micropaleontological analysis and 

the MS measurements is presented. Foraminiferal assemblages have been subjected 

into two way cluster analysis (Q-mode, R-mode) to highlight the biofacies (Ward's 

method and Euclidean distances as a similarity index). Based on the results, three 

distinct groups have been identified; each of one represents a different ecology and 

depositional environment. Furthermore, a non-metric multi-dimensional scaling (MDS) 

ordination was used to identify to correlation among the assemblages. MS 

measurements have been subjected firstly to a Kolmogorov-Smirnov normality test to 

examine if the measured MS values follow a normal distribution or not, based on the 

described lithology and the estimated paleoenvironment of the cores; and a Pearson 
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correlation test to examine if there is any correlation among the described lithology, the 

paleoenvironment and the measured MS values.  

In chapter eight the paleoenvironmental interpretations both of the borehole sequences 

and of the surface outcrops have been combined. Based on the two-way cluster 

analysis described before, all the indexes (BR-, FD-, and A-ratio), the results presented 

in chapter five have been refined. Based on the lithological description and the MS 

values (for boreholes), the paleoenvironment has been described. Furthermore, based 

on the ecology of the described foraminifera the regional depositional depth has been 

estimated both in borehole cores and in surface outcrops. 

In chapter nine, the applied dating techniques have been described. Cladocora 

caespitosa corals stems have been dated with the 230Th/U-method at the Max Planck 

Institute for Chemistry in Mainz, while six samples, selected from three boreholes, have 

been selected for OSL and IRSL dating. Furthermore, based on the nanno fossils 

assemblages, the biozonation of the sediments has been established and through them 

thresholds of the possible age of the sediments has been estimated.   

In chapter ten, a case study of the Saronic Gulf is presented. Three boreholes located 

at the Piraeus coastal plain where examined for the micropaleontological content. 

Palynological, molluscan and magnetic susceptibility analysis which has been 

performed by Triantaphyllou et al. (2016) has been a guide to correlate the 

paleoenvironments described in these boreholes, with the boreholes located at the 

Corinth Canal. The correlation of the paleoenvironmental patters in both cases is 

important for validating the analysis performed in boreholes from the Canal.  

In chapter eleven, the outcomes of this research have been discussed. Through the 

borehole descriptions, the estimated paleoenvironment and palaeobathymetry, the 

surface outcrops and the exposed strata at the Corinth Canal, a 3-D model showing the 

spatial and temporal distribution of the strata at the eastern part of the Corinth canal has 

been constructed. Furthermore, based on the glacioeustatic sea level curve, the uplift 

rate of the area and the ages proposed mostly through the nanno fossils assemblages, 

the relative age of the sediments is estimated. Through these ages the activity of the 
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Kalamaki-Isthmia fault is estimated and the uplift rate of the area is interpreted. 

Furthermore, the major faults which influence the area are also described. Based on 

their slip rates a model is proposed describing the significance of each fault to the total 

uplift and/or subsidence of the area, while the influence of the regional tectonic uplift is 

also determined. Furthermore, the paleogeography of the eastern part of the Corinth 

Isthmus is reconstructed, during the Quaternary. Finally, the followed methodologies are 

also an important outcome from this PhD, since this multi – proxy analysis proved to be 

a very good correlation methodologies (quantitative benthic foraminiferal analysis, with 

nanno fossils assemblages and magnetic susceptibility data) and a promising 

paleoenvironmental tool box for study of the paleoenvironment and paleogeography. 

However, their constrains (e.g. absence of absolute dates) are also mentioned  

The final chapter of this PhD presents the conclusions concerning both the 

paleogeography and the active tectonics of the area, while significant outcomes 

concerning the relative age of the sediments are also highlighted.  

The last part of this study includes lists of the presented figures and tables as well as all 

the cited bibliography. In the included appendixes a brief definition of the abbreviations 

mentioned in the text is provided (Appendix A), a detailed description of the 

foraminiferal analysis both in boreholes and in surfaces samples (Appendixes B , C) of 

the MS values extracted from the borehole cores (Appendix D), as well as an extended 

version in Greek (Appendix E). 
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2 Sea level changes and paleotemperatures 

 

The research of the climate and environmental conditions has always been an intriguing 

issue for the scientific community, both for the past (e.g. De Blasio et al., 2015; Eldevik 

et al., 2016) and for the present day (e.g. Alexandris et al., 2008; Karavitis et al., 2015). 

The scientific community has recently comprehended the significance of the 

paleoclimate conditions, their connection with the glacioeustatic sea level changes and 

the cyclicity of the relative sea level rise or fall.  

A breakthrough for the better understating of this phenomenon was the conception of 

different cycles of the Earth‘s orbit (Fig. 2-1). The scientific community refers to them as 

the Milankovitch‘s cycles (Milankovitch, 1941), which are the collective effects of 

changes in the Earth's variations in eccentricity (influencing the distance from the sun); 

axial tilt (obliquity, the angle between an Earth‘s rotational axis and its orbital axis) and 

precession (the change in the orientation of the rotational axis of Earth) (Fig. 2-1). 

These cycles of the Earth's orbit resulted in cyclical variation in the solar radiation 

reaching the Earth and trigger significant changes in the Northern Hemisphere ice 

volume (Shackleton, 2000) and therefore to the paleoclimate, to the paleogeography, to 

the paleoenvironment and the sea level glacioeustatic changes (e.g. Shackleton, 1967; 

Broecker and Van Donk, 1970; Imbrie and Imbrie, 1980; Imbrie et al., 1993; Shackleton, 

2000; Tzedakis et al., 2017).    

These cycles have recently been modeled by Tzedakis et al. (2017). The astronomical 

periodicities of obliquity (axial tilt, ~41 ka) and precession (~23 ka) as well as the 

maximum in boreal summer insolation, with perihelion (when Earth is nearest to the 

Sun) at the northern summer solstice, have influenced the cumulative solar energy the 

last 600 ka3. Even though that during the perihelion the earth is at shorter distance from 

                                            

3 Mean daily insolation on 21 June at 65° N is often used as a predictor of glacial 

changes, because it represents maximum values at a sensitive time of the year at a 

critical latitude for ice-sheets 



Sea level changes and paleotemperatures 

 

27 

 

the sun, its orbit is faster compared to its orbit during the aphelion. The latter influences 

the cumulative solar energy that reaches to earth.  Based in these cycles Tzedakis et al 

(2017) mentioned that not every astronomical event has lead into an interglacial period, 

as was initially thought to and developed a robust taxonomy of interglacials, continued 

interglacials and interstadial for the entire Quaternary. They have defined a threshold of 

the effective solar energy required to result into an interglacial period (Fig. 2-2).  

 

Figure 2-1. Variation of the Earth's eccentricity, obliquity and precession the last 1000 

ka (Zachos et al., 2001).                                                                                              

Εηθόλα 2-1. Oη ελαιιαγέο ηεο θιίζεο ηνπ άμνλα θαη ηεο πεξηζηξνθήο ηεο γεο ηα 

ηειεπηαία 500 ρηιηάδεο ρξόληα (Zachos et al., 2001) 
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Figure 2-2. The effective energy at each insolation peak during the past 2.6 Myr based 

on the classification proposed by Tzedakis et al. (2017) to separate the complete 

deglaciated (highstands) from incomplete and no deglaciated periods (lowstands). 

Interglacial (red circles) are seperated by the two horizontal lines with a ramp from 

interstadial and glacial (light blue triangles) periods (Tzedakis et al., 2017).              

Εηθόλα 2-2. Σα παγεηώδε (κπιε ηξίγσλα) θαη  κεζνπαγεηώδε δηαζηήκαηα (θόθθηλνη 

θύθινη) όπσο έρνπλ δηαρσξηζηεί από ηνπο  Tzedakis et al. (2017) ηα ηειεπηαία 2.6 εθ. 

ρξόληα κε βάζε ηελ ειηαθή ελέξγεηα πνπ δέρεηαη ε γε. 

 

The foraminiferal analyses have significantly assisted for the detailed study not only of 

the sea level fluctuations, but of the paleoclimate and paleotemperature conditions as 

well, based on chemical proxies that can be measured in foraminiferal tests to 

reconstruct past environments. A common method for estimating ice-volume 

fluctuations and the associated glacioeustatic sea level changes involves correcting the 

benthic oxygen isotope (d18O) records for temperature in order to isolate that part of the 
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signal that reflects ice volume (e.g. Urey, 1947; Emiliani, 1955; Shackleton, 1967; 

Waelbroeck et al., 2002). The basic principles of using oxygen isotopic abundance ratio 

changes as a means of estimating past temperatures is ―that since small isotopic 

fractionation which takes place when a carbonate is deposited slowly from aqueous 

solution is temperature dependent, the temperature of deposition may be estimated by 

measuring the extent of the isotopic fractionation‖ (e.g. Urey, 1947; Emiliani, 1955; 

Shackleton, 1967; Shackleton and Opdyke, 1973). Waelbroeck et al. (2002) mentioned 

that ―The shell 18O/16O ratio is a function of both the isotopic composition and the 

temperature of the water in which the foraminifera develops. Therefore, assuming that 

deep water temperature does not vary too much over time, the benthic 18O/16O ratio 

(d18Ob, expressed in ‰) can be used as a first order proxy for global ice volume‖ (Figs 

2-3, 2-4).  
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Figure 2-3. A schematic representation of the interaction between ice sheets, land and 

sea. A) During glaciation the ratio 18O/16O is high since 16O is trapped within he glaciers  

b) During deglaciation the water returns to the sea resulting into sea level rise and 

isostatic uplift of the land (modified from de Boer et al. 2017). The ratio18O/16O is lower 

since the melting of the glaciers release 16O to the atmosphere.                             

Εηθόλα 2-3. ρεκαηηθή απεηθόληζε ηεο αιιειεπίδξαζεο ησλ θαιπκκάησλ πάγνπ, ηεο 

μεξάο θα ηεο ζάιαζζαο. Α) Παγεηώδεο πεξίνδνο θαηά ηελ νπνία ν ιόγνο 18O/16O είλαη 

απμεκέλνο, θαζσο ην 16O δεζκεύεηαη ζηνπο παγεηώλεο Β) Καηά ηελ απνπαγεηνπνίεζε 

ιόγν πξνζθνξάο λεξνύ αλεβαίλεη ε ζηάζκε ηεο ζάιαζζαο ελώ  παξαηεξείηαη ηζνζηαηηθή 

αλύςσζε ηεο μεξάο πνπ ήηαλ θαιπκκέλε κε πάγν. Σν ιηώζηκν ησλ πάγσλ έρεη ζαλ 

απνηέιεζκα ηελ απειεπζέξσζε 16O ζηελ αηκόζθαηξα θαη κείσζε ην ιόγνπ 18O/16O 

(Σξνπνπνηεκέλν από de Boer et al. 2017) 
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During marine highstands the benthic oxygen isotope (d18O) records were higher than 

marine lowstands (e.g. Shackleton, 2000; Waelbroeck et al., 2002; Siddall et al., 2003, 

Fig. 2-5b). Shackleton and Opdyke (1973) mentioned (based on Emiliani (1961)) that 

isotopic temperature fluctuations during the last 200 ka range from ~30 oC (marine 

highstands) to ~20 oC (marine lowstands). On the same line, Waelbroeck et al. (2002) 

modeled deep water temperature fluctuations ~ 5 oC for the last 400 ka (Fig. 2-5a). 

Furthermore, during the highstand MIS 5e, MIS 7 and MIS 9 the estimated 

temperatures were similar or even higher than the present day (e.g. Hoffman et al., 

2017; Vaughn and Caissie, 2017).  

The temperature conditions influence the chemical composition, the growth size and 

growth rate of the fossils (e.g. Skirbekk et al., 2016; Mine et al., 2017).  The knowledge 

on the conditions of foraminifer‘s growth has been extracted from laboratory studies 

under controlled conditions (e.g. Lombard et al., 2009). Lombard et al. (2009) 

mentioned that ―growth rate is generally quantified by the number of chambers 

precipitated within the observation period (as chamber d−1 or κm d−1), for each studied 

foraminifera‖. Higher temperatures lead into relative thicker and bigger foraminifera and 

marine fossils in general (e.g.  Lombard et al., 2009, Evans et al., 2016).  Lombart e al. 

(2009) have modeled the growth rates of eight foraminifera species, related to the 

temperature (Fig. 2-6). They have analyzed the growth rates through a mechanistic 

formulation, showing that the temperatures which favor the growth rates range from ~20 

oC to ~28 oC. In extreme temperatures (>28 oC) the growth rates decrease (e.g. Nigam 

et al., 2008; Lombard et al., 2009; Prazeres et al., (2016). Nigam et al. (2008) have also 

indicated that ~27 oC is the most favorable temperature for R. leei to thrive.  

The connection among the number of the population, the number of the species and the 

paleotemperatures have also implied by De Blasio et al. (2015). Based on a spatio-

temporal discrete-time Markov process model of macroevolution featuring population 

formation, speciation and extinction, they have shown a correlation among higher 

biodiversity, foraminifer‘s prosperity and higher temperatures the last 10 Ma.   
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Vaughn and Caissie (2017) have also mentioned that changes in the species 

dominance for MIS 5e should be expected considering that temperatures during the last 

interglacial were characterized as being warmer than today. 

 

 

Figure 2-4. The relative sea level (RSL) estimates versus the δ18Ob measurements over 

the last glacial period (last 22 kyr). Notable the δ18Ob is higher during the glacial time. 

Εηθόλα 2-4. Η κεηαβνιή ζηε ζηάζκεο ηεο ζάιαζζαο (RSL) ζε ζρέζε κε ην δ18Ob θαηά 

ηελ ηειεπηαία παγεηώδε πεξίνδν, πνπ εκθαλίδνληαη θαη κεγαιύηεξεο ηηκέο. 
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Figure 2-5. A) The relative sea level curve (up) and the modeled deep water 

temperature fluctuations ~ 5 oC (down) the last 400 ka (modified from Waelbroeck et al., 

2002). B) The glacioeustatic sea level change curve by Siddall et al. (2003), which has 

been used in this thesis. C) The definition of the interglacial periods (blue circles) from 

Tzedakis et al. (2017) the last 1300 ka. 

Εηθόλα 2-5. Α) Η θακπύιε κεηαβνιήο ηεο ζηάζκεο ηεο ζάιαζζαο (επάλσ) θαη νη 

δηαθπκάλζεηο ηεο ζεξκνθξαζίαο(~ 5 oC) ζηνπο σθεαλνύο (θάησ) ηα ηειεπηαία 400 

ρηιηάδεο ρξόληα (ηξνπνπνηεκέλε από Waelbroeck et al., 2002). Β) Η θακπύιε κεηαβνιήο 

ηεο ζηάζκεο ηεο ζηάζκεο ηεο ζάιαζζαο από Siddall et al. (2003), ε νπνία 

ρξεζηκνπνηήζεθε θαη ζηελ παξνύζα  δηαηξηβή. C) Σα κεζνπαγεηώδε δηαζηήκαηα (κπιε 

θύθινη) από Tzedakis et al. (2017) ηα ηειεπηαία 1300 ρηιηάδεο ρξόληα 

 

 

Figure 2-6. Comparison of the modelled growth rate (d−1) of the different foraminifera 

species in relation to experimental temperature (°C) (Lombard et al., 2009). Notable, 

higher than ~30o the growth rate plummets. 

Εηθόλα 2-6. Σν κνληέιν πνπ ζπζρεηίδεη ηνλ ξπζκό αλάπηπμεο ηξεκαηνθόξσλ ζε ζρέζε 

κε ηελ ζεξκνθξαζία, κε ζαθή κείσζε γηα ηηο ζεξκνθξαζίεο πάλσ από 30ν (Lombard et 

al., 2009).   
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3 Study area 

 

3.1  Introduction 

 

The Alpine orogenesis which started during the Eocene resulted to the collision of the 

Eurasian plate with the African plate and the submersion of the latter under the former. 

This collision has led to the destruction of the Tethys Ocean. The area of Greece is one 

of the most active tectonic areas in Europe (e.g. Papanikolaou and Royden, 2007; 

Vassilakis et al., 2011) with complicated geological conditions within the active margin 

of the Eurasian Plate behind the active Hellenic arc and trench system. This system, 

which is running from the Ionian Sea to the W and SW of the Hellenic peninsula to the 

Libyan and Levantine seas to the S and SE, is part of the convergence zone between 

the African and Eurasian plates (Papanikolaou and Royden, 2007). The subduction 

northeastward of the Ionian Sea lithosphere occurs at ~35mm/yr (Kahle et al., 2000; 

McClusky et al., 2000; Nyst and Thatcher, 2004) while along the northern Hellinides 

subduction occurs at the slower rate of ~4 ± 2 mm/yr (Hollenstein et al., 2006). 

The Aegean region is the result of recent extension (e.g. Armijo et al., 1996; Place et 

al., 2007; Bell et al. 2009). The main origin of this extension is highly debated and is 

attributed to the gravitational collapse of the Hellenic orogenic belt (e.g. Place et al., 

2007; Jolivet, 2001; Le Pourhiet et al., 2003), the back arc thinning (trench roll-back4) 

induced by subduction of the African plate at the Hellenic Trench (e.g. McKenzie, 

1972,1978; Doutsos et al.1988; Doutsos and Piper, 1990) and the recent tectonic 

activity of the North Anatolian Fault (NAF) (Dewey & Sengor, 1979; Armijo et al., 1996). 

Duermeijer et al. (2000) though paleomagnetic data suggested that ―the western 

Aegean arc underwent a clockwise rotation phase which took place between ~0.8 Ma till 

recent on Zakynthos and at least ~1.8 Ma on the Peloponnesus‖.  

                                            

4
The subduction zone moves backwards relative to the motion of the plate which is being 

subducted, the trench is pulled backwards and the overriding plate is stretched and becomes 

thinner resulting in the back-arc basin. 
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Corinth rift as well as the Saronic Gulf is the result of these extension processes. 

Papanikolaou and Royden (2007) mentioned the Central Hellenic Shear Zone a 

transtensional shear zone which crosses the older structures of the Hellenic thrust belt 

and connects to the modern trench. They mentioned that ―the motion of the Aegean 

block is accommodated by a zone of right slip in the northern Aegean that continues 

westward into a broad zone of dextral and extensional shear along a southwest trending 

zone that crosses central Greece. This active deformation zone reaches from the North 

Anatolian Fault in the east to the northern end of the Hellenic trench in the west (Kahle 

and Muller, 1993; Kahle et al., 1995, 2000; McClusky et al., 2000; Goldsworthy et al., 

2002). Most of the modern seismicity associated with extensional deformation of the 

Aegean region is also concentrated along the Central Hellenic Shear Zone, most 

famously in the area near the Gulf of Corinth‖. Place et al. (2007) mentions that ―The 

propagation of this fault into the Aegean region modified the regional tectonic stress 

field whereby the Corinth Rift may be considered as one of the graben structures linking 

the NAF to the Hellenic subduction zone‖ .  

Several studies based on GPS points have estimated the extension rate of the Corinth 

Gulf (e.g. Billiris et al., 1991; Davies et al., 1997); while evidences strongly indicate that 

the extension rate of the western part is higher than the eastern. Clark et al. (1997), 

Avallone et al. (2004), Nyst and Thatcher (2004), McNeill and Collier (2004), 

Chousianitis et al. (2013) mentioned that the opening velocity of the central and western 

part of the gulf is approximately 15 to 20 mm/yr, relatively higher than the eastern part 

which is approximately 5 to 7 mm/yr. Vassilakis et al. (2011) also mentions an extension 

―14 ± 2 mm/yr at  the western part of the Corinth Gulf, where most of it is relayed to the 

northwest along a prominent zone of left-slip and extension through Lake Trichonis and 

the Amphilochia fault zone (11 ± 2 mm/yr) while the remaining displacement across the 

western Gulf of Corinth is relayed into 7 ± 2mm/yr of right-slip on the southwest-striking 

Achaia fault zone‖.  

Both seismic and geodetic observations indicate that the opening of the rift developed 

firstly in the eastern and central part, and then propagated westward (e.g. van 

Hinsbergen & Schmid 2012). Apart from the Corinth Gulf, the Saronic Gulf area is also 
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under extensional regime. Chousianitis et al., (2013) has mentioned extension rates ~ 

25 ns/yr for the Saronic Gulf.  

 

3.2  Geology 

 

The geology of the Corinth Gulf consists of the alpine and the post alpine sediments, 

mostly Plio-Pleistocene sediments. The dominant geological Units of the alpine 

basement are Boeotian Unit, Tripolis Unit and Pelagonian Unit (e.g. Bornovas et al., 

1972, 1984; Gaitanakis et al., 1985).   

 

3.2.1  Alpine bedrock 

 

The eastern part of the Corinth Gulf comprises mostly of the Upper Triassic to Lower 

Cretaceous limestones/dolomites, the Boeotian flysch of the Boeotian Unit (and 

ophiolite nappes Perachora peninsula). Southern than the Agios Vassileios fault the 

area comprises of Triassic to Jurassic Pelagonian Unit limestones and Eocene to 

Cretaceous limestones of the Tripoli Unit (e.g. Bornovas et al., 1972, 1984; Gaitanakis 

et al., 1985).    

 

3.2.2  Post Alpine sediments 

 

Above the alpine basement the deposited Plio-Pleistocene sediments (mainly at the 

southern part of the Gulf), have recorded the paleogeographical evolution of the Corinth 

rift. A complicated lithological pattern of gravels and conglomerates, sand and 

sandstone, marls and silts has been described by several researchers; as well as the 

different paleoenvironments which these facies represent. Ori (1989) has mention the 

presence of lacustrine deposits form fine grained marls to coarse gravels, partially 
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influenced by the sea water, mostly at the south eastern part of the Gulf. Several 

researchers have thoroughly described the sedimentology of the central and western 

part of the Gulf, dominated by ~ 1 km thick Gilbert-type fan deltas (e.g. Dart et al., 1994; 

Malartre et al, 2004; Ford et al., 2007, 2012; Rohais et al., 2008; Backert et al., 2010). A 

complex sedimentary pattern has been described in these Gilbert-type fan deltas 

consisting of fine grained fluvial-lacustrine sediments, to coarse conglomerates and 

turbidites; described, as topsets, foresets, bottomsets and pro-delta which are 

correlated with regressive glacio-eustatic interglacial periods (Ford et al., 2007).  

Elevated marine deposits have been described at the southeastern part of the Gulf, the 

marine terraces. Marine terraces have been firstly described by Deperet (1913) as 

steps, attributed to a single faulted Tyrrhenian terrace. Keraudren (1970- 72), 

Keraudren & Sorel (1987), Keraudren et al. (1995) mentioned the existence of more 

than one terrace, describing 20 terraces. Using U/Th dating methods, as well as 

micropaleontological data, they have estimated the age of the terraces and have 

correlated them with glacio eustatic sea level changes the last 330 ka. Armijo et al. 

(1996) have re-examined the described terrace sequence mentioned by Keraudren & 

Sorel (1987) and through them they estimated the uplift of the area and the influence of 

the Xylokastro fault. Doutsos & Piper (1990) have also implied that not all terraces have 

a marine origin but are lacustrine facies, when the Corinth Gulf was regulated at the Rio 

Strait. Westaway (1996, 2002) has also described the terraces of the same area 

mentioning in his conclusions that not all terraces have a marine origin.  

Saronikos Gulf also displays a complicated morphology a product of its complicated 

geology correlated both to its neotectonic evolution and the Quaternary volcanic 

intrusions (Papanikolaou et al., 1988, 1989; Nomikou et al., 2013). A shallow N–S 

platform divides the Gulf into a western and an eastern part by, an observation which 

it‘s crucial to the paleogeographical evolution of the Gulf (Drakatos et al., 2005) (see 

chapter 8). This zone comprises several volcanic outcrops of Plio-Quaternary age, 

representing the northwestern edge of the Hellenic volcanic arc (Pe-Piper and Piper, 

2002 Nomikou et al., 2013).  
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Towards the southern margin of the gulf (Methana), as well as at the emerged islands at 

the Gulf (e.g. Aegina), the volcanic activity resulted in to a complicated geological 

pattern with both sedimentary and volcanic rocks. Volcanisms initiated in the area of 

Aegina 4.4 Myr ago and continued for a long period until 2 Myr ago (Nomikou et al., 

2013), while at the peninsula of Methana, volcanic activity started ~ 0.9 Myr ago and 

continues until recent historical times 2.2 kyr ago. Volcanic outcrops have also 

described along the coastal area of northwestern Saronikos Gulf at Agioi Theodori–

Soussaki in western Attica. It is interesting to mention the presence of sub-merged 

active volcano Pausanias (Pavlakis et al., 1990; Nomikou et al., 2013) 

 

3.2.3  Faults 

 

The area of the Corinth Gulf is influenced by major fault structures. Even though that 

several researchers have described the gulf as an asymmetric half graben due to the 

dominance of north-dipping faults (e.g. Myrianthis 1982; Brooks and Ferentinos, 1984; 

Keraudren and Sorel, 1987; Ori, 1989; Sorel, 2000; Stefatos et al., 2002; Moretti et al., 

2003), more recent seismic reflection profiles have revealed both N- and S-dipping 

offshore faults, (e.g. Stefatos et al., 2002; Moretti et al., 2003; Papatheodorou et al., 

2003; McNeill et al., 2005; Zygouri et al., 2008). 

Several researchers have studied both the offshore and the onshore faults at the 

eastern part of the Corinth Gulf (e.g. Doutsos & Piper, 1990; Armijo et al., 1996; Roberts 

& Koukouvelas, 1996; Collier et al., 1998; Perissoratis et al., 2000; Stefatos et al., 2002; 

Pantosti et al., 2004; Sakellariou et al.; 2007; Leeder et al., 2008; Gobo et al., 2014; 

Hemelsdael & Ford, 2015; Koukouvelas et al., 2017; Deligiannakis et al., in press). 

Among them the Kenchreai (~0.2 mm/yr), the Agios Vassileios (~0.15 mm/yr) and the 

Loutraki (~0.5 mm/yr) faults subside the area of Corinth Isthmus, while more distal faults 

such as SAFS (~2 mm/yr) and the Xylokastro faults uplift it (Fig. 3-1) (e.g. Papanikolaou 

et al., 1988, Papanikolaou et al., 1989; Papanastassiou and Gaki-Papanastassiou, 

1994; Armijo et al., 1996; Roberts, 1996; Morewood and Roberts, 1997, 1999; 
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Goldsworthy and Jackson, 2001; Sakellariou et al., 2007; Zygouri et al., 2008; Roberts 

et al., 2009, 2011; Charalampakis et al., 2014; Koukouvelas et al., 2017; Deligiannakis 

et al., in press). The south dipping fault of Kenchreai and north dipping Loutraki fault 

form a tectonic graben in which minor faults have deformed the Isthmus area forming 

the secondary horst of Corinth isthmus within the major graben 

The Kenchreai and Agios Vassileios faults influence not only the Corinth, but also the 

Saronic Gulf as well (Fig. 3-1). Bell et al., (2009) mentioned that ―in the easternmost rift, 

the Megara basin faults, Kechriaie fault and other N-dipping faults bordering the NW 

Saronic Gulf which may be considered ancestors to the currently active Skinos and 

Pisia faults of the Perachora peninsula‖. A significant segment of these faults are off 

shore (Papanikolaou et al., 1988, 1989; Deligiannakis et al., in press; Koukouvelas et 

al., 2017). Jackson (1999) mentioned that the Kenchreai fault has Upper Pleistocene 

marine sediments on its hanging wall, Holocene scarps and the submerged harbor in its 

immediate hanging wall indicating that it is not completely dead. 

In the Perachora peninsula at the eastern end of the Gulf, the E-W coastal faults 

(SAFS) cut the NW-trending normal fault system bounding the Megara basin. This 

indicates that ―this fault was active during Pliocene and Lower Pleistocene times, but at 

present day shows no sign of activity since it is displaced by the ENE-WSW Skinos-

Psatha fault segments that were partly ruptured during the 1981 earthquake sequence‖ 

(in Roberts et al., 2011).  

The change in activity from faults with NW-SE to E-W strikes happened within the last 1 

Ma (Jackson, 1999). Furthermore, at the eastern part of the Perachora peninsula 

Rondoyanni and Marinos (2008) have described the Kakia Skala fault, as the northern 

margin of the Saronic Gulf.  
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Figure 3-1. Simplified geological map showing the lithology of the area, grouped into 

Plio-Pleistocene clayey to gravely sediments, alpine bedrock (Triassic-Jurassic 

Boeotian and Pelagonian limestones as well as the Boeotian flysch) and the Upper 

Cretaceous Ophiolitic nappe; as well as the major faults of the area (South Alkyonides 

Fault System (SAFS), Loutraki, Ag. Vassileios and Kenchreai faults) and the Kalamaki-

Isthmia fault (modified from Bornovas et al., 1972, 1984; Gaitanakis et al., 1985; 

Papanikolaou et al., 1989, 1996). The black box indicates the area where the boreholes 

were drilled. (b) Cross sections A-A’ and B-B’ at the eastern area of the Corinth, 

exaggerated in the vertical axis by 4.  

Εηθόλα 3-1. Απινπνηεκέλνο γεσινγηθόο ράξηεο ηεο πεξηνρήο ηεο Κνξίλζνπ κε ηελ 

ιηζνινγία ηεο πεξηνρήο νκαδνπνηεκέλε ζε Πιην -Πιεηζηνθαηληθά αξγηιηθά θαη 

θξνθαινπαγή ηδήκαηα, ζην αιπηθό ππόβαζξν θαη ζηνπο Άλσ Κξεηηδηθνύο Οθηνιίζνπο. 

Δπηζεκαίλνληαη ηα ζεκαληηθόηεξα ξήγκαηα ηεο πεξηνρήο (δώλε Αιθπνλίδσλ, 

Λνπηξαθίνπ, Αγ. Βαζηιείνπ θαη Κερξηώλ) θαη ην ξήγκα Καιακάθη-Ίζζκηα (ηξνπνπνηεκέλν 

από ηνπο Bornovas et al., 1972, 1984, Gaitanakis et al. 1985, Papanikolaou et ατ., 1989, 

1996). Σν καύξν πιαίζην ππνδεηθλύεη ηελ πεξηνρή όπνπ έγηλαλ νη γεσηξήζεηο. (β) Σνκέο 

Α-Α θαη Β-Β' ζηελ αλαηνιηθή πεξηνρή ηεο Κνξίλζνπ, όπνπ είλαη  κεγεζπκέλνο ν θάζεηνο 

άμνλαο επί 4. 
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3.3  Paleogeographical evolution of the Corinth and Saronic Gulfs 

 

Most researchers mention that the paleogeographical evolution of the Corinth Rift can 

be divided into two phases (e.g. Ori, 1989; Sorel, 2000; Jolivet et al., 2003, 2010; Flotte´ 

et al., 2005; Bell et al., 2009). Most researchers suggested that this Proto Gulf (first 

stage) was a lacustrine to shallow marine intracontinental sea, which was probably 

drained southeastward to the Argos Gulf and the subsidence rate never exceeded the 

sedimentation rate. This proto-Gulf stage is marked by lacustrine facies deposition from 

Pliocene to Lower Pleistocene, observable even 40 km south of the southern coast of 

the Gulf. During the second stage (The last 1 Ma), the Gulf has taken its present form, 

with the northwards migration of the major faults and the deep marine deposits, 

including turbidity flows.  

The development of the easternmost Corinth Gulf is also mentioned by Leeder et al. 

(2002), where the Proto-Corinth rift during the Pliocene and the Corinth  Gulf with its 

present form during the Pleistocene. Westaway, (1996; 2002) mentioned for the 

transition from the proto- Corinth Gulf to the present Gulf ―that the ca. 80 m of water 

loading when the lacustrine basin was flooded by the sea 0.9 Ma ago caused a positive 

lithostatic pressure anomaly to the brittle crust and this caused out flow of the lower 

crust to the beneath the Plio-Pleistocene basin farther south‖.  

Bell et al. (2009) suggested a four stages evolution of the Corinth Gulf. Stage 1 is from 

~4 Ma till ~2.2 Ma ago, where the Megara basin was the easternmost part of the rifting. 

Stage 2 is from 1-2 Ma to 0.4 Ma ago, where activity focused on the Mamoussia Pirgaki 

fault resulting to the deposition 1.5 km thick Gilbert fan deltas (from Collier & Jones, 

2003). Stage 3 is from 0.4 Ma till the present form of the Corinth Gulf. In this stage 

dominant faults of the central rift (Derveni and Likoporia) experienced an increase in 

displacement and in slip rate. Slip rates exceed of those the west and east (Eliki, 

Xylokastro). Recent Holocene activity is described as stage 4, where microseismicity is 

concentrated in Aigion and Rio graben (from Doutsos et al., 1988). Sakelariou et al. 

(2007) suggested that the current basin, together with the actively forming Gilbert-type 

deltas at the present sea level, may represent a third phase in the evolution of the Gulf 
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of Corinth, something that is also suggested by Moretti et al. (2003) and Ford et al. 

(2012).  

The Saronic Gulf has also undergone significant changes during the Quaternary. Collier 

(1990) mentioned the Quaternary collapse of the Saronic Gulf, where marginal faults 

(e.g. Kakia Skala, Kenchreai, Agios Vassileios) were more active (Leeder et al., 2008). 

A point of interest in the western coast of the Gulf, is the submerged harbor of 

Kenchreai (e.g. Mourtzas et al., 2014; Mourtzas and Kolaiti, 2014; Kolaiti and Mourtzas, 

2016). This Roman infrastructure is submerged ~ 0.70 m beneath the sea surface and 

even though that the Kenchreai fault‘s activity might be partially responsible for that, sea 

level rise and liquefactions which occurred in the area could also have submerged the 

harbor (Koukouvelas et al., 2017). 

Glacioeustatic sea level changes have also influenced the morphology of the Gulf at 

least since upper Pleistocene. Lykousis, (2009) mentioned the presence of a paleolake 

at least during the last sea level lowstand (MIS 2), at the western part of the Saronic 

Gulf, while during the glacioeustatic sea level lowstands during the last 400 ka subaerial 

conditions are mentioned for the entire Saronic Gulf. The presence of a lake is also 

mentioned in Lykousis et al., (2007) where aragonite crystals have been identified since 

the last glacioeustatic lowstand.   

 

3.4  Uplift 

 

The northern coast of the Peloponnese has been uplifted the last 2.2 Ma. This is 

documented in the deep fluvial incision and the uplifted Plio-Pleistocene sediments. 

Several researchers have studied and described the marine, fluvial and the Gilbert Fan 

Deltas sediments uplifted up to 1200 m above the present sea level at the western part 

of the Gulf (e.g. Ori, 1989; Gobo et al., 2014; Demoulin et al., 2015; Malartre et al., 

2004; Dart et al., 1994; Ford et al., 2007, 2012 and Bell et al., 2009). 
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At the southern part of the Gulf the uplift of the marine terraces have been described by 

several researchers (e.g. Keraudren & Sorel, 1987; Keraudren et al., 1995; Armijo et al., 

1996; Westaway, 1996, 2002). Researchers have described and correlated marine 

terraces with the glacioeustatic sea level change during the Upper-Middle Pleistocene 

and the have estimate an uplift rate approximately at 1.5 mm/yr the last 500.000 years 

at the central part of the southern Gulf of Corinth, which diminishes at 0.3 mm/yr at the 

eastern part.  

The uplift of the Perachora peninsula during the Holocene – Upper Pleistocene is also 

examined by several researchers. Kershaw & Guo (2001), estimated the Holocene uplift 

through cyanobacterial mounds while Leeder et al. (2003) through marine shorelines. 

Paleoshorelines of the Perachora peninsula were studied by Roberts et al. (2009) and 

Cooper et al. (2007) as well. According to Cooper et al. (2007), the estimated uplift rate 

during the Holocene from the highest notches is up to 0.55 mm/yr. Roberts et al. (2009) 

has also mapped and examined the different heights of the raised paleoshorelines and 

marine terraces across the footwall of the South Alkyonides fault system. They 

suggested that the southernmost area of Perachora peninsula has been uplifted with a 

rate approximately 0.15 mm/yr, during the Pleistocene till the last 200 ka towards its 

center and diminish towards its tips.  They also suggested that the slip rate of the SASF 

has accelerated and the last 200 ka the area is uplifted with a 0.51 mm/yr rate. Uplifted 

terraces have been described by Morewood & Roberts, (1999) in Perachora peninsula 

as well, Charalampakis et al. (2014) by correlating the bedrock beneath the Lechaion 

Gulf and the adjacent mountains through sequence stratigraphy interpretation of 

seismic profiles from the Lechaion Gulf, suggested an cumulative average slip rate of 

0.9 mm/yr or less, over the last 4 Ma. Turner et al. (2010) tested various rival 

hypotheses concerning the evolution of the eastern tip of Corinth and the uplift of this 

area, proposing a 0.31 mm/yr uplift rate at Lechaion Gulf. Finally, they also suggested 

that the north coast of Lechaion Gulf uplift cannot be solely explained by footwall uplift 

but it is due to isostatic uplift that probably affects the whole of the southern Gulf of 

Corinth rift.  
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Collier et al. (1992) and Dia et al. (1997) through corals dating, have estimated the uplift 

rate of the Isthmus Canal approximately at 0.3 mm/yr (Corinth Canal) and 0.45 mm/yr at 

Examilia (southwards the city of Corinth) over the last 200 ka. 

It is clear that the Corinth Gulf is a highly active tectonic region, where the southern 

coast is constantly uplifted, at least during Pleistocene. Uplift rates though, are not the 

same at every section of the Gulf. Most researchers suggest that the central part of the 

Gulf is uplifted at a higher rate (1.5–2 mm/yr) than the western or the eastern part (0.3–

0.8 mm/yr) (e.g. Keraudren & Sorel, 1987; Keraudren et al., 1995; Pirazzoli et al., 2004; 

Westaway, 1996, 2002; Armijo et al., 1996; McMurray & Gawthorpe, 2000; Leeder et 

al., 2008). 

The origin of southern Corinth Gulf rift and Peloponnese‘s uplift is highly debated. Le 

Pichon & Angelier, (1979) suggested that uplift is caused by sediment underplating, by 

intrusion and thrusting from the Hellenic subduction zone and Cretan forearc (Leeder & 

Mack, 2007). Leeder et al. (2003, 2008) and Leeder & Mack, (2007), suggested that the 

regional uplift of Peloponnesus and the Southern Gulf is due to deeper tectonic 

processes, a view also held by Moretti et al. (2003). Leeder & Mack, (2007) suggested 

that the uplift is attributed to buoyancy of the underlying African flat slab, as augmented 

by local footwall uplift along the southern margin to the Gulf of Corinth. McMurray & 

Gawthorpe, 2000 mentioned that ―Collier et al. (1992) suggested that the uplift is of 

regional origin while Armijo et al. (1996) conclude that the observed uplift between 

Xylokastro and Corinth is due to local uplift in the footwall of the Xylokastro fault. 

However, the presence of uplifted marine terraces between Xylokastro and Akrata, in 

the hanging wall of the Xylokastro fault (as mapped by Armijo et al. 1996), suggests that 

the Xylokastro fault cannot be the only cause of uplift in the northern Peloponnesus‖.  

Westaway (1996, 2002) mentioned the contribution of the isostatic response to the uplift 

rate of the area., suggesting that ―the main effect in this locality is southward lower-

crustal flow from beneath the modern Gulf interior to beneath the PGCB, driven by 

pressure variations at the base of the brittle layer caused by the sediment loading in the 

Gulf and the unloading of the Proto Gulf Corinth Basin caused by its erosion. Sediments 

began to be rapidly eroded from former depocentres and re-deposited in adjacent 
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localised topographic lows. The thermal response to this change from slow 

sedimentation to more rapid erosion or sedimentation enabled the associated isostatic 

and lower-crustal flow responses and the resulting changes in relief to be determined‖. 

 

3.5  Seismicity 

 

The region of the Corinth Gulf is one of the most seismically active regions in Greece 

where significant historical and reported earthquake events have been described (e.g. 

Scranton,1957; Noller et al., 1997; Papazachos & Papazachou, 1997). Sachpazi et al. 

(2003) mentioned 10 events in the Corinth Gulf of M≥5 since 1965. Roberts & 

Koukouvelas (1996) mention that the Gulf of Corinth has hosted 11 earthquakes of 

magnitude Ms>5.8 the last 100 years, while Koukouvelas et al. (2017) mentioned the 

existence of 11 historical events (6.0 ≤Mw≤ 6.9) and 5 reported events from 1850 to 

1981 (5.0 ≤Mw≤ 6.) at the eastern part of the Corinth.  

Much of the interest in the area was spurred after the earthquake sequence of since it 

was an excellent opportunity to observe the effects from an earthquake sequence in 

1981, with well recorded earthquake effects and primary surface ruptures. Three 

earthquakes on February 24, with 6.7 Ms, on February 25, with 6.4 Ms and on March 4, 

with 6.4 Ms, occurred. The epicenters of the first two earthquakes were at the 

Alkyonides Basin in the eastern Gulf of Corinth, while the third one was at the Kapareli 

fault (e.g. Jackson et al., 1982; Taymaz et al., 1991; Collier et al., 1998). 

Jackson et al. (1982) and Mariolakos et al. (1982) were among the first who have 

mapped and described the effects from these earthquakes. They have identified surface 

ruptures both in Kapareli and Schinos-Pisia faults tracing surface ruptures 

approximately 25 km long. Maximum observed displacements were approximately 1.5 

m high. Hubert et al. (1996) described and mapped the effects from the earthquakes, 

modeled the vertical displacement caused by these events and the Coulomb stress 

transfer due to the earthquakes. They have implied that the first earthquake might have 

triggered the others. 
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The vertical slip rate at SAFS was studied both by Pantosti et al. (1996) and Collier et 

al. (1998), through trenching methods. In an active alluvial fan at Bambakies, 

approximately at the center of the fault system and more specifically at the easternmost 

end of the Schinos surface rupture, a trench was excavated in order to identify paleosoil 

horizons. Pantosti et al. (1996) identified and dated three layers attributed to 

paleoearthquakes at 1295 AD and at 590 AD estimating the vertical slip rate at 

minimum of 1 mm/yr. Collier et al. (1998) repeated the procedure two years afterwards 

at the same area where two more trenches were excavated. Earthquake recurrence 

was estimated at 700 years (trench 1), to 330 years (trench 3). Displacement per event 

has been estimated at 0.5 m, while vertical slip rate has been calculated to 2-3 mm/yr.  

 

3.6  The Corinth Canal – Isthmus 

 

The Corinth Canal offers a unique opportunity to study the sediments accumulation of 

the Isthmus (Fig. 3-2). Several researchers have described in detail the lithological 

patterns of the strata (e.g. Freyberg, 1973; Collier, 1990; Collier & Dart, 1991; Collier & 

Thomson, 1991; Gawthorpe et al., 1994), have established the age framework of the 

sediments (e.g. Collier et al., 1990; Dia et.al, 1997; Pierini et al., 2016), or have 

estimated the uplift rate of the Isthmus area (e.g. Collier et.al, 1990; Dia et.al, 1997). 

Freyberg (1973) was among the first to describe the sedimentology of the Isthmus 

Canal, recognizing that eustatic variation had influenced facies patterns in the canal are, 

describing two marine to Pleistocene freshwater ‗cycles‘ in the canal section.  

Collier & Dart (1991) have thoroughly described the sediments at the NE part of the 

Canal, separating them into three major Groups, the Lower Pliocene Group crops out in 

the Asprakhomata- Kalamona and Charalampos, the Trapeza- Isthmos Group outcrops 

in the Trapeza-Isthmos fault block and Holocene fan-delta which is exposed on the 

Kalamaki fault block (Fig. 3-3a). The Charalampos marl Formation, a silty-grey 

mudstone with packages of sandstones and conglomerate, in which Gaitanakis et al. 

(1985) mentioned the presence of freshwater Viviparus and Melanopsis macrofauna, 
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indicating lacustrine to alluvial environments. The Charalampos conglomerate 

Formation consists of coarsening upwards conglomerate above the marl Formation, 

(either in transition from marl to conglomerate, or by erosion where the researchers 

have mentioned lignite horizons between them), describing fluvial packages of a fan 

delta. The white marl Formation is a thick calcareous siltstone which also contains 

freshwater or marine fauna (e.g. Viviparus, Cyprideis, Cardium).  

Kitrinovuni sand Formation (Fig. 3-3) contains two facies of fluvial systems (one of 

sandstone with siltstone and one of coarse sands) while Koudounistra Formation 

consists of red chert and ultrabasic clasts conglomerate. The Drosia and Koudounistra 

conglomerates consist of a coarsening upwards pattern ranging from marls to 

conglomerate sediments. The uplifted sediments by the Kalamaki Isthmia fault were not 

described in detail. The researchers refer only to the Trapeza- Isthmus group without 

further examination suggesting a Pliocene-Pleistocene age. 

Collier & Thomson (1991) have thoroughly described the sediments at the central part 

of the Corinth Canal, describing Upper Pleistocene marine facies including beach to 

offshore conglomerates and sandstones with wave-modified sedimentary structures. 

They mentioned planar and cross bedded sandstones and conglomerate facies, 

associated with a beach to offshore transition; variable laminated siltstone to sandstone, 

associated with shallow marine deposits. Oolitic sandstone facies were related with 

shallow and high energy marine environments, while transverse and linear dunes with 

deeper marine deposits.   

The researchers have also reconstruct the paleogeography of the area during the MIS 7 

(200 ka) suggesting that a marine connection periodically existed through the Corinth 

Isthmus based on active faults and glacio-eustatic sea level highstand.  
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Figure 3-2. View of the Corinth Canal, where boreholes were drilled, using Google 

Earth imagery from August 2014. The area where Collier et al. (1992) sampled corals is 

indicated with the white coral symbol, while the yellow box indicates where the photos of 

the canal in figure 12-4 and the green box the photos in figure 11-3 were taken.          

Εηθόλα 3-2. Άπνςε ηνπ θαλαιηνύ ηεο Κνξίλζνπ, όπνπ έγηλαλ θαη νη γεσηξήζεηο, 

βαζηζκέλε ζηηο εηθόλεο ηνπ Google Earth από ηνλ Αύγνπζην ηνπ 2014. Τπνδεηθλύεηαη ε 

πεξηνρή όπνπ νη Collier et al. (1992) ρξνλνιόγεζαλ ηα θνξάιιηα (ιεπθό θνξάιιη), ελώ ην 

θίηξηλν θαη ην πξάζηλν πιαίζην ππνδεηθλύεη ηελ πεξηνρή νπνύ ιήθζεθαλ νη θσηνγξαθίεο 

ηνπ θαλαιηνύ από ηηο εηθόλεο 12-4 θαη 11-3 αληίζηνηρα.  

They also mentioned that the uplifted strata by the Kalamaki-Isthmia fault are tilted 

towards NW implying the recent activity of the fault. Finally, they have mentioned the 

presence of a marine terrace, northwards than the canal, at 150 m height. By analogy 

with the terraces of the southern Corinth Basin and the beach cycles of the central 

Corinth they suggested an uplift rate 0.4–0.8 mm/yr.  
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Figure 3-3. A) The geological map showing the lithological formation eastern the 

Corinth Canal. B) Stratigraphic scheme for the Lower Pliocene to Pleistocene outcrops 

C-G) Sedimentary logs of the described lithological formations. C) Koudounistra 

Formation, D) Drosia Formation, E) Kitrinovuni Formation, F) Charalampos Formation, 

White marl Formation. (Modified from Collier & Dart, 1991).                                                      

Εηθόλα 3-3. Α) Ο γεσινγηθόο ράξηεο ηεο πεξηνρήο αλαηνιηθά ηεο Γηώξπγαο. Β) 

ρεκαηηθή απεηθόληζε ηεο ζηξσκαηνγξαθίαο ηεο πεξηνρήο. C-G) ηξσκαηνγξαθηθέο 

ζηήιεο ησλ κειεηεκέλσλ ιηζνινγηώλ C) ζρεκαηηζκνί Κνπδνπλίζηξαο, D) ζρεκαηηζκνί 

Γξνζηάο, E) ζρεκαηηζκνί Κηηξηλνβνπλίνπ, F) ζρεκαηηζκνί Υαξαιάκπνπ, G) ζρεκαηηζκνί 

Λεπθήο κάξγαο (από  Collier & Dart, 1991)   

 



Study area 

 

52 

 

Collier (1990) described five subsequences at the Corinth Canal. He mentioned that 

Corinth Marls, previously described by Freyberg (1973), to be the oldest sediments 

exposed in the canal section, also mentioning an upwards transition within the central 

horst block from freshwater or brackish to marine facies. Coral dating from this section 

were not useful, since due to limitations of the methodology their expected age is older 

than 350 ka. Above the Marls he described the 1stsubsequence, which consists of 

conglomerates with ophiolite clasts, (coastal paleoenvironment) fining upwards to sandy 

layers (shallow marine with fresh water influence). The 2ndsubsequence consists of 

beach- to shoreface set a, fining upwards to shallow marine mudstones. Corals dated 

from with this subsequence have shown an age ~312 ka, placing them at MIS 9. The 3 rd 

subsequence consists of fining upwards sands, of marine origin. Corals dated form this 

subsequence indicated an age ~205 ka, placing them at MIS 7. The 4th subsequence 

was described at the NW part of the Canal interpreted as the product of another marine 

transgression. The 5th subsequence is described and interpreted as coastal, recent 

(Holocene) deposits.  

Gawthorpe et al. (1994) and McMurray & Gawthorpe (2000) have also studied the 

sediments formations from the Corinth Canal. McMurray & Gawthorpe (2000) described 

the facies stacking patterns of the attached shoreface sequences from the Corinth 

Canal mentioning shoaling and coarsening upward facies stacking pattern. Between the 

basal contact of the first sequence overlying Corinth Marls a prominent palaeocliff 

approximately 1.75 m high, was interpreted as evidence of subaerial exposure prior to 

transgression. Gawthorpe et al. (1994) mentioned that these sequences in the south-

east of the isthmus consist of foreshore conglomerates while to the north-west consist 

of lower shoreface sands; suggesting that the general facies stacking pattern within the 

sequences is one of progradation with limited aggradation. Furthermore, the 

researchers based on the described exposed sequences on the isthmus suggested that 

―they display a distinctive stacking pattern and form one sequence set which each 

sequence is located further basinward of the previously deposited sequences and the 

sequence boundaries converge and become coincident in the up-dip direction (to the 

south-east). Thus this sequence set offlaps to the north-west and is considered here to 

represent a forced regressive sequence set‖.  
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Several researchers have estimated the age of the sediment sequences based on 

corals dating (e.g. Collier et al., 1992; Dia et al., 1997; Pierini et al., 2016). In Collier 

(1990) corals‘ dating indicated an age of the Corinth Marl older than 350 ka, of the 2nd 

subsequence ~312 ka and of the 3rd subsequence ~205 ka. In Collier & Dart (1991) and 

Collier et al. (1992) corals samples were also dated from Examilia village, southern than 

the Canal, implying an age ~205 ka. Samples from the same area were dated by Dia et 

al. (1997) as well, suggesting an age ~330. They have also dated corals from 

Perachora Peninsula, as well as from the Corinth Canal, demonstrating ages similar 

with these in Collier (1990). Based on these dates Collier (1990) and Collier et al. 

(1992), suggested an uplift rate for the Corinth Canal, approximately 0.3 mm/yr.  Pierini 

et al. (2016) through Pecten specimens used for IcPD dating suggested approximately 

ages with Collier (1990)5.  

 

 

 

 

 

 

 

 

 

                                            

5
>350 ka for MIS 11, ~311 ka for MIS 9 and ~205 for MIS 7. 
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4  Materials and methods 

 

4.1  Surface mapping 

 

Detailed surface mapping was focused mainly on the eastern part of the Corinth Canal 

at the footwall and the hangingwall of the Kalamaki Isthmia fault, describing the lithology 

and the tectonic features of the area. In total 149 measurements of the strata inclination 

and 91 of the tectonic features were extracted. Furthermore, 99 samples extracted from 

sandy, clayey and even gravely outcrops were examined for their micropaleontological 

and 32 samples were examined for their nannofossils content. 

 

4.2  Boreholes 

 

Eleven boreholes were drilled6 in either sides of Kalamaki-Isthmia fault (~ 373 m total 

length), offering unique data. Boreholes Bh-6 and Bh-3 (which was the longest of them, 

70.20 m long), were drilled at fault‘s footwall while the rest towards the immediate 

hangingwall of the fault (Fig. 3-2). Eight of them were examined in detail, while for the 

rest only lithological description was obtained. 

 

4.3  Foraminifera 

 

In total 355 samples extracted from boreholes and from surface outcrops have been 

analyzed for their micropaleontological content (256 from the borehole cores and 99 

samples from surface outcrops), where each sample (20 g dry weight) was treated with 

H2O2 to remove the organic matter, to disaggregate silt and clay and subsequently was 

                                            

6
 The boreholes were drilled from Edafomichaniki SA, for geotechnical research. 
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washed through a 125 κm sieve and dried at 60 °C. A subset containing approximately 

200 benthic foraminifera for each sample when this was feasible was obtained using an 

Otto microsplitter. The microfauna have been identified under a Leica APO S8 

stereoscope (Appendix B).  

The affinities of the foraminiferal assemblages to environmental (mostly salinity) 

conditions can be evaluated on foraminiferal test size (e.g. Murray, 1991; Melis and 

Violanti, 2006; Koukousioura et al., 2012). In order to quantify this observation, 

biometric measurements were performed on Ammonia spp. tests distinguishing them in 

two size categories: small (<0.5 mm) and large (>0.5 mm). Therefore, the use of the 

ratio between large (L) and small (S) Ammonia tests is established as A-ratio: A=100 x 

L/(S +L) and it is used for estimating paleosalinity conditions (Koukousioura et al., 

2012).  Additionally, a broken-reworked ratio, BR=100 x broken-reworked/ (normal + 

broken-reworked) was calculated in order to better evaluate high energy 

paleoenvironments; high numbers of broken foraminiferal specimens indicate strong 

nearshore hydrodynamics (e.g. Vilela and Koutsoukos, 1992; Geslin et al., 2002). For 

data analysis, foraminiferal species relative abundances are expressed as percentage 

(%) of the assemblage. Foraminiferal diversity was determined through Fisher‘s alpha 

(α) index which was calculated using the Past.exe 1.23 software package (Hammer et 

al., 2001; Cosentino et al., 2017) (Appendix C).  

The percentage of planktonic foraminifera (%P) within the total foraminiferal 

assemblage has been estimated, if it was feasible, according to Avnaim-Katav et al. 

(2013) based on Van Der Zwaan et al. (1990) and Van Hinsbergen et al. (2005) and 

was used as a proxy for palaeobathymetry. 

 

4.4 Nannofossils 

 

63 samples of fine-grained sediments (32 extracted from surface outcrops and 31 from 

the borehole cores were examined by Scanning Electron Microscopy (SEM) for their 

calcareous nannoplankton content. A small amount of sediment (~1 mg) per sample 
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was dissolved in buffered solution and filtered on Whatman cellulose nitrate filters 

(47mm diameter, 0.45κm pore size), using a vacuum filtration system. The filters were 

open dried and stored in plastic Petri dishes. A piece of each filter approximately 8x8 

mm2 was attached to a copper electron microscope stub using a double-sided adhesive 

tape and coated with gold. The filter pieces were examined using a Jeol JSM 6360 

Scanning Electron Microscope (SEM, Faculty of Geology & Geoenvironment, National 

and Kapodistrian University of Athens7). A working magnification of 1200x was used 

throughout the analysis. A total of 300 coccoliths were counted per sample (e.g. 

Thierstein et al., 1977; Triantaphyllou, 2015). The definition of the Emiliania huxleyi 

NN21a biozone (Martini, 1971) is based on the first appearance of specimens of the 

species that is the midpoint of the slope of the initial increase of species in counts of 

300 coccoliths (Thierstein et al., 1977; Rio, et al., 1990). 

 

4.5  Magnetic Susceptibility 

 

Magnetic Susceptibility within the core is measured with the Bartington MS2 system 

with the MS2K sensor (see also Reicherter et al., 2010). In total, 986 MS measurements 

have been carried out from different lithological alternations within the cores. The 

Magnetic Susceptibility (MS) of sediments depends mostly on mineral composition and 

grain size. In general, iron bearing minerals lead to high values of MS (dimensionless SI 

units) (e.g., Mullins, 1977; Oldfield, 1991; Da Silva et al., 2009; Reicherter et al., 2010; 

Maselli et al., 2014). Terrestrial deposits are often characterized by higher amounts of 

such minerals compared to marine sediments and therefore MS measurements can 

help to distinguish between different sedimentary environments (Appendix D). 

 

 

                                            

7
 Magnification: 8X to 300,000X, resolution: 4.0nm (at 20kV),  
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4.6  230Th/U-dating of fossil corals 

 

Seven coral stems from a colony in borehole Bh-7 were selected for 230Th/U-dating. 

Sample preparation and mass spectrometric analysis were performed at the Max 

Planck Institute for Chemistry, Mainz. Sample preparation and chemical separation of U 

and Th isotopes was performed as described by Yang et al. (2015). Uranium and Th 

isotopes were analysed by multi-collector inductively coupled plasma mass 

spectrometry (MC-ICP-MS, Nu Plasma). Analytical details can be found in Obert et al. 

(2016). Details about the calibration of the mixed U-Th spike are given by Gibert et al. 

(2016). All ages were corrected for potential detrital contamination assuming an 

average upper continental crust 232Th/238U weight ratio of 3.8 for the detritus and 230Th, 

234U and 238U in secular equilibrium. All activity ratios were calculated by using the half-

lives reported by Cheng et al. (2000). 

 

4.7  Luminescence 

 

4.7.1 Introduction 

 

Six samples from three boreholes were selected for OSL and IrSL dating, based on the 

quality of the samples8 (Bh-1, 5.25 m, 6.05 m, Bh-3, 20.5 m, 21.25 m, Bh-7, 20.65 m, 

33.45 m). Following the conventional laboratory practices, (e.g., Preusser et al., 2008) 

samples were prepared for obtaining quartz and feldspar coarse-grains at the laboratory 

of Archaeometry / Paleoenvironment & Archaeometallurgy  of N.C.S.R. Demokritos.  

                                            

8 
The examined samples should be undisturbed and without any fractures that could have 

allowed the sun light to pollute the sample. Furthermore each sample should have enough 

material for analysis considering that a significant eternal layer was removed. 
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Luminescence is the physical procedure, in which light is emitted by the crystals of a 

mineral. As long as grains are exposed to daylight, there is no luminescence signal. 

Daylight or heat above several hundred oC, erases any energy that was previously 

absorbed.  After their deposition, grains are affected by radioactive isotopes such as 

(238U/235U, 40K and 232Th) and grains slowly begin to accumulate luminescence signal. 

There is excitation of the atoms in the crystal lattice due to ionizing radiation. 

Consequently, the activated electrons ―jump‖ at higher states. Many of them are 

captured at specific electronic levels, which are called electron traps (e.g. Chen & 

Mckeever 1997; Krbetschek et al. 1997; Preusser et al., 2008).  

All luminescence techniques aim to determine the energy (the electrons) that the grains 

have absorbed, since their last exposure to daylight. To achieve this mineral‘s grains 

are technically stimulated at a laboratory. The recorded energy which is measured is 

referred as the palaeodose.  This energy is measured in Gy (Gray), which is the 

absorbed energy per mass of mineral (J*kg-1). By dividing this energy with the dose 

rate, the age of the mineral is estimated. Dose rate is the ―amount of energy deposited 

per mass of mineral due to radiation exposure acting on the sample over a certain time 

(Gy a-1)‖ (Preusser et al., 2008).   

Sediments that have been deposited more years have more electrons trapped within 

their crystal lattice. When these electrons are stimulated, emit an amount of light. The 

density of this light is measured to estimate the luminescence of the minerals. It should 

be mentioned that the amount of stimulated electrons, is a combination of the time that 

the sediment was trapped and the environment (which affect the dose rate) (e.g. 

Preusser et al., 2008). 
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4.7.2 Processing of the samples 

 

Chemical Treatment  

The external part of each sample (approximately 1 cm thick) was removed, material that 

may have been affected by solar radiation. The rest of samples was powdered and 

treated with hydrochloric acid (HCl) 10%. Afterwards the samples were washed up five 

times with tap water, one with distilled water and one with ethyl alcohol so any remains 

of HCL was washed away and any carbonate material was removed from the sample. 

The time of treatment with HCL depends on the content of carbonate in the sample.  

Afterwards the material was dried and sieved and was treated with hydrogen peroxide 

(H2O2) 10%, removing any organic particles from the samples. The samples were re-

washed three times with tap water, one with distilled water and one with ethyl alcohol for 

inactivating any residual H2O2 left. The time of treatment with H2O2 depends on the 

content of the organic in the sample. 

Then the samples were treated with hydrofluoric acid (HF) for removing the outer 

surface of quartz grains, which had accepted the effect of particle "a" and to increase 

the purity of the quartz and feldspar in the samples. Quartz was obtained from the 

fractions which was treated with HF40% for 40 minutes, while feldspar was obtained 

from the fractions which was treated with HF 10% for 90 minutes. All samples were 

treated with HCL 10% for 15 minutes and were washed with distilled water seven times 

then with alcohol and were dried. Finally, with a powerful magnet any remains of 

magnetic minerals were removed. 

 

Signal Measurements  

For measuring the omitted signal single aliquot measurements were used, consisting of 

a monolayer of quartz or feldspar grains mounted on stainless steel discs of 10 mm 

diameter using silicone oil as an adhesive. The quartz and feldspar grains covered the 
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central 5 mm diameter portion of each disc, corresponding to several hundred grains 

per aliquot (e.g. Tsakalos et al., 2016). 

All measurements were carried out on a Risø TL-DA 15 luminescence reader fitted with 

a Thorn EMI photomultiplier tube. Irradiation was from a calibrated 90Sr/90Y β source. 

Feldspar grains were stimulated by infrared light diodes emitting at 870 nm and the 

detected luminescence signal in the blue-violet region (320-460 nm) was achieved with 

a Schott BG39/Corning 7-59 filter combination. Infrared light stimulation was at 290 °C, 

right after a 50 °C stimulation for 100s, showing significant anomalous fading (Thiel et 

al., 2011; Tsakalos et al., 2016).Quartz grains were similarly examined using blue LEDs 

(470 nm) for stimulating the aliquots and a 7.5 mm Hoya U-340 filter for the signal 

detection filter mounted in front of the photomultiplier tube.  

For the estimation of the sediments‘ age the dose rate of the relevant elements was 

determined separately. The calculation of the dose rates (U, Th and K) was based on 

analytical data obtained by Inductively Coupled Plasma Mass Spectrometry (ICP-MS; 

ACME laboratories, Canada) and using the ―The Dose Rate calculator (DRc)‖ software 

developed by Tsakalos et al. (2016). This program uses the conversion factors 

proposed by Guérin et al. (2012) and the attenuation factors (due to water content) for 

alpha radiation by Aitken (1985), beta by Nathan and Mauz (2008), and gamma by 

Guérin et al. (2012). DRc also calculates the cosmic rays contribution to the total dose 

rate (according to Prescott and Stephan, 1982; Prescott and Hutton, 1988, 1994) using 

the altitude and latitude of the sampling sites, present day depth and the density of the 

overburden. The final dose rates are obtained by correcting for etching of the grains and 

the grain size. 

 

4.7.3  Quartz OSL methodology 

 

For the examination of the quartz grains the ‗double-SAR‘ (‗post-IR blue‘) protocol as 

described and outlined by Roberts and Wintle (2001) and Banerjee et al., (2001) was 

followed.  
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Firstly, the aliquot is given a small beta (test dose) irradiation which is less than the 

natural De value. The OSL response (TN) to this test dose is used to normalize the 

natural signal. The aliquot is then given a range of ―regeneration‖ doses (R1-R2) and 

the resulting OSL decay curves (L1-L2) are measured. Each measurement of 

regenerated dose‐response is followed by the application of a test beta doses, and 

subsequent measurement of the OSL response to that test dose (T1-T2) allows LX/TX 

to be determined for each regeneration dose step.  

 

4.7.4  Feldspar IRSL methodology 

 

Thiel et al. (2011) have briefly and simply described the procedure followed for the IRSL 

signal measurements in the following table 

 

Table 1. The typical procedure followed for IRSL signal measurements (Thiel et al., 

2011). Πίλαθαο 1. Η ηππηθή δηαδηθαζία ππνινγηζκνύ ηνπ εθιπόκελνπ ζήκαηνο κέζσ 

ππέξπζξεο θσηαύγεηαο. 

 

Step Procedure 

1 Give dose 

2 Preheat for 60 s at 320 0C 

3 IR stimulation for 200 s at 50 0C 

4 IR stimulation for 200 s at 2900C 

5 Give test dose, DT 

6 Preheat for 60 s at 3200C, 
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7 IR stimulation for 200 s at 50 0C 

8 IR stimulation for 200 s at 290 0C 

9 IR stimulation for 100 s at 325 0C 

10 Return to 1 

 

4.8  Statistical analysis 

 

For data analysis, foraminiferal species relative abundances are expressed as 

percentage (%) of the assemblage. Foraminiferal diversity was determined through 

Fisher‘s alpha (α) index was calculated using the Past.exe 1.23 software package 

(Hammer et al., 2001; Cosentino et al., 2017).  

Hierarchical cluster analysis, an algorithmic approach to find discrete groups with 

varying degrees of (dis)similarity in a data set represented by a (dis)similarity matrix, 

has been used for a detailed analysis of the results. Foraminiferal species are subjected 

into two-way cluster analysis (Q-mode, R-mode) to highlight biofacies (Scarponi et al., 

2014). Samples (Q-mode) and taxa (R-mode) were clustered by the hierarchical cluster 

analysis (Ward's method and Euclidean distances as a similarity index) to determine 

species associations and to assess the ecological affinity among different groups. 

Biofacies were identified by a Q-mode cluster sharing a distinctive cluster(s) of taxa (R-

mode), well represented in the Q-mode cluster (Scarponi et al., 2014). To examine only 

significant suites of taxa, R-mode clusters are examined only to species that exceeded 

3% of the assemblage in at least one of the samples. Samples in the text are expressed 

as the centered value of the depth core from which the surface was extracted (e.g., 

sample Bh-1 from 9.60–9.70 m is referred to as Bh-1, 9.65 m). 

A non-metric multi-dimensional scaling (MDS) ordination was used to identify significant 

groups (Avnaim-Katav et al., 2013).The object of nonmetric MDS is to find the 

coordinates of the points in two-dimensional space, so that there is a good agreement 
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between the observed proximities and the inter-point distances. (Fahrmeir and Hamerle, 

1984) MDS attempts to represent as closely as possible the pairwise dissimilarity 

between the values into two-dimensional space.  

A Kolmogorov-Smirnov normality test was used to examine if the measured MS values 

follow a normal distribution or not, based on the described lithology and the estimated 

paleoenvironment of the cores. Finally, a Pearson correlation test was compiled to 

examine if there is any correlation among the described lithology, the paleoenvironment 

and the measured MS values. 
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5  Corinth Canal borehole data 

 

5.1  Introduction 

 

Eleven boreholes were drilled in either sides of Kalamaki-Isthmia fault (~ 373 m total 

length) (Table 2). Boreholes Bh-6 and Bh-3 (which was the longest of them, 70.20 m 

long), were drilled towards the footwall of the fault while the rest towards the immediate 

hangingwall of the fault (Fig. 3-2, 5-1). Eight of them were examined in detail, while for 

the remaining three only lithological description was obtained. Borehole Bh-7 

intersected the main fault plane at approximately 36 m core depth, exhibiting a 12 m 

thick deformation zone (from 33 m to 45 m core depth with several meters of 

cataclastites, containing fragments of limestone and tectonic breccia).  

 

Figure 5-1.  Images from the drilled cores. (A) Borehole GA-4 from 18.30 m till 19.20 m, 

showing the transition from fluvial (gravels) to marine (silt). (B) Borehole GA-4 from 

33.00 m to 33.90 m, showing the transition from gravels to sitly sand. (C) Borehole GA-

5 from 28.60 m to 29.70 m, showing the transition from marine (clayey sand) to fluvial 

gravels.                                                                                                                     

Εηθόλα 5-1. Υαξαθηεξηζηηθέο εηθόλεο από ηνπο ππξήλεο ησλ γεσηξήζεσλ . (A) 

Γεώηξεζε GA-4 από 18,30 κ. έσο 19,20 κ., πνπ θαίλεηαη ηε κεηάβαζε από ην 

πνηακνρεηκάξεηα ζε ζαιάζζηα ηδήκαηα. (B) Γεώηξεζε GA-4 από 33,00 m έσο 33,90 m, 

πνπ θαίλεηαη ε κεηάβαζε από ρνλδξόθνθθν ζε ιεπηόηεξν πιηθό. (Γ) Γεώηξεζε GA-5 

από 28,60 κ. έσο 29,70 κ., πνπ θαίλεηαη ε κεηάβαζε από ζαιάζζηα (αξγηιώδε άκκν) ζε 

πνηακνρεηκάξεηα ηδήκαηα. 
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Figure 5-2.  Examples of the analyzed samples A) Gravels with ophiolite fragments 

(sample Bh-3 28.05 m), B) & C) Gravels (samples Bh-3 42.85 m and Bh-3 66.55 m 

respectively), D) Reddish clay (sample Bh- 15.25 m), E) Sand (sample Bh-3 49.65 m), 

F) Clay (sample Bh-3 37.55 m). 

 Εηθόλα 5-2. Υαξαθηεξηζηηθά παξαδείγκαηα ησλ δεηγκάησλ πνπ αλαιύζεθαλ Α) Υαιίθηα 

κε ζξαύζκαηα νθηνιίζνπ (δείγκα Bh-3 28,05 m), Β) & C) Υαιίθηα (δείγκαηα Bh-3 42,85 m 

θαη Bh-3 66,55 m αληίζηνηρα) 15.25 m), Δ) Άκκνο (δείγκα Bh-3 49.65 m), F) Άξγηινο 

(δείγκα Bh-3 37.55 m). 

 

 

 

Table 2. The altitude, the depth and the coordinates (EGSA87) of the studied boreholes. 

The error of the coordinates is ± 2. Πίλαθαο 2. Σν πςόκεηξν, ην βάζνο θαη νη 

ζπληεηαγκέλεο (EGSA87) ησλ γεσηξήζεσλ (εθηηκώκελν ζθάικα ± 2). 
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Borehole Altitude (m) Depth (m) X Y 

Bh-1 16.00 ±0.5 31.00 412040 4197081 

Bh-2 15.00 ±5 49.00 412211 4197061 

Bh-3 19.20 ±0.5 70.10 412269 4197153 

Bh-4 20.50 ±5 30.50 412380 4197275 

Bh-6 27.00 ±5 40.60 412366 4197115 

Bh-7 16.10 ±0.5 57.00 412300 4197198 

G-1 20.00 ±0.5 20.00 414642 4197778 

G-2 19.00 ±0.5 10.50 413605 4197811 

GA-2 35.00 ±0.5 14.00 412648 4197422 

GA-3 20.80 ±0.5 15.20 412566 4197259 

GA-4 21.10 ±0.5 45.50 412392 4197216 

GA-5 19.90 ±0.5 30.00 412048 4197104 

 

5.2  Stratigraphy — lithological description 

 

In each borehole lithological alternations of sand, clay, clayey sand, conglomerate, marl 

and fragments of limestone have been recognized. It is remarkable that among these 

layers for all boreholes, there is no significant correlation. The latter strongly indicates 

that there are major lateral alternations and lithological variations. Conglomerate and 

layers with gravels contain pebbles and sub-angular clasts, indicating a high energy 

depositional environment. Ophiolites found within were probably transferred by torrents 

and sourced from the Gerania Ophiolitic nappes (e.g. Gawthorpe et al., 1994). 

Therefore, these strata can be ascribed to a fluvial–torrential paleoenvironment. Sandy 
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layers can be ascribed to various paleoenvironments from coastal to marine (Figs 5-1, 

5-2).  

 

5.3  Micro- and nanno- paleontological analysis 

 

The studied benthic foraminiferal assemblages are relatively abundant and moderately 

preserved. In total 26 different species were described (Fig. 5-3) both from the surface 

and the borehole samples. Calcareous nannoplankton specimens have been identified 

through SEM analysis, within certain horizons of the examined boreholes (Fig. 5-4). 

From the 31 examined samples 15 of them proved to be rich in calcareous 

nannoplankton. In all these samples approximately the same species were identified. 

Samples were dominated by the presence of small Reticulofenestra spp. (~40%) and 

small Gephyrocapsa spp. (~30%) coccoliths, while Emiliania huxleyi specimens were 

relatively scarce (5-8% of the total assemblage), but consistently present. 
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Figure 5-3. Foraminiferal specimens under a Scanning Electron Microscopy (SEM).  a) 

Rosalina bradyi (Cushman), spiral side (Bh-3, 19.85 m), b) Elphidium granosum 

(d’Orbigny), side view (Bh-3, 19.85 m), c-e) Quinqueloculina spp. (GA-4, 25.55 m, GA-

2, 12.95 m, Bh-7, 26.55 m) f) Elphidium crispum (Linné), side view (Bh-3, 11.45 m). g) 

Haynesina depressula (Walker and Jacob), side view (Bh-3, 18.05 m). h) 

Quinqueloculina spp. (GA-4 31.05 m). i) Bolivina spp. (Linné), (GA-2, 12.95 m). j) 

Elphidium crispum (Linné), side view (Bh-1, 13.15 m). k-l). Haynesina depressula 

(Walker and Jacob), side view (Bh-7,22.35 m and spiral view GA-2, 6.35 m).  m) 

Lobatula lobatula (Walker and Jacob), umbilical side (GA-4, 31.05 m). n) 

Globigerinoides spp. (Cushman), spiral side (Bh-3, 36.35 m).                                 

Εηθόλα 5-3. Υαξαθηεξηζηηθά ηξεκαηνθόξα πνπ πεξηγξάθεθαλ α) Rosalina bradyi 

(Cushman), ζπεηξνεηδήο πιεπξά (Bh-3, 19,85 m), b) Elphidium granosum (d'Orbigny), 

πιάγηα όςε (Bh-3, 19,85 m), c-e Quinqueloculina spp. (GA-4, 25,55 m, GA-2, 12,95 m, 

Bh-7, 26,55 m) ζη) Elphidium crispum (Linné), πιάγηα όςε (Bh-3, 11,45 m). g) 

Haynesina depressula (Walker and Jacob), πιάγηα όςε (Bh-3, 18,05 m). ε) 

Quinqueloculina spp. (GA-4 31,05 m). i) Bolivina spp. (Linné), (GA-2, 12,95 m). j) 

Elphidium Crispum (Linné), πιάγηα όςε (Bh-1, 13,15 m). k-1). Haynesina depressula 

(Walker and Jacob), πιάγηα όςε (Bh-7,22,35 m θαη ζπεηξνεηδήο όςε GA-2, 6,35 m). m) 

Lobatula lobatula (Walker and Jacob), νκθαιηθή πιεπξά (GA-4, 31,05 m). n) 

Globigerinoides spp. (Cushman), ζπεηξνεηδήο πιεπξά (Bh-3, 36,35 m  
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Figure 5-4. Nannoplankton identified  under a Scanning Electron Microscopy (SEM) a) 

Gephyrocapsa spp. and Emiliania huxleyi coccolith distal side (Bh-7 26.55 m), b) 

Reticulofenestra spp. coccolith distal side (GA-4 35.65 m), c-e) Emiliania huxleyi 

coccolith proximal side (Bh-3 8.75 , 35.65 m), f-h) Emiliania huxleyi coccolith distal side 

(sample Bh-3 20.75 m). 

 Εηθόλα 5-4. Υαξαθηεξηζηηθά δείγκαηα λαλνπιαγθηόλ πνπ πεξηγξάθεθαλ (SEM) a) 

Gephyrocapsa spp. θαη ηελ αλώηεξε πιεπξά Emiliania huxleyi (Bh-7 26,55 m), b) 

Reticulofenestra spp. (Bh-3 8,75, 35,65 m), f-h) άλσ πιεπξά ηεο Emiliania huxleyi 

(δείγκα Bh-3 20,75 m). 

 

5.4  Magnetic Susceptibility Analysis 

 

The magnetic susceptibility (MS) of sediments depends mostly on the mineral 

composition and grain size (e.g., Mullins 1977, Oldfield, 1991, Da Silva et al., 2009, 

Reicherter et al., 2010, Pallikarakis et al., 2015). In general, iron bearing minerals lead 

to high values of MS (dimensionless SI units). Terrestrial deposits are often 

characterized by higher amounts of such minerals compared to marine sediments; 

therefore MS measurements can help to distinguish between different sedimentary 

environments. Overall, the described lithology within the boreholes is in agreement with 

the MS measurements taken. The extracted data show clear difference between coarse 

and fine sediments. Higher values are measured at gravely layers, while clayey and 

sandy layers have less magnetic susceptibility. Ophiolite clasts within the sediments are 

responsible for higher values, since they contain magnetic minerals. 

 

5.5  Boreholes description 

 

The analysis of the boreholes, located at the eastern part of the Corinth Canal (Fig. 3-

2), is presented below  
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5.5.1  Borehole Bh-1 

 

Lithology 

Borehole Bh-3 consists of clay, clayey sands and sand, irrupted by gravely layers, 

several meters thick (Fig. 5-5, table 3). 

 

Figure 5-5. Lithological description of Bh-1, showing the extracted samples based on 

their depth from the surface, the samples examined for calcareous nannofossils and the 

measured Magnetic Susceptibility of the sediments.                                                   

Εηθόλα 5-5. Η ιηζνινγηθή πεξηγξαθή ηεο γεώηξεζεο Bh-1, ηα δείγκαηα πνπ εμεηάζηεθαλ 

ζε ζρέζε ην βάζνο ηνπο από ηελ επηθάλεηα θαη απηά πνπ εμεηάζηεθαλ γηα 

λαλναπνιηζώκαηα θαζσο θαη ε κεηξεζείζα καγλεηηθή επηδεθηηθόηεηα ησλ ηδεκάησλ. 
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Table 3. Lithological description of borehole Bh-1 and samples extracted from the 

borehole based on their depth from the surface. Πίλαθαο 3. Η ιηζνινγηθή πεξηγξαθή θαη 

ηα δείγκαηα πνπ αλαιύζεθαλ ζηελ Bh-1. 

Depth (m) Lithology 
Samples Bh-1 

(depth, m) 

0.00–3.50 
Top soil and gravely terrestrial 

formation 
0.55, 1.45 

3.50–11.20 Brown–beige fine to coarse sand. 

3.05, 4.55, 6.95, 

8.15, 8.55, 9.65, 

10.65 

11.20-12.50 Gravels with coarse sand 11.85 

12.50–22.60 Sand 

13.15, 13.95, 

15.15, 16.25, 

16.75, 18.45, 

19.15, 20.35, 

21.05 

22.60–27.20 Gravels with coarse sand 

23.95, 24.75, 

25.35, 25.95, 

26.75 

27.20–29.10 Sand 28.55 

29.10–29.70 Clay 29.25 

29.70–31.00 Gravels with coarse sand 29.85, 30.65 
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Microfauna 

Of the total examined samples, 16 were relatively rich in foraminiferal species (~200 

specimens were counted per sample) with an FD-index ranging from ~60 to ~400 

forams/g, while benthic foraminifera were absent in 5 samples and just few broken 

specimens were found in 7 samples, with FD-index < 2 forams/g (gravel layers). 

Fisher‘s alpha index values ranged from α=0 (sample Bh-1, 28.55 m) to α=5.43 (sample 

Bh-1, 18.45 m); higher values were observed particularly in the central part of the 

borehole (from 16.00 to 21.00 m core depth).  

In general, the foraminiferal fauna is dominated by species with calcareous test. 

Thirteen benthic foraminiferal taxa made up more than 95% of the total assemblage: 

Ammonia beccarii, Ammonia tepida, Rosalina bradyi, Cibicides refulgens, Elphidium 

crispum, Elphidium complanatum, Elphidium granosum, Haynesina depressula, 

Neoconorbina terquemi, Asterigerinata mammilla and planorbis, Discorbis spp. and 

miliolids (Fig. 5-6). In particular, A. tepida was the dominant species with an average 

abundance ~18% (maximum relative abundance 92% sample Bh-1, 29.25 m). Ammonia 

beccarii were present in all samples comprising almost 8% of the assemblages 

(maximum relative abundance 20% Bh-1, 18.45 m). The epiphytic species, R. bradyi, 

Discorbis spp. and C. refulgens, were generally well represented, with maximum 

relative abundance values of 18% (maximum relative abundance 37% sample Bh-1, 

13.95 m), ~2.5% (maximum relative abundance 11% sample Bh-3, 11.85 m) and 10% 

(maximum relative abundance 27 %Bh-1, 11.85 m) respectively. Among the Elphidium 

taxa, E. granosum (average abundance ~10% and maximum relative abundance ~18 % 

sample Bh-1, 28.55 m) was the most common species, followed by E. Crispum 

(average abundance ~3.3  and maximum relative abundance ~12% sample Bh-1, 22.35 

m) and E. complanatum (average abundance ~3% and maximum relative abundance 

~8% sample Bh-1, 19.15 m). H. depressula was also well represented with an average 

abundance 13% (maximum relative abundance 31% Bh-1, 28.55 m). Other taxa such 

as Aubignina perlucida and N. terquemi were also traced, with maximum relative 

abundances of 11% (sample Bh-1, 11.85 m), and 20% (Bh-1, 18.45 m) respectively. 

Miliolids were present in all samples comprising almost 17% of the assemblages 
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(maximum relative abundance 29% Bh-1, 9.65 m). Asterigerinata (mammilla and 

planorbis) were represented, with maximum relative abundances of 12% (sample Bh-1, 

28.75 m), and 13% (Bh-1, 18.45 m) respectively. 

BR-ratio ranges from 4–10 (samples Bh-1, 13.15 m, 20.15 m), up to 40 (samples Bh-1, 

21.05 m, 28.55 m depth). In general, gravely layers have a higher percentage of broken 

species than clays. A-ratio ranges from very low values (8.6 at sample Bh-1, 8.55 m) to 

high values (80–90 at the interval 10.00–20.00 m core depth).  

MS 

Magnetic Susceptibility in Bh-1 sediments ranges from 5 to 267 ×10-5 (SI units) (Fig. 5-

5). The interval 23.50 to 30.00 m core depth has relatively high MS values ranging from 

181 to 267 ×10-5 (SI units)(average value 212 ×10-5 (SI units), interrupted by a thin 

layer at 28.00 to 29.5 m core depth with an average value 8×10-5 (SI units). The interval 

23.50 to 16.50 m core depth MS values range from 5 to 12×10-5 (SI units), with an 

average value 7×10-5 (SI units).  Till the surface at 0.00 m the MS values range from 15 

to 99×10-5 (SI units), with an average value at 52×10-5 (SI units).  

Calcareous Nannoplankton 

Calcareous nannoplankton specimens have been identified through SEM analysis in 

certain levels of borehole Bh-1 (Fig. 5-5). Five samples were examined four of which 

proved to be rich in relatively well-preserved nannofossils (samples Bh-1, 9.65, 19.15, 

20.35, 28.55 m depth were rich in nannofossils, while sample Bh-1 29.75 m depth was 

barren. All samples, were dominated by the presence of small Reticulofenestra spp. 

(~35%) and small Gephyrocapsa spp. (~30%) coccoliths, while Emiliania huxleyi 

specimens were relatively scarce (10-15% of the total assemblage), but consistently 

present. 
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5.5.2  Borehole Bh-2 

 

Lithology 

Borehole Bh-2 was not examined in detail and only a description of borehole‘s lithology 

is available (Fig. 5-7, Table 4).  

 

 

Figure 5-7.   Lithological description of Bh-2.  

Εηθόλα 5-7. Η ιηζνινγία ηεο γεώηξεζεο Bh-2. 

 

 

 

 

 

Table 4 Lithological description of borehole Bh-2. Πίλαθαο 4. Η ιηζνινγηθή πεξηγξαθή 

ζηελ Bh-2. 
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Depth (m) Lithology 

0.00–3.60 
Top soil and gravely 

terrestrial formation 

3.60–5.40 Fine to coarse sand. 

5.40–8.00 Gravels with coarse sand 

8.00–9.30 Sand 

9.30–21.20 Gravels with coarse sand 

21.20–25.90 Sand 

25.90–30.00 Gravels with coarse sand 

30.00–42.80 Sand 

42.80–43.80 Clay 

43.80–44.90 Sand 

44.90–48.10 Gravels with coarse sand 

48.10–49.00 Sand 

 

5.5.3  Borehole Bh-3 

 

Lithology  

Borehole Bh-3 consists of clay, clayey sands and sand, irrupted by gravely layers, 

several meters thick (Fig. 5-8, table 5).  
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Figure 5-8. Lithological description of Bh-3, showing the extracted samples based on 

their depth from the surface, the samples examined for calcareous nannofossils and the 

measured Magnetic Susceptibility of the sediment.  

Εηθόλα 5-8. Η ιηζνινγηθή πεξηγξαθή ηεο γεώηξεζεο Bh-3, ηα δείγκαηα πνπ εμεηάζηεθαλ 

ζε ζρέζε ην βάζνο ηνπο από ηελ επηθάλεηα θαη απηά πνπ εμεηάζηεθαλ γηα 

λαλναπνιηζώκαηα θαζσο θαη ε κεηξεζείζα καγλεηηθή επηδεθηηθόηεηα ησλ ηδεκάησλ. 

 

Table 5 Lithological description of borehole Bh-3 and samples extracted from the 

borehole based on their depth from the surface. Πίλαθαο 5. Η ιηζνινγηθή πεξηγξαθή θαη 

ηα δείγκαηα πνπ αλαιύζεθαλ ζηελ Bh-3. 
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Depth (m) Lithology Samples Bh-3 (depth, m) 

0.00–1.50 
Top soil and gravely 

terrestrial formation 
0.55, 1.55 

1.50–4.70 
Brown–beige fine to coarse 

sand. 
3.05, 4.35 

4.70–11.00 

Clay to fine sand. At 5.40-

5.70 m core depth and after 

8.50 m core depth, contains 

fine gravels, 

6.35, 6.85, 8.75, 9.35, 

10.25 

11.00–12.50 Coarse sand with gravels 11.45 

12.50–13.00 Clay with few gravels. 12.75 

13.00–16.50 Reddish clay with gravels 
14.45, 15.25, 15.75, 

16.35 

16.50–20.00 Sand 18.05, 19.85 

20.00–22.40 
Clay with coral Cladocora 

caespitosa in living position. 
20.75, 21.75 

22.40–31.20 Gravels with coarse sand 22.45, 28.05 

31.20–39.60 
Clayey sand, interrupted by 

sand with few gravels 

34.45, 35.65, 36.35, 

37.55, 38.05, 38.75, 

39.25 

39.60–49.60 Gravels 
42.85, 45.75, 47.25, 

48.05 

49.60–60.00 Sand to coarse sand 49.65, 50.35, 51.15, 

52.35, 52.75, 54.05, 
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56.05, 57.15 

60.00–62.00 
Brown-beige coarse sand, 

coral fragments 
60.15, 61.95 

62.00- 66.50 
Clay, clayey sand and sand 

which contains few gravels. 

62.65, 63.95, 64.35, 

65.35, 65.75, 66.25 

66.50- 70.20 Coarse sand with gravels 66.55 

 

Microfauna 

Of the total examined samples, 23 were relatively rich in foraminiferal species (~200 

specimens were counted per sample) with an FD-index ranging from ~50 to ~600 

forams/g, while benthic foraminifera were absent in 17 samples (from reddish clay to 

sand layers), and just few broken specimens were found in 15 samples, with FD-index < 

2 forams/g (gravel layers). Fisher‘s alpha index values ranged from α = 1.38 (sample 

Bh-3, 4.35 m) to α = 5.99 (sample Bh-3, 51.15 m); higher values were observed, 

particularly in the lower part of the borehole (from the 49.60–54.50 m core depth), 

signifying higher biodiversity in these samples. In general, the benthic foraminiferal 

fauna was dominated by species with calcareous test.  

Fourteen benthic foraminiferal taxa comprised >90% of the total assemblage: Ammonia 

beccarii, Ammonia tepida, Rosalina bradyi, Cibicides refulgens, Elphidium crispum, 

Elphidium complanatum, Elphidium granosum, Haynesina depressula, Neoconorbina 

terquemi, Discorbis spp., Planorbulina mediterranensis, Asterigerinata spp., Lobatula 

lobatula, and miliolids (Fig. 5-9). In particular, A. tepida was the dominant species with 

maximum relative abundance ~92% at sample Bh-3, 21.75 m. Ammonia beccarii was 

206 a significant component in the lower sandy horizons of the borehole, with a 

maximum relative abundance of 40% at sample Bh-3, 49.45 m. Two epiphytic species, 

R. bradyi and C. refulgens, were generally well represented, with maximum relative 

abundance of 35% (sample Bh-3, 34.45 m) and 28% (sample Bh-3, 36.35 m), 
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respectively. Among the Elphidium species, E. crispum (maximum relative abundance 

16%, Bh-3, 35.65 m) was the most common, followed by E. granosum (maximum 

relative abundance 18%, Bh-3, 19.85 m) and E. complanatum (maximum relative 

abundance 12%, Bh-3, 35.65 m). Other taxa such as H. depressula and N. terquemi 

were also traced, with maximum relative abundances of ~20% at sample Bh-3, 19.85 m, 

and ~15% at sample Bh-3, 52.75 m, respectively. Miliolids were present in most of the 

samples, with a maximum relative abundance of ~28% (Bh-3, 3.35 m). Lobatula 

lobatula and Discorbis spp. were also traced with maximum relative abundances of 

~20% at sample Bh-3, 10.85 m, and ~10% at sample Bh-3, 52.35 m, respectively. 

Asterigerinata spp. (mammilla and planorbis) were also represented, with a maximum 

relative abundance of ~11% (Bh-3, 10.25 m). Planorbulina mediterranensis was 

described with a maximum relative abundance of ~5% (Bh-3, 8.75 m), whereas very 

well preserved planktonic foraminifera specimens were found at ~4% maximum relative 

abundance (Bh-3, 35.65 m).  

BR-ratio ranged from 4–6 (16.50–22.40 m, 34.00–37.00 m core depth) up to 75 (sample 

Bh-3, 14.05 m). In general, gravelly layers had a higher percentage of broken species 

than clays. A-ratio tests were performed in 13 samples and ranged from very low (0.3 at 

sample Bh-3, 21.75 m) to high values (~90 at the 50.75 m core depth sample). A low A-

ratio is associated with the cluster I assemblage (mostly at the 16.50–22.40 m core 

depth), whereas higher values are associated with cluster III assemblages (50.00–52.00 

m core depth). 

Benthic foraminifera were absent (or just few broken specimens were found) in 

terrestrial sediments samples (gravel layers), whereas the rest studied samples were 

relatively rich in foraminiferal species. Fisher‘s alpha index values ranged from α=1.38 

(sample Bh-3, 4.35 m) to α=5.99 (sample Bh-3, 51.15 m); higher values were observed 

particularly in the lower part of the borehole (from 49.60 m to 54.50 m core depth).  

MS 

Magnetic susceptibility in Bh-3 sediments ranged from 1 to 207 × 10−5 (SI units) (Fig. 5-

8). Clayey and fine coarse sediments displayed lower MS signal than gravelly and 
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coarse sediments. Based on the measured signal of the sediments, in the lower part of 

the borehole (66.5–70.20 m core depth interval), the mean MS value was at 55 × 10−5 

(SI units), whereas the49.60–66.50 m core depth varied from 1 to 18 × 10−5 (SI units), 

with a mean value at 2.8 × 10−5 (SI units). From the 39.60–49.60 m core depth, the MS 

signal ranged from 41 to 108 × 10−5 (SI units), with a mean value at 59.5 × 10−5 (SI 

units), whereas from the 31.20–39.60 m core depth, the MS signal exhibited values from 

8 to 51 × 10−5 (SI units), with a mean value at 23 × 10−5 (SI units). From the 22.40-31.20 

m core depth, the MS signal ranged from 98 to 207 × 10−5 (SI units), with a mean value 

at 105 × 10−5 (SI units), whereas from the 16.50-22.40 core depth the MS signal varied 

from 4 to 50 × 10−5 (SI units), with a mean value at 28 × 10−5 (SI units). From the 11.00-

16.50 m core depth, the MS signal ranged from 70 to 176 × 10−5 (SI units), with a mean 

value at 110 × 10−5 (SI units), whereas from the 3.00-11.00 m core depth, the MS signal 

exhibited values from 3 to 61 × 10−5 (SI units), with a mean value at 23 × 10−5 (SI units). 

The MS signal in the upper 3.30 m of the borehole ranged from 123 to 156 × 10−5 (SI 

units) (mean 140 × 10−5 [SI units]). 

Calcareous Nannoplankton 

Calcareous nannoplankton specimens have been identified through SEM analysis 

within certain levels of borehole Bh-3 at Corinth Isthmus. Eight of the studied samples 

proved to be rich in relatively well preserved nannofossils (samples Bh-3, 8.75, 10.25, 

20.75, 35.65, 36.35, 51.15, 52.75, and 60.15 m), whereas the rest of the samples (Bh-3, 

19.85, 21.75, 38.85, 63.95, and 64.35 m) were barren. All samples were dominated by 

the presence of small Reticulofenestra spp. (~40%) and small Gephyrocapsa spp. 

(~30%) coccoliths, whereas Emiliania huxleyi specimens were relatively scarce (5%–8% 

of the total assemblage), but consistently present. 
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Figure 5-9. Diagram showing the relative abundances of the most significant (>3%) 

recorded benthic foraminiferal species in borehole Bh-3. 

Εηθόλα 5-9. Γηάγξακκα ησλ ζπγθεληξώζεσλ ησλ θπξηόηεξσλ ηξεκαηνθόξσλ (>3%) 

ζηελ γεώηξεζε Bh-3. 

 

5.5.4  Borehole Bh-4 

 

Lithology 

Borehole Bh-4 was not examined in detail and only a description of borehole‘s lithology 

is available (Fig. 5-10, table 6). 

 

 

Figure 5-10. Lithological description of Bh-4.                                                         

Εικόνα 5-10. Η ιηζνινγηθή πεξηγξαθή ηεο γεψηξεζεο Bh-4. 

 

 

Table 6.  Lithological description of Bh-4. Πίλαθαο 6. Η ιηζνινγηθή πεξηγξαθή ζηελ Bh-4. 
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Depth (m) Lithology 

0.00–1.80 Man-made Canal debris 

1.80–3.20 Gravels with coarse sand 

3.20–3.90 Sand 

3.90–6.70 Gravels with coarse sand 

6.70–17.50 Sand 

17.50–20.00 Clay 

20.00–26.20 Sand 

26.20–30.50 Gravels with coarse sand 

 

5.5.5  Borehole Bh-6 

 

Borehole Bh-6was not examined in detail and only a description of borehole‘s lithology 

is available (Fig. 5-11, table 7). 
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Figure 5-11. Lithological description of Bh-6.           

Εηθόλα 5-11. Η ιηζνινγηθή πεξηγξαθή ηεο γεώηξεζεο Bh-6 

 

Table 7. Lithological description of Bh-6. Πίλαθαο 7. Η ιηζνινγηθή πεξηγξαθή ζηελ Bh-6. 

Depth (m) Lithology 

0.00–2.10 Man-made Canal debris 

2.10–20.70 Fine to coarse sand. 

20.70–24.30 Clay 

24.30–25.10 Sand 

25.10–28.80 Gravels with coarse sand 

28.80–33.40 Sand 

33.40–40.60 Gravels with coarse sand 
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5.5.6  Borehole Bh-7 

 

Lithology 

Borehole Bh-7 consists of clay, clayey sands and sand, irrupted by gravely layers, 

several meters thick (Fig. 5-12, Table 8).  
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Figure 5-12. Lithological description of Bh-7, showing the extracted samples based on 

their depth from the surface, the samples examined for calcareous nannofossils and the 

measured Magnetic Susceptibility of the sediments.  

Εηθόλα 5-12. Η ιηζνινγηθή πεξηγξαθή ηεο γεώηξεζεο Bh-7, ηα δείγκαηα πνπ 

εμεηάζηεθαλ ζε ζρέζε ην βάζνο ηνπο από ηελ επηθάλεηα θαη απηά πνπ εμεηάζηεθαλ γηα 

λαλναπνιηζώκαηα θαζσο θαη ε κεηξεζείζα καγλεηηθή επηδεθηηθόηεηα ησλ ηδεκάησλ. 

 

Table 8. Lithological description of borehole Bh-7 and samples extracted from the 

borehole based on their depth from the surface. Πίλαθαο 8. Η ιηζνινγηθή πεξηγξαθή θαη 

ηα δείγκαηα πνπ αλαιύζεθαλ ζηελ Bh-7. 

Depth (m) Lithology Samples Bh-7 (depth, m) 

0.00–1.50 

Top soil and gravely terrestrial 

sediments 

– 

1.50–9.00 

Sand with low or no cohesion, 

interrupted by paleosoil layer at 

5.00–5.20 m core depth 

1.55, 2.85, 3.45, 3.95,  5.35, 

6.95, 7.35, 7.65, 8.15, 

9.00–18.00 

Sand to coarse sand 

containing few gravels 

9.25, 10.25, 10.55, 11.65, 

12.25, 12.55, 14.15,15.55, 

16.35, 17.05,17.95, 

18.00–19.00 

Clay with coral Cladocora 

caespitosa in living position. 

18.25, 18.55, 

19.00–23.00 

Sand 

 

19.05, 19.55, 19.75, 19.85, 

20.25, 20.75, 21.45, 21.95, 

22.35, 22.75, 

23.00–26.50 Gravels 23.25, 23.75, 24.35, 25.45, 
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Microfauna 

Of the total examined samples, 25 were relatively rich in foraminiferal species (~200 

specimens were counted per sample) with an FD-index ranging from ~50 to ~650 

25.85, 

26.50–33.00 

Sand with medium 

cohesion, including a few gravels. 

26.45, 26.85, 27.35, 28.55, 

29.05, 29.45, 30.65, 31.05, 

31.25, 

33.00–45.00 

Deformation zone of the 

fault. The upper part of the 

deformation 

zone lies within a layer of 

silty sand. The 

main fault plane was found at 

36.00 m, 

whereas the cataclastic zone 

continues 

from 39.00 m down to 45.00 m 

where 

the deformation zone ends. 

33.45, 34.55, 34.95, 35.95, 

36.45, 37.65, 38.75, 39.35, 

41.15, 44.65, 

45.00–57.00 

Successive undeformed 

alterations of cohesive sand 

and gravels 

46.85, 47.65, 49.15, 50.55, 

51.35, 51.75, 52.35, 53.45, 

54.25,54.75, 55.05, 55.55 
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forams/g, while benthic foraminifera were absent in 32 samples (from reddish clay to 

sand layers), and just few broken specimens were found in 11 samples, with FD-index < 

2 forams/g (gravel layers). Fisher‘s alpha index values ranged from α=0.68 (sample Bh-

7, 23.25m) to α=5.55 (sample Bh-7, 17.95 m).  

In general, the foraminiferal fauna is dominated by species with calcareous test. Twelve 

benthic foraminiferal taxa made up more than 95% of the total assemblage: Ammonia 

beccarii, Ammonia tepida, Rosalina bradyi, Cibicides refulgens, Elphidium crispum, 

Elphidium complanatum, Elphidium granosum, Haynesina depressula, Neoconorbina 

terquemi, Discorbis spp. and miliolids (Fig. 5-13). In particular, A. tepida was the 

dominant species, with average relative abundance ~27% of the foraminiferal fauna 

(more than 50% at the interval 19.00–24.00 m core depth). A. beccarii were present in 

all samples, comprising almost 6.5% of the assemblages (maximum at Bh-7, 17.95 m 

depth). The epiphytic species, R. bradyi, Discorbis spp. and C. refulgens, were 

generally well represented, with maximum relative abundance values of ~61% (sample 

Bh-7, 16.35 m), ~12% (sample Bh-7, 17.95 m) and ~19% (Bh-7, 17.95 m) respectively. 

Among the Elphidium taxa, E. crispum (maximum abundance ~30%, Bh-7, 26.85) was 

the most common species, followed by E. granosum (~30%, Bh-7, 19,75) and E. 

complanatum (~10% Dh-7, 26.85). H. depressula was also well represented with an 

average abundance 7% (mostly at the interval 19.00–24.00 m core depth). N. terquemi 

was represented (with a maximum abundance ~8% Bh-7, 2.85).  Miliolids were present 

in all samples comprising almost 15 % of the assemblages (maximum relative 

abundance ~40% Bh-7, 20,75). Other taxa such as Aubignina perlucida, Asterigerinata 

spp., Bolivina spp., Planorbulina spp. and Textularia spp. were traced but were 

relatively scarce. Furthermore, ostracod specimens have been recorded at the interval 

49.00–56.00 m core depth. 

BR-ratio ranges from 4–10 (at the interval 14.00–24.00 m core depth), up to 75 (Bh-7, 

8.15 m depth). In general, gravely layers have a higher percentage of broken species 

than clays. A-ratio ranges from very low values (~5 at sample Bh-7, 22.35 m) to high 

values (~57 at sample Bh-7, 17.55 m).  
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MS 

Magnetic Susceptibility in Bh-7 sediments ranged from 2 to 245 ×10-5 (SI units) (Fig. 5-

12). The lower part of the borehole from 49.00 to 56.00 m core depth MS values ranged 

from 5 to 101 ×10-5 (SI units) (average value 37 ×10-5 (SI units). From 49.00 to 45.00 m 

core depth MS values ranged from 46 to 76 ×10-5 (SI units) (average value 60 ×10-5 (SI 

units), while at the deformation zone of the fault9 the MS values ranged from 2 to 195 

×10-5 (SI units) (average value 55 ×10-5 (SI units).  The interval 24.00–33.00 m core 

depth was characterized by relatively higher MS values ranging from 50 to 150 ×10-5 (SI 

units) (average value 83 ×10-5 (SI units), interrupted by a thin layer at 26.00–27.00 m 

core depth with lower values (~25 ×10-5 (SI units)). The MS values at the interval 24.00–

14.00 m core depth ranged from 2 to 180 ×10-5 (SI units) with an average value at 55 

×10-5 (SI units). The MS values at the interval 14.00–5.50 m core depth ranged from 35 

to 200 ×10-5 (SI units) with an average value at 75 ×10-5 (SI units). Finally, the interval 

1.50–5.50 m core depth was characterized by relatively low MS values (from 2 to 45 

×10-5 (SI units)) and the top 1.50 m of the borehole sequence by higher MS values 

(~245 ×10-5 (SI units)). 

Calcareous Nannoplankton 

Calcareous nannoplankton specimens have been identified through SEM analysis in 

certain levels of borehole Bh-7. Four samples were examined where two of them proved 

to be rich in relatively well-preserved nannofossils (samples Bh-7 22.35 and 26.85 m 

were rich in nannofossils, while samples Bh-7 21.45 and 54.75 m core depth were 

barren). All samples, were dominated by the presence of small Reticulofenestra spp. 

(~50%) and small Gephyrocapsa spp. (~30%) coccoliths, while Emiliania huxleyi 

specimens were relatively scarce (~5–10% of the total assemblage), but consistently 

present (Fig. 5-12).    

 

                                            

9 33.00–45.00 m core depth 
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5.5.7  Borehole G-1 

 

Lithology 

Borehole G-1 consists mainly of gravels and gravely sand (Fig. 5-14, table 9).  

 

 

Figure 5-14. Lithological description of G-1, showing the extracted samples based on 

their depth from the surface and the measured Magnetic Susceptibility of the sediments. 

Εηθόλα 5-14. Η ιηζνινγηθή πεξηγξαθή ηεο γεώηξεζεο G-1, ηα δείγκαηα πνπ εμεηάζηεθαλ 

ζε ζρέζε ην βάζνο ηνπο από ηελ επηθάλεηα θαη ε κεηξεζείζα καγλεηηθή επηδεθηηθόηεηα 

ησλ ηδεκάησλ 

 

Table 9. Lithological description of borehole G-1 and samples extracted from the 

borehole based on their depth from the surface. Πίλαθαο 9. Η ιηζνινγηθή πεξηγξαθή θαη 

ηα δείγκαηα πνπ αλαιύζεθαλ ζηελ G-1. 
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Depth (m) Lithology Samples G-1 (depth, m) 

0.00–1.30 Sand with few gravels – 

1.30–8.00 Coarse sand with gravels 
3.45, 4.55, 5.05, 6.55, 

7.75, 7.95 

8.00–12.00 Gravels 
8.55, 9.05, 10.25, 10.95, 

11.45, 11.75 

12.00–14.50 Coarse sand with gravels 12.85, 13.65, 14.25 

14.50–20.00 Gravels 
14.65, 15.65, 16.95, 

18.05, 19.75 

 

Microfauna - MS 

In borehole G-1 no or few broken and weathered foraminifera have been found. The 

highest values of magnetic susceptibility have been measured in G-1, compared with 

the measured signal from the other examined boreholes, ranging from 75 to 582×10-5 

(SI units) (Fig. 5-14).  

 

5.5.8  Borehole GA-2 

 

Lithology 

Borehole GA-2 consists mainly of clay and clayey sand. Few gravels are described at 

the upper part of the borehole (Fig. 5-15, table 10). 
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Figure 5-15. Lithological description of GA-2, showing the extracted samples based on 

their depth from the surface, the samples examined for calcareous nannofossils and the 

measured Magnetic Susceptibility of the sediments.                                                         

Εηθόλα 5-15. Η ιηζνινγηθή πεξηγξαθή ηεο γεώηξεζεο GA-2, ηα δείγκαηα πνπ 

εμεηάζηεθαλ ζε ζρέζε ην βάζνο ηνπο από ηελ επηθάλεηα θαη απηά πνπ εμεηάζηεθαλ γηα 

λαλναπνιηζώκαηα θαζσο θαη ε κεηξεζείζα καγλεηηθή επηδεθηηθόηεηα ησλ ηδεκάησλ. 

 

Table 10. Lithological description of borehole GA-2 and samples extracted from the 

borehole based on their depth from the surface. Πίλαθαο 10. Η ιηζνινγηθή πεξηγξαθή 

θαη ηα δείγκαηα πνπ αλαιύζεθαλ ζηελ GA-2. 

Depth (m) Lithology Samples GA-2 (depth, m) 

0.00–3.80 Coarse sand with few gravels – 

3.80–5.30 
Brown–beige fine sand 

formation 
5.05 

5.30–7.30 Fine sand with a few gravels 5.45, 6.35 
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7.30–9.90 Clay 
7.55, 8.25, 8.85, 9.05, 

9.35 

9.90–10.30 Sandstone - 

10.30–11.45 Clay 11.15 

11.45–12.30 Sandstone - 

12.30–13.80 Clay 12.35, 12.95, 13.55 

13.80–14.00 Sandstone - 

 

Microfauna 

Of the total examined samples, 11 were relatively rich in foraminiferal species (~200 

specimens were counted per sample) with an FD-index ranging from ~30 to ~200 

forams/g, while benthic foraminifera were absent in one sample (Fig. 5-16). In general, 

the foraminiferal fauna is dominated by species with calcareous specimens. Fisher‘s 

alpha index values ranged from α=2.32 (sample GA-2, 2.55 m) to α=5.69 (sample GA-2, 

12.95 m). Eleven foraminiferal taxa made up approximately 90% of the total 

assemblage: Elphidium crispum, Elphidium complanatum, Elphidium granosum, 

Ammonia beccarii, Ammonia tepida, Aubignina perlucida, Rosalina bradyi, Cibicides 

refulgens, Haynesina depressula, Asterigerinata mammilla and planorbis and miliolids. 

In particular, A. tepida was the dominant species with average abundance ~ 26% 

comprising more than 56% at 2.50–6.50 m core depth. Ammonia beccarii was a 

significant component mostly in the lower sandy horizons of the borehole with average 

abundance ~5% (maximum relative abundance 22% at 12.00–13.00 m core depth). 

Epiphytic species, R. bradyi and C. refulgens were generally well represented with 

average relative abundance 11% and 15% respectively and maximum relative 

abundance 20% and 26% respectively (at 12.00–13.00 m core depth). Asterigerinata 

spp. was also represented with at an average abundance~ 4% and maximum relative 

abundance 16% at GA-2, 7.45 m. Among the Elphidium taxa, E. granosum (average 
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abundance ~15% and maximum relative abundance 24% at GA-2, 7.45 m depth) was 

the most common species, followed by E. crispum (3% and maximum relative 

abundance ~7% at 12.35 m) and E. complanatum (2% and maximum relative 

abundance ~5% at 12.35 m). Other taxa such as H. depressula (~5%) and A. perlucida 

(~2.3%) also occurred, with maximum relative abundance 13% and ~4% at sample GA-

2, 6.35 m. Miliolids were present with maximum relative abundance values of 7% at 

sample GA-2, 12.95 m. Other species had a circumstantial appearance (e.g. Textularia 

spp. (5% at sample GA-2, 7.45 m), Nonnion spp. (3% at sample GA-2, 7.45 m), 

Planorbulina mediterranensis (3% at sample GA-2, 8.35 m). 

BR-ratio was relatively low ranging from 3–9. A-ratio ranges from low values (1–55 at 

the interval 2.50–6.40 m core depth) to higher values (5–25 at the interval 6.40–13.00 m 

core depth).  

MS 

Borehole GA-2, had relatively low MS values ranging from 1 to 68 ×10-5 (SI units) 

(average value ~13 ×10-5 (SI units), except from the surface sediments with average 

MS value at 288×10-5 (SI units) (Fig. 5-15). 

Calcareous Nannoplankton 

Calcareous nannoplankton specimens have been identified through SEM analysis in 

one sample examined in borehole GA-2 rich in relatively well-preserved nannofossils 

(sample GA-2 12.95 m depth).Sample was dominated by the presence of small 

Reticulofenestra spp. (~52%) and small Gephyrocapsa spp. (~41%) coccoliths, while 

Emiliania huxleyi specimens were relatively scarce (~8% of the total assemblage), but 

consistently present.    
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5.5.9   Borehole GA-3 

 

Lithology 

Borehole GA-3 consists mainly of gravels while the upper 5.20 m of the core were 

described as re-deposited excavated canal debris (Fig. 5-17, table 11). 

 

 

Figure 5-17. Lithological description of GA-3, showing the extracted samples based on 

their depth from the surface and the measured Magnetic Susceptibility of the sediments. 

Εηθόλα 5-17. Η ιηζνινγηθή πεξηγξαθή ηεο γεώηξεζεο GA-3, ηα δείγκαηα πνπ 

εμεηάζηεθαλ ζε ζρέζε ην βάζνο ηνπο από ηελ επηθάλεηα θαη ε κεηξεζείζα καγλεηηθή 

επηδεθηηθόηεηα ησλ ηδεκάησλ 

 

 

Table 11. Lithological description of borehole GA-3 and samples extracted from the 

borehole based on their depth from the surface. Πίλαθαο 11. Η ιηζνινγηθή πεξηγξαθή 

θαη ηα δείγκαηα πνπ αλαιύζεθαλ ζηελ GA-3. 
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Depth (m) Lithology Samples GA-3 (depth, m) 

0.00–5.20 Man-made Canal debris – 

5.20–15.20 Gravels 
5.25, 6.75, 9.65, 11.65, 

12.65, 13.45, 15.05 

 

Microfauna & MS 

Generally, in GA-3 few or no foraminifera were found mostly miliolids, Cibicides spp., 

Rosalina spp. and Elphidium spp. 

 

MS 

In Borehole GA-3, relatively high values of magnetic susceptibility were measured, 

ranging from 75 to 262 ×10-5 (SI units) with average MS value at 198 ×10-5 (SI units) 

(Fig. 5-17).  

 

5.5.10  Borehole GA-4 

 

Lithology 

Borehole GA-4 consists of alternations of clays, sands gravels while the upper 8.80 m of 

the core were described as re-deposited excavated canal debris (Fig. 5-18, table 12). 
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Figure 5-18. Lithological description of GA-4, showing the extracted samples based on 

their depth from the surface, the samples examined for calcareous nannofossils and the 

measured Magnetic Susceptibility of the sediments.                                                

Εηθόλα 5-18. Η ιηζνινγηθή πεξηγξαθή ηεο γεώηξεζεο GA-4, ηα δείγκαηα πνπ 

εμεηάζηεθαλ ζε ζρέζε ην βάζνο ηνπο από ηελ επηθάλεηα θαη απηά πνπ εμεηάζηεθαλ γηα 

λαλναπνιηζώκαηα θαζσο θαη ε κεηξεζείζα καγλεηηθή επηδεθηηθόηεηα ησλ ηδεκάησλ 

 

 

 

Table 12. Lithological description of borehole GA-4 and samples extracted from the 

borehole based on their depth from the surface. Πίλαθαο 12. Η ιηζνινγηθή πεξηγξαθή 

θαη ηα δείγκαηα πνπ αλαιύζεθαλ ζηελ GA-4. 
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Depth (m) Lithology Samples GA-4 (depth, m) 

0.00–8.50 Man-made Canal debris – 

8.50–16.50 
Reddish sand fine sand to 

clay 

8.85, 10.95, 11.65, 12.25, 

13.95, 15.25, 15.55 

16.50–18.40 Gravels 
16.65, 17.95, 18.15, 

18.35 

18.40–25.10 Coarse sand 

19.25, 19.35, 20.75, 

21.05, 22.05, 22.25, 

23.05, 23.95, 24.85, 

25.15 

25.10–31.20 Clay 

25.55, 25.85, 26.65, 

27.35, 29.45, 30.15, 

31.05, 

31.20–34.20 Sand 
32.25, 32.95, 33.45, 

33.85 

34.20–45.50 
Alternations of clay with sand 

and gravels 

34.25, 34.75, 35.75, 

37.45, 38.35, 38.45, 

38.80, 38.85, 39.05, 

39.65, 39.95, 41.45, 

42.35, 43.45, 43.95, 

44.95, 45.05 
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Microfauna 

Of the total examined samples, 17 were relatively rich in foraminiferal species (~200 

specimens were counted per sample) with an FD-index ranging from ~40 to ~680 

forams/g, while benthic foraminifera were absent in 17 samples (from reddish clay to 

sand layers), and just few broken specimens were found in 15 samples, with FD-index < 

2 forams/g (gravel layers) (Fig. 5-19). Fisher‘s alpha index values ranged from α=2.99 

(sample GA-4, 37.45 m) to α=6.00 (sample GA-4, 39.05 m).  

In general, the foraminiferal fauna is dominated by species with calcareous specimens. 

Thirteen benthic foraminiferal taxa made up more than 95% of the total assemblage: 

Ammonia beccarii, Ammonia tepida, Rosalina bradyi, Cibicides refulgens, Elphidium 

crispum, Elphidium complanatum, Elphidium granosum, Haynesina depressula, 

Neoconorbina terquemi, Asterigerinata mammilla and planorbis, Discorbis spp. and 

miliolids (Fig. 5-19). In particular, miliolids were the dominant species present in all 

samples comprising almost 15% of the assemblages(maximum ~54% at sample GA-4, 

25.15 m).A. tepida was, comprising more than 12% of the foraminiferal fauna (maximum 

~49% at sample GA-4, 37.45 m). A. beccarii was present in all samples comprising 

almost 13% of the assemblages (maximum ~29% at sampleGA-4, 41.45 m). The 

epiphytic species, R. bradyi (~12%) and C. refulgens (~14%) were generally well 

represented, with maximum relative values at 30% (sample GA-4, 30.15 m) and ~27% 

(sample GA-4, 27.35 m) respectively. Discorbis spp. was represented mostly at the 

interval 26.00–31.0 m core depth (maximum ~8%) with average values ~3%. Among 

the Elphidium taxa, E. granosum (average abundance ~11% and maximum ~40% at 

sample 39.95 m) was the most common species, followed by E. Crispum (average 

abundance ~4% and maximum ~14% at sample 30.15 m) and E. complanatum 

(average abundance ~3% and maximum ~9% at sample 34.75 m). H. depressula was 

also well represented with an average abundance 3.3%. Lobatula lobatula and 

Asterigerinata mammilla and planorbis were also represented with average values 

approximately ~1% and 1.5% respectively. Other species had a circumstantial 

appearance (e.g. Textularia spp. (4.7% sample GA-4, 43.95 m), Conurbella spp. (3% 

sample GA-4, 43.95 m). 
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BR-ratio ranges from 5–10 at the intervals 27.00–31.00 m core depth, up to 40 (sample 

GA–4, 22.25 m). In general, gravely layers have a higher percentage of broken species 

than clays. A-ratio ranges from very low values (~5 at the interval 39.00–44.00 m core 

depth) to higher values (~ 50 at the interval 25.00–31.00 m core depth).  

MS 

Magnetic Susceptibility in GA-4 sequence ranged from 1 to 442 ×10-5 (SI units) (Fig. 5-

18). At the interval 39.00 m to 45.50 m core depth, MS values ranged from 1 to 27 ×10-5 

(SI units) (average value ~6 ×10-5 (SI units)). In the interval 38.40–39.00 m core depth 

MS values ranged from 126 to 442 ×10-5 (SI units) (average value 276 ×10-5 (SI units). 

The interval 33.30 m –38.40 m core depth was characterized by relatively low MS 

values ranging from 4 to 50 ×10-5 (SI units) (average value ~25 ×10-5 (SI units), while 

the MS values at the interval 33.30–30.00 m core depth ranged from 70 to 343 ×10-5 (SI 

units) with an average value at 19 ×10-5 (SI units). The MS values at the interval 30.00–

25.10 m core depth ranged from 1 to 76 ×10-5 (SI units) with an average value at 13 

×10-5 (SI units). Finally, the MS values at the interval 8.50 m –25.10 m core depth 

ranged from 16 to 310 ×10-5 (SI units) with an average value at 111×10-5 (SI units). 

Man-made debris from the excavation of the Corinth Canal comprising the upper 8.50 m 

of the borehole have not been examined. . 

Calcareous Nannoplankton 

Calcareous nannoplankton specimens have been identified through SEM analysis in 

certain levels of borehole GA-4. Four samples were examined where two of them 

proved to be rich in relatively well-preserved nannofossils (samples GA-4 31.05 and 

GA-4 41.45 m depth were rich in nannofossils, while samples GA-4 22.25 and GA-4 

35.75 m depth were barren. All samples, were dominated by the presence of small 

Reticulofenestra spp. (~48%) and small Gephyrocapsa spp. (~43%) coccoliths, while 

Emiliania huxleyi specimens were relatively scarce (~4–8% of the total assemblage), 

but consistently present. 
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5.5.11  Borehole GA-5 

 

Lithology 

Borehole GA-5 consists mostly of sands and gravels and to a lesser degree of clays 

(Fig. 5-20, table 13). 

 

Figure 5-20. Lithological description of GA-5, showing the extracted samples based on 

their depth from the surface, the samples examined for calcareous nannofossils and the 

measured Magnetic Susceptibility of the sediments.                                                

Εηθόλα 5-20. Η ιηζνινγηθή πεξηγξαθή ηεο γεώηξεζεο GA-5, ηα δείγκαηα πνπ 

εμεηάζηεθαλ ζε ζρέζε ην βάζνο ηνπο από ηελ επηθάλεηα θαη απηά πνπ εμεηάζηεθαλ γηα 

λαλναπνιηζώκαηα θαζσο θαη ε κεηξεζείζα καγλεηηθή επηδεθηηθόηεηα ησλ ηδεκάησλ 

.  

Table 13. Lithological description of borehole GA-5 and samples extracted from the 

borehole based on their depth from the surface. Πίλαθαο 13. Η ιηζνινγηθή πεξηγξαθή 

θαη ηα δείγκαηα πνπ αλαιύζεθαλ ζηελ GA-5. 
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Depth (m) Lithology Samples GA-5 (depth, m) 

0.00–2.70 
Top soil and gravely 

terrestrial formation 
– 

2.70–3.20 Sand 2.85 

3.20–6.80 Gravels and sand 3.55, 5.65, 6.05 

6.80–8.70 Sand 7.05, 8.65 

8.70 –11.70 Sand 9.35, 10.25, 11.25, 11.65, 

11.70–13.80 Gravels and sand 11.75, 12.65, 13.35 

13.80–20.80 Sand 

14.35, 15.15, 16.35, 

17.05, 18.75, 19.35, 

20.75 

20.80–25.30 Gravels and sand 20.95, 22.15, 23.25 

25.30–26.60 Sand 25.35, 26.05 

26.60–29.30 Clay 
26.95, 27.75, 28.25, 

28.75 

29.30–30.00 Gravels and sand 29.95 

 

Microfauna 

Of the total examined samples, 18 were relatively rich in foraminiferal species (~200 

specimens were counted per sample) with an FD-index ranging from ~30 to ~720 

forams/g, while benthic foraminifera were absent in 7 samples (from reddish clay to 

sand layers), and just few broken specimens were found in 5 samples, with FD-index < 

2 forams/g. Fisher‘s alpha index values ranged from α=1.5 (sample GA-5, 28.25 m) to 

α=5.04 (sample GA-5, 11.25 m depth). 
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In general, the foraminiferal fauna is dominated by species with calcareous specimens. 

Thirteen foraminiferal taxa made up more than 80% of the total assemblage: Ammonia 

beccarii, Ammonia tepida, Rosalina bradyi, Cibicides refulgens, Elphidium crispum, 

Elphidium complanatum, Elphidium granosum, Haynesina depressula, Aubignina 

perlucida, Asterigerinata spp., Bolivina spp., Discorbis spp. and miliolids (Fig. 5-21). In 

particular, A. tepida was the dominant species (average abundance ~16%), constituting 

in some cases more than 65% of the foraminiferal fauna (sample GA-5, 28.25 m). 

Ammonia beccarii was a significant component of the foraminiferal fauna (~9%) with 

maximum relative abundance 31% at sample GA-5, 9.35 m. The epiphytic species, 

R.bradyi (~15%), Discorbis spp. (~7%)and C. refulgens (~10%), were generally well 

represented, with maximum relative abundance values 34% at GA-5 18.75 m depth, 

14% at GA-5 11.75 m and 14 at GA-5 11.25 m depth respectively. Among the Elphidium 

taxa, E. granosum (average abundance ~15%) was the most common species, followed 

by E. crispum (3.5%) and E. complanatum (~1%) (maximum ~30% at sample GA-5, 

17.85 m, ~11% at sample GA-5, 20.75 m and ~8% at sample GA-5, 27.75 m 

respectively. Other taxa such as H. depressula and Asterigerinata spp. also occurred, 

with average abundances 5% and ~5.2% respectively (maximum at samples GA-5, 

28.25 m and 17.05 m respectively). Bolivina spp. was also represented with maximum 

relative abundance value at 10% (sample GA-5, 14.25 m). Miliolids were present in all 

samples comprising almost 10% of the assemblages (maximum ~27% at sample GA-5, 

2.85 m. Other species had a circumstantial appearance (e.g. Hyalinea baltica (3.1% 

sample GA-5, 3.55 m), Conurbella spp. (3,5% sample GA-5, 20.75 m). 

BR-ratio ranges from 3–7 (2.00–4.00 m, 7.00–10.00 m core depth), to 45 (17.00–20.00 

m core depth). In general, gravely layers have a higher percentage of broken species 

than clays, which is expected since gravely layers require higher energy. A-ratio ranges 

from very low values (2.5 at sample GA-5, 8.65 m) to higher values (28 at sample GA-5, 

17.85 m). 

MS 

Magnetic Susceptibility in GA-5sequence ranged from 3 to 430 ×10-5 (SI units) (Fig. 5-

20). At the interval 29.30–30.00 m core depth MS values ranged from 395 to 430 ×10-5 
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(SI units) (average value 412 ×10-5 (SI units). At the interval 26.60–29.30 m core depth 

MS values ranged from 3 to 20 ×10-5 (SI units))(average value 10 ×10-5 (SI units), while 

at the interval 25.30–26.60 m core depth from 20 to 60 ×10-5 (SI units) (average value 

30 ×10-5 (SI units). The MS values at the interval 20.80–25.30 m core depth ranged 

from 90 to 323 ×10-5 (SI units) with an average value at 215 ×10-5 (SI units). The MS 

values at the interval 13.80–20.80 m core depth ranged from 3 to 22 ×10-5 (SI units) 

with an average value at 9 ×10-5 (SI units). The MS values at the interval 8.70–13.80 m 

depth ranged from 25 to 424 ×10-5 (SI units) with an average value at 105 ×10-5 (SI 

units).MS values at the interval 6.80–8.70 m depth ranged from 13 to 78 ×10-5 (SI units), 

with an average value at 37 ×10-5 (SI units). At the upper part of the borehole sequence 

MS values ranged from 20 to 208 ×10-5 (SI units), with an average value at 126 ×10-5 

(SI units). 

Calcareous Nannoplankton 

Calcareous nannoplankton specimens have been identified through SEM analysis in 

certain levels of borehole GA-5. Four samples were examined where two of them 

proved to be rich in relatively well-preserved nannofossils (samples GA-519.35 and 

27.75 m depth were rich in nannofossils, while samples GA-514.35 and 28.25 m depth 

were barren. All samples, were dominated by the presence of small Reticulofenestra 

spp. (~49%) and small Gephyrocapsa spp. (~41%) coccoliths, while Emiliania huxleyi 

specimens were relatively scarce (~5–10% of the total assemblage), but consistently 

present.  
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6 Fieldwork mapping 

 

6.1  Introduction 

The area which has been described and mapped in detailed is located at the Corinth 

Canal and lays between two major opposite dipping active normal faults (the Loutraki 

and the Kenchreai faults) that form a graben. It is mostly focused at the footwall and 

hangingwall of the Kalamaki–Isthmia fault. The excavated Corinth Canal offers a unique 

opportunity as ―Mega-trench‖ to identify the sedimentary facies of the area.  On the 

basis of a detailed field survey at 1:5.000 scale different lithologies ranging from coarse 

gravels containing Ophiolite cherts, coarse to fine sand, sandstones and clays, indicate 

a complicated lithological and consequently paleoenvironmental pattern that has been 

confirmed also by the detailed micropaleontological analysis.  

 

6.2  Fieldwork mapping 

 

For the detailed mapping of the area the first step was the identification of sedimentary 

facies, tectonic structures and specific points of interest (e.g. the locations where Collier 

et al. (1992), took corals samples for absolute dating), In doing so, a consistency 

between the previous studies and this one has been preserved. This area has also 

been stratigraphically described before (e.g. Freyberg, 1973; Bornovas et al., 1972, 

1984; Gaitanakis et al., 1985 Collier and Dart, 1991). For instance, Collier and Dart has 

meticulously described the sedimentary facies northern than the Kalamaki-Isthmus fault, 

identifying a range of lithologies (from coarse to fine sediments), corresponding to 

different paleoenvironments. Unfortunately, the exact outcrops where Collier et al. 

(1992) dated corals ~ 205 ka old10 have not been found since human activity has 

significant changed the landscape the last 30 years.  

                                            

10 These were the corals which have been used to estimate the ~ 0.30 mm/yr uplift rate at the 

area. 
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Since these sediments have been identified and described, samples have been 

extracted (99 in total) from every sedimentary formation. Each sample was marked 

through a handheld GPS, to secure the exact location and altitude of the formation and 

the extracted sample. Through these GPS points the detailed geological map has been 

compiled. All samples have been extracted from undisturbed and in situ outcrops. 

Furthermore the external and weathered outcrop has been removed before extracting 

the sample to secure the quality and the reliability of the sample. Apart from surface 

samples, tectonic measurements (32 measurements) have been extracted as well. 

Furthermore in two cases striations on the fault plane have also been extracted. Finally, 

111 measurements of the strata inclination have been extracted from surface outcrops. 

In general, the described lithologies can be grouped into two categories. The lower part, 

includes the magmatic rocks, the marl sediments and the siltstone/gravels alternations 

above them. The upper part consists of alternations of marls, sands and gravels, similar 

to the described lithologies within the boreholes, and the recent alluvial sediments. 

Igneous rocks 

Collier and Dart (1991) mention the presence of andesites at Kalamaki- Isthmia fault. By 

a hornblende concentrate extract igneous rocks were dated since Lower Pliocene (~2.7 

to 4 Ma) (e.g. Fytikas et al., 1984; Collier and Dart, 1991). 
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Figure 6-1. a) Poorly sorted gravels with brown sand as matrix reflecting,  possible 

fluvial conditions, above sandstone beds with cross bedded ripples reflecting a tidal 

intertidal conditions (Fine to coarse sand sediments), b) Packages of gravely sands with 

mudstones at the central part of the fault's footwall. With yellow colour is highlighted the 

surface between the mudstone-sand while with black colour the sand ripples, indicating 

paleo-deltaic conditions. (Planar cross-bedded mudstone / gravely sands sediments), c) 

Trough scours trend with cross-stratification layers of sand/clay indicating tidal/intertidal 

conditions (Fine to coarse sand sediments), d) Erosional surface between the gravely 

sands and the white marl defining unconformity (Marl sediments), e) Cross stratification 

in sandstone and mudstone indicating tidal intertidal conditions. The opposite direction 

of the stratification indicates different paleoflow direction (black lines) (Fine to coarse 

sand sediments), f) the location at the study area where the photos have been 

extracted.                                                                                                                      

Εηθόλα 6-1. α) Με ηαμηλνκεκέλα ρνλδξόθνθθα  πιηθά κε ιεπηόθνθθε άκκν σο ζπλδεηηθό 

πιηθό (πηζαλέο πνηάκηεο απνζέζεηο), πάλσ από ςακκίηε πνπ ππνδεηθλύνπλ 

παιηξξνηαθέο ζπλζήθεο (Fine to coarse sand sediments), (β) Δλαιιαγέο ιεπηόθνθθνπ κε 

ρνλδξόθνθθνπ πιηθνύ ππνδεηθλύνληαο παιαηό-δειηατθέο ζπλζήθεο (Planar cross-bedded 

mudstone / gravely sands sediments), γ) Δλαιιαγέο άκκνπ / αξγίινπ πνπ δείρλνπλ 

παιηξξνηαθέο ζπλζήθεο. Η δηαθνξεηηθή θαηεύζπλζε ηεο δηαζηξσκάησζε ππνδεηθλύεη 

δηαθνξεηηθή θαηεύζπλζε ηεο ξνήο. (Fine to coarse sand sediments), δ) Δπηθάλεηα 

αζπλέρεηαο κεηαμύ ηεο ακκώδνπο άκκνπ θαη αξγίινπ(Marl sediments), ε) 

Γηαζηξσκάησζε ζε ςακκίηε θαη άξγηιν πνπ δείρλεη παιηξξνηαθέο ζπλζήθεο (Fine to 

coarse sand sediments), ζη) Οη ζέζεηο ησλ θσηνγξαθηώλ ζην ράξηε. 

 

Marl sediments 

The activity of the fault has revealed a white partially laminated marl formation towards 

the center of the fault in the immediate footwall where the maximum uplift is observed. 

These sediments are tilled towards NNW, while their inclination ranges from 30o–

40o/~300o (the lowermost layers), to ~10–20o/~300o (the uppermost layers). (Fig. 6-5). 

These formations corresponded to low energy, freshwater-dominated 
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paleoenvironments. Furthermore, the microfauna in the examined samples indicate 

brackish-oligohaline conditions partially influenced by marine waters (lagoonal).  

Planar cross-bedded mudstone / gravely sands sediments 

The northern part of the study area is characterized by alternations of thin layers of 

mudstones (5–10 cm thick) followed by 1-6 m thick cross- bedded layers of coarse sand 

and pebbles (Fig. 6-1b), above the marl sediments described before. Inclination of these 

packages vary from 20o–30o/~300o (the lowermost layers), to 5o–10o/~300o (the 

uppermost layers), while cross-bedded sands dip at~50o towards NE (~050o to 075o).  

Planar cross-stratification is seen across a scale range of 1-6 m, indicating paleo-flow 

from west to the east. Towards the center of the fault the uplifting and the erosional 

processes have revealed more than 70 m of successive alternations which overlie 

through erosional surface several meters of partially laminated (from few mm to several 

cm thick) marl layers. The described cross-bedding formation is most commonly 

encountered in river channels, deltas, estuaries and shallow marine environments 

where there are relatively strong, sustained flows (e.g. Nichols, 1999). Samples 

examined for their micropaleontological content indicated a high energy 

paleoenvironment, possible river-dominated deltaic facies.  

Fine to coarse sand sediments 

Towards the central and southern part of the Kalamaki-Isthmia fault area, mostly 

laminated fine grained sands to cross-stratified sandstones were identified (Figs 6-2a, c, 

e, 6-5). Trough scours and cross-stratified lenses or beds of gravels and sandy gravels 

locally interpose between the sands and marls, which may reflect unidirectional current 

activity as tidal/intertidal conditions and wave‘s activity (e.g. Collier and Thompson, 

1991). Layers are generally tilted ~5o  to ~100 towards NNW.  

Recent alluvial sediments 

The eastern part of the Kalamaki-Isthmia fault is covered by recent alluvial-fluvial 

sediments transferred by the drainage system, covering most of the fault‘s hangingwall 

(Figs 6-5 to 6-7).  
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6.3  Corinth Canal 

 

The walls of the Corinth Canal, offers a unique opportunity to describe the sedimentary 

facies and the syn-sedimentary faults that have deformed them (Figs. 6-2, 6-3). After 

the identification of the sedimentary facies, the tectonic structures and several points of 

interest11 in the Canal, samples have been extracted to verify the already described 

facies (e.g. Collier, 1990; Gawthorpe et al., 1994; McMurray & Gawthorpe, 2000). 

These results are also included in the detailed geological map (Figs 6-5 to 6-7).  

 

 

Figure 6-2. Photomosaic of the easternmost tip of the Corinth Canal, showing the 

Kalamaki-Isthmia fault, the location where borehole Bh-3 was drilled and the sediments 

structure.                                                                                                                                    

Εηθόλα 6-2. Φσηνκσζατθό ηνπ αλαηνιηθνύ ηκήκαηνο ηεο δηώξπγαο ηεο Κνξίλζνπ, πνπ 

δηαθξίλεηαη ην ξήγκα Καιακάθη-Ίζζκηα, ε ζέζε όπνπ έγηλε ε γεώηξεζε Bh-3 θαη ηα 

επηθαλεηαθά ηδήκαηα πνπ δηαηεξνύληαη ζηε δηώξπγα 

                                            
11

 E.g. the palaeocliff described by Gawthorpe et al. (1994) and Murray & Gawthorpe (2000) 
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Figure 6-3. A) Deformed sediments from faults intersecting the northern part of the Canal. B) 

Paleosoil horizon indicating subaerial exposure, visible from the Canal. C) The palaeocliff described 

by Gawthorpe et al. (1994) and Murray & Gawthorpe (2000) at the southern part of the Canal. A 

minor fault has displaced (~10 m) the coarse (dark brown) shoreface sequence. D) Paleosoil horizon 

exposed from the Canal. The Kalamaki-Isthmia fault is highlighted as well as the location where 

borehole Bh-2 was drilled.  

Εηθόλα 6-3. Α) Μεηαηνπηζκέλα ζηξώκαηα από ξήγκαηα πνπ ηέκλνπλ ην βόξεην ηκήκα ηνπ Καλαιηνύ. 

Β) Παιαηνεδάθε πνπ θαίλνληαη ζηελ δηαηνκή ηνπ Καλαιηνύ. Γ) Ο παιαηό-θξεκλόο πνπ πεξηγξάθεηαη 

από ηνπο Gawthorpe et al. (1994) θαη Murray & Gawthorpe (2000) ζην λόηην ηκήκα ηνπ Καλαιηνύ, 

νπνύ έλα ξήγκα έρεη κεηαηνπίζεη (~ 10 m) ηα ηδήκαηα. D) Παιαηνέδαθνο πνπ δηαθξίλεηαη ζηελ δηαηνκή 

ηνπ Καλαιηνύ. Γηαθξίλεηαη ην ξήγκα Καιακάθη-Ίζζκηα θαζώο θαη ε ζέζε όπνπ έγηλε ε γεώηξεζε Bh-2.   
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6.4  Kalamaki-Isthmia fault 

 

Detailed mapping 1:5.000 of the Corinth Isthmus area revealed a fault system of 

parallel/subparallel fault segments, striking at ~ 060o – 110o and ~ 55o – 70o dipping 

towards SSE. The main fault trace strikes at 075o and dips~65o towards SSE. The fault 

plane was also traced 300 m southwards the Canal, striking at ~070o also dips towards 

SSE (Papanikolaou et al., 2015).  

The main fault trace has also been described in borehole Bh-7 at the interval from 33.00 

m to 45.00 m core depth. Based on the distance between borehole Bh-7 and the fault 

trace an approximately 60o dip is estimated. Secondary parallel structures are also 

described towards NW of the main fault plane that are synthetic to the main fault trace. 

Based on their characteristics these segments comprise a fault zone, the Kalamaki-

Isthmia fault zone, indicating that the fault activity has progressively migrated eastwards 

towards the main Kalamaki-Isthmia fault trace (Papanikolaou et al., 2015). 

Unfortunately, human infrastructures have heavily disturbed the natural terrain and it 

was not possible to identify a clear fault plane of the main Kalamaki-Isthmia fault trace 

near its center (national highway, railway and houses). Instead of this, several fault 

segments parallel or subparallel to the main structure were traced, either in the Corinth 

Canal or at the uplifted sediments of the Kalamaki-Isthmia footwall (Fig. 6-4).   
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Figure 6-4. a-d) Photos of fault planes identified through detailed mapping, while in 

figure (a) striations measured on the fault plane plunge at 75° towards the SE. e) 

Stereographic projections of the measured fault planes and tectonic fractures with a 

mean ~130o/65o (green curve). f) The location at the study area where the images were 

extracted.                                                                                                                     

Εηθόλα 6-4. Φσηνγξαθίεο ηνπ ξήγκαηνο Καιακαθίνπ-Ίζζκησλ κέζσ ιεπηνκεξνύο 

ραξηνγξάθεζεο, ελώ ζην ζρήκα (a) θαίλνληαη νη γξακκέο πξνζηξηβήο πνπ θιίλνπλ 75 ° 

πξνο ΝΑ. ε) ηεξενγξαθηθέο πξνβνιέο ησλ ηεθηνληθώλ επαθώλ κε κέζε ηηκή ~ 130ν / 

65ν (πξάζηλε θακπύιε). ζη) Οη νη ζέζεηο ιήςεο ησλ θσηνγξαθηώλ ζηελ πεξηνρή κειέηεο.  

 

 

 

 

Inclination measurements extracted from surface outcrops varied both along and across 

strike of the fault plane (Figs. 6-4 and 6-5). Sediments exposed on the immediate 

footwall and close to the center of the fault, dip ~30o to the NNW, indicating also that 

this tilt is due to the recent fault activity. Strata towards the center of the fault dip at 

~30°, while these closer to its tip at 15° to the NNW. The latter indicates that the 

backtilting is controlled by the slip-rate variability from the center to the fault tip. In 

addition, older strata near the center of the fault in its immediate footwall dip at ~30°, 

whereas younger strata dip at ~10° (Fig. 6-5), indicating that this fault was active during 

sedimentation.  

Stereographic projections of the measured faults plane and tectonic fractures with a 

mean ~130o/65o (green curve in Fig. 6-4e) reveals a local extensional NE-SW stress 

field. The major stress field of the area is an N-S extensional stress field northern 

(Loutraki fault) and southern than Corinth Isthmus (Kenchreai fault). This local 

extensional stress field is indeed what Gawthorpe et al. (2004) mentioned that the area 

of Corinth Isthmus is a transfer zone where the polarity of the major faults switches 

(Loutraki and Kenchreai). 
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Figure 6-5. (A) Geological map of the study area (based on Gaitanakis et al., 1985; 

Collier and Dart, 1991; this study).  The location of the boreholes and the outcrops 

where the examined samples were extracted is indicated, as well as the inclination and 

the direction of the described strata (B).  

Εηθόλα 6-5. (A) Γεσινγηθόο ράξηεο ηεο πεξηνρήο κειέηεο (κε βάζε ηνπο Gaitanakis et 

al., 1985, Collier and Dart, 1991, ηελ παξνύζα δηαηξηβή). Φαίλεηαη ε ζέζε ησλ 

γεσηξήζεσλ, ησλ επηθαλεηαθώλ ζηξσκάησλ, θαζώο θαη ε θιίζε θαη ε θαηεύζπλζε ησλ 

ζηξσκάησλ (B). 
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Figure 6-6. (A) Geological map showing the location of all GPS points taken during field 

work (green dots), with the location of the boreholes (B).                                                   

Εηθόλα 6-6. (A) Γεσινγηθόο ράξηεο πνπ επηζεκαίλεηαη ε ζέζε ησλ ζεκείσλ GPS πνπ 

ιήθζεθαλ θαηά ηελ δηαδηθαζία ηεο ραξηνγξάθεζεο θαη ε ζέζε ησλ γεσηξήζεσλ πνπ 

κειεηήζεθαλ (B). 

 

6.5  Micropaleontological analysis 

 

In general the studied benthic foraminiferal assemblages were relatively abundant and 

moderately preserved. 32 samples were relatively rich in foraminiferal species (~200 

specimens were counted per sample) with FD-index ranging from ~27 to ~198 forams/g.  

Benthic foraminifera were absent in 12 samples and just few broken specimens were 

found in 48 samples with FD-index <2 forams/g. Fisher‘s alpha index values ranged 

from α=0.69 (sample S.1/7/8) to α=5.61 (sample S.4/7/14).  

In general, the benthic foraminiferal fauna was dominated by species with calcareous 

test. Fourteen benthic foraminiferal taxa comprised ≥ 90% of the total assemblage: 

Ammonia beccarii, Ammonia tepida, Rosalina bradyi, Cibicides refulgens, Elphidium 

crispum, Elphidium complanatum, Elphidium granosum, Haynesina depressula, 

Neoconorbina terquemi, Discorbis spp., Planorbulina mediterranensis, Asterigerinata 

spp., Lobatula lobatula, Bolivina spp. and miliolids (Fig. 6-7).  

In particular, A. tepida was the dominant species with a maximum relative abundance of 

~84% at sample S.1/7/8. Ammonia beccarii was also a significant component of the 

boreholes with maximum relative abundance ~45% at sample S.4/7/10. Two epiphytic 

species, R. bradyi and C. refulgens, were generally well represented, with maximum 

relative abundance of ~20% (sample S.17/7/7) and 27% (sample S.4/7/15) respectively. 

Among the Elphidium species, E. crispum (maximum relative abundance of ~30% 

S.4/7/16) was the most common, followed by E. granosum (maximum relative 

abundance of ~18% S.4/7/6) and E. complanatum (maximum relative abundance of 

~10% S.1/9/7). Taxa such as Haynesina spp. (depressula and germanica) and N. 
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terquemi were also traced, with maximum relative abundances of ~16% at sample 

S.1/7/5 and ~27% at sample S.12/7/3 respectively. Miliolids were present with maximum 

relative abundance of ~46% at sample S.17/7/5. Lobatula lobatula and Discorbis spp. 

were also traced with maximum relative abundances of ~34% at sample S.25/9/2 and 

~26% at sample S.1/7/4 respectively. Asterigerinata spp. (mammilla and planorbis) 

were also represented with maximum relative abundance of ~24% S.25/9/3.  P. 

mediterranensis was described with maximum relative abundance of ~9% 

S.25/9/7.Bolivina spp. was also represented with maximum relative abundance of ~10% 

S.25/9/3. 

The presented samples have relatively low BR-ratio ranged from 3.5 to ~15. A-ratio 

tests were performed in 10 samples and ranged from low (3.4 at sample S.1/7/8) to high 

values (~ 58 at sample S.17/7/7). Low A-ratio is associated with Cluster I assemblages, 

while higher values are associated with Cluster III assemblages (see chapter 7, Fig. 7-

1). 

It is interesting to mention the presence of ostracod representatives (e.g. Cyprideis 

spp.) recorded into marl sediments exposed at the central part of the fault‘s footwall, 

indicating an oligohaline-lagoonal paleoenvironment (e.g., Ben Rouina et al., 2016). 
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Figure 6-7. Diagram showing the relative abundances of the most significant (>3%) 

recorded benthic foraminiferal species from the examined surface samples.                    

Εηθόλα 6-7. Γηάγξακκα ησλ ζπγθεληξώζεσλ ησλ πην ζεκαληηθώλ ηξεκαηνθόξσλ (>3%) 

ζηα επηθαλεηαθά δείγκαηα. 
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Figure 6-8. A) Geological map showing the location of the boreholes and the locations 

where the extracted samples have been analyzed for nanno fossils. With white color are 

highlighted the barren samples, with red the samples where E. huxleyi has been found 

and with blue the samples where only Reticulofenestra spp. and Gephyrocapsa spp. 

has been found (B). 

 Εηθόλα 6-8. (A) Γεσινγηθόο ράξηεο πνπ επηζεκαίλεηαη ε ζέζε ησλ γεσηξήζεσλ θαη ησλ 

ζεκείσλ δεηγκαηνιεςίαο γηα λάλλν απνιηζώκαηα. Με άζπξν ρξώκα θαίλνληαη ηα ζηείξα 

δείγκαηα, κε θόθθηλν απηά πνπ πεξηείραλ E. Huxleyi θαη κε κπιε απηά πνπ είραλ κόλν 

Reticulofenestra spp. θαη Gephyrocapsa spp (Β). 

 

6.6  Calcareous nannofossils 

 

From the total 32 samples examined (Fig. 6-8), 8 proved to be rich in relatively well-

preserved nannofossils (samples S.17.7/5, S.17.7/6, S.23.9/2, S.25.9./3, S.25.9/2, 

Can.12, S. 4/7/17, S.12/7/3); while the rest were barren. In samples, S.17.7/5, S.17.7/6, 

4/7/17 and Can.12 only small Reticulofenestra spp. (~60%) and small Gephyrocapsa 

spp. (~40%) coccoliths were identified. In samples S.23.9/2, S.25.9/3, S.25.9/2 and 

S.12/7/3, apart from small Reticulofenestra spp. (~45%) and small Gephyrocapsa spp 

(~33%), E. huxleyi specimens were relatively scarce (5-8% of the total assemblage), but 

consistently present. 
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7 Statistical analysis 

 

7.1  Two way cluster analysis 

 

Foraminiferal assemblages were subjected in to two-way cluster analysis (Q-mode, R-

mode) to delineate biofacies and their occurrence, revealing three distinctive clusters 

(see also Pallikarakis et al., in press) (I, II, III) (Figs 7-1, 7-2). Cluster II and III have 

stronger correlation with each other than cluster I. R-mode analysis also delineates 

three distinctive Groups (A, B, C). Group A (Ammonia tepida, Haynesina spp, and 

Elphidium granosum) and Group B (Elphidium crispum, miliolids, Ammonia beccarri, 

Cibicides refulgens and Rosalina bradyi) have a stronger correlation than Group C 

(Elphidium complanatum, Discorbis spp., Planorbulina mediterranensis, Asterigerinata 

spp. and Lobatula lobatula). Two way cluster analysis allows a separation between 

those species that are more abundant and common in lagoonal environments (Group A) 

from those that prevail in shallow marine environments (Group C). Q- and R- mode 

analysis allowed the recognition of three biofacies (lagoonal Group A/Cluster ΙI, 

transitional Group A/B with Cluster III and shallow marine Group B/C with cluster I). 

Distinct clusters are also described through multi-dimensional scaling (MDS) diagram 

(Fig. 7-3).  

Furthermore, the presence of planktonic foraminiferal abundance recorded at several 

samples (e.g. Bh-3 35.65 m) despite been low in percentages (up to 4%), offers an 

additional valuable indicator for depositional depth between 40–80 m (Israel coast; 

Avnaim-Katav et al., 2013) confirming relatively deeper marine environments. 
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7.1.1  Cluster I (shallow marine assemblage, fresh water influence) Group B/C 

 

The first biofacies is identified by Q-mode cluster I and R-mode Groups A and B (Figs 7-

1, 7-2). R-mode Groups A and B combined indicated transitional conditions between 

lagoonal and shallow marine environments. The significant abundance of species 

tolerate to low salinity, salinity fluctuations or both (as A. tepida and A. beccarri) 

(Triantaphyllou et al., 2003, 2010; Melis and Violanti, 2006; Ruiz et al., 2006; 

Pavlopoulos et al., 2007), associated with the intense presence of miliolids, C. refulgens 

and R. bradyi that occupy the infralittoral and upper circalittoral zones (Sgarrella and 

Moncharmont Zei, 1993; Moulfi- El-Houari et al.,1999; Koukousioura et al., 2012), 

indicate shallow marine with freshwater input conditions. The latter is also indicated by 

the high A-ratio recorded values. Therefore Cluster I/Group A/B foraminiferal 

assemblage points to a transitional zone from lagoonal to shallow marine 

paleoenvironment and a mean depth of approximately 20–40 m. 

 

7.1.2  Cluster II (shallow marine assemblage) Group A/C 

 

The second biofacies is identified by Q-mode cluster II and R-mode Group B / Group C. 

Group B consists of a considerable variety of taxa dominated by A. beccarii, R. bradyi, 

C. refulgens, E. crispum and miliolids (Figs 7-1, 7-2). The high abundance of A. 

beccarii, combined with the constant presence of E. crispum implies resistance to lower 

salinities and/or salinity fluctuations (Triantaphyllou et al., 2003, 2010; Melis and 

Violanti, 2006; Ruiz et al., 2006; Pavlopoulos et al., 2007). However the widespread 

presence of infralittoral and circalittoral taxa (e.g., C. refulgens, R. bradyi, miliolids), 

indicate shallow marine paleoenvironments within a possible paleodepth of ca. 30 m 

(e.g., Sgarrella and Moncharmont Zei, 1993; Moulfi- El-Houari et al., 1999; Morigi et al., 

2005; Rossi and Horton, 2009; Koukousioura et al., 2012). 

Group C consists of a variety of taxa dominated by E. complanatum, L. lobatula, 

Asterigerinata spp., P. mediterranensis, N. terquemi and Discorbis spp.. Jorissen (1988) 
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suggested mean depositional depths between 30-60 m depth in Adriatic Sea for 

Asterigerinata spp., C. refulgens and R. bradyi, indicating relatively deeper marine 

environments. Neoconorbina terquemi flourish in a wide variety of depths from very 

shallow to deeper marine environments. Walker et al. (2011) described N. terquemi on 

inner shelf (~ 15 m depth) to outer shelf (~ 33 m depth) environments in Bermuda. 

Cosentino et al. (2017) mentions that L. lobatula and P. mediterranensis are indicative 

of a more densely vegetated sea-bottom environment and more stable salinity values 

(open marine conditions), while Van Voorthuysen (1973) mentions that P. 

mediterranensis abounds  from <25 to 100 m depth in Piraeus, Greece. 

Therefore, Cluster II–Group B/C foraminiferal assemblage indicates a mean depth of 

approximately 40 m. 

 

7.1.3  Cluster ΙII (lagoon assemblage) Group B 

 

The second biofacies is identified by Q-mode cluster III and in R-mode Group A (Figs 7-

1, 7-2). Group A is characterized species showing slightly similar ecological traits while 

R-mode consists of A. tepida, H. depressula and E. granosum foraminiferal species. A. 

tepida, which is the dominant species in Group A, is an opportunistic taxon that 

tolerates a wide range of salinity and temperature in nearshore, shallow marine, 

lagoonal and deltaic zones (e.g. Debenay et al., 2005; Frontalini et al., 2009; Goiran et 

al., 2011; Koukousioura et al., 2012). H. depressula is a species also tolerant of 

restricted conditions (e.g. Debenay and Guillou, 2002; Carboni et al., 2010). 

Furthermore, E. granosum has been reported from lagoonal and shallow-marine 

settings (e.g., Albani and Serandrei Barbero, 1990; Bellotti et al., 1994). Smaller and 

thin-walled tests thrive in low salinity conditions (e.g., Debenay et al., 1996; Melis and 

Violanti, 2006; Koukousioura et al., 2012); this is also evidenced in samples with high A-

ratio values.  
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Figure 7-1. Two-way cluster analysis of foraminiferal species from surface samples 

based on Q- mode and R-mode (Ward's method and Euclidean distances as a similarity 

index) which was used to determine species associations and to assess the ecological 

affinity among different groups. Analyses were applied to 14 taxa that exceeded 3% of 

the assemblage in at least one sample. Species were grouped into Groups A, B and C 

and three clusters are highlighted and identified.                                                       

Εηθόλα 7-1. Παξνπζίαζε ηεο δη-παξακεηξηθήο ζηαηηζηηθήο αλάιπζεο ησλ επηθαλεηαθώλ 

δεηγκάησλ, κε βάζε ηελ νπνία έγηλε θαη ν νηθνινγηθόο πξνζδηνξηζκόο ησλ δεηγκάησλ. Η 

αλάιπζε έγηλε ζε 14 είδε πνπ ππεξέβαηλαλ ην 3% ηνπ ζπλόινπ ζε ηνπιάρηζηνλ έλα 

δείγκα. Σα είδε νκαδνπνηήζεθαλ ζηηο νκάδεο A, B θαη C θαη ζηηο νκάδεο Ι, ΙΙ,, ΙΙΙ 

 

Morigi et al. (2005) based on Jorissen (1988) suggested a 0-20 m with a mean depth at 

10 m bathymetrical range for A. tepida in lagoonal sites from the Adriatic Sea, whereas 

Di Bella et al. (2008) indicated that E. granosum is an inhabitant of the nearshore zone 

(7.5–25 m water depth), where it reaches its maximum abundance at about 25 m water 

depth. Therefore, Cluster III/Group A foraminiferal assemblage points to a mean 

depositional depth shallower than 20 m. Furthermore, in samples where the presence of 

A. tepida was dominant, even shallower (~10 m depth) and less saline conditions are 

implied. 
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Non-Metric Multidimensional analysis performed based on same similarity matrix of the 

hierarchical clustering described before, also indicates a separation into three groups 

(Clusters I, II, III). Low 2D stress value suggests a valid separation among the 

separated groups (Fig. 7-3).    

 

 

Figure 7-3. Non-metric multi-dimensional scaling (MDS) illustration in two dimensions 

computed using the Wards similarity matrix of the hierarchical clustering, showing 

relatively good separation of the three assemblages. A partial overlap between the 

assemblages is notable, a logical outcome considering that Cluster III is described as a 

transition between shallow marine (Cluster I) to lagoonal environment (Cluster III). 

Εηθόλα 7-3. Με παξακεηξηθή αλάιπζε (MDS) ησλ δεηγκάησλ πνπ αλαιύζεθαλ πνπ 

δείρλεη ζρεηηθά θαιή νκαδνπνίεζε ησλ δεηγκάησλ.   
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7.2  Magnetic Susceptibility Analysis 

 

MS measurements show a clear difference between fine marine sediments and coarse 

terrestrial sediments (Table 14, Fig. 7-4). Higher values are measured at gravely layers 

(mean value 233.3×10-5 (SI units)), while clayey and sandy layers demonstrated 

significantly lower (11.3×10-5 (SI units) and 40.8×10-5 (SI units) respectively. Marine 

sediments demonstrated low mean values, shallow marine sediments at ~22.6 ×10-5 (SI 

units) (Cluster II), lagoonal sediments 12.8×10-5 (SI units) (Cluster III and the sediments 

indicating a transitional from lagoonal to shallow marine paleoenvironment (Cluster I) 

demonstrate a mean value 26.2×10-5 (SI units). Sediments described as fluvial/upper 

shoreface demonstrate higher values (201.8×10-5 (SI units)) as was expected. 

Based on the One-Sample Kolmogorov-Smirnov Test results (normal distribution (e.g. 

Hülle et. al., 2010)), the Pearson correlation test is considered as the most appropriate 

for examining the correlation of the MS values among the different lithologies and 

paleoenvironments which were described.  

 

 

 

 

 

 

 

 

Table 14. The mean values of the measured magnetic susceptibility. The One-Sample 

Kolmogorov-Smirnov Test values are less than 0.05 suggesting a normal distribution of 

the MS values. Πίλαθαο 14. Οη κέζεο ηηκέο ηεο καγλεηηθήο επηδεθηηθόηεηαο. Μέζσ 

ζηαηηζηηθήο αλάιπζεο πξνζδηνξίζηεθε ε θαλνληθή θαηαλνκή ησλ κεηξήζεσλ. 
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The significance of Pearson analysis correlation is also displayed in table 15, marked as 

one* (p<.0.05) or two** (p<0.01) asterisks. The significance level (or p-value, where 

the lower values indicate higher significance) is the probability of obtaining results which 

are strongly correlated. If the significance level value is less than 0.05 then the 

correlation is significant and the two variables are linearly related. If the significance 

level value is relatively higher (for example 0.30) then the correlation is not significant 

and the two variables are not strongly related.  

Pearson analysis indicates a positive and significant correlation between the low MS 

values in clay sediments and shallow marine sediments; and a positive correlation 

between non-marine sediments with gravels (two asterisks**) (Table 15). A positive 

correlation between the MS values of sandy layers and the transitional sediments is 

also indicated. Finally, there is a negative correlation between the MS values of gravels 

with the marine sediments, as well as a negative correlation of the MS values between 

fine sediments and terrestrial sediments. 
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Figure 7-4. Σhe mean values of the MS signal based on the different lithologies and the 

paleoenvironmental alternations described within the boreholes.                                       

Εηθόλα 7-4. Οη κέζεο ηηκέο ηεο καγλεηηθήο επηδεθηηθόηεηαο ζε ζρέζε κε ην 

παιαηνπεξηβάιινλ θαη ηηο ιηζνινγίεο κέζα ζηηο γεσηξήζεηο.  

 

 

Table 15. The correlation (from -1 for negative to +1 for positive correlation) of the 

described MS values based on different lithologies and paleoenvironments within the 

borehole cores (Pearson analysis). Πίλαθαο 15. Η ζπζρέηηζε (από -1 γηα αξλεηηθή έσο 

+1 γηα ζεηηθή) ησλ ηηκώλ καγλεηηθήο επηδεθηηθόηεηαο κε ηηο ιηζνινγίεο θαη ην 

παιαηνπεξηβάιινλ. 
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Statistical analysis has revealed a correlation between relatively low MS values with low 

energy environments and relatively high MS values with high energy environments. The 

latter proved to be a significant factor during the detailed paleoenvironmental 

description of the borehole cores, acting as an independent physical parameter of the 

sediments. Furthermore, in samples where foraminifera were relative scarce, the MS 

 

Clay Sand Gravels 
Shallow 

marine 
Lagoon 

Transitional 

zone 

Coastal/ 

upper 

shoreface/ 

fluvial 

Clay 
1 -.064 -.084 .278* -.061 -.010 -.185* 

Sand 
-.064 1 -.190 -.167 -.069 .260** -.113 

Gravels 
-.084 -.190 1 -.246* -.080 -.133 .251** 

Shallow 

marine 
.278* -.167 -.246* 1 -.056 -.139 .142 

Lagoon 
-.061 -.069 -.080 -.056 1 -.215 -.133 

Transitional 

zone 
-.010 .260** -.133 -.139 -.215 1 -.162 

Coastal/ 

upper 

shoreface 

-.185* -.113 .251** .142 -.133 -.162 1 
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values assisted to the safer description of the paleoenvironment (e.g. the lower part of 

borehole Bh-7 which was eventually described as lagoonal) 
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8  Paleoenvironmental interpretation 

8.1  Surface samples 

 

Based on the described sedimentary facies and the micropaleontological analysis in 

samples extracted from surface outcrops, the paleoenvironmetal description of the 

study area was feasible (Fig. 8-1). Samples with no or few specimens extracted from 

coarse grained sediments were indicative for high-energy environments 

(fluvial/backshore conditions). Layers with fine grained sands and clays indicate low-

energy lagoonal to shallow marine paleoenvironments, based on the hierarchical cluster 

and MDS analysis (Figs 7-1, 7-3). Furthermore, ostracods specimens described in fine 

grained marls indicate brackish-oligohaline conditions partially influenced by marine 

waters (lagoonal paleoenvironment). 
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Figure 8-1. Diagram showing the paleoenvironmetal estimation in samples extracted 

from surface outcrops based on the counted foraminifera per gram (FD), BR-ratio, 

Fisher’s alpha index, A-ratio, Group A, B and C relative abundances the regional 

paleodepth estimation based on foraminiferal assemblages.                                               

Εηθόλα 8-1. ρεδηάγξακκα πνπ απεηθνλίδεη ην παιαηνπεξηβάιινλ θαη ην εθηηκώκελν 

παιαηνβάζνο ζηα επηθαλεηαθά δείγκαηα, κε βάζε ηελ αλάιπζε ησλ δεηγκάησλ θαη ηνπο 

δείθηεο FD, BR-ratio, Fisher’s alpha index, A-ratio, Group A, B and C. 
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8.2  Borehole Bh-1 

 

In Bh-1 from 31.00 to 29.70 m depth gravels and coarse sands indicate a high-energy 

depositional environment (Fig. 8-2). Considering as well the absence of micro fauna and 

the high MS values (>200x10-5) (e.g. Ghilardi et al., 2008) this layer is ascribed to a 

nearshore coastal to upper shoreface paleoenvironment. From 29.70 to 29.10 m depth 

fine sediments are correlated with low-energy lagoonal paleoenvironment based as well 

on the presence of lagoonal foraminiferal assemblages (Cluster III/Group B) and the low 

MS values. The dominance of A. tepida (Fisher‘s alpha index ~ 0.3) indicates a regional 

paleodepth < 10 m. From 29.10 to 27.20 m combined presence of both Groups B and C 

(Cluster I) suggests transitional conditions between lagoonal and shallow marine 

environments. The gravely interval 27.20–22.60 m depth is characterized by high MS 

values, high BR-ratio (~40%) and low FD–index (2< forams/gram) indicating a 

nearshore to fluvial/upper shoreface paleoenvironment. Fine sediments from 22.60–

12.50m depth with the combined presence of both Groups A and C (Cluster II) 

foraminiferal assemblages suggest shallow marine paleoenvironment (~40 paleodepth).  

The lower and upper part of this interval is characterized by transitional conditions 

between lagoonal and shallow marine paleoenvironment (regional paleodepth 

estimation ~30 m). These layers are also characterized by lower BR-ratio and relatively 

low MS values. From 12.50 to 11.20 m depth coarse layers indicate high-energy 

depositional environment even though that MS values are relatively low. The relatively 

low FD- index (2< forams/gram) with high BR-ratio values (~35%) indicate nearshore to 

upper shoreface paleoenvironment. The interval 11.20–6.50 m depth is characterized 

by the combined presence of both Groups B and C (Cluster I) foraminiferal 

assemblages, with low BR-ratio (<5%), MS values (~20x10-5) and A-Fisher index, 

indicating transitional paleoenvironmental conditions (regional paleodepth ~30 m); 

interrupted by the interval 8.20-7.50 m depth where the dominance of Group B/Cluster 

III foraminiferal assemblages indicate shallower paleodepth (<20 m) and lagoonal 

paleoenvironmental conditions. The upper 6.50 m of the borehole are characterized by 
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higher MS values (~90x10-5), high BR-ratio (~40%) and low FD (2< forams/gram) 

indicating a nearshore to fluvial/upper shoreface paleoenvironment. 
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8.3 Borehole Bh-3 

 

In Bh-3 from the 70.20–66.50 m core depth, gravels and coarse sands indicate a high 

energy depositional environment. Considering the absence of microfauna as well, this 

layer is described as coastal nearshore paleoenvironment. From the 66.50–60.00 m 

core depth, clayey to sandy layers indicate shoreface low-energy environments. The 

presence of numerous ostracod Cyprideis spp. values from the 66.50–61.50 m core 

depth is indicative of an oligohaline lagoonal paleoenvironment (e.g., Ben Rouina et al., 

2016), whereas from the 61.50–60.00 m core depth, the presence of foraminiferal 

groups B and C (cluster I) suggests transitional settings between lagoonal and shallow 

marine paleoenvironments. These layers are also characterized by lower BR-ratio and 

relatively low MS values. Cladocora caespitosa specimens found in the 60.00–61.50 m 

core depth interval support depositional depths between 0 and 20 m and rarely below 

30 m depth (e.g., Peirano et al., 1994). 

From the 60.00–54.50 m core depth, coarse sand layers indicate a high-energy 

depositional environment. Even though MS values are relatively low, the relatively low 

FD-ratio (<2 forams/g) with the high BR-ratio values (~35%), point toward a nearshore 

coastal to upper shoreface paleoenvironment. From the 54.50–49.60 m core depth, 

sandy layers indicate a low-energy depositional environment, also supported by the low 

BR-ratio, the relatively high A - ratio and Fisher’s alpha index, and the relatively low 

MS. The micropaleontological analysis suggests transitional settings between lagoonal 

and shallow marine paleoenvironments (Fig. 8-3) based on the combined presence of 

foraminifer groups B and C (cluster I), even though the key foraminifer species indicate 

fully marine conditions (N. terquemi, Asterigerinata spp.). 

The 49.60–39.60 m core depth interval of gravelly layers with relatively high MS values 

with high BR-ratio and low FD are also indicative of nearshore to fluvial/upper shoreface 

paleoenvironments. From the 39.60–37.00 m core depth, fine sediments are correlated 

with low energy lagoonal paleoenvironments because of the monotaxic association of 

Cyprideis spp., a key taxon of oligohaline lagoonal settings (e.g., Ben Rouina et al., 
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2016). Shallow marine paleoenvironments are documented at the 35.00–37.00 m core 

depth, featured by the group A/C foraminiferal assemblage (cluster II) and the presence 

of planktonic foraminifera that indicates a depositional depth of approximately 40 m, 

whereas at the 34.00–35.00 m core depth, the group B/C foraminiferal assemblage 

(cluster I) suggests transitional settings between lagoonal and shallow marine 

environments (Fig. 8-3). 

From the 34.00–22.40 m core depth, the described coarse sand and gravel layers with 

ophiolite fragments and relatively high MS values (up to 200 × 10−5 SI units) (e.g., 

Ghilardi et al., 2008), and the high BR-ratio/low FD-ratio values, indicate a nearshore to 

fluvial/upper shoreface paleoenvironment. From the 22.40–21.00 and 20.00–16.50 m 

core depths, a lagoon paleoenvironment is described, as evidenced by the dominance 

of the group B assemblage (cluster III) in relation to the low Fisher’s alpha index and 

A-ratio foraminifer values, indicating water depths of <20 m. In sample Bh-3, 21.75 m, 

the high abundance of A. tepida (~92%) indicates even shallower conditions (<10 m 

depth) (Morigi et al., 2005). Within the 20.00–21.00 m core depth interval, microfossil 

inferences (cluster I, regional paleodepth 20–40 m) coupled with the relatively high 

Fisher‘s alpha index and A-ratio values and the presence of C. caespitosa (considering 

that corals live from 0 to 20 m water depth and rarely till 30 m water depth (e.g., Peirano 

et al., 1994); a shallow marine setting of between 20 and 30 m water depth is described. 

Since corals prefer not muddy but harder substratum to grow, the presence of in situ 

Cladocora corals and lagoonal sediments indicates relatively rapid changes to the 

paleoenvironmetal conditions, where the identified corals could be described as a 

thanatocoenosis. From the 16.50–11.00 m core depth, reddish clay, coarse-grained 

deposits with rootlets, high–BR-ratio values (75 at the 13.00–16.50 m core depth), 

relatively high MS values (up to 180 × 10−5), and low FD-ratio indicate predominantly 

subaerial to nearshore coastal conditions. Furthermore, the Corinth Canal offers a 

unique opportunity to observe the continuation of these exposed strata (Fig. 6-2), where 

subaerial conditions (paleosoil) marked by an erosional surface are observed. The 

described paleosoil horizons strongly indicate that between the lagoonal and the 

shallow marine sediments, the Corinth Isthmus area was emerged (terrestrial 
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paleoenvironment). The 11.00–3.30 m core depth interval, however, is characterized by 

fine sediments correlated with low-energy environments. Cluster II (combined presence 

of both groups A and C) suggests a shallow marine environment, also documented by a 

low BR ratio and MS values and a high FD-ratio, whereas cluster I (with a combined 

presence of both groups B and C), suggests transitional conditions between lagoonal 

and shallow marine environments, also documented by a low BR-ratio and MS values 

and a high FD-ratio. The upper part of the borehole (the 0–3.30 m core depth) is 

characterized by coarse material with higher MS values and BR-ratio, which is 

associated with a high-energy environment (nearshore coastal). 
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Figure 8-3. Counted foraminifera per gram (FD), % P, Group A, B and C relative 

abundance, Fisher’s alpha index, A-ratio, BR-ratio, the paleoenvironmetal interpretation 

in Bh-3 and the regional paleodepth estimation based on foraminiferal assemblages. 

Εηθόλα 8-3. ρεδηάγξακκα πνπ απεηθνλίδεη tν παιαηνπεξηβάιινλ θαη ην εθηηκώκελν 

παιαηνβάζνο ζηελ γεώηξεζε Bh-3 κε βάζε ηελ αλάιπζε ησλ δεηγκάησλ θαη ηνπο δείθηεο 

FD, BR-ratio, Fisher’s alpha index, A-ratio, Group A, B and C. 

 

8.4 Borehole Bh-7 

 

In borehole Bh-7 (Fig. 8-4) the interval 56.00–49.00 m depth clayey to sandy layer 

indicates low energy environments. The presence of numerous ostracods Cyprideis 

spp. valves is indicative for oligohaline lagoonal paleoenvironment (e.g. Ben Rouina et 

al., 2016). From 49.00 to 45.00 m depth coarse sediments indicate high-energy 

depositional environment. Considering as well the absence of micro fauna this layer is 

correlated with nearshore coastal or upper shoreface paleoenvironment. The 

deformation zone of the Kalamaki-Isthmia fault is described from 45.00 to 33.00 m 

depth. At the interval from 33.00 to 27.00 the gravely layers characterized by relatively 

high MS values, high BR-ratio and low FD also indicates nearshore to fluvial/upper 

shoreface paleoenvironments. The interval from 27.00 to 26.00 m depth on the contrary 

is characterized by sediments correlated to low-energy environments. Cluster II 

(combined presence of both Groups A and C) suggests shallow marine environment 

also documented by low BR-ratio, MS values and high FD-index (estimated regional 

paleodepth ~40 m).The interval from 26.00 to 24.00 the gravely layers characterized by 

relatively high MS values, high BR-ratio and low FD also indicates nearshore to 

fluvial/upper shoreface paleoenvironments. The interval from 24.00 to 19.00 m depth 

lagoon paleoenvironment is described evidenced by the dominance of Group B 

assemblage (Cluster III) in relation with the low Fisher‘s alpha index and A-ratio values, 

indicating depositional depths shallower than 20 m. The interval 19.00 m to 16.00 m 

depth the combined presence of both Groups B and C (Cluster I) suggests transitional 

conditions between lagoonal and shallow marine environments while relatively high 
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Fisher‘s alpha index values and A-ratio values are documented. Furthermore 

considering that Cladocora caespitosa corals live from 0 to 20 m water depth and rarely 

till 30 m water depth (e.g., Peirano et al., 1994); a shallow marine setting of between 20 

and 30 m water depth is described. Since corals prefer not muddy but harder 

substratum to grow, the presence of in situ Cladocora corals and lagoonal sediments 

indicates relatively rapid changes to the paleoenvironmetal conditions, where the 

identified corals could be described as a thanatocoenosis.  From 16.00 to 12.00 m 

depth the paleoenvironment is also described as lagoonal evidenced by the dominance 

of Group B assemblage (Cluster III) in relation with the low Fisher‘s alpha index and A-

ratio values, indicating depositional depths shallower than 20 m.  

From 12.00 m to 5.50 m depth reddish clay, coarse sand with rootlets and few gravels 

indicate almost subaerial conditions. High BR-ratio values (73% at sample Bh-7 8.15 m 

depth), relatively high MS values (up to 190x10-5) and low FD-index reinsure that these 

layers are correlated with high-energy (nearshore to upper shoreface) 

paleoenvironments. Furthermore, the Corinth Canal offers a unique opportunity to 

observe the continuation of these strata exposed, where subaerial conditions (paleosoil) 

marked by erosional surface are observed (Fig. 6-2). This reinsures that during the 

transition from the lagoonal sediments to shallow marine the area was emerged 

(terrestrial paleoenvironment). The interval from 5.50 to 1.50 m depth on the contrary is 

characterized by fine sediments correlated to low-energy environments. Cluster I 

(combined presence of both Groups B and C) suggests transitional conditions between 

lagoonal and shallow marine environment (regional paleodepth ~30 m), also 

documented by low BR-ratio, MS values and high FD-index. 
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8.5  Borehole GA-2 

 

In borehole GA-2 (Fig. 8-5) the interval from 14.00 to 12.30 m depth is characterized by 

fine sediments correlated to low-energy environments. The foraminiferal assemblages 

are dominated by Cluster II (combined presence of both Groups A and C) suggesting a 

shallow marine environment also documented by low BR-ratio, MS values and high FD- 

index (estimated regional paleodepth ~40 m). The interval 12.30–9.90 m depth is 

characterized by Cluster I (combined presence of both Groups Band C) suggesting 

transitional conditions between lagoonal and shallow marine environment (regional 

paleodepth ~30 m); also supported by the documented low BR-ratio (<5%), MS values 

(1–70x 10-5 SI units) and the high FD-index. A-ratio varied from ~5 to 22 also indicates a 

shallow marine with lagoonal features paleoenvironment. The interval 9.90 to 3.80 m 

depth is dominated by Group B/Cluster III assemblages indicates lagoonal 

paleoenvironments (regional paleodepth <20 m), also supported by the significant lower 

A-ratio (1–4). The interval 3.80 to 0.00 m depth is characterized by coarse sands 

indicating a high-energy depositional environment. Considering as well the absence of 

micro fauna, this layer is correlated with nearshore paleoenvironment coastal or upper 

shoreface. 

Figure 8-4. Diagram showing the counted foraminifera per gram (FD), % P, Group A, 

B and C relative abundance, Fisher’s alpha index, A-ratio, BR-ratio, the 

paleoenvironmetal interpretation in Bh-7 and the regional paleodepth estimation based 

on foraminiferal assemblages.  

Εηθόλα 8-4. ρεδηάγξακκα πνπ απεηθνλίδεη ην παιαηνπεξηβάιινλ θαη ην εθηηκώκελν 

παιαηνβάζνο ζηελ γεώηξεζε Bh-7 κε βάζε ηελ αλάιπζε ησλ δεηγκάησλ θαη ηνπο 

δείθηεο FD, BR-ratio, Fisher’s alpha index, A-ratio, Group A, B and C. 
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8.6 Borehole GA-4 

 

In borehole GA-4 the interval from 45.50 to 39.00 m depth is characterized by fine 

sediments correlated to low-energy environments (Fig. 8-6). Till 40.00 m depth Cluster II 

(combined presence of both Groups A and C) suggests shallow marine environment 

also documented by the circumstantial presence of full marine species (Textularia spp., 

Conurbella spp.) the low BR-ratio (<5%), MS values (1–20 x 10-5 SI units) and high FD-

index (estimated regional paleodepth ~40 m).From 40.00 to 39.00 m depth the 

foraminiferal assemblages indicated lagoonal conditions and estimated regional 

paleodepth ~20 m (Cluster III, Group B). From 39.00 to 38.50 m depth the described 

coarse sand and gravels layers with the relatively high MS values (173 x 10-5 SI units) 

(e.g. Ghilardi et al., 2008), and the high BR-ratio values / low FD-index indicate a 

nearshore to fluvial/upper shoreface paleoenvironment. On the contrary the interval 

38.50–34.20m depth is characterized by fine sediments correlated to low-energy 

environments. From 38.50 to 37.00 the dominance of group B/Cluster III assemblages 

indicates lagoonal paleoenvironments (regional paleodepth <20 m) also documented by 

low BR-ratio, MS values and high FD-index; while till ~35.00 m depth Cluster I 

(combined presence of both Groups B and C) suggests transitional conditions between 

lagoonal and shallow marine environment (regional paleodepth ~30 m). Till 34.20 m 

depth Cluster II (combined presence of both Groups A and C) suggests shallow marine 

environment also documented by low BR-ratio, MS values and high FD-index 

(estimated regional paleodepth ~40 m).  

On the contrary the interval 34.20 – 31.20 m core depth is characterized by coarse sand 

and gravels with the relatively high MS values (up to 260 x 10-5 SI units) and the high 

BR-ratio values (~60%) / low FD-index (3< forams/gram) indicating a nearshore to 

fluvial/upper shoreface paleoenvironment. The dominance of Cluster III, combined 

presence of both Groups A and B) also documented by the low BR-ratio (<7%), MS 

values (4–50 x 10-5 SI units) and high FD-index suggests transitional conditions 

between lagoonal and shallow marine environment (estimated regional paleodepth ~30 

m). Approximately at 30.00 m depth the foraminiferal assemblages indicate shallow 
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marine environment estimated regional paleodepth ~40 m. On the contrary the interval  

34.20–31.20 m depth is characterized by coarse sand and gravels with the relatively 

high MS values (up to 310 x 10-5 SI units) and the high BR-ratio values (~40%) / low 

FD-index (5 < forams/gram) indicate a nearshore to fluvial/upper shoreface 

paleoenvironment. The interval from 31.20 m to 25.50 m core depth is characterized by 

fine sediments where Cluster II foraminiferal assemblages (combined presence of both 

Groups A and C) suggests shallow marine environment also documented by low BR-

ratio, MS values and high FD- index (estimated regional paleodepth ~40 m). From 25.50 

m to 8.80 m core depth the interval is characterized by coarse sand and gravels with the 

relatively high MS values (up to 220 x 10-5 SI units) and the high BR-ratio values (~45%) 

/ low FD-index (3 < forams/gram) indicate a nearshore to fluvial/upper shoreface 

paleoenvironment. The upper 8.80 m of the borehole core represent man-made Canal 

debris and therefore have not been examined at all. 
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8.7 Borehole GA-5 

 

In borehole GA-5 (Fig. 8-7) the interval 30.0–29.30 m core depth is characterized by 

coarse sediments indicating high-energy depositional environment. Considering the 

absence of micro fauna and the relatively high MS value (~400 x 10-5 SI units) this layer 

is correlated with nearshore coastal or upper shoreface paleoenvironment. From 29.30 

to 26.60 m core depth, fine sediments indicate low-energy environments. Lagoonal 

paleoenvironment (estimated regional paleodepth <20 m) is described from 29.30 to 

26.60 m depth, also documented by the low MS value (~ 22 x 10-5 SI units), the high 

FD-index and the BR-index (<5%) of the clayey sediments.  

On the contrary the interval 26.60–20.80 m depth is characterized by coarse sediments 

indicating high-energy depositional environment. Considering the absence of micro 

fauna and the relatively high MS value (~185 x 10-5 SI units) this layer is correlated with 

nearshore coastal or upper shoreface paleoenvironment. From 20.80 to 13.80 m depth 

fine sediments indicates low-energy environments. The interval 20.80–20.60 m depth is 

characterized by Cluster II (combined presence of both Groups A and C) suggesting 

shallow marine environment also documented the low BR-ratio (<7%), MS values (1–40 

x 10-5 SI units) and high FD- index (estimated regional paleodepth ~40 m). Till 13.80 m 

depth the foraminiferal assemblages are dominated by Cluster I (combined presence of 

both Groups Band C) suggesting transitional conditions between lagoonal and shallow 

marine environment (regional paleodepth ~30 m); also supported by the documented 

low BR-ratio (<5%), MS values (~10 x 10-5 SI units) and the A-ratio (15–25). High 

energy environment is also documented at the interval 13.80–1.70 m depth. 

Considering as well the high BR-ratio (>35%) with high MS values (up to 296 x 10-5 SI 

units) this layer is described as nearshore- upper shoreface.  

From 11.70 to 6.80 m depth fine sediments indicate low-energy environments. The 

interval 11.70– 11.20 m depth is characterized by Cluster I (combined presence of both 

Groups B and C) suggesting transitional conditions between lagoonal and shallow 

marine environment (regional paleodepth ~30 m); also documented the low BR-ratio 

(<7%), MS values (1–80 x 10-5 SI units) and high FD- index (estimated regional 
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paleodepth ~40 m). Till 10.20 m depth Cluster III / Group B assemblages suggests 

lagoonal environment (regional paleodepth ~20 m); also supported by the documented 

low BR-ratio (<7%), MS values (~65 x 10-5 SI units) and the A-ratio (~15). Till 6.80 m 

depth the foraminiferal assemblages are characterized by Cluster I (combined presence 

of both Groups B and C) suggesting transitional conditions between lagoonal and 

shallow marine environment (regional paleodepth ~30 m) also documented by low BR-

ratio (<4%), MS values (~25 x 10-5 SI units) and low A-ratio (<5).  

High energy environment is also documented at the interval 6.80 – 0.00 m core depth. 

Considering as well the high BR-ratio (~35%) with high MS values (up to 204 x 10-5 SI 

units) this layer is described as nearshore- upper shoreface.  
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9 Age constraints and dating results 

 

Three independent methods were used for constraining the age of the sediments. Two 

methodologies concerned absolute dating (OSL and IRSL luminescence and corals 

dating) and one (Calcareous nannofossils biozonation) concerned relevant dating. 

Unfortunately the results from luminescence techniques were of limited significant 

value, while the corals dating have not indicated a certain age, but have only narrowed 

the possible range of the sediments‘ age. On the other hand, the results from the 

nannofossils biozonation proved more valuable, since they provided significant age 

constraints. 

 

9.1  Luminescence 

 

Initially, this methodology was chosen since it offers the advantage of dating not fossils, 

but the sediments grains. Six samples which were analyzed for OSL and IRSL in the 

laboratory of Archaeometry / Paleoenvironment & Archaeometallurgy  of N.C.S.R. 

Demokritos, while a small fragment of them was send for detailed chemical analysis in 

Bureau Veritas Commodities in Canada. Based on Tsakalos et al. (2016) and the Dose 

Rate calculator (DRc)‖ software and the results of the analysis the total dose rate of 

each sample has been estimated (table 16). 

Among the six examined samples only four contained a sufficient proportion of Quartz 

for further examination (Bh-1 6.05 m, Bh-3 20.45 m, Bh-7 20.65 m, Bh7-33.45). As was 

described before the ‗double-SAR‘ (‗post-IR blue‘) protocol was followed where 12 

aliquots of each sample12 have been examined. Unfortunately, quartz was highly 

                                            

12 Quartz grains mounted on stainless steel discs of 10 mm diameter using silicone oil 

as an adhesive. The grains quartz and feldspar grains covered the central 5 mm 

diameter portion of each disc, corresponding to several hundred grains per aliquot. 
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saturated, meaning that the energy traps of the quartz crystal lattice were fully occupied 

and were not suitable for further analysis (Fig. 9-1). When measuring quartz samples it 

revealed that OSL signals were saturated, greatly deviating from the expected 

paleoenvironmental framework, and highly scattered13. Circumstantial aliquots in which 

quartz was not saturated indicated an age older than 600 ka. It is well established 

though that the age of the sediments at the canal ranges from Holocene sediments to 

maximum MIS 11 (~400 ka). Ages implied by these aliquots are rather unlikely and most 

probably due to insufficient bleaching of the grains from previous exposure. 

Furthermore, considering that most of the examined samples were saturated and were 

unsuitable for further analysis, feldspar grains were also used to obtain De values. 

Unfortunately feldspar analysis (IRSL) was also of limited value. The emitted signal was 

weaker than the expected resulting into anomalous fading (Fig. 9-2). The latter means 

this signal was also highly scattered and therefore without any useful scientific result. 

 

 

 

 

 

 

                                            

13 The measured emitted signal from the aliquots has been analyzed based on the 

standard procedures (e.g. Thiel et al., 2011; Tsakalos et al., 2016) in the laboratory of 

Archaeometry / Paleoenvironment & Archaeometallurgy  of N.C.S.R. Demokritos. 

This analysis has shown that the results varied from relative low to relative high signal 

and therefore it was not safe to proceed into further examination, even if the average 

value has been taken as a possible result.       
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Table 16 U and Th concentrations of the analyzed samples. Πίλαθαο 16. Οη 

ζπγθεληξώζεηο U θαη Th ζηα δείγκαηα πνπ αλαιύζεθαλ. 
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Bh-1, 

5.25 
1.7 0.2 0.03 0.087 525 1.1 16 0.511 0.021 

Bh-1, 

6.05 
1 0.3 0.05 2.872 605 1.8 16 0.34 0.022 

Bh-3, 

20.45 
1.7 0.7 0.11 0.018 2045 1.9 19.1 0.579 0.081 

Bh-3, 

21.25 
3.1 1 0.19 0.017 2125 2.1 19.1 1.007 0.165 

Bh-7, 

20.65 
0.9 0.4 0.06 0.018 2065 1.1 16 0.321 0.006 

Bh-7, 

33.45 
1.1 0.5 0.09 0.008 3345 2.2 16 0.391 0.008 
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Figure 9-1. The OSL dose–response curve for aliquots of two samples (A) Bh7-20.65m 

and (B) Bh-7 33.45 m depth) showing saturation.  (C) A typical dose–response curve 

modified from Duller (2008), where for comparison reasons the scale is similar in both 

figures. Εηθόλα 9-1. Η θακπύιε απόθξηζεο νπηηθήο θσηαύγεηαο δύν δεηγκάησλ (Α) Bh7-

20,65m θαη (Β) Bh-7 33,45m) πνπ δείρλνπλ θνξεζκό. (C) Μηα ηππηθή θακπύιε 

απόθξηζεο ελόο δείγκαηνο ηξνπνπνηεκέλε από Duller (2008), κε ηελ θιίκαθα λα είλαη 

ζηαζεξή ζε όιεο ηηο εηθόλεο γηα ιόγνπο ζπζρέηηζεο.  
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Figure 9-2. (A) Decay curve for an aliquot of sample Bh-1, 6.05 m, showing the 

pIRIR290 signals from coarse grain (80-125κm) feldspars. (B) Decay curve for an 

aliquot analyzed by Porat et al. (2009) showing the difference between them (scattered 

values and lower IRSL signal). For comparison reason the scale is similar in both 

figures.                                                                                                                                       

Εηθόλα 9-2. (Α) Η θακπύιε απόζβεζεο  γηα ην δείγκα Bh-1, 6,05 m, πνπ δείρλεη ην ζήκα  

κέζσ ηεο ππέξπζξεο θσηαύγεηαο ζε θόθθν αζηξίνπ δηακέηξνπ (80-125 κm). (Β) Μηα 

ηππηθή θακπύιε ελόο δείγκαηνο από Porat et al. (2009), κε ηελ θιίκαθα λα είλαη ζηαζεξή 

θαη ζηηο δύν εηθόλεο γηα ιόγνπο ζπζρέηηζεο. 

 

9.2 Fossil corals 

 

Seven coral stems of Cladocora caespitosa corals found in growth position (sample Bh-

7, 18.25 m) have been dated with the 230Th/U-method. The results are displayed in 
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Table 17, where the ages range from 241 to 358 ka with relatively large uncertainties 

between ± 20 and ± 80 ka. Since all coral stems are from the same borehole sample 

and, thus, should have a similar age, the large differences between the individual ages 

suggest that the corals are possibly affected by post depositional diagenetic processes. 

Although fossil reef corals are among the best suited material for 230Th/U-dating, it is 

well established that the majority of fossil reef corals are affected by post-depositional 

diagenetic alteration, which results in apparently wrong ages (Edwards et al., 2003; 

Scholz and Hoffmann, 2008; Scholz and Mangini, 2007; Stirling and Andersen, 2009). 

For this reason, several criteria were developed in order to identify reliable ages. These 

include (i) initial (234U/238U) activity ratios in agreement with the (234U/238U) activity ratio 

of modern seawater (i.e., 1.1468 ± 0.004, Andersen et al., 2010); (ii) 232Th content <1 ng 

g-1; 238U concentration in the range of the respective modern coral species; calcite 

content ≤2% and primary aragonitic textures (Obert et al., 2016; Stirling et al., 1998). 

The latter two criteria cannot be applied to our corals since calcite content and textures 

were not studied. The average U content of the samples is 2.5 µg.g-1 and, thus, 

relatively low. This may indicate post-depositional U loss (Obert et al., 2016; Scholz et 

al., 2007), as has previously been observed for other fossil corals from the Corinth 

Isthmus (Collier et al., 1992). The mean 232Th content is 44 ng g-1 and thus elevated for 

all coral samples. This suggests post-depositional addition of detrital Th to all corals. 

Both processes, U loss and contamination by detrital Th, would result in ages that are 

apparently too old. Finally, only three corals have initial (234U/238U) activity ratios in 

agreement with the modern seawater value, whereas the other samples have 

significantly elevated initial (234U/238U) activity ratios (Table 17). Elevated initial 

(234U/238U) activity ratios are generally interpreted as resulting in apparently too old 

230Th/U-ages. (Fig. 9-3) shows the coral data on a (234U/238U) vs. (230Th/238U) activity 

ratio diagram in comparison to the seawater evolution curve. 
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Table 17 U/Th data form the coral analysis and the estimated age. Πίλαθαο 17. Σα 

απνηειέζκαηα από ηα θνξάιιηα πνπ αλαιύζεθαλ θαη ε εθηηκώκελε ειηθία. 
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The coral data describe a trend to the right on the diagram (i.e., increasing (230Th/238U) 

activity ratios with relatively constant (234U/238U) activity ratios). This may indicate post-

depositional U loss. Due to the high particle reactivity of Th, this process results in 

elevated (230Th/238U) activity ratios, but has a minor effect on (234U/238U). Post-

depositional U loss results in apparently too old ages and may – depending on the 

timing of U loss – result in large age biases (Obert et al., 2016; Scholz et al., 2007; 

Tomiak et al., 2016). In addition, this effect cannot be corrected by the available models 

aiming to correct the effects of post-depositional diagenesis on fossil coral 230Th/U-

ages, which are all based on elevated (234U/238U) activity ratios (Scholz et al., 2004; 

Thompson et al., 2003; Villemant and Feuillet, 2003). 

In summary, all coral 230Th/U-ages were probably affected by post-depositional U loss 

and/or contamination with detrital Th. Based on the 230Th/U-ages described before, 

ages approximately at 175 ka can also be a possibility and not be excluded since the 

post depositional digenesis has affected the original concentrations. An age younger 

than  125 ka though, also a marine highstand which was a possible candidate for the 

coral‘s age, is clearly excluded since the measured ages are significant older, even if 

diagenetic processes have affected the original chemistry of the corals. 
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Figure 9-3. (234U/238U) vs. (230Th/238U) activity ratio diagram showing the coral data in 

comparison with the seawater evolution curve (solid line). The dashed lines are 

isochrones (i.e., lines highlighting combinations of activity ratios resulting in a specific 

230Th/U-age) for 250, 300 and 400 ka, respectively.  

Εικόνα 9-3. Τν δηάγξακκα (234U/238U) πξνο (230Th/238U)  πνπ δείρλεη ηα δεδνκέλα 

θνξαιιηψλ ζε ζχγθξηζε κε ηελ θακπχιε ηνπ ζαιαζζηλνχ λεξνχ (ζπλερήο γξακκή). Οη 

δηαθεθνκκέλεο γξακκέο είλαη ηζφρξνλεο θακπχιεο (δει. γξακκέο πνπ επηζεκαίλνπλ 

ζπγθεθξηκέλεο ειηθίεο 230Th / U) γηα 250, 300 θαη 400 ka αληίζηνηρα. 
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9.3 Nannoplankton analysis. 

 

Following the inconclusive data from OSL and the variable ages extracted from corals 

that however, provide a  lower threshold age of older than 175 ka is possible, more 

dating data are needed. In order to achieve this nannofossils have been used offering 

not only some valuable dating constraints but also a high spatial resolution since they 

have been collected both from different borehole depths and from several surface 

localities. As has been described before in samples from surface outcrops small 

Reticulofenestra spp. (~45%), small Gephyrocapsa spp (~33%) and in few samples E. 

huxleyi specimens (5-8%) have been identified. 

Calcareous nannoplankton specimens have also been identified through SEM analysis, 

in certain levels of the examined boreholes where samples were dominated by the 

presence of small Reticulofenestra spp. (~40%) and small Gephyrocapsa spp. (~30%) 

coccoliths, while Emiliania huxleyi specimens were relatively scarce (5-8% of the total 

assemblage), but consistently present.  

Even though calcareous nannoplankton is mostly preserved in pelagic marine 

sediments (e.g. Perch-Nielsen, 1985; Young, 1994), numerous relatively well preserved 

coccoliths, have been identified in the clayey and sandy layers of the shallow marine 

paleoenvironments identified in boreholes cores; featured by low BR-ratio values and 

depositional depths ranging between ~20 and 40 m. Because certain nannoplankton 

species (e.g.  E. huxleyi, Gephyrocapsa spp.) are taphonomically resistant to the highly 

energetic and aggressive conditions between the estuaries and the shelf (e.g., 

Guerreiro et al., 2005), they can be useful for age determinations (e.g., Palyvos et al., 

2010; Triantaphyllou, 2015). Thus, the presence or the absence of E. huxleyi in the 

studied samples indicates an age of the examined sediments before or after the first 

occurrence of the species (base of nannofossil biozone NN21a; Martini, 1971); namely 

within marine isotopic stage MIS 8, at ~265 ka in the eastern Mediterranean (e.g. Raffi 

et al., 2006). 
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Consequently, the age of the sediments described in the examined boreholes have to 

be constrained between ~240 ka and 175 ka for corals horizons (boreholes Bh-3 and 

Bh-7) and up to 125 ka for the horizons right above them (Fig. 9-4) (e.g. the interval 

from 11.00 m to 3.30 m core depth in borehole Bh-3 and the interval from 5.50 m to 

1.50 m core depth in borehole Bh-7). 

 

Figure 9-4. The estimated ages based on the results of both absolute and relevant 

dating methodologies. There is no significant outcome based on the luminescence 

signal, based on the U/Th dating on coral samples an age ranging from ~240 to ~358 ka 

(±~30 ka), is estimated, while based on the nannofossils biozonation a threshold 

younger or older than 265 ka is established based on the presence or absence of the 

Emiliania huxleyi specimens. At the U/Th dating the black dotted line indicates the error 

of the analysis, while the red dotted line indicates the MIS 6.5 and MIS 7 periods that 

cannot be excluded as potential ages of corals.  

Εηθόλα 9-4. Οη εθηηκώκελεο ειηθίεο ησλ κεζνδνινγηώλ πνπ αθνινπζήζεθαλ. Γελ 

πξνέθπςαλ αμηόινγα απνηειέζκαηα κέζσ ηεο θσηαύγεηαο ιόγσ θνξεζκνύ θαη αζζελνύο 

ζήκαηνο, κέζσ ηεο ρξνλνιόγεζεο ησλ θνξαιιηώλ κε U/Th νη ειηθίεο πνπ πξνθύπηνπλ 

θπκαίλνληαη από ~240 ζε ~358 ka (±~30 ka), ελώ κέζσ ηηο βηνζηξσκαηνγξαθίαο 

πξνθύπηεη ην όξην ησλ 265 ka, αλάινγα εάλ εληνπίδεηαη ή όρη ε Emiliania huxleyi. Με 

καύξε δηαθεθνκκέλε γξακκή επηζεκαίλεηαη ην όξην ζθάικαηνο ηεο ρξνλνιόγεζεο κέζσ 
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U/Th ελώ κε θόθθηλε νη πηζαλέο ειηθίεο ησλ θνξαιιηώλ από ην MIS 6.5 θαη MIS 7 πνπ 

δελ κπνξνύλ λα απνθιεηζηνύλ.  
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10 Saronic Gulf (boreholes P-2, P-4, P-5) 

 

10.1  Introduction 

 

The sediments from boreholes cores and surface outcrops described in previous 

chapters are from MIS 5 (Upper Pleistocene) or older. In a completely different tectonic 

and sedimentological environment, the coastal plain of Piraeus at the western part of 

the Saronic gulf, three boreholes (P-2, P-4, P-5) have also been examined for their 

contend in foraminifera assemblages (Fig. 10-1). Apart from the different environmental 

conditions, the sediments in Piraeus are significantly younger and have been deposited 

during Holocene (Goiran et al., 2011, Triantaphyllou et al., 2016). Therefore it is 

possible to compare the paleoenvironmental conditions from two different marine 

highstands, with similar paleoclimate conditions, correlating the relatively young 

sediments from Piraeus coastal plain, with the sediments described before (older 

sediments). Furthermore, the Corinth Isthmus and Piraeus coastal plain have 

completely different geological conditions. The main factors that influence the Piraeus 

coastal landscape is the relative sea level rise in the Holocene, the tectonic stability 

since no significant earthquakes have been documented during the last few thousand 

years, the low tidal range (±0.25-0.30m) and the progradation of the deltaic fan of the 

Kephissos River (Triantaphyllou et al., 2016). On the contrary, the Corinth Isthmus area 

is mostly influenced by significant glacioeustatic sea level changes and tectonic activity, 

while the fluvial systems which influence this area are less significant (a few km2) 

compared with the Kephissos River.  
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Figure 10-1. Location map of boreholes P-2,  P-4 and P-5 in Piraeus coastal plain, 

Attica (modified from Goiran et al., 2011, Triantaphyllou et al., 2016).                            

Εηθόλα 10-1. Ο ράξηεο πνπ απεηθνλίδεη ηηο γεσηξήζεηο P-2,  P-4 θαη P-5 ζηνλ Πεηξαηά 

(από Goiran et al., 2011, Triantaphyllou et al., 2016). 

 

10.2 Borehole analysis 

 

In the examined boreholes, alternations of fine to coarse sediments have been 

described (Goiran et al., 2011, Triantaphyllou et al., 2016) corresponding to different 

depositional environments (Fig. 10-2, Tables 18, 19 and 20). In general finest 

sediments, from clay to sandy clay have been described at the deepest part of the 

boreholes, while more coarse sediments from sand to coarse sand at the upper part. 
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Figure 10-2. The lithological description of the examined boreholes (modified from 

Goiran et al. (2011)). 

Εηθόλα 10-2. Η ιηζνινγία ησλ γεσηξήζεσλ από ηελ πεξηνρή ηνπ Πεηξαηά (από Goiran et 

al., 2011). 
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Table 18. The lithological description of borehole P-2. Πίλαθαο 18. Η ιηζνινγία ηεο Ρ-2. 

Depth (m) Lithology 

0.00–1.50 Rubbles 

1.50–2.50 Clay 

2.50–7.00 Coarse sand 

7.00–10.00 Sand 

10.00-19.00 Clay to sandy clay 

19.00–20.00 Pliocene bedrock 

 

Table 19. The lithological description of boreholes P-4. Πίλαθαο 19. Η ιηζνινγία ηεο Ρ-4. 

Depth (m) Lithology 

0.00–3.00 Rubbles 

3.00–6.00 Clay 

6.00–9.00 Sand 

9.00–10.00 Coarse sand 

10.00–17.00 Clay to sandy clay 

17.00–17.20 Pliocene bedrock 
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Table 20. The lithological description of borehole P-5. Πίλαθαο 20. Η ιηζνινγία ηεο Ρ-5. 

Depth (m) Lithology 

0.00–2.20 Rubbles 

2.20–3.00 Sandy clay 

3.00–3.80 Clay with pebbles 

3.80–4.20 Sandy cay 

4.20–7.00 Clay 

7.00–9.00 Sandy cay 

9.00–13.00 Clay 

13.00–13.50 Sandy clay 

13.50–15.00 Pliocene bedrock 

 

 

To analyze the foraminiferal assemblages in boreholes P-2, P-4 and P-5 the standard 

procedure has been followed as has been described for the micropaleontological 

analysis before.  

Apart from foraminifera, borehole P-4 has been analyzed for its molluscan and pollen 

content and the magnetic susceptibility of sediments has been measured 

(Triantaphyllou et al., 2016).  
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For pollen analysis the standard procedure has been followed14 (e.g. Kouli et al., 2009; 

Kouli, 2012) on 52 samples from core P4, even though only in 28 of them the pollen 

concentration was sufficient to be included in their study (Triantaphyllou et al., 2016). 

Furthermore, Molluscan analysis performed on 113 selected samples, which have been 

washed into 125 κm sieve and dried at 70o C. All molluscs and fragments were 

identified and counted in a semi-quantitative approach (Triantaphyllou et al., 2016). 

A total of 128 samples P4 have been used for magnetic susceptibility analysis. The MS 

signal of borehole P-a has been performed in the laboratory of department of Geology 

in Aristotle University of Thessaloniki and therefore, a different procedure has been 

followed for measuring the MS signal (compared with the MS analysis performed in 

boreholes from the Corinth Canal). All samples were sieved in order to remove all the 

impurities and packed in cylindrical plastic boxes (2x2x2 cm). The laboratory 

measurements of the volume-specific magnetic susceptibility (k, SI units) have been 

performed using the Bartington MS2B sensor at low frequency (0.465 kHz). The 

examined samples were weighed before the measurements therefore all the results are 

expressed as mass-specific magnetic susceptibility (x, 10-8 m3/kg). Every sample was 

measured at least 3 times and the average value considered as the final one for the 

sample. Two air measurements before and after the sample’s measurement have been 

performed in all samples (Triantaphyllou et al., 2016). 

 

 

 

                                            

14 All samples were spiked with known quantity of Lycopodium spores, chemically 

treated with HCl (37%), HF (40%), acetolysed and finally sieved over a 10 κm sieve, 

while residues were mounted in silicon oil.  
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10.3 Results  

10.3.1 Borehole P-2 

 

Based on foraminiferal assemblages the borehole sequence is divided to four 

subdivisions. The first division is described as Unit Aa (lagoonal environment with 

mesohaline-oligohaline conditions (Goiran et al., 2011; Triantaphyllou et al., 2016). In 

particular, in between 17.00 13.50 m core depth (Unit Aa), benthic foraminiferal analysis 

revealed the dominance of Haynesina germanica (reaching occasionally 60%); and 

partly the presence Ammonia tepida sometimes up to almost ~50% of the assemblage, 

Fig. 10-3), together with presence of Ammonia beccarii (almost ~20% of the total 

assemblage, Fig. 10-3). This assemblage is featuring lagoonal environment with 

mesohaline- oligohaline conditions (e.g., Koukousioura et al., 2012; Dimiza et al., 2016).  

The interval from 13.50 to 7.00 m core depth (Unit B) is featured by the high abundance 

of A. tepida (even higher than ~80%) and A. beccarii (up to even ~ 50% of the total 

assemblage), accompanied by the presence of Elphidium spp. (gunteri and 

complanatum), Aubignyna perlucida (up to 8%), miliolids (Quinqueloculina spp. up to ~ 

30% of the total assemblage), Bolivina spp. (up to ~50% of the total assemblage) a 

typical species of Shallow-marine environment with freshwater influences (e.g., Carboni 

et al., 2010; Evelpidou et al., 2010). In the upper part even though several foraminiferal 

representatives have been identified, specimens were scarce and not included for the 

paleoenvironmental analysis. This part has been described as coastal and/or paralic 

(Goiran et al., 2011). 

 

10.3.2 Borehole P-4 

 

Based on foraminiferal assemblages the borehole sequence is divided to four 

subdivisions. The first division is described as Unit A (lagoonal environment with 

mesohaline-oligohaline conditions; ~8700- 7800 yrs. BP, (Goiran et al., 2011; 
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Triantaphyllou et al., 2016) and can be also divided into two subunits (Unit Aa and Unit 

Ab, Fig. 10-4). In particular, in between 17-12 m core depth (Unit Aa), benthic 

foraminiferal analysis revealed the dominance of Ammonia tepida (>50%, sometimes up 

to almost 100% of the assemblage; Fig. 10-4), together with increased presence of 

Haynesina germanica (reaching occasionally 60%; Fig. 10-4). This assemblage is 

featuring mesohaline to oligohaline biofacies in modern closed lagoons of the Aegean 

area (e.g., Koukousioura et al., 2012; Dimiza et al., 2016).  
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The interval from 12 to 11 m core depth (Unit Ab) is featured by the high abundance of 

A. tepida (generally higher than 70%), accompanied by the presence of Elphidium 

gunteri and Aubignyna perlucida (up to 20%), a typical species of estuarine and shallow 

marine environments (e.g., Carboni et al., 2010; Evelpidou et al., 2010). Overall similar 

foraminiferal assemblages have been characterized as open lagoon environments (e.g., 

Carboni et al., 2010; Koukousioura et al., 2012).  

Benthic foraminiferal assemblages of Unit B (9.5-6.5 m core depth) consist mainly of 

marine foraminiferal species (e.g., Rosalina bradyi, Bolivina dilatata, Peneroplis 

pertusus, Elphidium complanatum; Fig. 10-4). In addition, miliolids (Quinqueloculina 

berthelotiana, Q. seminula) featuring the infralittoral and upper circalittoral zones (e.g., 

Sgarrella and Moncharmont Zei, 1993), consist an important fraction of the assemblage 

together with specimens of planktonic foraminiferal species (Fig. 10-4). However, the 

presence of euryhaline species such as H. depressula, A. tepida suggests a shallow 

marine paleoenvironment which also exhibits lagoonal features.  

The microfaunal content of Unit C (6.5-4 m core depth) reveals the relative increase of 

A. tepida and H. depressula, along with Q. seminula (Fig. 10-4), suggesting closed 

lagoon paleoenvironmental conditions. Within Unit D (the upper 4m of the core P4; 

younger than 2800 yr cal BP, Goiran et al., 2011), the microfauna is characterized by 

the slight presence of Ammonia and Haynesina and mollusks are totally absent, 

indicating a marshy oligohaline paleoenvironment.  

Apart from benthic foraminifera, borehole P-4 has also been examined for pollen and 

mollusks, while the magnetic susceptibility of the sediments was measured 

(Triantaphyllou et al., 2016). The described molluscan assemblages consist mainly of 

Cerastoderma glaucum (small sized and juvenile forms), Abra spp. and few 

Hydrobiidae, revealing a typical lagoonal environment (Nicolaidou et al., 1988; 

Kevrekidis et al., 1996), at the interval from 17.00 ~ 10.00 m core depth (Unit A)  to 

Similar assemblages feature meso-ologohaline conditions in several Aegean coastal 

plains (e.g., Triantaphyllou et al., 2003; Evelpidou et al., 2010; Goiran et al., 2011; 

Syrides, 2008) and define inner lagoon environment (e.g., Carboni et al., 2010; 

Koukousioura et al., 2012). Mollusc fauna in Unit B is characterized mainly of 
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Cerithiidae, Bittium sp., Alvania/ Rissoa spp. and Tricolia sp. indicates a shallow marine 

environment (Syrides, 2008), but the intense presence of C. glaucum suggests lagoonal 

features, confirming the foraminiferal findings. In Unit C (6.50-4.00 m core depth) 

molluscan fauna consists of C. glaucum, Abra spp. and numerous Hydrobiidae, 

suggesting closed lagoon paleoenvironmental conditions. In unit D mollusks were 

absent. 

The palynological evidence of unit A in borehole P-4 consists of Pseudoschizaea, 

indicators of soil erosion and increased riverine runoff (Triantaphyllou et al., 2016); 

implying increased fresh water input in the depositional environment, thus supporting 

the closed lagoon paleoenvironmental conditions. Arboreal vegetation (AP), being in 

general ~30% of the pollen content, with Pinus being the most common tree taxa, 

followed by deciduous Quercus, exhibits significantly increased abundances during the 

middle part of Unit A, in-between 14 and 13 m.  

Nevertheless the increase of Cerealia-type towards the upper part of the Unit A may be 

the signal of first farming communities in the area. Unit B is characterized by the 

absence of pollen. The upper part is characterized by the presence of Chenopodiaceae 

halophytes, Sordaria and parasites. Asteraceae, Poaceae and Chenopodiaceae are the 

most common non arboreal taxa, with the latter being the dominant feature of this unit. 

The human presence is inevitably detected since Unit C (Early Bronze Age) by the 

increase of cultivars like Cerealia type and Olea 

In the interval from 17.00 m to 12.00 m core depth the Magnetic susceptibility has a 

mean value ~40 x10-8 m3/kg (Triantaphyllou et al., 2016). In unit B the Magnetic 

susceptibility values are relatively (~1 x10-8 m3/kg).  In the upper part of the borehole 

core, the measured Magnetic susceptibility shows relatively higher values reaching the 

maximum of 100 x10-8 m3/kg, thus implying the intense impact of fresh water input 

(Ghilardi et al., 2008).  
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10.3.3  Borehole P-5 

 

In borehole P-5 the interval from 15.00 to 9.00 m core depth (Unit Ab) is featured by the 

high abundance of A. tepida (generally higher than 70%), accompanied by the presence 

of Elphidium gunteri and Aubignyna perlucida (up to ~ 12%), Haynesina germanica (up 

to ~ 20%), Rossalina bradyi (up to ~ 8%), Quinqueloculina spp. (up to ~ 30%), a typical 

species of estuarine and shallow marine environments (e.g., Carboni et al., 2010; 

Evelpidou et al., 2010). Overall similar foraminiferal assemblages have been 

characterized as open lagoon environments (e.g., Carboni et al., 2010; Koukousioura et 

al., 2012).  

The interval from 9.00 to 5.50 m core depth (Unit C) consists mainly of marine 

foraminiferal species (e.g., Rosalina bradyi, Bolivina dilatata, Peneroplis pertusus, 

Elphidium complanatum; Fig. 10-5). In addition, miliolids (Quinqueloculina berthelotiana, 

Q. seminula) featuring the infralittoral and upper circalittoral zones (e.g., Sgarrella and 

Moncharmont Zei, 1993), consist an important fraction of the assemblage together with 

specimens of planktonic foraminiferal species (Fig. 10-5). However, the presence of 

euryhaline species such as H. depressula, A. tepida suggests a shallow marine 

paleoenvironment which also exhibits lagoonal features.  

The microfaunal content of Unit C (5.50 to 0.00 m core depth) reveals the relative 

increase of A. tepida and H. depressula, along with Q. seminula (Fig. 10-5), suggesting 

closed lagoon paleoenvironmental conditions. 
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10.4 Correlation of the Pleistocene – Holocene facies  

 

Through foraminiferal analyses of boreholes P-2, P-4 and P-5 in western Saronic Gulf 

(Piraeus coastal plain), four different paleoenvironmental facies have been identified. 

Unit A (divided into categories Aa and Ab) is characterized as a lagoonal environment 

with mesohaline-oligohaline conditions (subunit Aa as a closed lagoon and subunit Ab 

as an open lagoon environment). Unit B is characterized as shallow-marine 

environment with freshwater influences. Unit C is characterized as lagoonal 

environment with oligohaline conditions (also closed lagoon), while Unit D as coastal, 

paralic and/or freshwater marsh environment. Definitely though Unit D is not considered 

a marine environment, but it exhibits more subaerial/ terrestrial features.  

In boreholes from the Corinth area also four environments have been described. The 

first is lagoonal (mesohaline to oligohaline conditions) where regional paleodepth ≤ 20 

m depth is proposed (Cluster ΙI/ Group B). The second is shallow marine environment 

with no influence from freshwater input, where regional paleodepth ≥ 40 m depth is 

proposed (Cluster II / Group A/C). The third is a transitional situation between lagoonal 

and shallow marine environment, where regional paleodepth between 20 m and 40 m 

depth is proposed (Cluster I / Group B/C). The forth is a coastal/ fluvial backshore 

environment.   

A significant correlation among the environment described in these boreholes and the 

environment described in boreholes from the Corinth Canal is identified. 

Unit D shows high resemblance with the forth environment, the coastal/ fluvial 

backshore environment. Both these facies are characterized the likewise based on the 

few or broken foraminifera specimens described within (Goiran et al., 2011; 

Triantaphyllou et al., 2016). 

A correlation is also suggested between Unit B and the transitional environment in 

Corinth boreholes (Cluster I / Group B/C). In both cases full marine species (miliolids, 

Rossalina bradyi) are described, accompanied by Ammonia tepida and Haynesina spp.. 

Despite similarities some differences have been traced. In particular the presence of 
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Bolivina dilatata, Peneroplis pertusus, Elphidium complanatum, have been found only in 

Unit B from Piraeus.  

Unit A is significantly correlated with the (Cluster ΙI/ Group B) lagoonal assemblages. In 

both cases the dominance of Ammonia tepida in the examined samples is prominent. 

Even though that minor differences are described (in P-2, P-4 and P-5 boreholes the 

presence of Aubignina perlucida and E. gunteri is described, while in samples extracted 

from the Corinth area the presence of E. granosum is mentioned), the high percentage 

of the A. tepida in the samples (in some cases even 100% of the total sample), is 

undeniable.  

A significant difference between these two case studies is the absence of deeper 

marine environment in the Piraeus samples. In the examined samples from the Corinth 

area, deeper marine facies are described (with regional paleodepth ≥ 40 m depth). The 

main reason is the different tectonic regime of these areas. The area of Piraeus is not 

influenced by major active faults and is more stable than the Corinth Isthmus area.  

Therefore, the absence of subsidence and /or uplift procedures resulted into a less 

complicated sedimentological pattern. During an equivalent time period (~ 10 ka, Goiran 

et al., 2011) the boreholes from the Corinth area exhibited significant alternations where 

the paleoenvironment in Corinth changed from fluvial- backshore to shallow marine, 

then to shallow marine with lagoonal features and the into fluvial again (e.g. Bh-3 

interval from 12.00 m to 5.50 m core depth, associated with the MIS5 highstand, ~125 

ka). 

Furthermore, the significance of the Kephissos river input is significant, documented not 

only to foraminiferal assemblages, but to the examined mollusks and pollen as well 

(Triantaphyllou et al., 2016). 

In conclusion, the presence of Ammonia tepida is indeed the most significant indicator 

to describe lagoonal (mesohaline-oligohaline) environments. In both cases the 

dominance of the A. tepida was prominent. Furthermore, in Piraeus coastal plain the 

palynological and molluscan analysis (borehole P-4, Triantaphyllou et al., 2016), also 

indicates deposition in shallow environments.  Therefore, the ≤20 m regional estimated 
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paleodepth proposed for (Cluster ΙI/ Group B), is now a more valid hypothesis, based on 

the findings from Piraeus area. 

Another interesting conclusion is the relationship between the measured magnetic 

susceptibility measurements extracted form borehole P-4 (Triantaphyllou et al., 2016) 

and the described paleoenvironment in the borehole sequence. There is a clear 

correlation between higher MS values and coastal – paralic environment (also proposed 

in Ghilardi et al., 2008) and MS values with marine conditions. The latter also confirms 

the correlation between MS values and paleoenvironmental analysis where high values 

are documented for fluvial terrestrial coarser sediments. 

 

 

 

 

 

 

 

 

 

 

 

 

 



3D visualization and paleoenvironmental interpretation 

 

190 

 

11 3D visualization and paleoenvironmental interpretation  

 

The paleoenvironmental units in the boreholes are described through hierarchical 

cluster analysis of the foraminiferal assemblages (two way cluster analysis, non-metric 

multi-dimensional scaling (MDS)), correlated with the described lithologies and with the 

measured MS values. Lagoonal environment is associated with Group B-Cluster III 

assemblages (dominated by small sized A. tepida, followed by E. granosum and 

Haynesina spp.) (Fig. 7-2, chapter 7.1). Shallow marine environments are associated 

with Group A/C-Cluster II assemblages (dominated by full marine species (e.g. N. 

terquemi, Asterigerinata spp., Discorbis spp.). Transitional environmental conditions 

(from shallow marine to lagoonal) are associated with Group B/C-Cluster I (dominated 

by A. beccarii, E. crispum). Based on these divisions different depositional 

paleoenvironments can be differentiated and therefore a temporal reconstruction of the 

paleoenvironment is feasible. This analysis clearly demonstrates and confirms that not 

only lithology but also the depositional environment display significant spatial and 

temporal variations over short distances.  

Micropaleontological analysis has shown successions of lagoonal to shallow marine 

deposits (sea level rise/highstand) with terrestrial deposits (sea level fall/lowstand). The 

latter indicates that glacioeustatic sea level changes and the tectonic uplift of the area 

caused constant shifts of the coastline seaward (forced regression sequences) or 

landward (transgression sequences) (e.g. Emery and Myers, 1994; Nichols, 1999; 

Nagendra et al., 2011) and their imprint is documented within the paleoenvironmental 

alternations described before. Landward shifting of the coastline and the upwards 

deepening sequence pattern reflects transgression (Transgressive Systems Tract, 

TST), whereas seawards shifting of the coastline and the upward shallowing sequence 

pattern reflects forced regression (forced Regressive System Track, FRST) (e.g. 

Nagendra et al., 2011; Avnaim et al., 2012; Amorosi et al., 2014a; Farouk, et al., 2016).   

The vertical stacking of the borehole cores mark five distinct successive sedimentary 

sequences, indicating an onset of transgressive-regressive (T-R) conditions (Figs 11-1, 
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11-2, 11-3) which are better manifested in the deepest borehole (Bh-3). In boreholes 

Bh-1 and GA-5 (Figs 11-1, 11-2) three successive transgressive-regressive (T-R) 

sequences can be described. Notable, the described sediments and the estimated 

palaeobathymetry in these boreholes can be significantly correlated. In borehole GA-4 

(Figs 11-1, 11-2) three successive transgressive-regressive (T-R) sequences can be 

described as well. The shallow marine paleoenvironment (~40 m water depth) described 

at the interval 25.50 – 31.00 m core depth can be correlated with the equivalent regional 

estimated palaeobathymetry in Bh-3 (37.00–39.60 m core depth) and in Bh-7 (Figs 11-

1, 11-2) (26.00–27.00 m core depth) horizons. Furthermore, even though no 

paleoenvironmental description of boreholes Bh-6 and Bh-4 exists, this horizon can 

possible be correlated with fine sediments in boreholes Bh-6 (20.70–24.30 m core 

depth) and Bh-4 (17.50–20.00 m core depth). In cross section Bh-6 / GA-4 (Fig. 11-2) a 

clayey horizon is correlated between boreholes Bh-6 and Bh-4. Notable, this horizon is 

displaced from the Kalamaki-Isthmia fault‘s activity ~5 m. The latter is in agreement with 

the ~ 5 m offset described in Papanikolaou et al. (2015) between lagoonal horizons in 

boreholes Bh-3 and Bh-7. This reinsures the Kalamaki-Isthmia fault‘s activity, 

considering as well the proximity of these boreholes (Figs 3-2, 11-1). 
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Figure 11-3. a-d) Strata observed in (a, b) the northern part; (c, d)) southern part of the 

Corinth Canal (for locality see green box in figure 3-2). Paleosoil horizons and sands 

are observed approximately at the same altitude with those described in the borehole 

core. Furthermore, erosional surfaces are observed, and calcite surfaces strongly 

indicate subaerial exposure. The observed outcrops are correlated with the upper part 

of the Bh-3 borehole sequence. 

Εηθόλα 11-3. ηξώκαηα πνπ παξαηεξνύληαη ζην θαλάιη (a, b) ζην βόξεην ηκήκα. (c, d) 

λόηην ηκήκα (πξάζηλν πιαίζην ζηελ εηθόλα 3-2). Οη νξίδνληεο ηνπ παιαηνεδάθνπο θαη νη 

άκκνη παξαηεξνύληαη πεξίπνπ ζην ίδην πςόκεηξν κε απηέο πνπ πεξηγξάθνληαη ζηνλ 

ππξήλα ηεο γεώηξεζεο Bh-3. Δπηπξόζζεηα, παξαηεξνύληαη επηθάλεηαο αζπλέρεηαο κε 

αζβεζηνπνίεζε ππνδεηθλύνληαο επηθαλεηαθέο ζπλζήθεο. Σα ζηξώκαηα απηά 

ζπζρεηίδνληαη κε ην αλώηεξν ηκήκα ηεο γεώηξεζεο Bh-3. 
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12   Discussion 

 

12.1  Age constraints 

 

Even though that the data from OSL/IrSL were inconclusive and the corals can only 

indicate a possible age of 175 ka and older, the nannofossils assemblages offer more 

valuable insights regarding  age constraints and proved helpful in determining the age 

of the sediments. 

 

12.1.1  Surface samples 

 

Nanno fossils were sparse in the examined samples extracted from surface outcrops 

where, from 32 samples examined only 8 contained nannofossils (Fig. 6-8).  The 

presence of E. huxleyi in samples S.23.9/2, S.25.9./3, S.25.9/2 and S.12/7/3 indicates 

that sediments have been deposited at least after the first occurrence of the species 

(base of nannofossil biozone NN21a; Martini, 1971); namely within marine isotopic 

stage MIS 8, at ~265 ka in the eastern Mediterranean (e.g. Raffi et al., 2006). On the 

contrary, the absence of E. huxleyi in samples S.17.7/5, S.17.7/6, 4/7/17 and Can.12 

indicates an age older than ~260 ka (older than MIS 9). Furthermore the absence of 

Large Gephyrocapsa (>4 κm) and Pseudoemiliania lacunose indicates an age younger 

than 430 ka (Backman et al., 2012). It is important to mention that sample Can.12 was 

extracted from the Corinth Canal approximately at the same area where Collier et al. 

(1992), estimated the age of the corals at ~311 ka (MIS 9). The latter also confirms both 

absolute and relative ages.  
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12.1.2  Boreholes 

 

By correlating the glacioeustatic sea level change curve of Siddall et al. (2003) with the 

uplift rate 0.3 mm/yr for the Corinth Isthmus area as it is estimated by Collier et al. 

(1992), Dia et al. (1997) and Pierini et al. (2016) dating results, it appears that marine 

deposits would have been expected to be preserved during the high stands within MIS 

5.5, 6.5, MIS 7 and MIS 9 with maximum depths ranging between ~20  and 80 m (e.g., 

Siddall et al., 2003; Thompson and Goldstein, 2006) (Fig. 12-1). In the same line, the 

study area is expected to be emerged ~120 m above sea level (cold MIS 2.21 at 23.7 

ka) and ~70 m and ~30 m during the cold MIS 6.0 (129.3 ka) and MIS 7.0 (179.2 ka) 

respectively (e.g. Thompson and Goldstein, 2006). Transgressive stacking patterns 

therefore, would have been expected to be deposited during the high stands where the 

coastline had shifted landwards and the area was emerged. Consequently, 

transgressions phases correspond to MIS 5.5, 6.5, 7, 9 (Fig. 12-1e).   

The continuous existence of E. huxleyi throughout the borehole sediments indicates 

depositional ages younger than 265 ka, limiting the marine sedimentation to MIS 5.5, 

MIS 6.5 and MIS 7 high stands. The lack of accurate radiometric data though does not 

allow determining the exact ages of the sediments. The latter can be described only 

through different scenarios involving marine sedimentation in all /or some of the MIS 5, 

MIS 6 and MIS 7. The estimated regional paleodepths of the present study can also be 

correlated with the expected paleodepths during MIS 5.5, MIS 6.5 and MIS 7, based on 

sea level curve and the tectonic uplift of the area. Papanikolaou et al. (2015) suggested 

that the MIS 5.5 paleoshoreline is expected ~40 m above present sea level, whereas 

MIS 6.5 and MIS 7 paleoshorelines are expected at ~5 m and ~ (60–70) m above 

present sea level respectively. The estimated regional paleodepths, in correlation with 

the modeled shoreline elevations (Papanikolaou et al., 2015) through the uplift rate of 

the area and the glacioeustatic sea level curve can significantly help to constrain the 

possible scenarios describing the sedimentation processes of the area.  
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Figure 12-1. Synthetic sketch showing the sedimentation processes model of the 

examined boreholes (GA-2, GA-4, GA-5, Bhi-1, Bh-3, Bh-7) where marine sediments 

are associated with MIS 5 to 7. (A) Sedimentary patterns within boreholes, where the 

depositional paleoenvironment is shown (dark blue- shallow marine, light blue- lagoonal, 

emerald- partially influenced by lagoonal features).  (B) Sketch illustrating relatively sea 

rise or fall based on the paleoenvironmental description of the boreholes, in respect with 

sequence stratigraphic interpretation. (C) Sketch illustrating regional paleodepth 

estimation based on foraminiferal assemblages. (D) Expected isotopic stages 

successions, within boreholes which develops in response to glacioeustatic highstands 

of sea-level and tectonic uplift. According to the most probable scenario sediments were 

deposited during MIS 5.5, MIS 6.5 and MIS 7. (E) Based on the glacioeustatic sea level 

curve from Siddall et al. (2003) and the 0.3 mm/yr uplift rate from Collier et al. (1992), 

the expected depositional environment is described. The timetable where the study area 

is expected to be submerged are highlighted, in comparison with the periods that it is 

expected to be emerged (modified from Papanikolaou et al., 2015).                           

Εηθόλα 12-1. ρεκαηηθή απεηθόληζε ηνπ κνληέινπ ηδεκαηνγέλεζεο ησλ γεσηξήζεσλ (GA-

2, GA-4, GA-5, Bhi-1, Bh-3, Bh-7) όπνπ ηα ζαιάζζηα ηδήκαηα ζπλδένληαη κε ηα 

κεζνπαγεηώδε δηαζηήκαηα ΜΙS 5 έσο 7 (Α). Σν παιαηνπεξηβάιινλ κέζα ζηηο γεσηξήζεηο 

(ζθνύξν κπιε, ξερό ζαιάζζην, γαιαδνπξάζηλν ξερό ζαιάζζην κεξηθώο επεξεαζκέλν 

από ιηκλνζάιαζζεο, γαιάδην, ιηκλνζαιάζζην πεξηβάιινλ). (Β) ρεκαηηθή απεηθόληζε  

ηεο αλόδνπ θαη πηώζεο ηεο ζάιαζζαο κε βάζε ηελ παιαηνπεξηβαιινληηθή πεξηγξαθή 

ησλ γεσηξήζεσλ. (C) ρεκαηηθή απεηθόληζε ηνπ εθηηκώκελνπ παιαηνβάζνπο, (D) Σα 

αλακελόκελα ζηάδηα θαηά ηα νπνία έγηλε ε απόζεζε ησλ ηδεκάησλ. (E) Με βάζε ηελ 

θακπύιε κεηαβνιήο ηεο ζαιάζζηαο ζηάζκεο θαη ηνπ ξπζκνύ αλόδνπ ηεο πεξηνρήο 

πεξηγξάθεηαη ην αλακελόκελν πεξηβάιινλ απόζεζεο ησλ ηδεκάησλ. Δπηζεκαίλνληαη νη 

πεξίνδνη πνπ ζηελ πεξηνρή αλακέλεηαη λα επηθξαηεί ζαιάζζηα ηδεκαηνγέλεζε (από 

Papanikolaou et al., 2015). 

 

Pallikarakis et al. (Cor. Proof.) based on the regional estimated paleodepths, suggested 

a scenario involving marine sedimentation in all three MIS 5, MIS 6 and MIS 7 as the 
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most favorable to describe the sedimentation processes within borehole Bh-3. The 

scenario involving marine sedimentation in all three MIS 5, MIS 6 and MIS 7 is the most 

favorable to describe the sedimentation processes within borehole Bh-7 as well, 

considering the proximity and the similar described paleoenvironments and paleodepths 

with borehole Bh-3 (Fig. 8-3). The presence of in situ Cladocora corals and lagoonal 

sediments approximately at the sea level in both boreholes indicates that this horizon, 

identified in both boreholes, s associated with MIS 6.5 highstand (Pallikarakis et al., 

Cor. Proof). Considering that corals prefer not muddy but harder substratum to grow, 

the presence of in situ Cladocora corals and lagoonal sediments indicates relatively 

rapid changes to the paleoenvironmetal conditions. Shallow marine sediments above 

this layer area associated with MIS 5.5 highstand, while shallow marine sediments 

beneath this horizon are associated with MIS 7 highstand. 

On the contrary, in boreholes Bh-1, GA-5 and GA-4 neither lagoonal sediments nor in 

situ corals were traced. Furthermore, the relatively deeper marine conditions described 

in GA-5 (14.30–20.80 m core depth), in Bh-1 (12.00–21.00 m core depth) and in GA-4 

(25.50–31.00 m core depth) are not in agreement with the expected paleodepth during 

MIS 6.5. Based on the sea level curve and the tectonic uplift of the area the 

paleoshoreline is estimated at ~5 m above the present sea level and therefore shallower 

conditions are expected. Therefore the presence of MIS 6.5 sediments in these 

boreholes is excluded and were either eroded or not deposited at all. Consequently, the 

most favorable scenario describing the sedimentation processes in Bh-1 and GA-5 

involves marine deposits during MIS 5.5 and MIS 7 highstands (Fig. 12-1). The scenario 

suggesting that the entire borehole sequences can be associated with the MIS 7 

highstand is based on the assumption that major erosion processes removed marine 

sediments from MIS 5.5 and although this hypothesis cannot be excluded, it is less 

probable, considering that this require major erosional processes.  

In GA-4, the presence of coarse sand with gravels associated with terrestrial 

environment (8.80–25.50 m core depth) and the deeper marine conditions at the interval 

(25.50–31.00 m core depth), indicates that the most favorable scenario describing the 

sedimentation processes is that the remaining sediments are from MIS 7 (Fig. 12-1).   
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Considering the altitude where borehole GA-2 was drilled and the paleoenvironmental 

description of the core sequence, sedimentation during MIS 6.5 is clearly excluded. The 

paleoenvironmetal interpretation indicates a shallowing upwards paleogeography, in 

agreement with the expected paleoshoreline at ~40 m. Therefore the most favorable 

scenario is that the sedimentation sequence occurred during MIS 5.5.  

 

12.2 Tectonic activity 

 

12.2.1 Uplift rate 

 

The  0.3 mm/yr since MIS 7.3 (205 ka) uplift rate of the Corinth Canal is well 

documented by Collier et al. (1992), Dia et al. (1997) and Pierini et al. (2016). 

Nannofossils though, can also provide an independent methodology for estimating the 

age and consequently the uplift of the area. In sample GA-2, at 12.95 m depth the 

presence of E. huxleyi indicates an age younger than 265 ka. Based on the 

glacioeustatic sea level curve and the estimated palaeobathymetry (maximum ~40 m 

water depth), an age between ~125 ka (MIS 5.5) and 265 ka (MIS 7) is suggested and 

an uplift rate ~0.34 ± 0.12 mm/yr is estimated (Fig. 12-2). Ages younger than 125 ka 

(MIS 5.5) are excluded since the area was constantly emerged and no marine 

sedimentation was occurring. If sediments were younger than 125 ka, then based on 

the sea level curve and the palaeobathymetry, a minimum uplift rate ~0.5 mm/yr is 

proposed. In this scenario though, the paleoenvironment within the boreholes could not 

be correlated with the borehole data excluding as well such probability. For example 

instead of alternations of lagoonal and shallow marine facies, relatively deep marine 

sediments would have been described. 
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Figure 12-2. The paleoenvironmental interpretation of borehole GA-2 and the possible 

range of the estimated uplift rate based on the described calcareous nannofossils from 

sample GA-2 12.95 m. 

Εηθόλα 12-2. Σν παιαηνπεξηβάιινλ ζηελ γεώηξεζε GA-2 θαη ην πηζαλό εύξνο ηνπ 

εθηηκώκελνπ ξπζκνύ αλύςσζεο κε βάζε ηα λαλναπνιηζώκαηα ηνπ δείγκαηνο GA-2 

12.95 m. 
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Figure 12-3. a) The paleoenvironmental interpretation in cross section C-C’ almost 

perpendicular to the Kalamaki-Isthmia fault trace, showing the estimated uplift rate 

based on calcareous nannofossils assemblages. b) The possible range of the estimated 

uplift rate based on the described calcareous nannofossils from surface outcrops. 

Εηθόλα 12-3. a) Σν παιαηνπεξηβάιινλ ζηελ ηνκή C-C’ πνπ δείρλεη ηνλ εθηηκώκελν 

ξπζκό αλύςσζεο κε βάζε ηα λαλναπνιηζώκαηα. β) Σν πηζαλό εύξνο ηνπ εθηηκώκελνπ 

ξπζκνύ αλύςσζεο κε βάζε ηα λαλναπνιηζώκαηα ηόζν από ηα επηθαλεηαθά δείγκαηα 

όζν θαη από ηελ γεώηξεζε GA-2. 
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Furthermore, in surface samples (S.23.9/2, S.25.9./3, S.25.9/2 and S.12/7/3) (Fig. 6-8) 

where  nannofossils were traced, the presence of E. huxleyi also suggests an age 

between ~125 ka (MIS 5.5) and 265 ka (MIS 7). Nannofossils in samples S.17/7/5 and 

S.17/7/6 indicate an age in-between MIS 9 to MIS 11. Based on the regional estimated 

paleodepth (~30 m water depth) in both cases and the altitude in which the samples 

were extracted, an 0.27 ± 0.12 mm/yr uplift rate on the hangingwall and 0.33 ± 0.12 

mm/yr uplift rate on the footwall of the fault is estimated (cross section C-C‘) (Fig. 12-3). 

Therefore following all the above constraints an average 0.30 ± 0.12 mm/yr uplift rate 

for the cross section C-C‘ is suggested and based also on the results from borehole GA-

2 (Fig. 12-2, ~0.34 ± 0.12 mm/yr), an average 0.32 ± 0.14 mm/yr uplift rate for the 

eastern part of the Corinth Isthmus is extracted. 

The error of the estimated rates incorporates the uncertainties of the paleodepth and 

the different highstands where the sedimentation was possible. However, the extracted 

rates are in agreement with the rates extracted through absolute dating techniques by 

Collier et al. (1992), Dia et al. (1997) and Pierini et al. (2016) adding confidence to the 

reported rates. 

 

12.2.2 The Kalamaki - Isthmia fault activity 

 

The ~0.3 mm/yr uplift rate of the area is the aftermath of all the combined factors which 

subside or uplift the Corinth Isthmus. Collier (1990), Collier et al. (1992), though 

mentioned a relatively lower uplift rate at the western part (~0.2 mm/yr) than the eastern 

part (~0.3 mm/yr). Furthermore, the morphology of the western part of the Isthmus is 

relatively smoother than the eastern part where the Kalamaki- Isthmia fault is the 

dominant structure (e.g. Papanikolaou et al., 2015), also indicating higher tectonic 

activity. The cross section of the Canal (e.g. Collier, 1990; Collier et al., 1992; McMurray 

and Gawthorpe, 2000 and this study) shows significantly more faults at the eastern part 

(Kalamaki- Isthmia fault zone) than the western (Fig. 12-4).  
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Figure 12-4. a-b) Cross section of the Corinth Canal (based on Collier (1990) and this 

study), showing significantly more faults intersecting the eastern than the western part 

of the Canal. c-d) Photos from the northern part of the canal showing how the faults 

have displaced characteristic horizons.  

Δηθόλα 12-4. a-b) Η δηαηνκή ηεο Γηώξπγαο, όπνπ ηα πεξηζζόηεξα ξήγκαηα βξίζθνληαη 

ζην αλαηνιηθόηεξν ηκήκα. c-d) Φσηνγξαθίεο από ην βόξεην  ηκήκα ηεο Γηώξπγαο πνπ 

δείρλνπλ κεηαηνπηζκέλνπο νξίδνληεο από ηε δξάζε ησλ ξεγκάησλ. 

Mapping of the area has also revealed several faults displacing the exposed strata at 

the Corinth Canal (Fig. 12-4c, d). It is questionable though whether these displacements 
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were caused only from their activity and/or have been passively ruptured during another 

earthquake triggered by distal faults, like possible the Kalamaki-Isthmia fault during the 

1981 earthquake sequence (e.g. South Alkyonides fault system, Papanikolaou et al. 

(2015)).  

Papanikolaou et al. (2015) suggested a ~0.04 mm/yr maximum slip rate since MIS 6.5 

for the main trace of the Kalamaki-Isthmia fault, based on displaced lagoonal horizons 

in boreholes Bh-3 (footwall) and Bh-7 (hangingwall). In cross section C-C‘ (Fig. 12-3a) 

between surface outcrops samples S.17/7/5, S.17/7/6 at the footwall and S.23/9/2 at the 

hangingwall of the fault, a ~0.06 mm/yr difference between the estimated uplift rates is 

noticed. Considering of course the error mentioned before, this difference can be 

interpreted as the offset caused by the Kalamaki-Isthmia fault zone activity (Fig. 12-3). 

Furthermore, since cross section C-C‘ is located approximately at the center of the fault, 

the difference of the uplift from the footwall and the hangingwall extracts the maximum 

fault‘s throw rate at least during MIS 7. Based on the geometry of the fault (~65o dip), a 

maximum slip rate ~0.07 ± 0.02 mm/yr for the Kalamaki-Isthmia fault zone since MIS 7 

is extracted. 

 

12.3 Uplift / Subsidence model at the Kenchreai – Loutraki graben 

 

The major faults influencing the area of Corinth Isthmus are the SAFS (South 

Alkyonides Fault System) which uplift the area (e.g. Mariolakos and Stiros, 1987; 

Roberts et al., 2009) and the Agios Vassileios, the Kenchreai and the Loutraki faults 

that subside the area (e.g. Roberts et al., 2011; Koukouvelas et al., 2017). The last two 

faults form the Kenchreai - Loutraki tectonic graben (Fig. 12-5)  
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Figure 12-5. a) 3-D DEM of the area, showing the major active faults and their influence 

to the topography (vertical exaggeration x3)) b) Simplified 3-D model of the faults, 

based on their geometry.     

Εηθόλα 12-5. a) Σξηζδηάζηαην DEM ηεο πεξηνρή πνπ δηαθξίλνληαη ηα ξήγκαηα πνπ 

επεξεάδνπλ ηελ πεξηνρή (ν θαηαθόξπθνο άμνλαο είλαη κεγεζπκέλνο x3) b) 

Απινπνηεκέλν ηξηζδηάζηαην κνληέιν ησλ ξεγκάησλ. 

 

The Kenchreai fault consists both of offshore and onshore fault segments 

(Papanikolaou et al., 1988, 1989), comprising a ~ 24 km long fault structure (Fig. 12-6). 

Koukouvelas et al. (2017) thoroughly studied the E-W-trending Kenchreai fault and 

more specific the onshore segments. They described two segments approximately 3.8 

and 6.5 km long where the morphology of the segment's footwall differs in a change of 

maximum elevation, from east to west, from 40 m to 300 m. The maximum scarp height 

is in the order of 275 m in the west fault segment and much less in the east fault 

segment (In Koukouvelas et al., (2017)). The western tip of the fault is located at the 

main stem of the Solomos River. It is interesting to mention the presence of the 

Acrocorinthos fault (Fig. 12-5).  
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Figure 12-6. View of the onshore segment of the Kenchreai fault.                                            

Εηθόλα 12-6. Σν ρεξζαίν ηκήκα ηνπ ξήγκαηνο ησλ Κερξηώλ.  

 

The Kenchreai fault has subsided the area southwards the Canal and has contributed to 

the submersion of the ancient harbor of Kenchreai (e.g. Mourtzas et al., 2014; Mourtzas 

and Kolaiti, 2014; Kolaiti and Mourtzas, 2016). For the Kenchreai fault a slip rate 

approximately 0.15 – 0.20 mm/yr has been proposed (Koukouvelas et al., 2017; 

Deligiannakis et al., in press),  

The Loutraki fault consists of two parallel segments approximately 1.5 km apart, the 

southern segment that bounds the Loutraki basin, also traced offshore (e.g. Sakellariou 

et al., 2001) and the northern segment at about 500 m altitude near to Osios Potapios 

(Fig.12-7). ―The northern segment exhibits a clear postglacial scarp close to the Osios 

Patapios Monastery). The Loutraki Fault is active as it offsets a slope formed during 

periglacial activity in the last glacial maximum (~15 ± 3 ka). It deforms sediments from 
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the last glacial maximum exposed in a small quarry on the roadside. Slip in the 

Quaternary was ongoing, but intense erosion and sedimentation during glacial episodes 

would have outpaced scarp growth. Holocene slip and low sedimentation rates have 

produced a bedrock fault scarp that based on detailed scarp profiles is 8-9 m high, 

implying it has a throw-rate of approximately 0.50 mm/yr‖ (Roberts et al., 2011).  

The Agios Vassileios fault is a more distant fault located at the southern margin of the 

Proto-Corinth Gulf (Fig. 12-5). This ~38 km long E-W structure consists both of onshore 

and offshore segments, dipping northwards. Agios Vassileios fault was significantly 

more active during Pliocene since it was the south margin of the Proto-Corinth gulf (e.g. 

Leeder et al., 2002). In the present day though, its slip rate does not exceed ~0.10 to 

0.20 mm/yr (Roberts et al., 2011).  

 

 

Figure 12-7. View of the northern segment of the Loutraki fault plane (near to Osios 

Patapios) and the deformed sediments.  

Εηθόλα 12-7. Σν βνξεηόηεξν ηκήκα ηνπ ξήγκαηνο ηνπ Λνπηξαθίνπ, θνληά ζηνλ Όζην 

Παηάπην). 
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The last 10 years the co-seismic uplift and/or subsidence of earthquake events is been 

well documented based on satellite images. One of these events is the L‘Aquila 

earthquake on April 6th 2009 in central Italy. This (Mw 6.3) earthquake occurred on the 

Paganica fault. Several field surveys were conducted during the weeks following the 

main-shock, with the aim to characterize the pattern of surface faulting (e.g. EMERGEO 

Working Group, 2009, 2010; Papanikolaou et al., 2010; Goudarzi et al., 2011; Cheloni 

et al., 2014; Livio et al., 2017). Primary faulting was clearly recognized along the 

Paganica fault, for a 6 km in length while a maximum displacement of ca. 15 cm has 

been traced (e.g. Livio et al., 2017). In Papanikolaou et al. (2010) a ~ 25 cm maximum 

subsidence is described (~ 3 to 4 km from the fault trace), while in Goudarzi et al. 

(2011), several profiles executed both along and across the Paganica fault revealing an 

approximately 27 cm subsidence towards the center of the fault structure, also 

approximately 3 to 4 km distance from the fault trace (Fig. 12-8). 

Undoubtedly each earthquake has a unique influence to the environment but it is 

assumed that an earthquake caused by these faults will have a similar impact in the 

Corinth region as the L‘Aquila event has. The main reason for choosing the L‘Aquila 

earthquake is that in both cases similar lithologies have been described (e.g. Goudarzi 

et al., 2011). Furthermore, both areas experience a similar tectonic regime (normal 

faults). Therefore, the described subsidence caused by L‘Aquila earthquake can be the 

base of a simple model to examine the uplift and the subsidence caused by the faults 

influencing the Canal (SAFS, the Loutraki, the Kenchreai, the Agios Vassileios and the 

Kalamaki – Isthmia faults).  
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Figure 12-8. (A) Displacement field of the 6 and 7 of April 2009 L’Aquila earthquakes 

and (B) the diagram showing the range of the observed ground deformation in the 

epicentral area as appears from all profiles perpendicular to the activated fault plane. A 

footwall uplift/hangingwall subsidence ratio of about 1/3 with is extracted (Papanikolaou 

et al., 2010). 

Εηθόλα 12-8. (Α) Οη κεηαηνπίζεηο ζηηο πεξηνρή ηεο  L’Aquila, έπεηηα από ηνπο ζεηζκνύο 

ζηηο 6 θαη 7 Απξηιίνπ (2009) θαη (Β) Σν δηάγξακκα πνπ απεηθνλίδεη ηελ εδαθηθή 

κεηαηόπηζε βαζηζκέλνη ζηα πξνθίι θάζεηα ζην ξήγκα, όπνπ εθηηκάηαη θαη ν ιόγνο 

αλύςσζεο/ηαπείλσζεο πεξίπνπ 1/3 (Papanikolaou et al., 2010).                             

 

The subsidence/uplift distribution depends on:  

a) The subsidence/uplift ratio 

b) The fault‘s dip 

In L‘Aquila earthquake, a coseismic subsidence/uplift ratio ~1/2.9 is proposed 

(Papanikolaou et al., 2010, Fig. 12-8), while for the Eliki fault a ratio 1/2 is proposed 

(e.g. Koukouvelas, 1998). The dip of a fault varies from relatively high angles (e.g. ~65o 

for the Loutraki fault, Roberts et al., 2011) to relatively low angles (e.g. ~45o for the 

SAFS, Jackson et al., 1982). Therefore, different scenarios have to been considered 

involving all different variables (Table 21). Based on the average values of ratio and 

fault‘s dip (55o dip and 1/2.5 subsidence/uplift ratio) a model is proposed, describing the 

excepted uplift and subsidence rate for the SAFS, the Loutraki, the Kenchreai, the Agios 

Vassileios and the Kalamaki – Isthmia faults (Figs 12-9 to 12-13). 

Consequently, according to the average scenario described in table 21 and considering 

the ~0.20 mm/yr slip rate of the Kenchreai and the Agios Vassileios faults (e.g. Roberts 

et al., 2011), a maximum subsidence ~ 0.12 mm/yr is estimated for these two faults. 

Likewise, based on the ~0.50 mm/yr slip rate of the Loutraki fault (e.g. Deligiannakis et 

al., in press) a maximum subsidence rate ~0.29 mm/yr is estimated and a maximum 

uplift ~ 0.53 mm/yr for the SAFS fault (e.g. Deligiannakis et al., in press). Finally, a 
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maximum uplift ~ 0.02 mm/yr and 0.04 mm/yr subsidence rates are estimated for the 

Kalamaki-Isthmia fault. 

Table 21. The different scenarios of the subsidence and the uplift rates of the examined 

faults. The first two scenarios consider that the subsidence/uplift ratio is 1/3 (while the 

faults dip ranges from 45o to 65o), while the third and the forth scenarios consider that 

the subsidence/uplift ratio is 1/2 (while the faults dip ranges from 45o to 65o). Finally the 

average scenario (55o dip and 1/2.5 subsidence/uplift ratio) is presented. The examined 

pointe which is mentioned at the table the immediate footwall of the Kalamaki-Isthmia 

fault. Πίλαθαο 21. Σα δηαθνξεηηθά ζελάξηα ηεο θαηαλνκήο ησλ ξπζκώλ αλύςσζεο θαη 

ηαπείλσζεο ζηελ πεξηνρή. ηα δπν πξώηα ν ιόγνο ηαπείλσζεο/αλύςσζεο είλαη 1/3 (κε 

ηελ θιίζε ησλ ξεγκάησλ λα κεηαβάιιεηαη από 45ν ζε 65ν), ελώ ζην ηξίην θη ηέηαξην 

είλαη1/2 (κε ηελ θιίζε ησλ ξεγκάησλ λα κεηαβάιιεηαη από 45ν ζε 65ν). Σν ζελάξην κε ηηο 

κέζεο ηηκέο παξαηίζεηαη ζην ηέινο ηνπ πίλαθα. Σν ζεκείν αλαθνξάο είλαη ην αλεξρόκελν 

ηέκαρνο ηνπ ξήγκαηνο Καιακαθίνπ-Ιζζκίσλ. 

 

1st scenario (Fault dip 65o subsidence/uplift ratio ~1/3) 

65
o
 fault dip 

slip 

rate 

(mm

/yr) 

Throw 

rate 

(mm/yr) 

(1/3 

ratio) 

Max 

uplift 

rate (+) 

(mm/yr) 

 

Max 

subsiden

ce rate (-) 

(mm/yr) 

 

Subsidence 

or uplift at the 

examined 

point (mm/yr) 

Cumulative 

movements 

since MIS5 at 

examined 

point (in m) 

Cumulative 

movements 

since MIS7 at 

examined 

point (in m) 

SAFS 2.30 2.08 0.52 -1.56 +0.115 +14.4 +23 

Loutraki 0.50 0.45 0.11 -0.34 -0.11 -14 -22 

Kenchreai 0.20 0.18 0.04 -0.14 -0.09 -11.2 -18 

Ag. Vass. 0.20 0.18 0.04 -0.14 -0.01 -1.75 -2.8 

Kalamaki 0.07 0.06 0.02 -0.04 +0.02 +2.5 +4 

Total     -0.08 -10.1 -16 

2nd  scenario (Fault dip 45o subsidence/uplift ratio ~1/3) 
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45
o
 fault dip 

slip 

rate 

(mm

/yr) 

Throw 

rate 

(mm/yr) 

(1/3 

ratio) 

Max 

uplift 

rate (+) 

(mm/yr) 

 

Max 

subsiden

ce rate (-) 

(mm/yr) 

 

Subsidence 

or uplift at the 

examined 

point (mm/yr) 

Cumulative 

movements 

since MIS5 at 

examined 

point (in m) 

Cumulative 

movements 

since MIS7 at 

examined 

point (in m) 

SAFS 2.30 1.62 0.41 -1.21 +0.09 +11.25 +18 

Loutraki 0.50 0.35 0.09 -0.26 -0.08 -10 -16 

Kenchreai 0.20 0.15 0.04 -0.11 -0.07 -8.7 -12 

Ag. Vass. 0.20 0.15 0.04 -0.11 -0.01 -1.75 -4 

Kalamaki 0.07 0.06 0.02 -0.04 +0.02 +2.5 +4 

Total     -0.05 -6.5 -10 

3rd scenario (Fault dip 65o subsidence/uplift ratio ~1/2) 

65
o
 fault dip 

slip 

rate 

(mm

/yr) 

Throw 

rate 

(mm/yr) 

(1/2 

ratio) 

Max 

uplift 

rate (+) 

(mm/yr) 

 

Max 

subsiden

ce rate (-) 

(mm/yr) 

 

Subsidence 

or uplift at the 

examined 

point (mm/yr) 

Cumulative 

movements 

since MIS5 at 

examined 

point (in m) 

Cumulative 

movements 

since MIS7 at 

examined 

point (in m) 

SAFS 2.3 2.08 0.69 1.39 +0.15 +18.75 +30 

Loutraki 0.5 0.45 0.15 0.30 -0.09 -11.25 -18 

Kenchreai 0.2 0.18 0.06 0.12 -0.07 -8.75 -14 

Ag. Vass. 0.2 0.18 0.06 0.12 -0.01 -2.5 -4 

Kalamaki 0.07 0.06 0.02 0.04 +0.02 +2.5 +4 

Total     -0.01 -1.25 -2 

4th scenario (Fault dip 45o subsidence/uplift ratio ~1/2) 

45
o
 fault dip 

slip 

rate 

(mm

/yr) 

Throw 

rate 

(mm/yr) 

(1/2 

ratio) 

Max 

uplift 

rate (+) 

(mm/yr) 

Max 

subsiden

ce rate (-) 

(mm/yr)  

Subsidence 

or uplift at the 

examined 

point (mm/yr) 

Cumulative 

movements 

since MIS5 at 

examined 

point (in m) 

Cumulative 

movements 

since MIS7 at 

examined 

point (in m) 

SAFS 2.3 1.62 0.54 1.08 +0.12 +15 +24 

Loutraki 0.5 0.35 0.12 0.23 -0.07 -10 -16 
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Kenchreai 0.2 0.14 0.05 0.09 -0.06 -6.25 -10 

Ag. Vass. 0.2 0.14 0.05 0.09 -0.01 -1.25 -2 

Kalamaki 0.07 0.06 0.02 0.04 +0.02 +2.5 +4 

Total     0.00 0 0 

Average scenario (Fault dip 55o subsidence/uplift ratio ~1/2.5) 

Average 55
o
 

fault dip 

slip 

rate 

(mm

/yr) 

Throw 

rate 

(mm/yr) 

(Average 

1/2.5 

ratio) 

Max 

uplift 

rate (+) 

(mm/yr) 

 

Max 

subsiden

ce rate (-) 

(mm/yr) 

 

Subsidence 

or uplift at the 

examined 

point (mm/yr) 

Cumulative 

movements 

since MIS5 at 

examined 

point (in m) 

Cumulative 

movements 

since MIS7 at 

examined 

point (in m) 

SAFS 2.3 1.86 0.53 1.33 +0.12 +15 +24 

Loutraki 0.5 0.41 0.12 0.29 -0.09 -12.5 -20 

Kenchreai 0.2 0.16 0.04 0.12 -0.07 -7.5 -12 

Ag. Vass. 0.2 0.16 0.04 0.12 -0.02 -2.5 -4 

Kalamaki 0.07 0.06 0.02 0.04 +0.02 +2.5 +4 

Total     -0.04 -5 -8 
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Figure 12-9. The estimated uplift and subsidence rate in mm/yr due to the activity of the 

Kalamaki – Isthmia fault based on the average values (55o dip and 1/2.5 

subsidence/uplift ratio, Table 21).   

Εηθόλα 12-9. Ο εθηηκώκελνο ξπζκόο αλύςσζεο θαη ηαπείλσζεο από ηελ δξάζε ηνπ 

ξήγκαηνο ηνπ Καιακαθίνπ-Ιζζκίσλ, κε βάζε ηηο κέζεο ηηκέο ηνπ ιόγνπ 

ηαπείλσζεο/αλύςσζεο θαη θιίζεο ηνπ ξήγκαηνο. 
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Figure 12-10. The estimated uplift and subsidence rate in mm/yr due to the activity of 

the Kenchreai fault based on the average values (55o dip and 1/2.5 subsidence/uplift 

ratio, Table 21). 

Εηθόλα 12-10. Ο εθηηκώκελνο ξπζκόο αλύςσζεο θαη ηαπείλσζεο από ηελ δξάζε ηνπ 

ξήγκαηνο ησλ Κερξηώλ, κε βάζε ηηο κέζεο ηηκέο ηνπ ιόγνπ ηαπείλσζεο/αλύςσζεο θαη 

θιίζεο ηνπ ξήγκαηνο. 
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Figure 12-11. The estimated subsidence rate in mm/yr due to the activity of the Loutraki 

fault based on the average values (55o dip and 1/2.5 subsidence/uplift ratio, Table 21). 

Εηθόλα 12-11. Ο εθηηκώκελνο ξπζκόο αλύςσζεο θαη ηαπείλσζεο από ηελ δξάζε ηνπ 

ξήγκαηνο ηνπ Λνπηξαθίνπ, κε βάζε ηηο κέζεο ηηκέο ηνπ ιόγνπ ηαπείλσζεο/αλύςσζεο θαη 

θιίζεο ηνπ ξήγκαηνο. 
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Figure 12-12. The estimated uplift rate in mm/yr due to the activity of the SAFS based 

on the average values (55o dip and 1/2.5 subsidence/uplift ratio, Table 21).           

Εηθόλα 12-12. Ο εθηηκώκελνο ξπζκόο αλύςσζεο από ηελ δξάζε ησλ ξεγκάησλ ησλ 

Αιθπνλίδσλ, κε βάζε ηηο κέζεο ηηκέο ηνπ ιόγνπ ηαπείλσζεο/αλύςσζεο θαη θιίζεο ησλ 

ξεγκάησλ. 
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Figure 12-13. The estimated subsidence rate in mm/yr due to the activity of the Agios 

Vassileios fault based on the average values (55o dip and 1/2.5 subsidence/uplift ratio, 

Table21).                                                                                                                                                                                           

Εηθόλα 12-13. Ο εθηηκώκελνο ξπζκόο ηαπείλσζεο από ηελ δξάζε ηνπ ξήγκαηνο ηνπ 

Αγίνπ Βαζηιείνπ, κε βάζε ηηο κέζεο ηηκέο ηνπ ιόγνπ ηαπείλσζεο/αλύςσζεο θαη θιίζεο 

ηνπ ξήγκαηνο. 
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All previous researchers concluded that the uplift rate of the eastern part of the Corinth 

Canal is 0.3 mm/yr (e.g. Collier et al., 1992; Dia et al., 1997; Pierini et al., 2016). This 

0.3 mm/yr rate is the result of all factors which uplift or subside the Canal, including the 

regional uplift of the area. Based on the described scenarios the examined faults the 

influence at the immediate footwall of the Kalamaki-Isthmia fault; ranges from 0.0 to 

~0.08 mm/yr subsidence and while the average rate is -0.04±0.04 mm/yr. Even though 

that the equilibrium among these four faults for the examined scenario is approximately 

-0.04 mm/yr subsidence the area is undeniably uplifted. The latter can be explained if 

the influence of the regional uplift is estimated approximately at ~0.34±0.04 mm/yr (Fig. 

12-14).  

The significance of the regional uplift is highlighted in figure 12-15, where a hypothetical 

paleogeographical model of the area is shown, based only on the influence of the faults 

described before. Instead of the uplift of the area (as it is expected based on the 

findings from the borehole cores and the surface mapping described before, as well as 

the results from previous researchers), the final outcome from the interplay of these 

faults cause the subsidence of the area. The latter resulted into a completely different 

paleogeography during MIS 5.5 (125 ka) and MIS 7 (~200 –240 ka) (Fig. 12-15 a, b).  

Based on the subsidence rates mentioned, the cumulative impact of the faults can be 

estimated based on this model. Therefore, an approximately 12.5 ± 3 m subsidence is 

caused by the Loutraki fault at the eastern part of the Corinth canal since MIS 5 (125 

ka) is expected. The Kenchreai fault subside the area of Corinth Canal ~ 7.5 ± 3 m 

since MIS 5 (125 ka). The SAFS uplift the Canal ~ 15 ± 3 m while a ~ 2.5 ± 2 m 

cumulative uplift is caused by the Kalamaki – Isthmia fault the last 125 ka. The Agios 

Vassileios fault is expected to subside the Canal ~ 2.5 m for the same period. 

Therefore, at the eastern part of the canal a ~ 5 m subsidence is expected. On the 

contrary based on the estimated uplift rate of the area, uplift ~ 37 m above the present 

day sea level is expected. Furthermore, marine deposits (e.g. the interval in Bh-3 from 

12.00 m to 5.50 m core depth) associated with the MIS 5 highstand, also implies 

uplifting procedures. 
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Figure 12-15. The hypothetically paleogeography of the Corinth Isthmus during the MIS 

5.5 (125 ka) (a and b) and MIS 7 (~200–240 ka) (c and d) highstands based only on the 

influence of the active faults of the area (average values 55o dip and 1/2.5 

subsidence/uplift ratio, Table 21). It is notable that the entire area is constantly emerged 

since MIS 7, which is not compatible with the findings of this study and with the previous 

researches as well. Figures b and d illustrate the cumulative subsidence and uplift in 

meters caused by the examined faults at the Eastern part of the Corinth Canal (see text 

for description). 

 Εηθόλα 12-15. Η ππνζεηηθή παιαηνγεσγξαθία ηεο πεξηνρήο κε βάζε κόλν ηελ 

επίδξαζε ησλ ξεγκάησλ πξηλ από 125 θαη 200 ρηιηάδεο ρξόληα θαη κε βάζε ηηο κέζεο 

ηηκέο ηνπ ιόγνπ ηαπείλσζεο/αλύςσζεο θαη θιίζεο ησλ ξεγκάησλ. Δίλαη εκθαλέο πσο ε 

πεξηνρή ήηαλ κνλίκσο αλαδπκέλε, θάηη πνπ δελ ζπκθσλεί ηόζν κε ηελ βηβιηνγξαθία όζν 

θαη ηα απνηειέζκαηα ηηο παξνύζαο εξγαζίαο. ηηο εηθόλεο b θαη d απεηθνλίδεηαη ε 

ηεθηνληθή αλύςσζε θαη ηαπείλσζε ηηο πεξηνρήο, ζην αλαηνιηθό ηκήκα ηνπ Καλαιηνύ κε 

βάζε ην κνληέιν αιιειεπίδξαζεο ησλ ξεγκάησλ. 

 

An approximately 20 ± 3 m subsidence is caused by the Loutraki fault at the eastern 

part of the Corinth canal since MIS 7 (200 ka). The Kenchreai fault subside the area of 

Corinth Canal ~ 12 ± 3 m. The SAFS uplift the Canal ~ 24 ± 3 m and a ~ 4 ± 2 m 

cumulative uplift is caused by the Kalamaki – Isthmia fault the last 200 ka. The Agios 

Vassileios fault is expected to subside the Canal ~ 4 m for the same period. Therefore, 

at the eastern part of the canal a ~ 8 m subsidence is expected, while based on the 

already estimated uplift rate of the area, the eastern part of the Corinth Canal has been 

uplifted ~ 60 m above the present day sea level the last 200 ka. The described 

paleoenvironment within the boreholes, as well as the detailed description of the marine 

facies at the Corinth Canal (e.g. Collier, 1990), strongly indicate different 

paleogeographical conditions during these highstands. 
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12.4 Paleogeography 

 

Tectonic movements along with the glacioeustatic sea level changes have resulted into 

the complicated paleogeography of the Corinth area. Glacioeustatic sea level changes 

at least since MIS 11 are described by several researchers (e.g. Siddall et al., 2003; 

Thomson and Goldstein, 2006), mentioning a 100 ka cyclicity of highstands/lowstands. 

During lowstand periods the sea level falls even ~125 m beneath the present sea level 

(MIS 2, Siddall et al. (2003)), while during highstands the sea level rises even in ~5 m 

above the present level (MIS 5.5, Siddall et al. (2003)). The paleogeography of the 

isthmus has been reconstructed since MIS 9, based on: 

I. The glacioeustatic sea level changes (e.g. Siddall et al., 2003; Thomson and 

Goldstein, 2006),  

II. The measured uplift rate (~0.3 mm/yr for the Corinth Canal),  

III. The paleoenvironmetal description and the palaeobathymetry as it was studied 

and interpreted in borehole cores,  

IV. The detailed morphology of the Isthmus based on a 5 m resolution DEM of the 

area.  

One of the questions rising concerns the paleogeography of the Saronic Gulf and its 

potential influence to the area of Corinth Isthmus (Fig. 12-6 a). The bathymetry of the 

Saronic Gulf strongly indicates that during glacioeustatic lowstands the sea level falls 

only to ~90 m depth, where a barrier forms a paleolake at the western part of the 

Saronic Gulf (Fig. 12-6 b, c). The paleolake of Saronic is also mentioned by Lykousis 

(2009) only during the last lowstand though. The major offshore faults which influence 

the Gulf have relatively low slip rate (~0.25 mm/yr) (e.g. Papanikolaou et al., 1989; 

Deligiannakis et al., in press) and are not capable to significantly influence this barrier. 

Based on their geometry and their slip rate it appears that can either subside the barrier 

(and consequently the barrier was even higher during previous lowstands), or uplift it at 

such a low rate that at least during the last 300 ka, no significant changes are expected 

(<10 m) (Deligiannakis et al., in press). Considering as well that the deepest point of the 

western part of the Gulf is ~400 m deep, it is most likely that a paleolake was formed 
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during MIS 2, 4, 6, 8 lowstands. The exact shape of the lake or its water salinity 

properties remains uncertain.  

During MIS 9 based on the glacioeustatic sea level change curve (Siddall et al., 2003) 

and the estimated uplift rate, constant marine conditions are expected. Therefore, a 

connection between the Corinth Gulf and the Aegean Sea is suggested (Fig. 12-17 a).  

During MIS 8 lowstand sea level falls approximately 80m below the present sea level. 

Considering the uplift of the area and the glacioeustatic sea level curve (Siddall et al., 

2003), the Isthmus area was emerged leading to regressive stacking patterns while the 

area was subjected to subaerial conditions, based on the sediments and the 

paleoenvironment described within the examined boreholes. It is unknown though if 

there was a connection of the Saronic Gulf with the Aegean Sea, or if there was a 

paleolake like the one during MIS 2.21 (~27 ka).  

During MIS 7 the glacioeustatic sea level rise resulted into a connection between 

Saronic and Corinth Gulfs based also on Collier and Thomson (1991) (Fig. 12-17 b). 

Collier et al. (1992), Dia et al. (1997) and Pierini et al. (2016) through corals and Pecten 

dating confirmed the presence of MIS 7.3 (~205 ka) at the eastern part of the Isthmus 

(~45 m height). The presence of E. huxleyi described both in borehole cores and in 

samples extracted from surface outcrops, also strongly indicates a post 240 ka age or 

younger (≤MIS 7). Collier and Thomson (1991) have also described the connection of 

Corinth Gulf with the Aegean Sea during 205 ka based on the sedimentological 

processes of the subaqueous dunes, as well as on coral dates from the Canal. 
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Figure 12-17. Based on the glacioeustatic sea level changes, the 5 high resolution 

DEM of the area, the uplift rate of the area and data obtained from borehole cores and 

surface outcrops, the paleogeography of the Corinth Isthmus from MIS 9 till today is 

estimated.                                                                                                                 

Εηθόλα 12-17. Με βάζε ηελ κεηαβνιή ηεο ζηάζκεο ηεο ζάιαζζαο, ην πςειήο ρσξηθήο 

αλάιπζεο ςεθηαθό κνληέιν ηνπ αλάγιπθνπ, ηνλ ξπζκό αλύςσζεο θαη ηα δεδνκέλα από 

ηελ παξνύζα εξγαζία, δεκηνπξγήζεθε ε παιαηνγεσγξαθία ηεο πεξηνρήο ηνπ Ιζζκνύ ζε 

επηιεγκέλεο ζηηγκέο θαηά ηα ηειεπηαία 350 ρηιηάδεο ρξόληα. 

 

During MIS 7 interstadials (MIS 7.1, 7.3, 7.4) the maximum sea level surface at the 

Isthmus ranged from ~65 m to ~80 m above the present sea level. Even though that the 

glacioeustatic sea level curve correlated with the tectonic uplift can barely resulted into 

a strait, based also on Collier and Thomson (1991), the most probable scenario is that 

there was a connection between the Saronic Gulf and the Corinth Gulf. Notably, the 

expected paleodepths during MIS 7 based on sea level curve and the tectonic uplift of 

the area, are in consistence with the estimated regional paleodepths through the 

foraminiferal analysis of the present study (ranging from 30 to 40 m depth).  

Glacioeustatic sea level fall during MIS 7.0 (~189.6 ka e.g. Thomson and Goldstein, 

2006) resulted into seawards movement of the coastline, regressive sequence staking 

patterns and exposure of the area to subaerial conditions, based on the sediments and 

the paleoenvironment described within the examined boreholes. Based on the 

glacioeustatic sea level changes (Siddall et al., 2003) the sea level fell ~90 beneath the 

present level, resulting into the paleolake of Saronic (Fig. 12-6) considering as well the 

palaeobathymetry of the Saronic Gulf  and the barrier approximately at ~90 m beneath 

the sea surface.   

During MIS 6.5 sea level was approximately 30 m below the present level (Siddall et al., 

2003; Thomson and Goldstein, 2006). Considering the estimated uplift rate of the area 

(0.3 mm/yr), the maximum sea level surface at the Isthmus was ~5 m above the present 

sea level (Fig. 12-7 c). Shallow marine sediments possibly associated with MIS 6.5 
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were described in boreholes Bh-3 and Bh-7. Notably, the expected paleodepths during 

MIS 6.5 based on sea level curve and the tectonic uplift of the area, are in agreement 

with the estimated regional paleodepths based on  foraminiferal analysis and Cladocora 

corals (e.g. Peirano et al., 1994) ranging from 0 to ~20 m depth.  

Considering the systematic error of the sea level curves, the uncertainties of the 

estimated uplift and the uncertainties of the 5 m resolution DEM of the area, the 

maximum sea level could not be higher than ~30 m above present sea level, and still 

not enough to overcome the ~70 m barrier of the Isthmus (Fig. 12-7 c). Therefore, 

during MIS 6.5 a narrow isthmus separated the Corinth Gulf and the Aegean Sea. 

Roberts et al. (2009) described corals at Perachora peninsula in growth position from 

MIS 6.5 (~178 ka), while Armijo et al. (1996) and Westaway (1996) have ascribed 

marine terraces from the Corinth Gulf to MIS 6.5 as well. Therefore, marine conditions 

can be implied in the Corinth Gulf during MIS 6.5 (e.g. Perissoratis et al., 2000; 

Lykousis et al., 2007). Roberts et al. (2009) based on the influence of the active faults 

(Rio) to the morphology of the Strait suggested that a connection of Corinth Gulf with 

the Ionian Sea was not possible then and marine conditions can be explained only 

through a connection of the Gulf with the Aegean Sea in Isthmus. Since borehole data 

also imply that a connection was not possible through Corinth Isthmus, it is possible that 

the Corinth Gulf was a closed sea with marine characteristics and freshwater input 

(Kershaw & Guo, 2001) at least for a short period during MIS 6.5.   

Glacioeustatic sea level fall during MIS 6 resulted into seawards movement of the 

coastline, regressive sequence staking patterns and exposure of the area to surface 

conditions, described in boreholes Bh-3 and Bh-7. Sea level fall beneath ~90 m has 

probably resulted into the formation of the paleolake of Saronic. Paleosoils described 

both in boreholes Bh-3, Bh-7 and in the Canal are attributed to this stage (Fig. 8-3) 

(Pallikarakis et al., Cor. Proof).     

Questions also emerge concerning on whether there was a connection between the 

Aegean and the Corinth Gulf during MIS 5.5. Siddall et al. (2003) mentioned that the 

sea level was approximately 5 m above the present sea. Based on the uplift rate of the 

Canal (~0.3 mm/yr) (e.g. Collier et al., 1992) and the high resolution DEM the maximum 
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flooding surface of the area was approximately 60 m above the present sea level and a 

narrow Isthmus was formed during MIS 5.5. Considering though the systematic error of 

the sea level curve, the uncertainties of the estimated uplift and the uncertainties of the 

5m resolution DEM of the area, a connection between Aegean and Corinth Gulf is not 

unlikely. Nonetheless sea level rise during MIS 5 resulting into transgressive sequences 

stacking pattern at the eastern part of the Isthmus, described in boreholes Bh-1, Bh-3, 

Bh-7, GA-2, GA-4, GA-5.   

Based on the glacioeustatic sea level curve and the estimated uplift of the area post 

MIS 5.5 marine sediments are not expected since the area was constantly emerged 

(Fig. 12-7 d), since sea level fall up to ~125 m below the present level. As has been 

described before a paleolake, the paleolake of Saronic Gulf has been formed (Lykousis, 

2009). 

Global ice melting resulted in a rapid sea level rise over the last 19 ka (e.g. Lambeck et 

al., 2002). Notable, borehole G-1 located at the Kalamaki alluvial fan is described as 

fluvial-terrestrial environment based on the microfauna analysis, the described lithology 

and the high MS values, indicating no marine influence. Therefore, the Kalamaki alluvial 

fan was formed during relatively stable sea level the last thousand years and more 

probably over the last 6 ka where sea level has been relatively stable (Pirazzoli, 2005), 

where sediment influx caused the coastline to move seawards (regression). 

It has to be acknowledged that there is a systematic error of the sea level curve (~12 

m), as well as there are uncertainties of the estimated uplift (considering the ±10 m 

water depth in which the analyzed corals grow) and a smaller error due to the 5 m 

resolution of the area. Therefore, even though that the paleogeographical reconstruction 

of the Corinth Isthmus area is feasible there are uncertainties of several meters to the 

described paleoenvironments. 
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12.5  The significance of the followed methodology and its limitations 

 

An interesting outcome of this study is this multi – proxy analysis and the combination of 

different methodologies which proved to be a very useful approach (quantitative benthic 

foraminiferal analysis, with nanno fossils assemblages and magnetic susceptibility 

data). The combination of all three methods can be established as a very promising 

paleoenvironmental tool box for the study of the paleoenvironment and paleogeography 

in a complicated active tectonically environment.  

Studies focused on the paleoenvironment and/or the paleogeography of an area are 

generally more common in tectonically stable areas, in order to avoid any disturbance 

and turbulence of the examined sediments (e.g. Keller et al., 2002 (Egypt); Melis, and 

Violanti, 2006 (Thailand Gulf); Kouli et al., 2009 (Marathon coastal plain); Evelpidou et 

al., 2010 (Naxos island); Goiran et al., 2011 (Piraeus coastal plain); Triantaphyllou et 

al., 2010 (Vravron, Attica); Woodroffe and Webster, 2014 (Great Barrier Reef)). These 

studies are focused on the description of the foraminifera and how can they be used for 

the paleoenvironmental analysis, without examined the tectonic influence since their 

sites are characterized by low or neglectable tectonic movements.   

On the contrary, paleoenvironmental studies performed in tectonically active areas are 

relatively rare and do not equally examine both the paleoenvironment and the tectonics 

of the area (e.g. Yasuhara et al., 2005 (Japan); Ferranti et al., 2011 (Southern Italy) 

Avnaim – Katav et al., 2012, 2013 (Israel coast); Yeager et al., 2012 (Louisiana, USA): 

Feagin et al., 2013 (Texas)).    

This study has equally examined how an active fault interacted with the 

paleoenvironment / paleogeography of an area (Corinth Canal), through different 

paleontological techniques and the active tectonics of this area. Active tectonics have 

determine the uplift rate of the area, resulting to the described transgression / forced 

regression sedimentary patterns, while through the meticulous examination of the 

paleoenvironment, the tectonic movements of the study area (uplift rate, regional uplift 

rate and the Kalamaki-Isthmia fault‘s slip rate) has been estimated.  
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The combination of the indexes which have been used to refine the analyzed 

foraminiferal assemblages with the lithological formations and the MS values can form a 

reliable scientific tool to distinguish in situ marine and undisturbed strata, from fluvial-

terrestrial backshore sediment formations.  

Furthermore, biozonation of the nannofossils combined with the glacioeustatic sea level 

changes and the estimated uplift rate of the area proved to be a reliable methodology 

relatively age constraints of the sediments, considering of course the absence of 

accurate radiometric data.  

The followed methodologies are bounded by significant limitations. The estimation of 

the paleodepth is based on the depth where foraminifera thrive. There is a significant 

depth range for the described specimens varying from a few meters (e.g. Ammonia 

tepida ± 10 m depth), to several tens of meters (e.g. Asterigerinata mammilla ± 100 m 

depth).  

Even though that the relative age of the sediments can be estimated, the absence of 

specific dates which other methodologies offer, inevitable leads to different proposed 

scenarios to include all possible alternatives. Furthermore, the uplift and slip rates 

described in this thesis, lack the accuracy which other methodologies can offer (e.g. 

230Th/U absolute dating).  

Furthermore, the model describing the relationship of the subsidence/uplift of the area is 

based on the subsidence/uplift described after the L‘Aquila earthquake in Italy. Despite 

the similarities of these two regions it is questionable whether the response to an 

earthquake event at the Corinth area will be exactly the same as in L‘Aquila. the later 

has been evaluated by a sensitivity analysis that considers: a) different fault dips and b) 

different subsidence/uplift ratios. 

Finally, even though that the paleogeographical reconstruction of the Corinth Isthmus 

area is feasible, it has to be acknowledged that there is a systematic error of the sea 

level curve (~12 m), as well as there are uncertainties of the estimated uplift and an 

error to the 5 m resolution DEM of the area. 
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13  Conclusions 

 

This thesis has reconstructed the paleoenvironment and the paleogeography of the 

eastern part of the Corinth Isthmus and has studied the interaction between the 

glacioeustatic and tectonic rates. This was achieved based on a multi-proxy analysis of 

data obtained both from 11 borecole cores and surface outcrops.  In total 355 samples 

extracted from long borehole cores and from surface outcrops, 986 measurements of 

the Magnetic Susceptibility (MS) and 63 samples analysed for their nanno fossils 

contend, are described for analyzing the paleoenvironment, the paleogeography and 

the tectonic rates.  

The results of the foraminifer‘s analysis are refined by three different indexes (FD, Br, 

and A-ratio). In correlation with the MS values, the lithological description of the 

boreholes, the surface outcrops and the two-way clusters analyses of the results, three 

different facies have been described (lagoonal, shallow marine and a transitional zone 

between them). Through these results the regional paleodepth has been estimated 

ranging from shallow lagoonal environments (even lower than ~5 m water depth), to 

more than 40 m water depth).  

The analysis of the boreholes and the surface mapping revealed a complicated 

sedimentological pattern and only through the detail quantitative foraminiferal, magnetic 

susceptibility and lithological analysis, the described sedimentary sequences (both from 

the borehole cores and the exposed outcrops) have been safely correlated. These 

results have been visualized in a 3D model focused on the eastern part of the Corinth 

Canal. 

Furthermore, the age of the sediments has been estimated in the basis of calcareous 

nannofossils assemblages, limitations deprived from 234U/Th corals dating, the 

glacioeustatic sea level changes and the independent radiometric data at the eastern 

part of the Corinth Canal extracted from the literature. Five T-R sequences have been 

identified within borehole cores associated with the MIS 7 to MIS 5.5.  
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Detailed mapping of the area revealed parallel/subparallel fault segments, striking at ~ 

060o – 110o and dipping towards SSE at ~ 55o – 70o, while the main fault trace strikes at 

075o and dips towards SSE at ~65o. A maximum 0.07±0.2 mm/yr slip rate has been 

implied for the Kalamaki-Isthmia fault since MIS 7 while 0.32 ± 0.12 mm/yr uplift rate is 

proposed for the eastern part of the Corinth Isthmus during the same period. 

Furthermore, the influence of the regional uplift is described after modeling the influence 

of the surrounding faults based on the described uplift/subsidence from the L‘Aquila 

earthquake. 

Furthermore, based on the glacioeustatic sea level changes, the estimated uplift rate, 

the paleoenvironmetal description and the palaeobathymetry as was interpreted from 

the examined borehole cores and high resolution DEM of the area, the paleogeography 

of the Corinth Isthmus has been reconstructed during Pleistocene. 

Finally the multi – proxy analysis and combination of different methodologies proved to 

be a very useful approach, resulting into a promising paleoenvironmental tool box for 

studying the paleoenvironment and paleogeography in a highly complicated and 

tectonically active environment. 
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Figure 1-1. Nichols (1999) has simple presented the various possible sedimentation 

patterns as a result of the interplay of the three major factors which control them. In 

cases I and II transgression sequences (sea level rise and/or limited sediment 

accumulation) will occur, while coastline moves landwards. In cases III the equilibrium 

between sea level rise and the sedimentation will lead into constant facies and the 

coastline will remain standstill (a rare scenario though). In cases IV to VII the coastline 

will shift seawards (regression and forced regression).                                            

Εηθόλα 1-1. Ο Nichols (2009) παξνπζίαζε κε απιό ηξόπν ηα δηάθνξα πηζαλά κνηίβα ηεο 
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Dia et al. (1997), Pierini et al. (2016). β) Η ηαπείλσζε ηεο πεξηνρήο κε βάζε κόλν ηα 

θύξηα ξήγκαηα πνπ ηελ επεξεάδνπλ θαη ηηο κέζεο ηηκέο ηνπ ιόγνπ 

ηαπείλσζεο/αλύςσζεο θαη θιίζεο ησλ ξεγκάησλ. c) Η απαηηνπκέλε γεληθόηεξε 

ηεθηνληθή αλύςσζε ηηο πεξηνρήο ώζηε λα ηζρύεη ν ξπζκόο αλύςσζεο ζηελ εηθόλα (a).
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Appendix A 

Abbreviations within the text 

 

BR-ratio 
The percentage of the broken/weathered 

specimens in each sample 

FD Foraminifera Density 

FRST Forced Regressive System Track 

IRSL Infrared Stimulated Luminescence 

MDS Multi-Dimensional Scaling 

MS Magnetic Susceptibility 

MIS Marine Isotopic Stage 

SAFS South Alkyonides fault System 

OSL Optical Stimulated Luminescence 

T-R transgressive-regressive sequences 

TST Transgressive Systems Tract 

 

Appendix B 

Samples preparation and analyses 

 

The first step was to describe in detail the lithologies within the boreholes. Samples 

were extracted from every different described lithology within the borehole cores, to 

make sure that the entire sequence will be adequate described, even if the described 

lithologies were not that promising (such as the gravely and coarser sediments). Before 

extracting any samples the external layer of the core has been removed, to reinsure that 

the sample will not be polluted from broken or weathered specimens. Using a high 

precision scale 10 gr of dry sediment has been extracted. Each sample remain in a 

beaker with H2O2 (~ 20%) for a whole day to remove any remnants of organic matter. 
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Subsequently, every beaker was treated for approximately 10 to 20 minutes with an 

ultrasonic cleaner to dissolve the coherence among the sediments‘ grains. Afterwards, 

each sample was washed through a 125 κm sieve and the remains dried at 60 °C, at 

least for one day. A subset containing approximately 200 benthic foraminifera for each 

sample when this was feasible was obtained using an Otto microsplitter. The 

microfauna have been identified under a Leica APO S8 stereoscope. 

Appendix C 

 

Foraminiferal description 

 

The studied benthic foraminiferal assemblages are relatively abundant and moderately 

preserved. The detailed analysis of the examined borehole cores and the surface 

samples: 

a) Borehole Bh-1 

In borehole Bh-1 the interval from 31.00 to 29.70 m core depth (samples Bh-1 30.65, 

Bh-1 29.85 m) is characterized by the total absence of foraminiferal representatives. 

From 29.70 to 29.10 m core depth (sample 29.25 m) the interval is dominated by the 

presence of small – sized Ammonia tepida (~100% of the total assemblages). From 

29.10 to 27.20 m core depth (sample Bh-1 28.55 m) the presence of both euryhaline 

species (Ammonia spp. ~ 15%) and full marine representatives (e.g. Rossalina spp. ~ 

10%, Cibicides spp. ~10%, Elphidium crispum ~10%) has been described. Furthermore 

in sample Bh-1 28.55 m, nannofossils (E. Huxleyi, Gephyrocapsa spp. and 

Reticulofenestra spp.), have been described. 

The interval from 27.20 m to 22.60 m core depth (samples Bh-1 26.75, Bh-1 25.95, Bh-

1 25.35, Bh-1 24.75, Bh-1 23.95 m) is characterized by the absence of foraminiferal 

representatives, or few broken and weathered have been counted (high Br – ratio). The 

interval from 22.60 m to ~20.00 m core depth (samples Bh-1 21.05 and Bh-1 20.35 m) 
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is characterized by the combined presence of euryhaline specimens (ammonia tepida 

~10%, E. granosum ~15%) and full marine species (Rossalina spp. and Cibicides spp. 

~20%, miliolids ~10%). In sample Bh-1 20.35 m, nannofossils (E. Huxleyi, 

Gephyrocapsa spp. and Reticulofenestra spp.), have been described. From ~20.00 m to 

~13.50 m core depth (samples Bh-1 19.15, Bh-1 18.45, Bh-1 16.75, Bh-1 16.25, Bh-1 

15.15 m) the interval is characterized by the dominance of Rossalina spp. (up to ~35%), 

Cibicides spp. and miliolids (~30%). Furthermore in sample Bh-1 19.15 m, nannofossils 

(E. Huxleyi, Gephyrocapsa spp. and Reticulofenestra spp.), have been described. The 

interval from ~13.50 m to 12.50 m core depth (samples Bh-1 13.95 and Bh-1 13.15 m) 

is characterized both by the presence of full marine species (e.g. Rossalina spp. and 

miliolids) and euryhaline specimens (Ammonia tepida).  

From 12.50 m to 11.20 m core depth (sample Bh-1 11.85 m) is characterized by the 

presence of few and broken foraminiferal representatives (high Br ratio). From 11.20 to 

8.00 core depth (samples Bh-1 10.65, Bh-1 9.65, Bh-1 8.55, Bh-1 m), Rosalina spp. 

(~20%), miliolids (~30%) and Ammonia beccarii (~15%) is described, followed by 

Ammonia tepida (~10%). In sample Bh-1 9.65 m, nannofossils (E. Huxleyi, 

Gephyrocapsa spp. and Reticulofenestra spp.), have been described.  In the interval 

from 8.20 to 7.50 m core depth (sample Bh-1 8.15 m), the presence of Ammonia tepida 

and E. granosum is also described (~40%). The interval from 7.50 m to 6.50 (sample 

Bh-1 6.95 m) Rosalina spp. (~25%), miliolids (~20%) and Ammonia beccarii (~15%) is 

described, followed by Ammonia tepida (~15%). From 6.50 m to 0.00 m core depth the 

identified foraminifera (mostly Ammonia spp. and Elphidium spp. representatives) were 

broken and weathered and therefore were not included to the paleoenvironmental 

interpretation.  

 

b) Borehole Bh-2 

 

Borehole core Bh-2 has not been examined for tis micropaleontological content and 

only a description of the lithology is available. 
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c) Borehole Bh-3  

 

In borehole Bh-3 from 70.20 m to 66.50 m core depth (samples Bh-3 66.55) no 

foraminiferal species have been found. The absence of foraminiferal representatives 

has been described to the interval 66.50 m – 61.50 m core depth as well (samples Bh-3 

66.55, Bh-3 66.25, Bh-3 65.75, Bh-3 65.35, Bh-3 64.35, Bh-3 63.95 Bh-3 62.65, Bh-3 

61.95); while in contrast, the samples are abundant in ostracod valves (Cyprideis spp.). 

 From 61.50 m to 60.00 m core depth (sample Bh-3 60.15) mostly miliolids (~20%) and 

Ammonia spp. (~20%) have been described, as well as fragments of Cladocora 

caespitosa corals. Furthermore in sample Bh-3 60.15 m, nannofossils (E. Huxleyi, 

Gephyrocapsa spp. and Reticulofenestra spp.), have been described. In the interval 

60.00–54.50 m core depth few broken foraminifera have been described and most of 

them were broken (high BR-ratio) (samples Bh-3 56.05 and Bh-3 57.15 m). From 54.50 

to 49.60 m core depth (samples Bh-3 52.75, Bh-3 52.35, Bh-3 51.15, Bh-3 50.35, Bh-3 

49.65) full marine species have a considerable contribution (more than 36% of the total 

foraminiferal assemblage). Samples are dominated by Elphidium (crispum and 

complanatum), and Rossalina spp.– Cibicides spp. Few Haynesina spp. specimens 

have been found, while Ammonia, small and large, are less than 23% of the total 

assemblage at 52.30 m core depth. In samples Bh-3 51.75 and Bh-3 52.75 nannofossils 

(E. Huxleyi, Gephyrocapsa spp. and Reticulofenestra spp.), have been described. The 

interval 49.60 m to 39.60 m core depth (samples Bh-3 48.05, Bh-3 47.25, Bh-3 45.75, 

Bh-3 42.85 m) was characterized as barren. From 39.60 m to 37.00 m core depth 

(samples Bh-3 39.65, Bh-3 38.75, Bh-3 38.05, Bh-3 37.55) the analysed samples 

presented scarce foraminiferal specimens. In contrast, the samples are abundant in 

ostracod valves (Cyprideis spp.). 

From 37.00 to 34.00 m core depth (samples Bh-3 36.35, Bh-3 35.65, Bh-3 34.45 m) the 

presence of full marine species (mostly Rossalina spp., miliolids and Cibicides spp., 

followed by Elphidium spp., with  total concentration more than ~60% of the total 

sample) has been described.  Euryhaline species as Haynesina spp., Aubignyna 
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perlucida and Ammonia spp. were scarce and circumstantial. Interestingly planktonic 

foraminifera have been identified (Globigerinoides ~ 4%) in sample Bh-3 36.35 m. In 

samples Bh-3 35.65 and Bh-3 36.35 calcareous nannofossils (E. Huxleyi, 

Gephyrocapsa spp. and Reticulofenestra spp.), have been described. From 34.00 to 

22.40 (samples Bh-3 28.05 and Bh-3 22.45 m) core depth mostly barren and few 

broken specimens have been described (high BR-ratio). The interval 22.40 to 21.00 m 

core depth (sample Bh-3 21.75 m) ,has been dominated by the presence of small-sized 

Ammonia tepida (~93%), while from 21.00 m to 20.00 m core depth small- sized 

Ammonia and Haynesina spp. decrease and Elphidium spp. (~20%), miliolids (~10%) 

and other marine species (~25%)  assemblages increase. Approximately at 20.40 m to 

20.80 m depth, (sample Bh-3 20.75 m) a Cladocora caespitosa coral colony has been 

found in situ. This layer is 0.40 m thick and in growth position. Furthermore, calcareous 

nannofossils (E. Huxleyi, Gephyrocapsa spp. and Reticulofenestra spp.), have been 

described. 

The interval 20.00 m to 16.50 m core depth (samples Bh-3 19.85, Bh-3 18.05 m), is also 

characterized by the presence of small- sized Ammonia E. granosum and Haynesina 

spp. (~70% of the total assemblages). The interval 16.50 m to 11.00 m core depth 

(samples Bh-3 16.35, Bh-3 15.75, Bh-3 15.25, Bh-3 14.45, Bh-3 12.75, Bh-3 11.45 m) is 

barren where most of the identified specimens were broken (high BR- ratio). From 11.00 

m to 3.30 m depth (samples Bh-3 10.25, Bh-3 9.35, Bh-3 8.75, Bh-3 6.85, Bh-3 6.35, 

Bh-3 4.35 m) the presence of  full marine species (Rossalina spp., Cibicides spp., 

miliolids, consisting more than the ~50% of the total assemblages) is described, while in 

the upmost samples (Bh-3 6.85, Bh-3 6.35, Bh-3 4.35 m) small- sized Ammonia spp. is 

dominant (more than ~50%). In samples Bh-3 10.25 and Bh-3 8.75 calcareous 

nannofossils (E. Huxleyi, Gephyrocapsa spp. and Reticulofenestra spp.), have been 

described. In the uppermost layer (interval 3.30 m to 0.00 m depth) (samples Bh-3 3.05, 

Bh-3 1.55, Bh-3 0.55 m) no or few foraminiferal species have been described. 
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d) Borehole Bh-4 

 

Borehole core Bh-4 has not been examined for tis micropaleontological content and 

only a description of the lithology is available. 

 

e) Borehole Bh-6 

Borehole core Bh-6 has not been examined for tis micropaleontological content and 

only a description of the lithology is available. 

 

f) Borehole Bh-7  

 

In borehole Bh-7 the interval 56.00 – 49.00 m core depth is not characterized by the 

presence of foraminiferal representatives (samples Bh-7 55.55, Bh-7 55.05, Bh-7 54.75, 

Bh-7 54.25, Bh-7 53.45, Bh-7 52.35, Bh-7 51.75, Bh-7 51.35, Bh-7 50.55, Bh-7 49.15 

m). Instead of them, the analysed samples are abundant in ostracod valves (Cyprideis 

spp.). From 49.00 m to 45.00 m core depth no foraminiferal representatives have been 

identified (samples Bh-7 47.65, Bh-7 46.85 m). From 45.00 m to 33.00 m core depth the 

deformation zone of the Kalamaki – Isthmus fault has been detected, also completely 

barren of microfauna (samples Bh-7 44.65, Bh-7 41.15, Bh-7 39.35, Bh-7 38.75, Bh-7 

37.65, Bh-7 36.45, Bh-7 35.95, Bh-7 34.95, Bh-7 34.55, Bh-7 33.45 m). In the interval 

33.00 m to 27.00 m core depth is also characterized by the absence of foraminifera 

(samples Bh-7 31.25, Bh-7 31.05, Bh-7 30.65, Bh-7 29.45, Bh-7 29.05, Bh-7 28.55, Bh-

7 27.35 m). Full marine euryhaline species (e.g. Rossalina spp., Cibicides spp. miliolids, 

Neoconorbina spp.) comprise the 100% of the total samples described at the interval 

27.00 to 26.00 m core depth (samples Bh-7 26.85, Bh-7 26.45 m). In sample Bh-7 26.85 

m calcareous nannofossils (E. Huxleyi, Gephyrocapsa spp. and Reticulofenestra spp.), 

have been described.  
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The interval 26.50 m to 23.00 m core depth is characterized by the absence of 

foraminifera or few broken have been identified (high BR – ratio) (samples Bh-7 25.85, 

Bh-7 25.45, Bh-7 24.35, Bh-7 23.75, Bh-7 23.25 m). The interval from 23.00 m to 19.00 

m core depth (samples Bh-7 22.75, Bh-7 22.35, Bh-7 21.95, Bh-7 21.45, Bh-7 20.75, 

Bh-7 20.25, Bh-7 19.85, Bh-7 19.75, Bh-7 19.55, Bh-7 19.05 m) is dominated by the 

presence of small - sized Ammonia spp. accompanied by Haynesina spp. and E. 

granosum (more than ~50% of the total sample). In sample Bh-7 22.35 m calcareous 

nannofossils (E. Huxleyi, Gephyrocapsa spp. and Reticulofenestra spp.), have been 

described. The interval from 19.00 m to 16.00 m core depth (samples Bh-7 18.55, Bh-7 

18.25, Bh-7 17.95, Bh-7 17.05, Bh-7 16.35 m) is characterized by fewer Ammonia spp., 

Elphidium granosum and Haynesina species (in total less than ~30% of the total 

sample), while other marine species (e.g. Rossalina spp., Cibicides spp., Neoconorbina 

spp., A. beccarii) are dominant. At 18.40 m a Cladocora caespitosa coral colony has 

been found in situ, approximately 0.30 m thick. 

The interval from 16.00 to 12.00 m core depth (samples Bh-7 15.55, Bh-7 14.15, Bh-7 

12.55, Bh-7 12.25 m) is characterized by the presence of Ammonia spp. (≥ 20%). At 

sample Bh-7 15.55 the total foraminiferal assemblage also consists of miliolids (~20%) 

and other marine species (~25%) while at Bh-7 14.15 m euryhaline species have been 

described once again and there is balance between euryhaline and marine species. In 

sample Bh-7 12.25 m depth, Ammonia spp. and other euryhaline species prevail 

against marine species (more than ~50%). 

The interval from 12.00 m to 5.50 m core depth (samples Bh-7 11.65, Bh-7 10.55, Bh-7 

10.25, Bh-7 9.25, Bh-7 8.15, Bh-7 7.65, Bh-7 7.35, Bh-7 6.95), is characterized by 

foraminiferal assemblages (mostly Ammonia small- and large- sized and in a lesser 

degree miliolids, Elphidium spp.). However most of them were either broken or 

weathered (high BR – ratio) and therefore have not been considered as reliable data.  

The interval from 5.50 to 1.50 m core depth (samples Bh-7 5.35, Bh-7 3.95, Bh-7 3.45, 

Bh-7 2.85, Bh-7 1.55 m) is characterized mostly by miliolids, small- sized Ammonia 

spp., Elphidium spp. and full marine species In Bh-7 the first 1.50 m was topsoil and 

was not examined for microfaunal assemblages.  
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g) Borehole G-1  

 

In borehole G-1 even though that few foraminiferal specimens have been found (mostly 

Ammonia spp., Elphidium spp. and miliolids) they were broken and weathered (high BR 

– ratio) and have not been included to the paleoenvironmental identification (samples 

G-1 16.95, G-1 14.65, G-1 13.65, G-1 7.75 m). Since the entire borehole sequence has 

been described as sediments that have been transported, no samples have been 

examined for nanno fossils. 

 

h) Borehole GA-2  

 

In borehole GA-2 the interval from 14.00 m to 12.30 m core depth (samples GA-2 12.95 

and GA-2 12.35 m), is characterized by the presence mostly of full marine specimens 

(Rossalina spp. ~20%, Cibicides spp. ~30%, miliolids ~15%), while euryhaline species 

are also well represented (Ammonia tepida ~20%). In sample GA-2 12.95 m calcareous 

nannofossils (E. Huxleyi, Gephyrocapsa spp. and Reticulofenestra spp.), have been 

described. The interval from 12.30 m to 9.90 m core depth (sample GA-2 11.15 m) is 

characterized by the presence full marine specimens (Rossalina spp. ~15%, Cibicides 

spp. ~20%, miliolids ~10%), while euryhaline species are also well represented 

(Ammonia tepida ~30%). From 9.90 m to 3.80 m core depth (samples GA-2 9.35, GA-2 

9.05, GA-2 8.85, GA-2 8.25, GA-2 7.55, GA-2 6.35, GA-2 5.45, GA-2 5.05 m) is 

dominated by euryhaline species (Ammonia tepida ranges from ~30% to ~60%, E. 

granosum from ~10% to ~20% and Haynesina spp. from ~5% to ~15%). On the 

contrary full marine species are fewer (~30% of the total concentration) and mostly 

represented by Rossalina spp., Cibicides spp. and Asterigerinata mammilla and 

planorbis.  
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i) Borehole GA-3  

 

In borehole GA-3 even though that few foraminiferal specimens have been found 

(mostly miliolids, Cibicides spp., Rosalina spp. and Elphidium spp.) they were broken 

and weathered (high BR – ratio) and have not been included to the paleoenvironmental 

identification (samples GA-3 15.05, GA-5 13.45, GA-3 12.65, GA-3 11.65, GA-3 9.65 

m). Since the entire borehole sequence has been described as sediments that have 

been transported, no samples have been examined for nanno fossils. 

 

j) Borehole GA-4 

 

In borehole core GA-4 the interval from 45.50 m to 40.00 m depth (samples GA-4 45.05, 

GA-4 44.95, GA-4 43.95, GA-4 42.35, GA-4 41.45 m) is characterized by full marine 

species (Cibicides spp. ~20%, Rossalina spp. ~10%, A. beccarii ~ 15% and in a lesser 

degree Asterigerinata spp. and Bolivina spp. ~5%). The circumstantial presence of 

Textularia spp. and Conurbella spp. is also documented. Euryhaline species (Ammonia 

tepida, Haynesina spp., and E. granosum are barely represented (~15% of the total 

assemblages). In sample GA-4 41.45 m calcareous nannofossils (E. Huxleyi, 

Gephyrocapsa spp. and Reticulofenestra spp.), have been described. 

The interval from 40.00 m to 39.00 m core depth (samples GA-4 39.95, GA-4 39.65, 

GA-4  39.05 m) is characterized by E. granosum (~ 20–40%) and Ammonia tepida 

(~20%), accompanied by full marine species (mainly Rossalina spp. ~15% and 

Cibicides spp. ~15%). The interval from 39.00 m to 38.50 m core depth (samples GA-4 

39.85 and GA-4 38.80 m) is characterized by the presence of a few broken identified 

specimens (mostly Cibicides spp. and Ammonia spp.) (high BR – ratio). From 38.50 m 

to 37.00 m core depth (samples GA-4 38.45, GA-4 38.35, GA-4 37.45 m), the 

dominance of euryhaline species (Ammonia tepida ~ 40%, E. granosum ~ 20% and 

Haynesina spp. ~ 8%) is described. Full marine species (e.g. A. beccarii, E. crispum, 
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Rosalina spp., miliolids), are also represented. From 37.00 m to ~35.00 m core depth 

(sample GA-4 35.75 m), a balance between full marine species and Ammonia tepida is 

described. From ~35.00 m to 34.20 m core depth (samples GA-4 34.75 and GA-4 34.25 

m) the dominance of full marine species is described.  

The interval 34.20 m to 31.20 m core depth (samples GA-4  33.85, GA-4 33.45, GA-4 

32.95, GA-4 32.25 m) is characterized by the presence of a few broken identified 

specimens (mostly Rossalina spp. and Ammonia spp.) (high BR – ratio). The interval 

from 31.20 m to 25.50 m core depth (samples GA-4   31.05, GA-4  30.15, GA-4 29.45, 

GA-4  27.35, GA-4  26.65, GA-4  25.85, GA-4  25.55 m) is dominated by full marine 

species and more specific from the presence of Cibicides spp. (up to ~25%), Rosalina 

spp. (up to ~ 28%), miliolids (up to ~25%) and Ammonia beccarii (up to ~20%). In 

sample GA-4 31.05 m calcareous nannofossils (E. Huxleyi, Gephyrocapsa spp. and 

Reticulofenestra spp.), have been described. In the interval from 25.50 m to 8.80 m core 

depth (samples GA-4  25.15, GA-4 24.85, GA-4 23.95, GA-4 23.05, GA-4 22.25, GA-4 

22.05, GA-4 21.05, GA-4 20.75, GA-4 19.35, GA-4 19.25, GA-4 18.35, GA-4 18.15, GA-

4 17.95, GA-4 16.65, GA-4 15.55, GA-4 15.25, GA-4 13.95, GA-4 12.25, GA-4 11.65, 

GA-4 10.95, GA-4 8.85 m) even though that foraminiferal species have been identified 

(mostly Ammonia spp., Rosalina spp. Elphidium spp., miliolids and Cibicides spp.) most 

of them were broken or weathered and have not been included to the 

paleoenvironmental analysis (high BR – ratio). The upper 8.80 m of the borehole core 

have been described as man-made Canal debris and therefore have not been 

examined at all. 

 

k) Borehole GA-5 

 

In borehole GA-5 the interval from 30.00 m to 29.30 m core depth (sample GA-5 29.95 

m) is characterized by the absence of micro fauna. From 29.30 m to 28.10 m core depth 

(samples GA-5 28.75, GA-5 28.25 m) the dominance of euryhaline species (Ammonia 

tepida ~ 65%, E. granosum ~ 20% and Haynesina spp. ~ 5%) is described. The 



Appendix C 

 

288 

 

presence of full marine species (Rossalina spp., Cibicides spp. miliolids, E. crispum ~ 

30% of the total assemblages), also with Ammonia tepida and Haynesina spp. is 

described in the interval from 28.10 m to 26.60 m core depth (sample GA-5 27.75 m). 

Furthermore, in sample GA-5 27.75 m calcareous nannofossils (E. Huxleyi, 

Gephyrocapsa spp. and Reticulofenestra spp.), have been described.  

The interval from 26.60 m to 20.80 m core depth (samples GA-5 26.05, GA-5 25.35, 

GA-5 23.25, GA-5 22.15 m) is characterized by the absence of micro fauna, except 

sample GA-5 20.95 m where few, but broken full marine species (mostly miliolids and 

Cibicides spp.)  have been described (high BR – ratio). The interval from 20.80 m to 

20.60 m core depth (samples GA-5 20.75 m) is characterized by the dominance of full 

marine species (Asterigerinata spp. ~ 12%, Cibicides spp. ~ 20%, miliolids ~ 20%, 

Rossalina spp. ~ 20%, E. crispum ~ 10%) and the complete absence of shallower 

marine representatives (e.g. A. tepida).  

From 20.60 m to 13.80 m core depth (samples GA-5 19.35, GA-5 18.75, GA-5 17.05, 

GA-5 16.35, GA-5 15.15, GA-5 14.35 m) full marine species have a considerable 

contribution (more than ~ 40% of the total foraminiferal assemblage), accompanied by 

the presence of A. tepida ( ~10%), E. granosum ( ~ 15%). Furthermore, in sample GA-5 

19.35 m calcareous nannofossils (E. Huxleyi, Gephyrocapsa spp. and Reticulofenestra 

spp.), have been described. From 13.80 m to 11.70 m core depth (samples GA-5 13.35 

and GA-5 11.75 m) few and mostly broken species have been described (mainly 

Ammonia spp. and Elphidium spp. representatives) (high BR – ratio).  

The interval from 11.70 m to 11.20 m core depth (samples GA-5 11.65 and GA-5 11.25 

m) is characterized both by euryhaline species (A. tepida ~ 10%, E. granosum ~ 15% 

and Haynesina spp. ~ 5%) and full marine species (mostly miliolids ~ 10%, Rossalina 

spp. ~ 20%, Discorbis ~ 15 % and Cibicides ~ 15%).  

The interval from 11.20 m to 10.20 m core depth (sample GA-5 10.25 m) is dominated 

by the presence of euryhaline species (A. tepida ~ 55%, E. granosum ~ 10%, 

Haynesina spp. ~ 7%), while full marine species have been represented ~ 5 – 8% per 

species (mostly miliolids and Cibicides spp.). From 10.20 m to 6.80 m core depth 
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(samples GA-5 9.35, GA-5 8.65 and GA-5 7.05 m), once again a balance between 

euryhaline species (A. tepida, E. granosum) and full marine species (miliolids, E. 

crispum, Rossalina spp, Cibicides spp, Asterigerinata spp.) is described. The upper 

6.80 m of the borehole core (samples GA-5 6.05, GA-5 5.65, GA-5 3.55 and GA-5 2.85 

m), is characterized by the presence of a few broken identified specimens (mostly 

miliolids, Rossalina spp. and Ammonia spp.) (high BR – ratio). 

 

l) Surface samples 

 

In samples S.23.9/2, S.25.9./3, S.25.9/2 and S.12/7/3, apart from  small 

Reticulofenestra spp. (~45%) and small Gephyrocapsa spp (~33%), E. huxleyi 

specimens were relatively scarce (5-8% of the total assemblage), but consistently 

present. 

The dominance of euryhaline species, representative for shallow environments have 

been described in samples S. 1.7/8, S. 1.7/6, S. 1.7/5, S. 4.7/6. These samples are 

mostly characterized by small – size Ammonia tepida (more than ~70%), accompanied 

by Elphidium granosum (~ 10%) and Haynesina spp. (~ 10%). Full marine species have 

only circumstantial appearance (e.g. miliolids).  

A balance between euryhaline species and full marine species is described in samples 

S. 4/7/14, Can 12, S. 4/7/10, S. 12/7/7, S. 4/7/8, Can 13, S. 4/7/1, S. 12/7/8, S. 4/7/15, 

S. 4/7/16, S. 17/7/5, S. 1/7/10, S. 4/7/19, S. 1/7/8, S. 17/7/8 and S. 17/7/4. Miliolids (up 

to ~ 44%, S.4/7/1), A. beccarri (up to ~ 41%, S.17/7/8), E. crispum (up to ~ 33%, 

S.4/7/16) and Cibicides refulgens (up to ~ 27%, S.4/7/15), have been described. 

Ammonia tepida, E. granosum and Haynesina spp. have been represented as well (~ 

20%, ~ 10% and ~ 5% respectively). Furthermore, in samples S.17/7/8, 4/7/19, S.17/7/5 

and Can.12 calcareous nannofossils small Reticulofenestra spp. and small 

Gephyrocapsa spp. coccoliths have been identified. 
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In samples S. 4/7/2, S. 1/7/9, S. 23/9/2, S. 17/7/7, S. 1/7/9, S. 25/9/3, S. 23/9/3, S. 

12/7/3, S. 25/9/7, S. 25/3/6, S. 25/9/2, S. 1/7/4, the presence of euryhaline species 

(mostly Ammonia tepida) is only circumstantial described. These samples are 

dominated mostly by full marine species Asterigerinata spp. E. crispum, Discorbis spp. 

and Neoconorbina terquemi. In samples S.23.9/2, S.25.9./3, S.25.9/2 and S.12/7/3, 

calcareous nannofossils small Reticulofenestra spp., E. huxleyi and small 

Gephyrocapsa spp. coccoliths have been identified. 

 

Appendix D 

Magnetic susceptibility measurements 

 

Magnetic Susceptibility within the core is measured with the Bartington MS2 system 

with the MS2K sensor. The MS measurements were taken in the laboratory every 2 cm 

along each core if that was possible and every sample was measured at least 2 times 

and the average value considered as the final one for the sample or by calculating the 

average value if the sample was in a sample bag. Air measurements before and after 

the sample‘s measurement have been performed in all samples. In total, 986 MS 

measurements were extracted. 

All the extracted samples are presented in Tables 21 to 28 below. The described core 

depth is expressed in meters and the mean value in dimensional SI units 

 

Table 21 The measured MS signal in borehole core Bh-1. Πίλαθαο 22. Η ηηκέο 

καγλεηηθήο επηδεθηηθόηεηαο ζηελ γεώηξεζε Bh-1. 

Core depth Mean value 

-0.55 13 

-1.45 32 

-3.55 99.5 

-4.55 95 
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-6.95 48.5 

-8.1 16.5 

-8.55 57 

-9.65 73.5 

-10.65 15 

-11.85 61 

-13.1 16.5 

-13.95 51 

-15.1 70 

-16.25 22.5 

-16.75 8.5 

-18.45 6.5 

-19.15 5 

-20.35 5 

-21.05 12 

-23.95 188.5 

-24.75 195 

-25.35 212 

-25.95 181 

-28.75 8.5 

-29.25 9 

-29.85 267 

-30.65 230.3 

 

Table 22 The measured MS signal in borehole core Bh-3. Πίλαθαο 22. Η ηηκέο 

καγλεηηθήο επηδεθηηθόηεηαο ζηελ γεώηξεζε Bh-3. 

Core depth Mean value 
Core 

depth 

Mean 

value 

-0.55 123 -35.65 51.5 

-1.55 158.5 -36.35 41.5 

-3.05 61 -36.95 46.5 

-3.35 3 -37.55 8 

-3.85 4.00 -38.25 10.5 

-4.35 26 -45.75 101.50 

-5.55 42.5 -47.15 69 

-6.35 29 -48.55 5 

-6.85 18 -50.35 1 

-7.45 22.5 -51.15 1 

-8.75 18 -51.85 3 

-9.35 15 -52.35 2 

-10.2 34.5 -52.75 4 
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-11.45 80.5 -54.05 3 

-12.35 111.5 -55.05 3.5 

-12.75 8.5 -55.65 2 

-14.35 116 -56.25 6 

-15.2 176 -56.55 6 

-15.3 63.5 -56.75 2 

-16.05 4 -57.15 4 

-16.95 29 -60.15 3.5 

-17.75 26.5 -60.85 18 

-18.65 50 -61.95 2 

-19.25 21.5 -62.35 1 

-19.85 35.5 -63.95 7 

-20.75 4 -64.45 10 

-21.75 7 -65.25 3 

-22.55 207 -66.25 2 

-28.05 93.5 -66.45 9 

-34.45 54 -67.25 31 

 

 

Table 23 The measured MS signal in borehole core Bh-7. Πίλαθαο 24. Η ηηκέο 

καγλεηηθήο επηδεθηηθόηεηαο ζηελ γεώηξεζε Bh-7. 

Core depth Mean value 
Core 

depth 

Mean 

value 

-1.55 23 -19.05 47.5 

-2.85 215 -19.55 12 

-3.15 163 -19.85 114.5 

-3.45 3 -20.25 193.5 

-3.9 44 -20.75 138.5 

-4 250 -21.45 5 

-4.85 104.5 -21.95 143 

-5.35 36 -22.35 145 

-5.6 14 -23.2 52 

-5.7 1 -23.75 11.5 

-6.45 19 -24.35 8 

-6.95 53.5 -25.45 24.5 

-7.35 3 -25.85 131.5 

-7.6 12 -26.45 11 

-7.95 227 -26.85 57 

-8.15 125.5 -27.35 152 

-9.25 125 -29.05 110 
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-9.75 28.5 -29.45 114.5 

-9.85 3 -31.05 43 

-10.25 73 -31.55 51.5 

-10.45 81 -32.35 1 

-10.55 191 -32.85 12.5 

-11.35 64 -33.85 24.5 

-11.65 163 -35.95 7.5 

-12.05 35 -36.45 9.5 

-12.35 32 -37.65 41 

-12.55 97.5 -38.7 2 

-14.15 10.5 -38.8 196 

-14.35 32 -39.35 190.5 

-14.75 16 -44.35 19.5 

-14.95 102 -48.45 46 

-15.55 4 -50.55 23 

-16.35 25 -51.35 90 

-16.55 3 -51.75 106 

-16.6 43 -52.35 4 

-17.4 1 -53.45 80.5 

-17.5 2 -54.25 2 

-18.25 1 -54.45 6 

-18.55 6 -54.75 10 

  
-55.55 3 

 

 

Table 24 The measured MS signal in borehole core G-1. Πίλαθαο 25. Η ηηκέο καγλεηηθήο 

επηδεθηηθόηεηαο ζηελ γεώηξεζε G-1 

Core 

depth 

Mean 

value 

Core 

depth 

Mean 

value 

-3.85 159 -11.69 307 

-4.65 371 -11.73 296 

-5.00 475 -11.76 178 

-6.00 493.5 -11.80 215 

-6.30 475 -12.85 366 

-6.33 357 -13.55 220.5 

-6.36 339 -14.30 322 

-6.39 473 -14.60 330 

-6.41 305 -15.50 316 

-6.44 582 -15.53 253 

-6.47 408 -15.57 276 



Appendix D 

 

294 

 

-6.50 289 -15.60 260 

-6.53 251 -15.63 314 

-6.56 282 -15.67 404 

-6.59 289 -15.70 233 

-6.61 308 -16.80 351.5 

-6.64 343 -18.00 353 

-6.70 314 -19.50 450 

-7.60 207 -19.53 434 

-7.62 225 -19.55 353 

-7.64 209 -19.58 298 

-7.66 161 -19.60 268 

-7.68 185 -19.63 254 

-7.70 171 -19.65 319 

-7.72 145 -19.68 328 

-7.74 111 -19.70 250 

-7.76 145 -19.73 181 

-7.78 77 -19.75 464 

-7.80 75 -19.78 301 

-7.90 164 -19.80 470 

-8.65 321.5 -19.83 396 

-8.85 311 -19.85 316 

-10.20 161 -19.88 299 

-10.90 350 -19.90 257 

-11.45 434 -19.93 294 

-11.61 371 -19.95 311 

-11.65 373 -19.98 322 

  
-20.00 310 

 

Table 25 The measured MS signal in borehole core GA-2. Πίλαθαο 26. Η ηηκέο 

καγλεηηθήο επηδεθηηθόηεηαο ζηελ γεώηξεζε GA-2 

Core depth Mean value 
Core 

depth 

Mean 

value 

-5.00 27 -9.06 14 

-5.04 38 -9.08 29 

-5.08 14 -9.10 56 

-5.11 14 -9.12 29 

-5.15 11 -9.13 68 

-5.19 40 -9.15 18 

-5.23 17 -9.17 13 

-5.26 29 -9.19 33 
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-5.30 30 -9.20 6 

-5.34 97 -9.22 7 

-5.38 27 -9.24 8 

-5.41 19 -9.26 8 

-5.45 13 -9.27 4 

-6.20 10 -11.30 25 

-6.23 5 -12.30 2 

-6.27 9 -12.33 3 

-6.30 3 -12.35 3 

-6.33 5 -12.38 3 

-6.37 3 -12.40 4 

-6.40 4 -12.43 4 

-7.30 5.5 -12.46 4 

-7.40 7 -12.48 4 

-7.47 6 -12.51 4 

-7.53 5 -12.53 4 

-7.60 4 -12.56 4 

-8.30 7 -12.58 2 

-8.80 6 -12.61 1 

-8.82 6 -12.64 2 

-8.84 16 -12.66 2 

-8.85 15 -12.69 9 

-8.87 13 -12.71 3 

-8.89 10 -12.74 4 

-8.91 12 -12.77 5 

-8.92 11 -12.79 4 

-8.94 7 -12.82 1 

-8.96 12 -12.84 1 

-8.98 14 -12.87 2 

-8.99 13 -12.90 4 

-9.01 21 -12.92 2 

-9.03 12 -12.95 2 

-9.05 9 -12.97 1 

  
-13.90 8 

 

 

 

Table 26 The measured MS signal in borehole core GA-3. Πίλαθαο 27. Η ηηκέο 

καγλεηηθήο επηδεθηηθόηεηαο ζηελ γεώηξεζε GA-3 
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Core depth Mean value 

-6.75 204.5 

-9.3 253.5 

-9.5 220 

-10.45 165.5 

-11.65 75.5 

-12.6 218 

-13.4 184.5 

-15.1 262 

 

 

Table 27 The measured MS signal in borehole core GA-4. Πίλαθαο 28 Η ηηκέο 

καγλεηηθήο επηδεθηηθόηεηαο ζηελ γεώηξεζε GA-4 

 

Core depth Mean value 
Core 

depth 

Mean 

value 

Core 

depth 

Mean 

value 

-11.60 168.5 -26.72 4 -37.95 8 

-12.30 109.5 -26.74 5 -37.98 9 

-15.30 127.5 -26.77 6 -38.01 9 

-15.45 101 -26.79 3 -38.04 8 

-15.48 93 -26.82 3 -38.07 6 

-15.50 62 -26.84 2 -38.10 9 

-15.53 56 -26.87 8 -38.13 8 

-15.55 82 -26.89 5 -38.15 8 

-15.58 105 -26.91 5 -38.18 8 

-15.60 147 -26.94 5 -38.21 12 

-15.63 71 -26.96 5 -38.24 5 

-15.65 102 -26.99 4 -38.27 67 

-15.68 96 -27.01 4 -38.30 50 

-15.70 73 -27.03 3 -38.30 70 

-15.73 99 -27.06 3 -38.33 66 

-15.75 94 -27.08 4 -38.36 65 

-15.78 102 -27.11 3 -38.39 62 

-15.80 73 -27.13 4 -38.42 46 

-15.83 84 -27.15 4 -38.45 19 

-15.85 98 -27.18 5 -38.48 126 

-17.50 50 -27.20 4 -38.51 154 

-17.56 57 -27.23 3 -38.54 247 

-17.61 12 -27.25 3 -38.57 215 

-17.67 17 -27.27 3 -38.60 210 
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-17.72 13 -27.30 2 -38.62 240 

-17.78 38 -29.45 7 -38.65 442 

-17.83 110 -29.48 9 -38.68 327 

-17.89 34 -29.51 9 -38.71 284 

-17.94 77 -29.53 9 -38.74 361 

-18.00 140 -29.56 9 -38.77 386 

-18.08 61 -29.59 9 -38.80 430 

-18.50 114 -29.62 8 -38.95 173 

-18.53 125 -29.65 8 -39.00 4 

-18.55 98 -29.68 9 -39.03 3 

-18.58 136 -29.70 7 -39.06 2 

-18.60 67 -29.73 7 -39.09 3 

-18.63 164 -29.76 8 -39.12 5 

-18.65 144 -29.79 8 -39.15 4 

-18.68 62 -29.82 9 -39.17 4 

-18.70 116 -29.84 9 -39.20 5 

-18.73 135 -29.87 8 -39.23 3 

-18.75 116 -29.90 10 -39.26 6 

-18.78 62 -29.93 9 -39.29 5 

-18.80 50 -29.96 22 -39.32 6 

-19.20 109 -29.99 23 -39.35 6 

-19.23 115 -30.01 21 -39.38 6 

-19.27 100 -30.04 26 -39.41 7 

-19.30 88 -30.07 32 -39.44 6 

-20.70 109 -30.10 62 -39.46 8 

-20.73 121 -30.95 69.5 -39.49 8 

-20.76 127 -31.80 91 -39.52 9 

-20.78 98 -31.82 119 -39.55 8 

-20.81 110 -31.84 208 -39.58 8 

-20.84 89 -31.85 108 -39.61 6 

-20.87 162 -31.87 109 -39.64 8 

-20.90 123 -31.89 133 -39.67 8 

-20.92 90 -31.91 162 -39.70 8 

-20.95 103 -31.92 156 -39.73 6 

-20.98 101 -31.94 134 -39.75 9 

-21.01 94 -31.96 246 -39.78 7 

-22.35 191 -31.98 179 -39.81 8 

-23.00 310 -31.99 148 -39.84 5 

-23.03 192 -32.01 312 -39.87 5 

-23.06 95 -32.03 146 -39.90 5 

-23.08 68 -32.05 250 -41.50 3 
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-23.11 43 -32.06 162 -41.53 1 

-23.14 92 -32.08 182 -41.56 2 

-23.17 60 -32.10 154 -41.59 4 

-23.19 37 -32.90 259 -41.61 6 

-23.22 32 -32.93 185 -41.64 6 

-23.25 33 -32.96 216 -41.67 5 

-23.28 24 -32.99 341 -41.70 4 

-23.30 55 -33.02 307 -41.73 4 

-23.33 136 -33.05 263 -41.76 5 

-23.36 104 -33.07 190 -41.79 4 

-23.39 57 -33.10 316 -41.81 5 

-23.42 163 -33.13 235 -41.84 4 

-23.44 167 -33.16 343 -41.87 3 

-23.47 107 -33.19 178 -41.90 3 

-23.50 242 -33.22 232 -41.93 5 

-23.53 107 -33.25 268 -41.96 5 

-23.55 124 -33.28 153 -41.98 3 

-23.58 120 -33.31 109 -42.01 4 

-23.61 100 -33.34 22 -42.04 4 

-23.64 61 -33.36 26 -42.07 5 

-23.66 57 -33.39 28 -42.10 6 

-23.69 37 -33.42 37 -42.13 3 

-23.72 33 -33.45 34 -42.16 3 

-23.75 38 -33.48 34 -42.18 4 

-23.78 52 -33.51 34 -42.21 3 

-23.80 104 -33.54 30 -42.24 4 

-23.83 205 -33.57 31 -42.27 3 

-23.86 119 -33.60 35 -42.30 2 

-23.89 145 -33.63 40 -43.40 7 

-24.80 170 -33.65 35 -43.43 8 

-24.82 210 -33.68 36 -43.46 7 

-24.84 251 -33.71 20 -43.49 8 

-24.86 195 -33.74 25 -43.52 10 

-24.88 160 -33.77 28 -43.55 12 

-24.90 200 -33.80 16 -43.58 12 

-24.92 184 -34.20 261 -43.61 13 

-24.94 181 -34.24 50 -43.64 11 

-24.96 174 -34.27 41 -43.67 10 

-24.98 173 -34.31 38 -43.70 10 

-25.00 183 -34.34 40 -43.73 11 

-25.02 162 -34.38 37 -43.76 10 
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-25.04 210 -34.42 36 -43.79 12 

-25.06 229 -34.45 42 -43.82 27 

-25.08 182 -34.49 44 -43.85 14 

-25.10 240 -34.52 42 -43.88 9 

-25.12 187 -34.56 36 -43.92 10 

-25.14 117 -34.60 46 -43.95 17 

-25.16 76 -34.63 36 -43.98 11 

-25.18 23 -34.67 42 -44.01 13 

-25.20 28 -34.70 39 -44.04 9 

-25.22 27 -35.70 11.5 -44.07 13 

-25.24 26 -37.40 5 -44.10 8 

-25.26 27 -37.43 3 -44.13 7 

-25.28 27 -37.46 5 -44.16 7 

-25.31 21 -37.49 6 -44.19 10 

-25.33 20 -37.52 9 -44.22 9 

-25.35 27 -37.55 6 -44.25 8 

-25.37 38 -37.57 5 -45.00 3 

-25.39 41 -37.60 6 -45.05 2 

-25.41 39 -37.63 4 -45.09 1 

-25.43 32 -37.66 7 -45.14 1 

-25.45 10 -37.69 8 -45.18 2 

-25.47 3 -37.72 9 -45.23 3 

-25.49 3 -37.75 8 -45.27 5 

-25.75 47.5 -37.78 7 -45.32 4 

-26.60 11 -37.81 8 -45.36 6 

-26.62 4 -37.84 9 -45.41 4 

-26.65 3 -37.86 10 -45.46 3 

-26.67 1 -37.89 11 -45.50 3 

-26.70 4 -37.92 8 
  

 

 

Table 28 The measured MS signal in borehole core GA-5. Πίλαθαο 29. Η ηηκέο 

καγλεηηθήο επηδεθηηθόηεηαο ζηελ γεώηξεζε GA-5 

 

Core depth Mean value 
Core 

depth 
Mean value 

Core 

depth 
Mean value 

-2.80 71.5 -10.63 242 -17.92 6 

-2.93 85 -10.67 178 -17.95 6 

-2.96 81 -10.71 161 -17.97 6 

-2.99 55 -10.76 70 -18.00 6 
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-3.02 19 -10.84 127 -18.03 4 

-3.05 39 -10.88 76 -18.06 5 

-3.09 24 -10.93 63 -18.09 6 

-3.12 38 -10.97 76 -18.12 6 

-3.15 38 -11.01 62 -18.15 6 

-3.18 59 -11.06 68 -18.18 6 

-3.21 76 -11.10 93 -18.21 7 

-3.24 106 -11.70 38 -18.24 8 

-3.27 98 -11.74 25 -18.26 6 

-3.30 107 -11.77 29 -18.29 7 

-3.33 120 -11.81 31 -18.32 6 

-3.36 178 -11.84 29 -18.35 7 

-3.40 177 -11.88 25 -18.38 6 

-3.43 208 -11.92 31 -18.41 8 

-3.46 181 -11.95 27 -18.44 10 

-3.49 133 -11.99 42 -18.47 21 

-5.55 204.5 -12.02 38 -18.50 19 

-5.57 170 -12.06 38 -18.53 10 

-5.61 251 -12.10 29 -18.55 8 

-5.65 151 -12.13 39 -18.58 7 

-5.69 172 -12.17 32 -18.61 9 

-5.73 179 -12.20 44 -18.64 10 

-5.77 155 -12.24 139 -18.67 11 

-5.81 123 -12.28 125 -18.70 12 

-5.85 170 -12.31 138 -19.35 8 

-5.89 185 -12.35 182 -20.75 15 

-5.93 205 -12.38 158 -20.95 200 

-5.97 174 -12.42 424 -22.55 91 

-6.90 46 -12.46 210 -23.20 250 

-6.94 48 -12.49 147 -25.30 322.5 

-6.98 29 -12.53 142 -25.80 20 

-7.02 22 -12.56 159 -25.83 20 

-7.06 24 -12.60 299 -25.86 21 

-7.10 13 -13.45 100 -25.90 23 

-8.65 50 -14.30 10 -25.93 19 

-8.68 44 -14.70 15 -25.96 22 

-8.70 53 -14.74 12 -25.99 23 

-8.73 60 -14.77 21 -26.02 25 

-8.75 57 -14.81 22 -26.06 24 

-8.78 52 -14.85 17 -26.09 25 

-8.80 65 -14.89 14 -26.12 31 
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-8.83 59 -14.92 16 -26.15 32 

-8.85 78 -14.96 16 -26.19 37 

-8.88 45 -15.00 15 -26.22 45 

-8.90 32 -15.03 14 -26.25 53 

-8.93 23 -15.07 18 -26.90 45.5 

-8.95 44 -15.11 16 -27.70 10 

-8.98 58 -16.25 10 -27.73 11 

-9.00 35 -16.43 8 -27.76 12 

-9.03 26 -16.46 7 -27.79 15 

-9.05 21 -16.49 7 -27.82 18 

-9.08 30 -16.52 6 -27.85 18 

-9.10 21 -16.56 7 -27.88 18 

-9.13 23 -16.59 7 -27.91 20 

-9.15 27 -16.62 5 -27.94 17 

-9.18 24 -16.65 6 -27.96 8 

-9.20 21 -16.68 6 -27.99 10 

-9.23 21 -16.71 4 -28.02 8 

-9.25 25 -16.75 5 -28.05 9 

-9.28 25 -16.78 6 -28.08 7 

-9.30 34 -16.81 5 -28.11 8 

-10.20 83 -16.84 5 -28.14 4 

-10.24 91 -16.87 4 -28.17 4 

-10.29 46 -16.90 3 -28.20 3 

-10.33 93 -16.94 4 -28.60 9 

-10.37 96 -16.97 5 -28.68 10 

-10.41 87 -17.00 7 -28.75 12 

-10.46 164 -17.80 8 -28.83 8 

-10.50 109 -17.83 8 -28.90 9 

-10.54 108 -17.86 10 -29.75 429.5 

-10.59 236 -17.89 11 
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Appendix E (Extended abstract- in Greek). Εθηεηακέλε 

περίιευε ζηα ειιεληθά     

 

Ι. Εηζαγφγή 

 

Η κνξθνινγία ησλ παξάθηησλ πεξηνρψλ δηακνξθψλεηαη θαηά θχξην ιφγν απφ ηελ 

αιιειεπίδξαζε ηξηψλ παξαγφλησλ. Τελ ηεθηνληθή αλχςσζε ή ηαπείλσζε ηνπο, ηηο 

δηαδηθαζίεο ηεο ηδεκαηνγέλεζεο, θαη ηηο επζηαηηθέο κεηαβνιέο ηεο ζηάζκεο ηεο 

ζάιαζζαο, ελψ άιινη παξάγνληεο (πρ. ζαιάζζηα ξεχκαηα) δηαδξακαηίδνπλ 

δεπηεξεχνληα ξφιν (πρ. Emery & Myers, 1994; Nichols, 1999, εηθ. 1-1). Η πεξηνρή ηνπ 

Ιζζκνχ ζηελ Κφξηλζν, πνπ είλαη θαη ε πεξηνρή κειέηεο ηεο παξνχζαο δηδαθηνξηθήο 

δηαηξηβήο, απνηειεί έλα  παξάδεηγκα πνπ κπνξνχλ λα κειεηεζνχλ θαη νη ηξεηο απηνί 

παξάγνληεο. Η πεξηνρή αλπςψλεηαη ηνπιάρηζηνλ θαηά ηα ηειεπηαία 200 ρηιηάδεο ρξφληα 

(πρ. Collier et al., 1992), κε ηηο κεηαβνιέο ηεο ζηάζκεο ηεο ζάιαζζαο λα επεξεάδνπλ ηηο 

δηαδηθαζίεο ηεο ηδεκαηνγέλεζεο (πρ. Collier, 1990), ελψ ην πδξνγξαθηθφ δίθηπν 

κεηαθέξεη ρνλδξφθθνθα πιηθά πξνο ηελ παξάθηηα πεξηνρή (πρ. Gawthorpe et al., 1994) 

Η επηζηεκνληθή θνηλφηεηα έρεη αλαπηχμεη πιεζψξα κεζνδνινγηψλ γηα ηελ πιεξέζηεξε 

αλάιπζε απηψλ ησλ δηαδηθαζηψλ φπσο ηελ κειέηε βελζνληθψλ θαη πιαγθηνληθψλ 

ηξεκαηνθφξσλ (πρ. Scott and Medioli, 1980; Triantaphyllou et al., 2003, 2010;  Murray, 

2007; Pavlopoulos et al., 2007; Koukousioura et al., 2012; Avnaim – Katav et al., 2012, 

2013, 2015), ηελ καγλεηηθή επηδεθηηθφηεηα ησλ ηδεκάησλ (e.g., Mullins 1977, Oldfield; 

1991, Da Silva et al., 2009; Reicherter et al., 2010) θα.  

Γηα ηελ πιεξέζηεξε κειέηε ηνπ παιαηνπεξηβάιινληνο απαηηείηαη θαη ην ρξνληθφ πιαίζην 

θαηά ην νπνίν έγηλε ε ηδεκαηνγέλεζε. Γηα ην ζθνπφ απηφ έρνπλ αλαπηπρηεί πνιιέο 

δηαθνξεηηθέο κεζνδνινγίεο φπσο ρξνλνιφγεζε θνξαιιηψλ (πρ. Collier et al., 1992; Vita-

Finzi, 1993; Dia et al., 1997; Kershaw et al., 2005; Roberts et al., 2009), ππνινγηζκφο 

ηεο θσηαχγεηαο (πρ. Pope et al., 2008; Pawley et al., 2010; Reimann et al., 2011; 
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Ozturk et al., 2016), ε κειέηε ηεο βηνζηξσκαηνγξαθίαο βαζηζκέλε ζε λαλναπνιηζψκαηα 

(πρ. Triantaphyllou et al., 2009; Dimiza et al., 2011; Triantaphyllou, 2014). 

Η παξνχζα εξγαζία έρεη ζαλ ζηφρν ηελ αλάιπζε ηφζν ηνπ παιαηνπεξηβάιινληνο φζν 

θαη ηελ κειέηε ησλ ηεθηνληθψλ θηλήζεσλ ζηελ πεξηνρή ηνπ Ιζζκνχ. Γηα ηνλ ζθνπφ απηφ 

αλαιχζεθαλ σο πξνο ην παιαηνπεξηβάιινλ, ην πεξηερφκελν ζε λαλναπνιηζψκαηα θαη 

ηελ καγλεηηθή επηδεθηηθφηεηα, 11 γεσηξήζεηο ζπλνιηθνχ κήθνπο 373 κέηξσλ απφ ην 

αλαηνιηθφ ηκήκα ηνπ Ιζζκνχ, ζην αλεξρφκελν θαη θαηεξρφκελν ηέκαρνο ηνπ ξήγκαηνο 

Καιακαθίνπ-Ιζζκίσλ. Σε ζπλδπαζκφ κε ηελ γεσινγηθή ραξηνγξάθεζε θαη ηελ αλάιπζε 

δεηγκάησλ απφ ηελ επηθάλεηα,  πξαγκαηνπνηήζεθε ε κειέηε ηεο παιαηνγεσγξαθίαο ηεο 

πεξηνρήο, θαζσο θαη ν πξνζδηνξηζκφο ηφζν ησλ ηεθηνληθψλ θηλήζεσλ ησλ 

ζεκαληηθφηεξσλ δνκψλ ηεο πεξηνρήο, φζν θαη ηνπ ξήγκαηνο ηνπ Καιακαθίνπ-Ιζζκίσλ. 

 

ΙΙ. Περηοτή κειέηες 

 

Η πεξηνρή κειέηεο ηεο παξνχζαο δηαηξηβήο είλαη ην αλαηνιηθφ ηκήκα ηνπ Κνξηλζηαθνχ 

θφιπνπ θαη πην ζπγθεθξηκέλα ε πεξηνρή ηνπ Ιζζκνχ. Τν δπηηθφ ηκήκα ηνπ Κνξηλζηαθνχ 

θφιπνπ επεθηείλεηαη κε ξπζκφ πεξίπνπ  15-20 mm/yr, ελψ ην αλαηνιηθφηεξν ηκήκα πνπ 

είλαη θαη ε πεξηνρή ελδηαθέξνληνο πεξίπνπ 6-7 mm/yr  (πρ.  Clark et al., 1997; Avallone 

et al., 2004; Nystand Thatcher, 2004; McNeill and Collier, 2004; Chousianitis et al., 

2013).  

Η πεξηνρή δνκείηαη απφ ην αιπηθφ ππφβαζξν (αζβεζηφιηζνη θαη δνινκίηεο ειηθίαο απφ 

Τξηαδηθφ έσο άλσ Ηψθαηλν θαη Οθηνιίζνπο), θαη κεηαιπηθά ηδήκαηα (θπξίσο ιηκλαίεο-

ζαιάζζηεο κάξγεο θαη άκκνη) θαη αιινπβηαθά ξηπίδηα (πρ. Hemelsdael & Ford, 2015; 

Ford et al., 2012; Jolivet et al., 2003, 2010; Papanikolaou & Royden, 2007; Taylor et al., 

2011.  Σήκεξα ηα ελεξγά ξήγκαηα πνπ ειέγρνπλ ηελ κνξθνινγία ηνπ θφιπνπ έρνπλ 

δηεχζπλζε πεξίπνπ Α-Γ,, ζρεκαηίδνληαο κηα ελεξγή ηεθηνληθή ηάθξν (πρ. Myrianthis 

1982; Brooks and Ferentinos, 1984; Keraudren and Sorel, 1987; Ori, 1989; Sorel, 2000; 

Stefatos et al., 2002; Moretti et al., 2003). Σην αλαηνιηθφ ηκήκα ηνπ θφιπνπ ηα θχξηα 
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ελεξγά ξήγκαηα είλαη ησλ Κερξηψλ (~0.2 mm/yr), ηνπ Αγίνπ Βαζίιεηνπ (~0.15 mm/yr) ηνπ 

Λνπηξαθίνπ (~0.5 mm/yr), ε ξεμηγελήο δψλε ησλ Αιθπνλίδσλ (Σρνίλνο, Πίζηα θαζσο θαη 

ηα ππνζαιάζζηα ηκήκαηα ηνπο ) (~2 mm/yr) (εηθ. 3-1) (πρ.  Papanikolaou et al., 1988, 

Papanikolaou et al., 1989; Papanastassiou and Gaki-Papanastassiou, 1994; Armijo et 

al., 1996; Roberts, 1996; Koukouvelas et al., 2017; Deligiannakis et al., in press).  

Η πεξηνρή αλπςψλεηαη (πρ. Ori, 1989; Gobo et al., 2013), κε ξπζκφ ~ 1.5 mm/yr ζην 

θεληξηθφ ηκήκα ηνπ θφιπνπ θαη ~ 0.3 mm/yr ζην αλαηνιηθφ (πρ.  Keraudren & Sorel, 

1987; Collier, 1990; Collier et al., 1992; Keraudren et al., 1995; Pirazzoli et al., 2004; 

Westaway, 1996, 2002; Armijo et al., 1996; McMurray & Gawthorpe, 2000; Leeder et 

al., 2008). 

Άμην αλαθνξάο είλαη ε παξνπζία ηεο Γηψξπγαο ηνπ Ιζζκνχ, θαζσο απνηειεί κηα 

εμαηξεηηθή επθαηξία γηα ηελ ιεπηνκεξή παξαηήξεζε ηφζν ησλ ζηξσκάησλ φζν θαη ησλ 

ηεθηνληθψλ δνκψλ ηνπ Ιζζκνχ (π.ρ.  Freyberg, 1973; Collier, 1990; Collier & Dart, 1991; 

Collier & Thomson, 1991; Gawthorpe et al., 1994). 

 

ΙΙΙ. Μεζοδοιογία 

 

Γηα ηελ παξνχζα δηαηξηβή ρξεζηκνπνηήζεθαλ δεδνκέλα απφ 11 γεσηξήζεηο φιεο ζην 

αλαηνιηθφηεξν άθξν ηνπ Ιζζκνχ (ζπλνιηθφ κήθνο ~ 373 κ). Αλαιχζεθαλ σο πξνο ην 

πεξηερφκελν ηνπο ζε ηξεκαηνθφξα (ζπλνιηθά 256 δείγκαηα), λαλναπνιηζψκαηα 

ζπλνιηθά 63 δείγκαηα) θαη ηελ καγλεηηθή επηδεθηηθφηεηα ησλ ηδεκάησλ (ζπλνιηθά 986 

κεηξήζεηο). Έγηλε ν πξνζδηνξηζκφο ηεο ειηθίαο θνξαιιηψλ  πνπ βξέζεθαλ κέζα ζηελ 

γεψηξεζε Bh-7, ελψ έμη δείγκαηα απφ ηξεηο γεσηξήζεηο (Bh-1, 5.25 m, 6.05 m, Bh-3, 

20.5 m, 21.25 m, Bh-7, 20.65 m, 33.45 m) αλαιχζεθαλ σο πξνο ηελ θσηαχγεηα ησλ 

ηδεκάησλ. Χαξηνγξαθήζεθε επίζεο ε γεσινγία ηνπ Ιζζκνχ θαη αλαιχζεθαλ 99 δείγκαηα 

απφ επηθαλεηαθά ζηξσκαηά σο πξνο ην κηθξν- θαη λαλλν πεξηερφκελν ηνπο. Μεηά ηελ 

ζηαηηζηηθή επεμεξγαζία ησλ δεδνκέλσλ, έγηλε ν πξνζδηνξηζκφο ηνπ 
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παιαηνπεξηβάιινληνο, ηεο παιαηνβαζπκεηξίαο, θαη ηηο παιαηννηθνινγίαο ησλ 

ζηξσκάησλ. 

 

ΙV. Δεδοκέλα από ηης γεφηρήζεης 

 

Σπλνιηθά απφ ηηο 11 γεσηξήζεηο πνπ πξαγκαηνπνηήζεθαλ 8 εμεηάζηεθαλ ιεπηνκεξψο, 

ελψ γηα ηηο ηξεηο (Bh-2, Bh-4, Bh-6) κφλν ε ιηζνινγηθή πεξηγξαθή ήηαλ εθηθηή. Οη 

γεσηξήζεηο Bh-3 θαη Bh-6 ήηαλ ζην αλεξρφκελν ηέκαρνο, ελψ νη ππφινηπεο ζην 

θαηεξρφκελν ηέκαρνο ηνπ ξήγκαηνο Καιακαθίνπ-Ιζζκίσλ. Καηά θχξην ιφγν κέζα ζηηο 

γεσηξήζεηο πεξηγξάθεθαλ ελαιιαγέο απφ ρνλδξφθθνθα (πνηακνρεηκάξεηα) κε 

ιεπηφθνθθα (ζαιάζζηα) ηδήκαηα (εηθ. 5-1, 5-2).   

Μέζσ ηεο ιεπηνκεξνχο παιαηνληνινγηθήο αλάιπζεο πεξηγξάθεθαλ 26 δηαθνξεηηθά είδε 

ηξεκαηνθφξσλ (εηθ. 5-3) θαη ηξία είδε λαλναπνιηζσκάησλ (εηθ. 5-4) small 

Reticulofenestra spp., small Gephyrocapsa spp., Emiliania huxleyi. Η καγλεηηθή 

επηδεθηηθφηεηα ησλ δεηγκάησλ κέζα ζηηο γεσηξήζεηο θπκαίλεηαη απφ ~1 ζε ~600 ×10-5 

(SI units). Σηηο εηθφλεο 5-5 έσο 5-21 θαη ζηνπο πίλαθεο 3 έσο 13 παξαηίζεληαη ε 

ιεπηνκεξήο πεξηγξαθή ηεο δεηγκαηνιεςίαο, ηεο ιηζνινγίαο θαη ηα απνηειέζκαηα ηεο 

αλάιπζεο ησλ ηξεκαηνθφξσλ, ησλ λαλναπνιηζσκάησλ θαη ηεο καγλεηηθήο 

επηδεθηηθφηεηαο κέζα ζηηο γεσηξήζεηο.  

 

V. Χαρηογράθεζε ηες περηοτής 

 

Γηα ηηο αλάγθεο ηεο δηαηξηβήο ραξηνγξαθήζεθε ε γεσινγία ηεο πεξηνρήο ηνπ Ιζζκνχ 

φπνπ ειήθζεζαλ 149 δείγκαηα γηα πεξαηηέξσ αλάιπζε. Καηά θχξην ιφγν πεξηγξάθεθαλ 

φκνηνη ιηζνινγηθνί ζρεκαηηζκνί πνπ είραλ πεξηγξαθεί θαη ζηηο γεσηξήζεηο, δειαδή 

ελαιιαγέο απφ ιεπηφθνθθα θαη ρνλδξφθνθθα ηδήκαηα (ζαιάζζην / ρεξζαίν πεξηβάιινλ). 
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Πεξηγξάθεθαλ επίζεο αλδεζίηεο θαη εθηεηακέλεο εκθαλίζεηο κάξγαο ζην θέληξν ηνπ 

ξήγκαηνο ηνπ Καιακαθίνπ-Ιζζκίσλ (πρ. Collier & Dart, 1992), απνθαιπκκέλεο ηφζν απφ 

ηηο δηαδηθαζίεο δηάβξσζεο φζν θαη απφ ηελ δξάζε ηνπ ξήγκαηνο (εηθ. 6-1). Η αλάιπζε 

ησλ ηεθηνληθψλ ζηνηρείσλ πνπ πεξηγξάθεθαλ δείρλεη κηα δνκή ΒΒΑ-ΝΝΓ θαη θιίζε πξνο 

ΝΝΑ ~ 55o – 70o (εηθ. 6-4). Η αλάιπζε ησλ δεηγκάησλ ηφζν σο πξνο ηελ κίθξν- αιιά θαη 

ηελ λάλλν παλίδα έδεημε ελαιιαγέο κεηαμχ ρεξζαίσλ θαη ζαιάζζησλ πεξηβαιιφλησλ 

(εηθ.  6-8).   

 

VI. Σηαηηζηηθή αλάισζε 

 

Σεκαληηθφ ηκήκα ηεο παξνχζαο εξγαζίαο απνηειεί ε ζηαηηζηηθή αλάιπζε ησλ 

απνηειεζκάησλ ηφζν ησλ ηξεκαηνθφξσλ φζν θαη ησλ ηηκψλ ηεο καγλεηηθήο 

επηδεθηηθφηεηαο.  Μέζσ ηεο δη-παξακεηξηθήο (two way cluster analysis, εηθ. 7-1, 7-2) θαη 

ηεο κε παξακεηξηθήο (MDS, εηθ. 7-3) αλάιπζεο ησλ κεηξεκέλσλ ηξεκαηνθφξσλ ζηηο 

γεσηξήζεηο θαη ζηα επηθαλεηαθά δείγκαηα, έγηλε ν πξνζδηνξηζκφο ηξηψλ νκάδσλ. Η 

πξψηε νκάδα εθθξάδεη ιηκλνζαιάζζηα πεξηβάιινληα κε εθηηκψκελν παιαηνβάζνο 

ιηγφηεξν απφ 20 κέηξα, ε δεχηεξε ξερά ζαιάζζηα πεξηβάιινληα κε εθηηκψκελν 

παιαηνβάζνο έσο ηα 40 κέηξα θαη ε ηξίηε ελδηάκεζεο ζαιάζζηεο ζπλζήθεο κεηαμχ ησλ 

δπν κε εθηηκψκελν παιαηνβάζνο κεηαμχ 20 θαη 40 κέηξσλ (π.ρ.  Pallikarakis et al., Cor. 

Proof.).  

Μέζσ ζηαηηζηηθήο αλάιπζεο επίζεο, έγηλε ν ζπζρεηηζκφο κεηαμχ ησλ ιηζνινγηψλ θαη 

παιαηνπεξηβαιιφλησλ κέζα ζηηο γεσηξήζεηο, κε ηηο ηηκέο ηεο καγλεηηθήο 

επηδεθηηθφηεηαο (πηλάθεο 14, 15). Έηζη ζπζρεηηζηήθαλ κε κεγαιχηεξε αθξίβεηα θαη 

εγθπξφηεηα νη πςειφηεξεο ηηκέο καγλεηηθήο επηδεθηηθφηεηαο κε ηα ρεξζαία θαη νη 

ρακειφηεξεο ηηκέο κε ηα ζαιάζζηα πεξηβάιινληα (εηθ. 7-4). 
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VII. Προζδηορηζκός ηοσ παιαηοπερηβάιιοληος 

 

Με βάζε ηελ ζηαηηζηηθή αλάιπζε ηνπ πξνεγνχκελνπ θεθαιαίνπ έγηλε ε πεξηγξαθή ηνπ 

παιαηνπεξηβάιινληνο ζηα δείγκαηα. Με ηελ βνήζεηα δεηθηψλ πνπ ρξεζηκνπνηήζεθαλ 

(ππθλφηεηα δείγκαηνο (FD), πνζνζηφ ζπαζκέλσλ ηξεκαηνθφξσλ επί ηνπ ζπλφινπ ηνπ 

δείγκαηνο (BR), πνηθηινκνξθία ηνπ δείγκαηνο (A-Fisher) θαη ν ιφγνο κηθξήο/κεγάιεο 

Ammonia spp. (A-ratio), θαζσο θαη ηελ εθηίκεζε ηνπ παιαηνβάζνπο, έγηλε ν 

πξνζδηνξηζκφο ησλ ελαιιαγψλ ηνπ παιαηνπεξηβάιινληνο απφ ρεξζαία ζε ζαιάζζηα 

πεξηβάιινληα  ηφζν ζηηο γεσηξήζεηο φζν θαη ζηα επηθαλεηαθά δείγκαηα (π.ρ.  

Pallikarakis et al., Cor. Proof.). Οη πεξηζζφηεξεο ελαιιαγέο παξαηεξήζεθαλ ζηελ 

γεψηξεζε Bh-3 (5), ελψ νη ιηγφηεξεο ζηελ GA-2, πνπ απιά απφ έλα ζρεηηθά βαζχηεξν 

πεξηβάιινλ ζην θαηψηεξν ηκήκα ηεο γεψηξεζεο, θαηέιεμε ζηαδηαθά ζε ιηκλνζαιάζζην 

πεξηβάιινλ ζην αλψηεξν ηκήκα ηεο (εηθ.8-1, 8-7).  

 

VIII. Προζδηορηζκός ηες ειηθίας ηφλ ηδεκάηφλ 

 

Απαξαίηεηε πξνυπφζεζε γηα ηελ νινθιεξσκέλε κειέηε ησλ δεηγκάησλ είλαη ν ρξνληθφο 

πξνζδηνξηζκφο ηεο ηδεκαηνγέλεζεο. Γηα ηνλ ιφγν απηφ ρξεζηκνπνηήζεθαλ ηξεηο 

αλεμάξηεηεο δηαδηθαζίεο γηα ηνλ πξνζδηνξηζκφ ηεο ειηθίαο. Οη δπν αθνξνχζαλ ηελ 

απφιπηε θαη ε κηα ηελ ζρεηηθή ρξνλνιφγεζε ησλ ηδεκάησλ.  

Αξρηθά κεηξήζεθε ε θσηαχγεηα ζε έμη δείγκαηα, δπν ζε θάζε κηα απφ ηηο γεσηξήζεηο Bh-

1, Bh-3 θαη Bh-7, ζηηο εγθαηαζηάζεηο ηνπ  εξγαζηεξίνπ Αξραηνκεηξίαο «Δ.Κ.Δ.Φ.Δ. 

Γεκφθξηηνο». Αθνχ αθνινπζεζήθαλ νη ηππηθέο δηαδηθαζίεο (πρ. Thiel et al., 2011; 

Tsakalos et al., 2016), ππνινγίζηεθε ε εθιπφκελε αθηηλνβνιία ηφζν ζε θφθθνπο 

αζηξίνπ, φζν θαη ραιαδία. Τα απνηειέζκαηα φκσο δελ ήηαλ ηα αλακελφκελα θαζψο 

ζηνπο θφθθνπο ραιαδία παξνπζηάζηεθε ην θαηλφκελν ηνπ θνξεζκνχ, ελψ ζηνπο 

αζηξίνπο ην θαηλφκελν ηνπ αζζελνχο ζήκαηνο (εηθ. 9-1, 9-2).  
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Σηελ ζπλερεία ζηάιζεθαλ θνξάιιηα πνπ βξέζεθαλ ζηελ γεψηξεζε Bh-7 ( δείγκα Bh-7, 

18.25 m) ζην ηλζηηηνχην Max Planck ζην Mainz (Γεξκαλία) γηα ρξνλνιφγεζε κε 230Th/U 

(πίλαθαο 17). Οη εθηηκψκελεο ειηθίεο φπσο θαίλνληαη ζηνλ πίλαθα 17 έρνπλ εχξνο απφ 

241 κέρξη 358 ρηιηάδεο ρξφληα κε απνθιίζεηο έσο θαη ηα ± 80 ρηιηάδεο ρξφληα (εηθ. 9-3). 

Τν κεγάιν εχξνο ηηκψλ θαζψο θαη ε ζρεηηθά κεγαιχηεξε ειηθία απφ ηελ αλακελφκελε 

(Pallikarakis et al., Cor. Proof.) κπνξεί λα εμεγεζεί κε ηελ δηαγέλλεζε, δηαδηθαζία ε 

νπνία αιιάδεη ηελ αξρηθή ρεκηθή ζχζηαζε ησλ θνξαιιηψλ. 

Γηα ηνλ ιφγν απηφ αλαιχζεθαλ ζπλνιηθά 63 δείγκαηα σο πξνο ην πεξηερφκελν ηνπο ζε 

λαλναπνιηζψκαηα. Η παξνπζία θνθθφιηζσλ απφ small Reticulofenestra spp. (~45%), 

small Gephyrocapsa spp (~33%) θαη ζε θάπνηα δείγκαηα απφ E. huxleyi specimens (5-

8%) βνήζεζε ζηελ βηνζηξσκαηνγξαθία ησλ ηδεκάησλ. Έηζη, κε ηελ ζπκβνιή ηεο 

θακπχιεο κεηαβνιήο ηεο ζηάζκεο ηεο ζάιαζζαο, έγηλε ν δηαρσξηζκφο ησλ δεηγκάησλ 

ζε δπν θαηεγνξίεο, λεψηεξα απφ 240 ρηιηάδεο ρξφληα θαη απφ 240 έσο ~ 450 ρηιηάδεο 

ρξφληα. Η εθηηκψκελεο ειηθίεο ησλ θνξαιιηψλ παξά ην εχξνο ηνπο δείρλνπλ κηα ειηθία 

απφ ~ 175 ρηιηάδσλ ρξφλσλ θαη άλσ, απνθιείνληαο έηζη ην ελδερφκελν λα πξνέξρνληαη 

απφ ην κεζνπαγεηψδε δηάζηεκα ησλ 125 ρηιηάδσλ ρξφλσλ (MIS 5e). Τν γεγνλφο απηφ 

ζπκθσλεί κε ηα ζηξσκαηνγξαθηθά δεδνκέλα απφ ηηο γεσηξήζεηο πνπ αλαιχζεθαλ, ηα 

επηθαλεηαθά ζηξψκαηα πνπ ραξηνγξαθήζεθαλ, θαζψο θαη κε ηελ βηβιηνγξαθία. 

 

IX. Σαρφληθός Κόιπος 

 

Γηα ηελ εμαγσγή πην αμηφπηζησλ θαη έγθπξσλ ζπκπεξαζκάησλ έγηλε ε ζχγθξηζε ηνπ 

παιαηνπεξηβάιινληνο κεηαμχ ησλ απνηειεζκάησλ ησλ δεηγκάησλ ηνπ Ιζζκνχ θαη 

δεδνκέλσλ γεσηξήζεσλ απφ ηελ πεξηνρή ηνπ Πεηξαηά (εηθ. 10-1) (Goiran et al., 2011, 

Triantaphyllou et al., 2016), ζπγθξίλνληαο ηα ηξεκαηνθφξα θαη ην εθηηκψκελν 

παιαηνπεξηβάιινλ απφ δπν δηαδνρηθέο κεζνπαγεηψδεηο πεξηφδνπο. Τξεηο γεσηξήζεηο 

(P-2, P-4, P-5) φιεο ζην δειηαηθφ πεδίν ηνπ Κεθηζνχ αλαιχζεθαλ σο πξνο ηελ 

κηθξνπαλίδα, ελψ  ε P-4 αλαιχζεθε θαη σο πξνο ην πεξηερφκελν ηνπο ζε θφθθνπο γχξεο 

θαη ηελ καγλεηηθή επηδεθηηθφηεηα ησλ ηδεκάησλ (εηθ. 10-3, 10-5, πίλαθεο 18-20). 
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Οη γεσηξήζεηο απηέο πξαγκαηνπνηήζεθαλ ζε δηαθνξεηηθφ πεξηβάιινλ ηδεκαηνγέλεζεο,  

κε ηελ κεηαβνιή ηεο ζηάζκεο ηεο ζάιαζζαο λα δηαδξακαηίδεη κηθξφηεξν ξφιν, κε 

ζαθψο πην έληνλε ηελ επίδξαζε ηνπ πδξνγξαθηθνχ δηθηχνπ ελψ έγηλαλ ζε κηα πεξηνρή 

ηεθηνληθά ζρεηηθά ζηαζεξή. Σεκαληηθή παξάκεηξνο είλαη επίζεο θαη ην γεγνλφο πσο ε 

ηδεκαηνγέλεζε έιαβε ρψξα θαηά ην Οιφθαηλν, ζε αληίζεζε κε ηα δείγκαηα ηνπ Ιζζκνχ 

πνπ έγηλε θαηά ην Πιεηζηφθαηλν.  

 Καη ζε απηέο ηηο γεσηξήζεηο πεξηγξάθεθαλ δηαθνξεηηθά πεξηβάιινληα απφζεζεο, απφ 

ξερά ζαιάζζηα έσο ρεξζαία ρσξίο φκσο λα παξαηεξεζνχλ νη έληνλεο ελαιιαγέο πνπ 

πεξηγξάθεθαλ ζηηο γεσηξήζεηο απφ ηνλ Ιζζκφ. Τα δεδνκέλα απηά ππνζηεξίρζεθαλ ηφζν 

απφ παιπλνινγηθά δεδνκέλα φζν θαη απφ ηηο ηηκέο ηεο καγλεηηθήο επηδεθηηθφηεηαο γηα 

ηελ γεψηξεζε P-4.  

Σε ζρέζε κε ηα δεδνκέλα απφ ηηο γεσηξήζεηο ηνπ Ιζζκνχ, επηβεβαηψζεθε ε ζπζρέηηζε 

εηδψλ φπσο Ammonia tepida ζε ιηκλνζαιάζζηα πεξηβάιινληα θαη ε χπαξμε ζαιάζζησλ 

εηδψλ φπσο ηα miliolids θαη Rossalina spp. ζε βαζχηεξα ζαιάζζηα πεξηβάιινληα. Καη 

ζηηο δπν πεξηπηψζεηο ε ππθλφηεηα ηνπ δείγκαηνο ζε ζπλδπαζκφ  κε ηηο ηηκέο καγλεηηθήο 

επηδεθηηθφηεηαο ρξεζηκνπνηήζεθε γηα ηνλ θαζνξηζκφ ρεξζαίσλ πεξηβαιιφλησλ. 

 

X. Σσζτέηηζε θαη ηρηζδηάζηαηε απεηθόληζε ηφλ ηδεκάηφλ  

 

Μέζσ ηεο κηθξνπαιαηνληνινγηθήο αλάιπζεο ησλ γεσηξήζεσλ ζηελ πεξηνρή ηνπ Ιζζκνχ 

πεξηγξάθεθαλ ελαιιαγέο απφ ρεξζαία/ζαιάζζηα ηδήκαηα. Σπζρεηίδνληαο ηα δεδνκέλα 

απηά κε ηελ θακπχιε κεηαβνιήο ηεο ζηάζκεο ηεο ζάιαζζαο πξνθχπηεη πσο κέζα ζηηο 

γεσηξήζεηο ππάξρνπλ ελαιιαγέο απφ παγεηψδε/κεζνπαγεηψδε δηαζηήκαηα.  Η 

ζπλερφκελε κεηαβνιή ηεο ζαιάζζηαο ζηάζκεο ζε ζπλδπαζκφ κε ηελ ηεθηνληθή 

αλχςσζε ηεο πεξηνρήο έρεη θαζνξίζεη ηελ ζηξσκαηνγξαθία, κε δηαδνρηθέο αιιεινπρίεο 

επίθιεζεο θαη απφζπξζεο (πρ. Emery and Myers, 1994; Nichols, 1999; Nagendra et al., 

2011).  
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Σηελ ζπλέρεηα έγηλε ε ζπζρέηηζε ησλ γεσηξήζεσλ, θαζσο θαη ησλ επηθαλεηαθψλ 

ζηξσκάησλ πνπ δηαθξίλνληαη ζηελ Γηψξπγα ηνπ Ιζζκνχ (εηθ. 11-1, 11-3). Μέζσ απηήο 

ηεο ζπζρέηηζεο δεκηνπξγήζεθε ην ηξηζδηάζηαην κνληέιν απεηθφληζεο ησλ ζηξσκάησλ 

γηα ην αλαηνιηθφηεξν ηκήκα ηνπ Ιζζκνχ.  

 

ΧΙ. Αλάισζε ηφλ αποηειεζκάηφλ 

 

XΙ. α) Ηιηθία ηφλ ζηρφκάηφλ 

 

Σπζρεηίδνληαο ηνλ ξπζκφ αλχςσζεο ηεο πεξηνρήο (0,3 mm/yr Collier et al., 1992) θαη 

ηελ θακπχιε ηεο κεηαβνιήο ηεο ζηάζκεο ηεο ζάιαζζαο απφ Siddall et al. (2003), 

πξνθχπηεη πσο ε ηδεκαηνγέλεζε ήηαλ πηζαλή κφλν θαηά ζπγθεθξηκέλα δηαζηήκαηα (MIS 

5e, ~125, MIS 6e, ~175, MIS 7 ~(190-240) θαη MIS 9 ~310 ρηιηάδεο ρξφληα). Η 

παξνπζία ηεο E. huxleyi  ηφζν ζηα επηθαλεηαθά δείγκαηα φζν θαη ζην ζχλνιν ησλ 

δεηγκάησλ ησλ γεσηξήζεσλ πεξηνξίδεη ζεκαληηθά ηα πηζαλά ζελάξηα ζε λεψηεξα απφ 

240 ρηιηάδεο ρξφληα, ελψ ιφγσ ησλ ειηθηψλ ησλ θνξαιιηψλ δελ δχλαηαη λα είλαη απφ ην 

δηάζηεκα MIS 5e ζηα 125 ρηιηάδεο ρξφληα (εηθ. 12-1).  

Σηα επηθαλεηαθά δείγκαηα πνπ παξαηεξήζεθαλ κφλν small Gephyrocapsa spp. θαη 

Reticulofenestra spp. ρσξίο θνθθφιηζνπο απφ E. Huxleyi, Large Gephyrocapsa (>4 κm) 

θαη Pseudoemiliania lacunose ε εθηηκψκελε ειηθία ηνπο θπκαίλεηαη απφ 240 έσο 430 

ρηιηάδεο ρξφληα (Backman et al., 2012).  
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XΙ. β) Τεθηοληθή δραζηερηόηεηα 

 

Ο ξπζκφο αλχςσζεο ηεο πεξηνρήο ηνπ Ιζζκνχ 0.3 mm/yr ηα ηειεπηαία 205 ρηιηάδεο 

ρξφληα έρεη ππνινγηζηεί κε απφιπηε ρξνλνιφγεζε U/Th απφ ηνπο Collier et al. (1992), 

Dia et al. (1997) and Pierini et al. (2016) κε δεδνκέλα απφ καθξναπνιηζψκαηα. Μέζσ 

ησλ λαλναπνιηζσκάησλ φκσο κπνξεί λα εθηηκεζεί εθ λένπ ν ξπζκφο απηφο κε κηα 

εληειψο δηαθνξεηηθή κεζνδνινγία. Σπλππνινγίδνληαο ην παιαηνβάζνο φπσο εθηηκήζεθε 

ζηελ γεψηξεζε GA-2 θαη ηελ παξνπζία ηεο E. Huxleyi πξνθχπηεη κηα ειηθία απφ 125 

έσο ηα 265 ρηιηάδεο ρξφληα. Με βάζε ην απφιπην πςφκεηξν ηεο γεψηξεζεο πξνθχπηεη 

έλαο ξπζκφο αλχςσζεο  ~0.34 ± 0.12 mm/yr (εηθ. 12-2). 

Δπηπιένλ κε βάζε ηελ παξνπζία ηεο E. Huxleyi ζηα επηθαλεηαθά δείγκαηα S.23.9/2, 

S.25.9./3, S.25.9/2 θαη S.12/7/3, εθηηκάηαη ε ίδηα ειηθία θαη θαηά ζπλέπεηα έλαο ξπζκφο 

αλχςσζεο ~0.27 ± 0.12 mm/yr. Η απνπζία ηεο E. Huxleyi ζηα δείγκαηα 17/7/5 θαη 

S.17/7/6 νδεγεί ζην ζπκπέξαζκα πσο ε πηζαλή ηνπο ειηθία είλαη απφ 280 έσο 410 

ρηιηάδεο ρξφληα θαη θαηά ζπλέπεηα έλαο ξπζκφο αλχςσζεο ~0.33 ± 0.12 mm/yr (εηθ. 12-

2, 12-3). Άμην αλαθνξάο είλαη πσο νη εθηηκψκελνη ξπζκνί είλαη πνιχ θνληά ζε απηνχο 

πνπ είραλ πξνηείλεη νη πξνεγνχκελνη εξεπλεηέο, επηβεβαηψλνληαο ηνπο ξπζκνχο 

αλχςσζεο ε γλψζε ησλ νπνίσλ παίδεη θαζνξηζηηθφ ξφιν ζηελ απεηθφληζε ηνπ 

παιαηνπεξηβάιινληνο.  

Δληνλφηεξε ηεθηνληθή δξαζηεξηφηεηα ζηνλ Ιζζκφ παξαηεξείηαη ζην αλαηνιηθφ ηκήκα 

ηνπ, φπσο θαίλεηαη ηφζν απφ ηελ ηνπνγξαθία φζν θαη απφ ηα ξήγκαηα ζηελ Γηψξπγα 

(πρ. Collier, 1990; Collier et al., 1992; McMurray and Gawthorpe, 1994 θαη ε παξνχζα 

εξγαζία) (εηθ. 12-4). Με βάζε ηνπο δηαθνξεηηθνχο ξπζκνχο αλχςσζεο φπσο έρνπλ 

ππνινγηζηεί απφ ηα λαλναπνιηζψκαηα (ηνκή C-C‘, εηθ. 12-3), εθηηκάηαη έλαο κέγηζηνο 

ξπζκφο νιίζζεζεο γηα ην ξήγκα Καιακαθίνπ-Ιζζκίσλ ~0.07±0.02 mm/yr. 
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XΙ. γ) Τεθηοληθές θηλήζεης ζηελ ηάθρο Λοσηραθίοσ-Κετρηώλ 

 

Τα βαζηθά ξήγκαηα πνπ επεξεάδνπλ ηελ πεξηνρή ηνπ Ιζζκνχ είλαη ηα ξήγκαηα ησλ 

Κερξηψλ, ηεο ξεμηγελνχο δψλεο ησλ Αιθπνλίδσλ, ηνπ Λνπηξαθίνπ θαη ηνπ Αγίνπ 

Βαζίιεηνπ (εηθ. 12-5). Τν ξήγκα ησλ Κερξηψλ, κηα δνκή ζπλνιηθνχ κήθνπο ~ 24 km, έρεη 

ξπζκφ νιίζζεζεο ~0,15-0,20 mm/yr  θαη ηαπεηλψλεη ηελ πεξηνρή ηνπ Ιζζκνχ (πρ. 

Koukouvelas et al., 2017; Deligiannakis et al., in press) (εηθ. 12-6).  Τν ξήγκα ηνπ 

Λνπηξαθίνπ (εηθ. 12-7) έρεη πεξίπνπ 15 km κήθνο, ηαπεηλψλεη ηελ πεξηνρή ηνπ Ιζζκνχ 

θαη έρεη ξπζκφ νιίζζεζεο πεξίπνπ 0.50 mm/yr  (Roberts et al., 2011). Τν ξήγκα ηνπ 

Αγίνπ Βαζηιείνπ (εηθ. 12-5) έρεη κήθνο πεξίπνπ 38 km, ξπζκφ νιίζζεζεο πεξίπνπ 0,20 

mm/yr θαη επίζεο ηαπεηλψλεη ηελ πεξηνρή ηνπ Ιζζκνχ. Η πεξηνρή ηνπ Ιζζκνχ 

αλπςψλεηαη απφ ηελ επίδξαζε ηε δψλεο ησλ Αιθπνλίδσλ. Η ζεηζκηθή αθνινπζία ην ‗81 

αλχςσζε ηελ πεξηνρή θαηά 2 εθαηνζηά πεξίπνπ (Mariolakos & Stiros, 1987). 

Γηα ηελ κνληεινπνίεζε ηνπ ξπζκνχ αλχςσζεο θαη ηαπείλσζεο απφ θάζε έλα θαλνληθφ 

ξήγκα ζηελ πεξηνρή, ρξεζηκνπνηήζεθε ε επίδξαζε ηνπ ζεηζκνχ ηνπ 2009 ζηελ L‘Aquila 

(Ιηαιία) (εηθ. 12-8), ζεηζκφο πνπ πξνθιήζεθε απφ ηελ δξάζε επίζεο θαλνληθνχ 

ξήγκαηνο (πρ. EMERGEO Working Group, 2009, 2010; Papanikolaou et al., 2010; 

Goudarzi et al., 2011; Cheloni et al., 2014; Livio et al., 2017). Έηζη κε βάζε ηελ 

επίδξαζε θάζε δνκήο ζηελ πεξηνρή ππνινγίζηεθε ε  εθηηκψκελε αλχςσζε θαη 

ηαπείλσζε ηεο πεξηνρήο ηνπ Ιζζκνχ, απφ ηα ξήγκαηα (εηθ. 12-9, κε 12-13). 

Σηελ ζπλέρεηα έρνληαο ζαλ βάζε ηνπο εθηηκψκελνπο ξπζκνχο αλχςσζεο ηεο πεξηνρήο 

(εηθ. 12-14) απφ ηνπο Collier et al. (1992), Collier and Thomson (1992), Dia et al. (1997), 

Pierini et al. (2016), ππνινγίζηεθε ε δηαθνξά κε ηα απνηέιεζκα ηνπ κνληέινπ θαη θαηά 

ζπλέπεηα, πφζν είλαη ν ξπζκφο  ηεο γεληθφηεξεο αλχςσζεο ηεο πεξηνρήο πνπ απαηηείηαη 

ψζηε λα ηζρχνπλ νη ππνινγηζκέλνη ξπζκνί αλχςσζεο κε βάζε ηελ βηβιηνγξαθία. 

Αμηνζεκείσην είλαη πσο παξαηεξείηαη κηα κείσζε ηνπ ξπζκνχ απηνχ πξνο ηα  βφξεηα 

βνξεηναλαηνιηθά. 

Γηα λα γίλεη πην εκθαλήο ε ζεκαζία ηεο γεληθφηεξεο αλχςσζεο ηεο πεξηνρήο 

θαηαζθεπάζηεθαλ νη ράξηεο ηεο  ππνζεηηθήο παιαηνγεσγξαθίαο ηεο πεξηνρήο κε βάζε 
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κφλν ηελ επίδξαζε ησλ ξεγκάησλ πξηλ απφ 125 θαη 200 ρηιηάδεο ρξφληα (εηθ. 12-15). 

Χσξίο ηελ επίδξαζε ηεο γεληθφηεξεο αλχςσζεο ζηελ πεξηνρή, ν Ιζζκφο θαίλεηαη λα 

ήηαλ κνλίκσο αλαδπκέλνο, ελψ ζχκθσλα ηφζν κε ηελ βηβιηνγξαθία φζν θαη ηα 

απνηειέζκαηα ηεο παξνχζαο εξγαζίαο, ε πεξηνρή ηνπ Ιζζκνχ ραξαθηεξίδεηαη απφ 

ελαιιαγέο ζαιάζζησλ/ρεξζαίσλ ηδεκάησλ. 

 

 XΙ. δ) Παιαηογεφγραθία ηες περηοτής 

 

Τν ηειηθφ πξντφλ απηήο ηεο δηαηξηβήο είλαη ε παιαηνγεσγξαθηθή εμέιημε ηεο πεξηνρήο 

ηνπ Ιζζκνχ. Γηα ηελ παιαηνγεσγξαθηθή εμέιημή ηνπ ρξεζηκνπνηήζεθαλ ε κεηαβνιή ηεο 

ζηάζκεο ηεο ζάιαζζαο, έλα πςειήο αλάιπζεο κνληέιν ηνπ αλάγιπθνπ, ν ξπζκφο 

αλχςσζεο ηεο πεξηνρήο θαζσο θαη ηα δεδνκέλα απφ ηελ παξνχζα εξγαζία θαη 

δεκηνπξγήζεθε ε παιαηνγεσγξαθία ηεο πεξηνρήο ηνπ Ιζζκνχ ηα ηειεπηαία 350 ρηιηάδεο 

ρξφληα (εηθ. 12-17). Έηζη ζσξείηαη πσο ππήξρε δίαπινο επηθνηλσλίαο ησλ δπν θφιπσλ 

(Κνξηλζηαθφο θαη Σαξσληθφο) πξηλ απφ ~310 θαη πξηλ απφ 200 ρηιηάδεο ρξφληα (MIS 9 

θαη 7 αληίζηνηρα), ελψ απφ ηφηε θαη κεηά ε ζπλερφκελε αλχςσζε ηεο πεξηνρήο νδήγεζε 

ζηνλ ζρεκαηηζκφ ηνπ Ιζζκνχ. Αμηνζεκείσην είλαη πσο κε βάζε ηελ ιεπηνκεξή 

βπζνκεηξία ηνπ Σαξσληθνχ θαη ηελ κεηαβνιή ηεο ζηάζκεο ηεο ζάιαζζαο είλαη πηζαλφλ 

ζε θάζε παγεηψδε πεξίνδν λα ζρεκαηίδεηαη κηα παιαηνιίκλε (εηθ. 12-6). 

 

XΙ. ε) Περηορηζκοί θαη δσλαηόηεηες ηες παρούζας δηαηρηβής 

 

Έλα βαζηθφ απνηέιεζκα ηεο παξνχζαο δηαηξηβήο είλαη ε ζεκαζία ηεο κεζνδνινγίαο 

πνπ αθνινπζήζεθε. Βαζηζκέλε ζε δηαθνξεηηθά επηζηεκνληθά αληηθείκελα έγηλε δπλαηφλ 

λα πξνζδηνξηζηεί κε κεγάιε αθξίβεηα θαη αμηνπηζηία ε πεξηγξαθή ηνπ 

παιαηνπεξηβάιινληνο, θαζψο θαη ν ζρεηηθφο πξνζδηνξηζκφο ηεο ειηθίαο ησλ ηδεκάησλ 

κε ηελ ρξήζε δηαθνξεηηθψλ κεζνδνινγηψλ. Παξφιν πνπ εθηηκήζεθε ε ζρεηηθή ειηθία 
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ησλ ηδεκάησλ, ιφγσ ηεο απνπζίαο ηεο απνιπηήο ρξνλνιφγεζεο ησλ ηδεκάησλ νη 

εθηηκψκελεο ειηθίεο έρνπλ ζρεηηθά κεγάιν εχξνο.  

Γηα ηελ θαιχηεξε πεξηγξαθή ηεο επίδξαζεο ησλ ξεγκάησλ πνπ επεξεάδνπλ ηηο 

ηεθηνληθέο θηλήζεηο ζηελ πεξηνρή, αλαιχζεθαλ δηαθνξεηηθά ζελάξηα ζρεηηθά  κε ηελ 

αλαινγία ηεο ηεθηνληθήο αλχςσζεο/ηαπείλσζεο  ξεγκάησλ θαζσο θαη θιίζε απηψλ. 

 

XΙI. Σσκπεράζκαηα 

 

Η παξνχζα δηαηξηβή παξνπζηάδεη ηφζν ηελ παιαηνγεσγξαθηθή εμέιημε ηνπ Ιζζκνχ θαηά 

ην Τεηαξηνγελέο, φζν θαη ηηο δηαδηθαζίεο εθείλεο (επζηαηηθέο θαη ηεθηνληθέο θηλήζεηο), 

πνπ νδήγεζαλ ζηηο ζπλερφκελεο αιιαγέο ηεο γεσκνξθνινγίαο.  

Αξρηθά κέζα απφ δεδνκέλα 11 γεσηξήζεσλ θαη επηθαλεηαθψλ δεηγκάησλ απφ ηελ 

πεξηνρή ηνπ Ιζζκνχ πξνζδηνξίζηεθε ην παιαηνπεξηβάιινλ ηφζν κε ηελ ζηαηηζηηθή 

αλάιπζε ησλ απνηειεζκάησλ φζν θαη κε ηελ βνήζεηα ηεο ιηζνινγίαο θαη ηεο καγλεηηθήο 

επηδεθηηθφηεηαο ησλ ηδεκάησλ. Με ηελ βνήζεηα ησλ λαλναπνιηζσκάησλ έγηλε ν ζρεηηθφο 

πξνζδηνξηζκφο ηεο ειηθίαο ησλ ζηξσκάησλ (απφ 125 έσο 240 ρηιηάδεο ρξφληα γηα ηηο 

γεσηξήζεηο θαη απφ 125 έσο  ~410 ρηιηάδεο ρξφληα γηα ηα επηθαλεηαθά ηδήκαηα) θαη ζηελ 

ζπλέρεηα ε ζπζρέηηζε ησλ δηαθνξεηηθψλ νξηδφλησλ. 

Έπεηηα αθνινχζεζε ε ηξηζδηάζηαηε απεηθφληζε ησλ ηδεκάησλ ηνπ αλαηνιηθνχ ηκήκαηνο 

ηνπ Ιζζκνχ, θαζψο θαη ν πξνζδηνξηζκφο ηνπ ξπζκνχ αλχςσζεο (~0.3 ± 0.12 mm/yr) 

ηεο πεξηνρήο. Μέζσ ηεο ιεπηνκεξνχο ραξηνγξάθεζεο ηνπ ξήγκαηνο Καιακαθίνπ-

Ιζζκίσλ θαη κε βάζε ηα λαλναπνιηζψκαηα πξνζδηνξίζηεθε έλαο ξπζκφο νιίζζεζεο γηα 

ην ξήγκα ~ 0.07±0.2 mm/yr θαηά ηα ηειεπηαία 200 ρηιηάδεο ρξφληα.  

Πξαγκαηνπνηήζεθε ε αλάιπζε ηεο αλχςσζεο θαη ηεο ηαπείλσζεο ησλ ζεκαληηθφηεξσλ 

ξεγκάησλ ηεο επξχηεηεο πεξηνρήο. Με βάζε ηα απνηειέζκαηα απηά, εθηηκήζεθε ν 

ξπζκφο ηεο γεληθφηεξεο ηεθηνληθήο αλχςσζεο ηεο πεξηνρήο. 
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Τέινο, κε βάζε ηφζν ηα δεδνκέλα απφ απηήλ ηελ εξγαζία, ηνλ ξπζκφ αλχςσζεο ηεο 

πεξηνρήο, ην ιεπηνκεξέο κνληέιν ηνπ αλάγιπθνπ ηεο πεξηνρήο θαη ηηο επζηαηηθέο 

θηλήζεηο ηεο ζάιαζζαο, έγηλε ε αλαθαηαζθεπή ηνπ παιαηνπεξηβάιινληνο θαηά ην 

Τεηαξηνγελέο. 

 

 


