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Abstract

The Pistarda formation in the Megddasin 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 depositionalocessesand environment®f the Pistarda formatioriren
localities were fand and nine of them were logged. The focus was on the vertical and lateral
facies variations and trying to explain how itieted and how it terminated.

The Pistarda formation is a hafaben with a dip towards the northeast. The localities were
found higher up the dislope. Seven facies werentified 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 difeevess found between the

units, the lower usually consisted of reworked material, while the upper hadmsiixefacies.

The same interpretation is made whe¥O,I®Cinki ng
and®’srf°sr ratio confirms that thiermation 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 litke 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 formatisnnterpreted tde linked with shifts in the climate

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

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:

|.  Field-based facies analysis of the Pistarda formaétind the immediatgl adjacent

stratigraphic units.
. Geochemical¥((Srf°sr, i*%0 andi™*C) analysiof samples from the formation.

lll.  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 depositionalbcesses operating during development ofltistarda

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 11). 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 accessdikldTwerk was

divided into two parts, the first from 22pril to 9" May 2013 and the second frorff Dctober

to 24" October 2013.
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Figure 1.1 — (A) Location of the study area within the Mediterranean Sea. Map (B) shows with a red marker where the
localities are found in the basin. The maps are modified from Google Earth.

1.3 Previous studies

Bentham et al. (1994id 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,
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Adriatic Microplate, African Plate and Eurasian Plate are wglplored by several studies
(McKenzie, 1970Jackson and McKenzie, 198Bell et al., 2008Leeder and Mack, 2009For
carbonate deposits in rift basins in a lake environment, Lake Tanganyika in Africa is a good
analogugCohen and Thouin, 198Cohen et al., 1993

1.4 Outline

Followed by the introduction, chapter 2 presents a geological background of the Megara basin,
focusing on regional geologynd tectonic setting and the stratigraphy of the Megara Basin. In
chapter 3 dacies model for lacustrine carbonates and a geochemical background for carbonate
rocks in lacustrine settings will be present€thapter4 presents a description of the different
methodsboth for fieldwork and instruments used in this stu@lyapter 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 afotsy 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 fortiwa 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 Athens between Athens and the Corinth channel in the Attica
region(figure 2.1) The Megara basin istgated in the eastern part of the extension of the Gulf
of Corinth, betweenhe Gulf d Alkyonides and the Saronic Gulf. The basin is separateithdoy
Geraniamountain rangen the southwestand the Pateras mountain range in the north&ast.
basin follons a WNWESE structure and is a faultbounded halgraben with PliePleistocene
sedimentd kmthick (Theodoropoulos, 1968entham et al., 1991
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Figure 2.1 - The map shows the tectonic development in the Gulf of Corinth where the Megara Basin is a landward
extension of the gulf, marked in yellow. Modified from Bell et al. (2009)

Severalstudies in the area suggest thia¢ rifting started withthe formation of the Gulf of
Corinth, which hasindergonea vastextension sincéhe Miocene, with a maximum o050 mm

per yearin the last 5 Ma, and the rifting is still actiydackson et al., 1982ackson and
McKenzie, 1988 This makes it an important natural laboratory to study the effects of rapid
extension upon sedimentary and geomorphological processes.

The Megara basid fooundary to the northwestis a major active normal faultthe South

Alkyonides fault, and liesit the footwall of this structure. This normal fault is mostly offshore
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andunderwent motion during the 1981 earthquake sequ@ac&son et al., 1982This 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 Bla@McKenzie, 1970 Jackson and McKenzie,

1984 Jackson andficKenzie, 1988 Tectonic models of global seafloor spreading, fault systems
and earthquake slip vectors show that the Arabian plate is movingnusthiwest relative to
Eurasia at a rate of 13 mml/yr, averaged over about 3 MireMets et al., 199QJolivet 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/ynifat 30°N, 31°E). Africa and Arabia have a
differential motion between them, calculated to bel®mm/yr. They mainly have a |dtteral

motion along the Dead Sea transform fault which resulted in a continental collision along the
Bitlis-Zagros fold ad thrust belt{McClusky et al., 2000 This forced the African plate to be
subducted alonghe 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 Eurasi@Md&risky

et al., 200D. 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 littodpdtend the
Hellenic arc(Jolivet, 200). This creates a thinning of the lithosphere in the Aegean-drack
region(Papazachos and Comninakis, 19Dbutsos et al., 1988Since the African plate and the
Eurasian plate are moving in opposite di@t this creates a divergent boundary, responsible
for the ormation of the Gulf of Corinth. The tension from the North Anatolian fault propagation
westward als@reatesa rotation of crustal blocks ithhe Hellenic thrust belfDewey and Sengor,

1979 Armijo et al., 1999.
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Figure 2.2 - (a) basic map illustrating the land masses and their relative movement. The larger map shows the main
structural features, summerizing the geodynamical framework. NAF = North Anatonian fault, EAF = East Anatolian
Fault, DSF = Dead Sea Fault, HT = Hellenic Trench, P = Pelopponnese, C = Crete, KF = Kefallonia Fault. Motion
vector from Kahle et al. (1998). Modified from Doutsos and Kokkalas (2001).

The Megara basin is a landwaegtenson of the Gulf of Corinth.The Corinth Rift in central

Greece is one of the wadnmra ndw gate inausdary tiatigpidly e
evolving (Ford et al., 201R The rift stretches from the lonian Sieathe westto Athensin the
east, and follows aB-W to NW-SE direction The rifting started onshore in Early Pliocearad
subsequentlynoved northand offshore. As a resulthe rift created the Gulf of Corinth with
uplifting and incised &sins. This praidesa natural laboratgron ongoing evergin early rifting
and normal faulting. The gulias anumberof normal faults on both its edgekhe extension is

still active talay and started in PliocerfPoutsos and Kokkalas, 2001With a 1.5 cm/y NS

r

f

1
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extension it is the most sanically active zone in Europe. This activity is monitoneging
instantaneous GPS ddfriole et al., 200D The uplift has beemeasured to be 1 mm/y in the
southern margim 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 hastedsiathe Serravalan/Tortonian
boundary in late Miocenék e n gl984 ,Meulenkamp, 1985 A sequence of voleac rocks

from the Corinth basin lie over the basin fill and deted to be approximately634.0 Ma. For

the MegaraBasinthere is no data, but an ag®and PliePleistocene is proposed for the basin.
Recently an ash layer was found in one of the upper formations in the basin. Based on the
“°Ar/**Ar method the ash layer which is calléwk Pagae Ash Member is dated to 2.82+0.06 Ma.
The layer occurs in thispmostpart of theLouba Formation of the Alepochori Gro(ipeeder et

al., 2008.

Bentham et al. (1991proposed a newthostratigraphic scheme for the sedimentary fill of the
Megara BasinThe Paliochori group contains two formatieriee Mylou Vrachia (c200 neter3

and PigaddDourakis formation (c. 50 meterg. The Mylou Vrachiafm. forms an outcrop with
angular breccias and conglomeratesrlainby sandstone of the Pigaddi Dourakis fm. The Ayio
loannou group contains the Rema Mazi formation3@6 neterg with marls, marly distones
and marly sandstones which pass up transitionally tf@®igaddi formation below. Abovéne
Rema Mai formation the Kremida formation (50eterg starts with sandstones, pebbly
sandstones and fine conglomerates with minor marls and silty mhigsfoFmation is coarsing
upwards and clinoformare well preservedithin the unit. The Tombse Koukies group consists
of the Toumpaniari (3A50meter$, the Pistarda (25 meterd and the HarbouRridges formations
(75150 neterg. The Toumpaniari formatio consistof pebbly sandstones and conglomerates
with one marine horizon in the lower part. The Pistarda formation overlies the Toumpaniari
formation andaccording tdentham et al. (1991it consists of travertine limestone that can be
foundover a large area of thmsin.They suggest thiormation has been formed by an unknown
combination of climatic, tectonic or groundwater effectie Harbour ridges formation is made
up of pebbly sandstones, sandstones, calcarsandstones, marls and lignitésn abundant
marine fauna can be found the marl sequence. Thdepochori groupconsists of thd.ouba
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formation (901 320 meters) which is a series of red/brown pebbly sandstones and subordinate
sandy mudrocks. Inside the Louba formation Alyga Sofia formation(0-40 meters) is a special

sequence with white breccias. Figure 2.3 shows a stratigraphic cobwenthe sediments in
Megara basin
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Figure 2.3 - Lithostratigraphy of the Megara basin. Modified from Bentham et al. (1991).
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a vellow line and the localities are shown as red dots.
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Figure 2.4
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