
Sedimentology of the Neogene Pistarda 

formation in the Megara Basin; Greece 

by 

Steinar Polden Sæverud 

 

Master thesis 

in petroleum geoscience 

 

 

 

 

 

Department of Earth Science 

University of Bergen 

June 2014  



 



I 

Abstract  

 

The Pistarda formation in the Megara Basin has not been studied in detail before. The aim of this 

thesis is to provide sedimentological and geochemical data, in order to increase our 

understanding of the depositional processes and environments of the Pistarda formation. Ten 

localities were found and nine of them were logged. The focus was on the vertical and lateral 

facies variations and trying to explain how it initiated and how it terminated.  

 

The Pistarda formation is a half-graben with a dip towards the northeast. The localities were 

found higher up the dip-slope. Seven facies were identified, of which many showed evidence of 

in situ materials, indicating a shallow lacustrine environment. Some of the localities showed 

evidence of two units, a lower and an upper unit. When a clear difference was found between the 

units, the lower usually consisted of reworked material, while the upper had more in situ facies.  

 

The same interpretation is made when linking this to the geochemistry. Analysis of ŭ
18
O, ŭ

13
C 

and 
87

Sr/
86

Sr ratio confirms that the formation has two units, where the lower shows evidence of 

being deposited by a larger and deeper lake. The opposite is found for the upper unit, showing 

evidence of being deposited by a smaller and shallower lake.  

 

The structural data from the area links the development of the two units to a fault which created 

the accumulation space needed for the two units to form in quite a small area in the Megara basin. 

The development of the Pistarda formation is interpreted to be linked with shifts in the climate 

during the deposition, which could support the development of a lake.  
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1. Introduction  

1.1 Aim   

The aim of this project is to examine the sedimentology of the lacustrine Pistarda formation, 

Megara Basin, Greece. The project has a number of specific objectives: 

 

I. Field-based facies analysis of the Pistarda formation and the immediately adjacent 

stratigraphic units. 

 

II.  Geochemical (
87

Sr/
86

Sr, ŭ
18

O and ŭ
13

C) analysis of samples from the formation. 

 

III.  Synthesis of the above objectives with structural data from the Megara Basin and 

analogues from other lacustrine carbonates and rift basins to interpret the depositional 

environments and depositional processes operating during development of the Pistarda 

formation and to discuss the controlling factors (e.g. climate, tectonics) 

 

1.2 Study area 

The study area is located in the Megara Basin in central Greece at the margin of the Gulf of 

Corinth (figure 1.1). The basin is a tectonically active area and faults have created good, natural 

outcrops. The area is heavily forested by pine. Dirt roads give good access to the outcrops, 

although some of these are on steep cliffs that cannot easily be accessed.  The field work was 

divided into two parts, the first from 22
th
 April to 9

th
 May 2013 and the second from 2

nd
 October 

to 24
th
 October 2013.  
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1.3 Previous studies  

Bentham et al. (1991) did a large regional study over the sedimentary facies, based on fieldwork 

in the Megara Basin, and produced a geological map over the basin. The result from their work is 

the foundation for the studies described in this thesis. In Chapter 2 this will be discussed in more 

detail. The tectonics of the Gulf of Corinth and nearby regional plates; Anatolian Microplate, 



Chapter 1  Introduction 

3 

Adriatic Microplate, African Plate and Eurasian Plate are well explored by several studies 

(McKenzie, 1970; Jackson and McKenzie, 1988; Bell et al., 2008; Leeder and Mack, 2009). For 

carbonate deposits in rift basins in a lake environment, Lake Tanganyika in Africa is a good 

analogue (Cohen and Thouin, 1987; Cohen et al., 1993). 

 

1.4 Outline  

Followed by the introduction, chapter 2 presents a geological background of the Megara basin, 

focusing on regional geology and tectonic setting and the stratigraphy of the Megara Basin. In 

chapter 3 a facies model for lacustrine carbonates and a geochemical background for carbonate 

rocks in lacustrine settings will be presented. Chapter 4 presents a description of the different 

methods, both for fieldwork and instruments used in this study. Chapter 5 starts with an overview 

over the field area and facies description, facies association, sedimentary structures below and 

above and then a sketch of the different dispositional units along with a correlation transect for 

the Pistarda formation. In Chapter 6 geochemical analysis from the samples will be presented. In 

Chapter 7 the results are discussed with respect to geochemistry and the depositional 

environments of the Pistarda formation in the Megara Basin. Finally, the conclusion is given in 

Chapter 8. 
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2. Geological framework  

2.1 Introduction  

The study area is located west of Athens, between Athens and the Corinth channel in the Attica 

region (figure 2.1).  The Megara basin is situated in the eastern part of the extension of the Gulf 

of Corinth, between the Gulf of Alkyonides and the Saronic Gulf. The basin is separated by the 

Gerania mountain range in the southwest and the Pateras mountain range in the northeast. The 

basin follows a WNW-ESE structure and it is a fault-bounded half-graben with Plio-Pleistocene 

sediments 1 km thick (Theodoropoulos, 1968; Bentham et al., 1991). 

 

 

Several studies in the area suggest that the rifting started with the formation of the Gulf of 

Corinth, which has undergone a vast extension since the Miocene, with a maximum of  50 mm 

per year in the last 5 Ma, and the rifting is still active (Jackson et al., 1982; Jackson and 

McKenzie, 1988). This makes it an important natural laboratory to study the effects of rapid 

extension upon sedimentary and geomorphological processes. 

The Megara basinôs boundary to the northwest is a major active normal fault, the South 

Alkyonides fault, and lies at the footwall of this structure. This normal fault is mostly offshore 
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and underwent motion during the 1981 earthquake sequence (Jackson et al., 1982). This younger 

fault that has led to the exposure and dissection of the thick Neogene sequence in the area 

(Theodoropoulos, 1968).  

 

2.2 Regional geology and tectonic setting  

The tectonic development in this area is based on the interaction of the Arabian, African, and 

Eurasian plates and in the collision zone between the plates (figure 2.2). The main collision is 

between the Arabian and African plates with Eurasia (McKenzie, 1970; Jackson and McKenzie, 

1984; Jackson and McKenzie, 1988). Tectonic models of global seafloor spreading, fault systems 

and earthquake slip vectors show that the Arabian plate is moving north-northwest relative to 

Eurasia at a rate of  18-25 mm/yr, averaged over about 3 Myr (DeMets et al., 1990; Jolivet et al., 

1994). Similar models also indicate that the African plate is moving in a northerly direction 

relative to Eurasia at a rate of approximately 10 mm/yr (at 30°N, 31°E). Africa and Arabia have a 

differential motion between them, calculated to be 10-15 mm/yr. They mainly have a left-lateral 

motion along the Dead Sea transform fault which resulted in a continental collision along the 

Bitlis-Zagros fold and thrust belt (McClusky et al., 2000). This forced the African plate to be 

subducted along the Hellenic arc at a higher rate than the relative northward motion of the 

African plate itself. This makes the arc move southward relative to the Eurasia plate (McClusky 

et al., 2000). When the Aegean plate and the African plate are pressed against each other this 

makes the crust thicker and produces a gravitational collapse of the lithosphere behind the 

Hellenic arc (Jolivet, 2001). This creates a thinning of the lithosphere in the Aegean back-arc 

region (Papazachos and Comninakis, 1971; Doutsos et al., 1988). Since the African plate and the 

Eurasian plate are moving in opposite directions this creates a divergent boundary, responsible 

for the formation of the Gulf of Corinth. The tension from the North Anatolian fault propagation 

westward also creates a rotation of crustal blocks in the Hellenic thrust belt (Dewey and Sengor, 

1979; Armijo et al., 1999). 
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The Megara basin is a landward extension of the Gulf of Corinth. The Corinth Rift in central 

Greece is one of the worldôs most active rifts and lies in a new plate boundary that is rapidly 

evolving (Ford et al., 2012). The rift stretches from the Ionian Sea in the west to Athens in the 

east, and follows an E-W to NW-SE direction. The rifting started onshore in Early Pliocene and 

subsequently moved north and offshore. As a result, the rift created the Gulf of Corinth with 

uplifting and incised basins. This provides a natural laboratory on ongoing events in early rifting 

and normal faulting. The gulf has a number of normal faults on both its edges. The extension is 

still active today and started in Pliocene (Doutsos and Kokkalas, 2001). With a 1.5 cm/y N-S 
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extension it is the most seismically active zone in Europe. This activity is monitored using 

instantaneous GPS data (Briole et al., 2000). The uplift has been measured to be 1 mm/y in the 

southern margin in the gulf (Rohais et al., 2007; and references therin). 

 

2.3 Chronology and Stratigraphy of the Megara Basin  

The extensional tectonics in the Aegean is believed to have started in the Serravalian/Tortonian 

boundary in late Miocene (ķengºr, 1984; Meulenkamp, 1985). A sequence of volcanic rocks 

from the Corinth basin lie over the basin fill and are dated to be approximately 3.6-4.0 Ma. For 

the Megara Basin there is no data, but an age around Plio-Pleistocene is proposed for the basin. 

Recently an ash layer was found in one of the upper formations in the basin. Based on the 

40
Ar/

39
Ar method the ash layer which is called the Pagae Ash Member is dated to 2.82±0.06 Ma. 

The layer occurs in the topmost part of the Louba Formation of the Alepochori Group (Leeder et 

al., 2008). 

 

Bentham et al. (1991) proposed a new lithostratigraphic scheme for the sedimentary fill of the 

Megara Basin. The Paliochori group contains two formations - the Mylou Vrachia (c. 200 meters) 

and Pigaddi Dourakis formations (c. 50 meters). The Mylou Vrachia fm. forms an outcrop with 

angular breccias and conglomerates overlain by sandstone of the Pigaddi Dourakis fm. The Ayio 

Ioannou group contains the Rema Mazi formation (75-300 meters) with marls, marly siltstones 

and marly sandstones which pass up transitionally from the Pigaddi formation below. Above the 

Rema Mai formation the Kremida formation (50 meters) starts with sandstones, pebbly 

sandstones and fine conglomerates with minor marls and silty marls. This formation is coarsing 

upwards and clinoforms are well preserved within the unit. The Tombse Koukies group consists 

of the Toumpaniari (30-150 meters), the Pistarda (2-5 meters) and the Harbour Ridges formations 

(75-150 meters). The Toumpaniari formation consist of pebbly sandstones and conglomerates 

with one marine horizon in the lower part. The Pistarda formation overlies the Toumpaniari 

formation and, according to Bentham et al. (1991), it consists of travertine limestone that can be 

found over a large area of the basin. They suggest the formation has been formed by an unknown 

combination of climatic, tectonic or groundwater effects.  The Harbour ridges formation is made 

up of pebbly sandstones, sandstones, calcareous sandstones, marls and lignites. An abundant 

marine fauna can be found in the marl sequence. The Alepochori group consists of the Louba 
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formation (90 ï 320 meters) which is a series of red/brown pebbly sandstones and subordinate 

sandy mudrocks. Inside the Louba formation the Ayia Sofia formation (0-40 meters) is a special 

sequence with white breccias. Figure 2.3 shows a stratigraphic column over the sediments in 

Megara basin. 
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