NPOAOIOX

<>

H I'm eivai évog mhaviytng pe ovveyr v duvapuxi) eEEMEN oty wotogia Tov. H yvdon
%O %OTOVONON 0IT0 TOV AVOQMTTO TG EEEMENC QVTHG ElvOL peYAANG ONUAOTIAS VL0 TOV
EVIOMOUO, TNV EXUETAMAEVON RO T1] Q10N TOV GUORDY TOQWV, ROODS KoL YLOL TV
avAdELET %Ol AVTIUETDOTUON TOV TEQURAAAOVTIRMY TTQORANCEMV-TIQOPANUATWV OLTTO TN
X0N0N TWV TOQWV OUTAOV.

H megiparlhovtint avti) O1doTaon oo tel o OAORANQMUEVY], TOAV-ETUOTNLOVLXT] Oe-
®monomn tov I[Thavity, mov Ba egihapfdvel T pehétn OAWV TV TAQAYOVTWY, OTIWG
™G MOOOPALQAS, TS VOEOTDALQAS, TNE ATUOOPALQAS KoL TS PLOOHALQAS, OL OTTOtoL
ovvdéovtan petad Tovg og oAl onpovtivd ovothuata. Ta cvotiuato autd osmon-
TOUV T oUveQyaola, Yweig oUVoQa 1AL TEQLOQLOUOVS, TWV GUOLLDYV ETUCTIUMV, OTWG
1 Tewloyla, n Bioloyia, n Xnueto xaw 1 @vowd. "Etol pdévo Ba rotavofoovue tov
IMhavi pog, Oa avadeiEovue ta megipallovind mooPiiuata ot Oa dnuoveyi)-
COULLE EVILEQMUEVES-EVOLOONTOTOMUEVES ROLVIIVIES, OL OTTOlEC Bl LITOQOVV VOL ALTTO-
daoloovy yLo To OOV %aL TO LEALOV TO.

ZHueea eivor yeyovog OTL vIIdQyEL L0, EUTTEQLOTATMUEVY] ATTOYT) OYETIXAL e TNV eEEML-
Tt moeta tng I'ng oty didprela Twv 4,6 dioeratoppvimy eTdv g VT0ENS TNG.
[Mogdhinia amotehel nowvi) ouveidnon OtL 1 L0OEQEOTI TOV TAAVITY ATtd THYV RAOT)-
UEeQLVT| Ttleom TV €EL (6) TeQ(mov dLoeraToppEimY avOQmITWY oV prthogevoivtal og
auTov, elvor mhéov evBgavoty. Eldudtega 6oov adopd otig [ememotipes, vmaoyet
oofagn yvowon oxetnd ue tig Femhoywrés Aegyaoies, mou éxovv Aafel ydoa ota
L0010 TNG LOTOQIOG AU TG UE T ONULOVQYIC TWV 0QEMV ROl TOV WUEAVDYV, TOUS OEL-
opoUg, TNV NdotoTeloxt] QaoTNOLOTNTA, RAODS nOL TV eEXONAWON EEWYEVDV GOLVO-
LEVV, OTIWS OL O TOMOOTOELS, OL TANUUDQES, OL ENQAOLES, TOL TOOVVAL.

‘Ocov adpod ot Brdewun Avamrvgn, eivor yvootd OtL Tig tehevtaies deraeties 1) te-
xvohoyunt| eEEMEN o M TANOVOoaxT) ExNEN emEPalay o alOYLOTY %L Y WIS Oy E-
Lo PO VTTEQEXUETAMAEVON TV GUOUDV TOQWV, LUE ATOTELETO TNV VTTOPAOIOoT TOV
7eQLBAMAOVTOGC YL TIRMTH GOoEA oTNV LWoToia Tov IThavitn pac.

"Etot, peguud astd to eQmTHUATO TTOV TIOEVTOL ETTARTIXA ROL OVOUEVOVY ALTTOVTTOELS
Itd TNV ETUOTNUOVIXT ROLVOTNTA, OedoPEVOU OTL EXPQATOVV THV aywvio OANG TG av-
OowmdTnTag, elvar ta eENG: o) O avBommves d0aoTNELOTNTES £Y0VV TQORALEDEL
Ty porTL TUKIVOUVES TQOTTOTOLOELS TOU TEQLPAMAOVTOC HOL LAAMOTO 1) OLVOLOTQEWL-
UES 1) Ol XMUOTIRES LETOPOLES TTOV TTOLQATNQEOUVVTOL OT|UEQO ATTOTEAOVY PUOLKES OLal-
woudvoels; P) Ewdwdtega M Propmyavini] ovATTUEN Al 1 UTEQRATAVAAWDON
EVEQYELOXMV TIQMTWYV VANV aTTOTELOVV %{VOUVO YLa TO eQLdAlov 1) OemoovTal -
dauvig emdQaoNg 08 0YEoN Ue TIS NPOLOTELURES EXQNEELS KOL TLG AAAOYES TV QEV-
LATWVY 0TOVS MREAVOUVS, OL OTIO(ES TQOXRAAOVV dQapaTI*ES OMAAYES OTO TTEQLRAALOV;
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v) Etvat axdpo duvaty| pa Buowun AvéamtuEn xol edv vat, oo eival to eidog auThg
0T0 OQLOL OVTOYNG HOL ATTOOOY NG TOU TTAALVITY LaLS;

270 TOQATTAV® EQWTNULATA Rl TROPANHATIONOUS 1) ernotiun t™s [ewAoyiag €xel va
000 hEQEL TOMA, dedopévou OTL oL puoLnég dieyaoieg notd T dLdQreld TG eEEML-
Eng g I'mg éxovv ratayoadpel 0Tovg edadroig rat PoayMIELS YEMAOYLHOVG OYTLL0-
TLIopoNg, YWElg emmeeaopoic artd Tig maeufdoels Tov avipmmov. 'Etol oL avOohmveg
TAQEUPAOELS TNG OUYYQOVNG ETTOYTG UITOQOTVV VAL dLOXWELOTOVV %Ol VO ETLONUAVOODY,
MOTE VO OVTLHETOITUOTOVV 0moTd. [evindtega, 1 yvdon kot xatavonon g eEEMENS
™ I'ng péoa amd tig puorég dlepyaoies LToQOUY Vo GUUPBAROUVYV OTNY AITOTUITIWON)
TV QUONMY ahhayns Tng I'nmg oto yemhoyirod xoovo. Emmhéov ol guBuol ailayfg won
oL dLeQyaoleg, mov eival vevBuveg Yo 0vToUg, UToEOUV TTAQAAANA VO ATTOTELOVY
delnteg mEOYVMONGS YL TV ToEele Tov TAAVATH oto uéAov. Me dhha Aoy, To Tol-
0eh0OV rau yevirdtega 1 yewhoywri) otogio tov IThavitn wroeel va amotehéoel To
«nheldi» yio to maEdV rat To PEAOV avToU.

ZuteQaopaTivd, 1 oupPBoii tne F'ewroylog xat yevirdtepa twv dvowmmdv Emotn-
LDV OTNV ®OLVOVIOL (LG E(VOL TTOAD ONULOVTLXT YLoL TH YVOOoT TG eEEMENS ™c I'ng, TV
€0€VvaL ®aL AELOAOYN O TMV GUOLRMOV TTOQWV, TV EXTIUN O TOV TEQLRAALOVILHMV ETTL-
TTOOEMV LOYW EXUETAMAEVONG TOV TTOQWV AVTMV, RAOMDG %Al TV TROYVOOT-CLVTLULE-
TOMTON TOV OLAPOQWV GUOLOV EMAIVOVVOTATOV ATTO YEMAOYIRES OLEQYAOIES RALL
ROTOOTQOPIRA RALQIKA GOLVOUEVOL.

To 120 AeBvég Zuvédgro g EAMvixng F'ewhoywnig Etougiag pe titho «Ilhaviyg I'y:
Feoloywnés Aegyooies o Buvoyun Avartvén» dwogyavarveton oo to Tpnpo Fem-
Lhovyiag tou IMavemmotuiov Matedv »ou mooypatonoeltor 6to Zuvedouaxd xow [Toh-
notnd Kévrgo tov Mavemompiov amd tg 19 éwg 22 Maiov 2010. To Aehtio g
EMnvinnc Tewhoywng Etauplog meouihapPdver ta Ioontind tov Zuvedgiov oe mévte (5)
TOHOVS TV 2.992 oehidmv ouvolxrd. Ot topoL avtot xohvmrovv 6Ao To Ppdopo tawv ['e-
WETNOTNUMV 0¢ BEpOTa THG PACLRG ROl EGOQUOCUEVNC £QEVVAS. ZTO TIQOXTIXC TEQL-
happdvovtan 267 ouvolrd eQyooies artd 605 ouyyoadelc, Oheg oty Ayyluwi YAdooo,
divovtog étol ™ duvatodtnta debvoiic meoPoANg xat ¥ENoNS TOU EmMOTNUOVIXOD Ag)-
tiov g Etaupiag. O emionpeg yhdooeg tov Zuvedpiov eivar ) EAAnvind zow 1 Ayyhnd.

210 ZUVEQQLO VTTAQYEL ONUAVTIXOG AQLOLOC EQYAOLDV ATTO TOV EVQUTEQO YEWYQADIRO
Lo xheo, £xovv de dnhwoel ovupetoy ool agldloyol emmotipoves oo Ty EA-
AGda naL To eEwTEQHO, OODG KAl VEOL EQEVVNTES KL GOLTNTEG.

‘Oleg oL g@yaoieg mov dnpootebovial, vepAnoav oe emotnuovixt xion amd eEm-
TEQWMOVG %QLTES, anohovBdvTag T dLadiraocia ov elval dleBvig xaobiegwuévn ota
emotnuovind megrodwrd. IToAlol avayvmoiouévol emothuoves, EMnveg now Eévor,
OV TV EOROTNTOV, CVppETEl oV 0T dradraoio ovtr). Ex pégovg g OgyavmTi-
%Ng Emtormig Toug euyaoLotd yio T OUUUETOYT) %Ol TH GUVUSOAN TOVS Ue TO 00P00
€0Y0 OV ROOGEDEQAY 0NV amdrTNoT [ToonTindv vmAol ermumédov.
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Ovemotnuovirnég egyaoieg evidyOnrav o emUEQOVS OePATINES EVOTNTES, OTLS OTOLES
oy wolotnray to IToaxrtind ®ol aToTéELeoaY avIKelIEVO 0TI avTioTolyes ZuvedQieg.
Ta neipeva TV elOMMV ROl TQOOREXANUEVOV OLUALDV, TTOV ROADITTOVV TO €VQUTEQO
avoreipevo g ®abe evoTNTag ®OL TOQOVOLALoVY VYPNAOT eumédov Bemonor oye-
TUrG e TNV VPLOTAUEVY] YVOOT, TIG VEES OTTOPELS KOL TAOELS THG £QEVVOGC, ATTOTELETALY
Wiaiteen evotnra.

210 ZuvédLo autd divetau dlaitegn éudaon otig lemwroynés Alegyaoieg xo T Bio-
o Avastugn. Onwg avapéenue dieEodind moQamdvm, 1 ratavonon g eEEMENS
tov mhavitn I'n péoa amd tg yewhoyurés diepyaoieg emtoémnel otov avOowmo va agio-
Loynoet Tig dtddpoes dQAOTNELOTNTES TOV, OTIWS TNV avalnTNOoN, EXUETAALEVON ROL
¥X0N0N TOV GUOKDOV TOQWV, RADMDS RAL TNV RATUOKEVT] OLADPOQWV £QYWV VITOOOUNG,
¥woic va mpoxralel emmxivouveg petaforéc 010 Guowrd oL To avOQMITOYEVES TEQL-
Barhov. Etor povo pmopel vo eEaodpahotel 1 Buboiun Avamtuén wow va mpoPiedOsi
1 mooeia Tov IThavim.

H éynougn extimwon kot 1aeddoor Tov TOHwVY Tou Zuvedlov 0Toug ouvEDQOUC %ol
OTNV EMMOTNUOVIXT] OLVOTNTA, XOOMS KL 1) YEVIROTEQT] 0QYAVWOT TOV ZuvedQlov Yi-
VETOL LE TNV Oovouxt 6TNELEN TOMDV GoeEémV, dMNUOCLOV %l WOWTHOV. Expod-
Covtal Oeguég evyaioties oto Ymovpyeio [Tegipdilovtog, Evépyerag nwow Khpotinng
Alhayng, mov £€0goe To ZuvEdQLo VO TV ayida Tov, rabmg raw oto Tufpo ewro-
viag tov [Mavemotnuiov [atpmv, o LI M.E., naw 1o TEQT E .E. Ogopuég evyoolotieg
endodCovran entong oto Kowvmderés Tdoupa Iwdvvy . Adton, to Tavemotio
[Matemv, ahhd nan oe WOLWTIKES Teyxvinég now Mehetnuinés Etaiples, mov ue toon moo-
Buplo avramoniBnrav oty mEdoKANCT LS.

Téhog, B H0eha Vo endQAOM TIS TQOOWIUKES OV EVYAQLOTIES OTOVGS GUVAIELDOUS
™c Ogyavotrig Emtoomig yia tnv apéolotr orbetd toug xot v doLotn ouvep-
yaoto otn oviloywi] ot mpoomdOeia, xabmg wau oto [oadeio Ogydvmwong Zuve-
dolwv «Zvvédpar, Omwg emiong otovg dottntég tov Tufuatog 'ewloyiag, mov
ayrdhooov xol fonnoav otnv ogydvmwon tov Zvuvedgiov pe amaQduhio THAO.

ITdroa, 14 Amoihiov 2010
I'emoyrog Xg. Kotvxng

Iooedpog
s Ogyavwtixis Emrtoomnig
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PROLOGUE

<>

Earth is a dynamic Planet that has been continuously changing and evolving throughout its
whole history. Knowledge and understanding of the evolution processes is of crucial im-
portance not only to explore and take advantage of the natural recourses that our planet pro-
vides, but also to access the degree of environmental impacts that the exploitation of these
causes.

This environmental aspect demands to consider a comprehensive and multi-scientific view
of our Planet, which involves the study of lithosphere, hydrosphere, biosphere and atmos-
phere. All the above are closely connected together to form very important and complex nat-
ural systems, which need the close cooperation of all sciences involved, such as Geology,
Biology, Chemistry and Physics. This is the most effective way to understand our Planet, to
consider the environmental problems and enforce societies to become informed and con-
scious of its present and future.

Nowadays an almost complete and comprehensive knowledge about the evolution of Earth
during the 4.6 billion years of its age has been gained. In parallel, it is common sense that
our Planet’s equilibrium is fragile due to environmental pressures that human causes, since
Earth’s population exceeds 6 billion people.

In the field of Geo-Sciences, in special, there has been gained sufficient experience about the
Geological Processes that have been taken place during Earth’s history and are evident in
the formation of mountains and oceans, by the manifestation of earthquakes, by volcanic
activity, as well as in natural phenomena as landslides, floods, droughts and tsunamis.

Concerning Sustainable Development, it is well known that during the last decades tech-
nological evolution and population growth have imposed an unreasonable and sometimes
without design overconsumption of natural resources, which leads to gradual degradation of
the environment for the first time in our Planet’s history.

Thus, some of the “hot” questions that have been arisen and need to be answered by the Sci-
entific Community, since they express the concern of the whole humanity, are: a) Human ac-
tivities have indeed caused dangerous and non-reversible modifications of the environment
or present climatic changes are a result of normal and natural fluctuations? b) Industrial de-
velopment and overconsumption of natural recourses are a “red flag” for the environment or
they can be considered as of minor effect when compared with volcanic eruptions and
changes in the regime of ocean current circulation, which cause dramatic environmental
changes? c) Is Sustainable Development still achievable and, if yes, in which form and within
our Planet’s bearing thresholds?

In the above questions Scientific Community can offer a lot, regarding that natural processes
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during Earth’s evolution have been imprinted on soil and rock geological formations, without
any influence by human activities. Present human actions can be clearly distinguished and
identified in order to be treated in the right way. The deep knowledge and understanding of
Earth’s evolution though natural processes can contribute to imprint the rates of Earth’s changes
through geological time. The changing rates and the processes responsible for them also con-
tribute to obtain indices to predict similar phenomena for the future. In other words the Past and,
generally, the geological history of our Planet is the “key” for the Present and Future.

In conclusion, the contribution of Geology and generally of Natural Sciences in our society
is very important to understand Earth’s evolution, to assist the research and assessment of nat-
ural resources, as well as to estimate the environmental impacts from their exploitation. Fur-
thermore, they can provide solutions to the direction of the prevention and confrontation of
natural hazards that are triggered by Geological Processes and catastrophic climatic events.

The 12 International Congress of the Geological Society of Greece entitled “Planet Earth:
Geological Processes & Sustainable Development” is organized by the Department of Ge-
ology of the University of Patras in Greece and is held at the Conference and Cultural Cen-
ter of the University between the 19" and 22" of May 2010. The Bulletin of the Geological
Society of Greece includes the Congress’s Proceedings in 5 Volumes of 2.992 pages. These
volumes cover the whole spectrum of Geo-Sciences in themes of basic and applied research.
They include 267 research papers by 605 authors, all written in English making them easily
accessible and promoted internationally. Official languages of the Congress are Greek and
English. Many renowned scientists from Greece and abroad participate, covering scientific
issues from our broad geographic region, as well as new researchers and students.

All submitted papers were reviewed by external reviewers, following the procedure that is es-
tablished in scientific magazines. Many renowned scientists, Greek and foreigners, of all spe-
cialties, participated in this process. On behalf of the Organizing Committee I would like to
thank them for their participation and contribution to acquire Proceedings of high quality.

The research papers were included in specific thematic units to which the Proceedings were
divided and covered each Congress’s session. Special and Keynote lectures about currently
acquired knowledge, new insights and modern research trends for each area of interest com-
prised a special thematic unit.

This Congress focuses on Geological Processes and Sustainable Development. As it was
mentioned above, the understanding of Earth’s evolution though geological processes al-
lows human to assess his activities, such as investigation and exploitation of natural re-
sources and construction of Infrastructure Works, without causing serious and dangerous
damages to the natural and human environment. This is the only way to secure sustainable
development and forecast Earth’s future.

The on-time production and delivering of the proceedings to the participants and scientific
community, as well as the organization of the Congress is sponsored by many public and pri-
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vate Organizations, Services and Companies. I would like to express my special thanks to
the Ministry of Environment, Energy and Climate Change, which held the Congress under
its aegis, as well as to the Department of Geology of the University of Patras, the Institute
of Geology and Mineral Exploration (I.G.M.E.) and the Geotechnical Chamber of Greece for
their contribution to organize this Congress. Special thanks are also expressed to the Public
Benefit Foundation “John S. Latsis”, to the University of Patras and to many private tech-
nical and consulting companies which willingly accepted our invitation.

Finally, I would like to personally thank the colleagues of the Organizing Committee for
their generous help, support and cooperation to this teamwork, the Congress Organizing firm
“Synedra”, as well as the students of the Department of Geology for their precious contri-
bution.

Patras, 14 of April 2010

George Ch. Koukis
President
of the Organizing Committee
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