Kotaotpodka polvopeva:
To apyelo Twv amoAlBwpuaTwy



Kataotpodika Qawvopeva

2UyKPOUON UE OOTPLKA CWHOTO (LETEWPLTEC, KOUNTEC)
Kooutkn aktivoBoAia
Evooyeveic Olepyaotieg (Zelwopol, Hpatotela, Toouvapl)

Kwvnoewc Atboodaplkwyv mAakwv Kot aAAayn
KaTavouncg Enpag kat Balaocoaoc

KAlpotikny oAAayn

‘Evtova kKAtpotika pavopeva (Katatyidecg, BueAAeg,
KUKAWVEC, TANUUUPEC)

[MUPKAYLEC
AocBeveleg



Kataotpodika Qawvopeva

Me pakpoypovia entibpaon (rx. KApatikn
aAAayn)

Me pkpoyxpovia emtidpaon (ry. Toouvap)

[ToyKOOULOU YapaKktnpa
TomkoU YapoKtnpa



Kataotpodpoloyia otn MNewAoyia

e Kataotpodplopoc (Cuvier)
* Opolopopdlopocg (Hutton)
* BaBuiaiec aAayec (Lyell)

Atakomtopevoc OUoLopoPPLOUOC



Kataotpodplouocg (Cuvier 1769-1832)

Amtotopec aAAayec ota anoAlBwpata peTa
QIO QlOUVEXELEC, TTOU odellovTal o€
KATOOTPOPLKEC ANV PEC

[TioTeue OTI TO
TTPOIOTOPIKA {wa nrav
OIAPOPETIKA ATTO TA
onuEPIVA, Kal 600
TTaAaIOTEPA TOOO TTIO
OIAPOPETIKA. 2XO0AN TNG
OTa0EPOTNTAC TWV EIOWV




Theory of the Earth

Hutton, 1785

MatEpac Tng oLyXPOoVNC
ewAoylag

H yn €éva Suvopulko cuotnua

H €vvola tou yewAoylkoU
XpOVOoU

O KOOUOC KUuplapxELTall Ao
KUKAOUC

OuoLOpHOPPLOUOC



Charles Lyell 1797-1875
(BaBpuiatiec aAlayec )

Ol poVOUEVIKA artOTOUEC AAAAYEC OTA
artoAlBwpata og plo octpwpatoypadLkn
akoAouBia, opelhovtol 0€ CTPWHATA TIOU
gxouv OLaBpwBel kat Aetrmmouv Aoyw Lo
acvuvexelac. H 'n maAawotepn amo 300 k. €1n.




E¢adavioelc
* QuAetikn e€adavion N Pevtostadavion
Eva eidoc xavetal kabwc e€eAiooetal og €va AAAo
* Tehkn eadavion

XAVETOL 0 CUVOALKOC MANBUGCUOC eVOC €LO0OUC XWPLC
KQTIOLO OTtOYOVO

Moadlkn e€adavion

* Tata Aalopol: opyaviopol mou 6To apyeio Twv
arnoAlBwpatwy potalovv s€adaviopevol ylor LEYAAO
dlaotnua Kot epdoavidovral Eava



Malikn e€adavion

* [MaykOOULO YopakTNpa

e Ko og Balaooa kat o€ Enpa

* Adopa peyalo apOuo SLadopETLKWVY
OPYOVLO LWV



Number of genera

O padlkec e€adavioelc
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1.Av. Opdofioiou
2.Av. AgBoviou

3. Av. lNeppuiou
4.Av. Tpiadikou
5.Av. Kpnridikou



TL poKAAEDE TIC E€APAVIOELC;

[MoAAec urtoBeoeLc mou npoomnta®ouv va
£ENyNoouV TNV aLtio AUTWV TWV
eadpaviocewv:

E€wtepkn N e€wynivn kataotpodLKkn aLtia
nupodotel To cupPav.

2upBavta tou Aappavouv Ywpo movw otnv
VN XWPLC EEWTEPLKEC ETILPPOEC.



E€wteplkn N e€wynvn kataotpodLkn otio

* JUYKPOUON HE OLOTEPOELON;
* 2UYyKpOUON UE KOUATN;

e Kooulkn aktwofBoAia amo
VELTOVLKO OOUTIEPVORQ;
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Lo NOU

Ecwynwvol mapayoviec

Hdalotelakeg ekpEeLC
Kwvnoelg AltBoodalplkwv MAAKWY, KATAVON NTEPWV

KAlpaTikeG aAAayEC ou oxetilovtal Pe TNV aAdayn
KOTAVOUNC Enpac - Balaooag

MayeTwveg Kol HELWON TWV ETUNTIELPWTIKWY BoAacowv
LLE TNV ITTWoN TNE oTABUNC TNG Balaooag

AAN\ayn otn cUOTOON TOU VEPOU TWV WKEOVWV

‘EkkAlon pebaviou

BLoAoyikoi Aoyol (SLagLdikog avtaywVvIopog, ULkpot
nAnBuaopol, pukpn yewypadikn €anAwon, Onpevon)

AppwoTlec? lot?
OAa avta podi!!



Millions of years ago

45701

FIGURE 17.17 Geologic timescale showing mass
extinctions. The bigger the extinction, the bigger the arrow.
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FIGURE 17.18 Extinction-frequency curves. The solid

purple line is a best-estimate curve. For example, approximately
every 100 million years (10° years), up to 65% of species may

die out.
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2UYKPOUON LLE AOTPLKA CWHLOTO

Hale — Bopp kountng 1997



Kopntec

e Adooc Tungusta, Siveria
1908, T0 WOoTLKO KU
EVOLEPLAC EKPNENG KOUNTN
Lloonebwoe Sevipa (Ko oL
Lovo) og €ktaon 2000km?

e TETOLOU TUTIOU CUYKPOUOELC
LUtopeL va Aapavouv xwpa
kaBe 1000 £tn

e OLouvemeleg tpodavelg




MeTtewpLteg

—— Ejecta blanket

a]

Fallout ejecta blonket;:_:

rligh}y shocked rock

- ens breccioted with
melt fragments
Low-unshocked

B b

melt

(b}

“4FIGURE 14.9 SIMPLE IMPACT CRATER IN
ARIZONA (a) Barringer Crater, Arizona (about
49,000 years old). The crater is about 1.2 km
(0.7 mi.) across and 180 m (590 ft.) deep.
(Charles O'Rear/Corbis) (b) Generalized cross
section of features associated with the crater.
Simple impact craters like this typically have
raised rims and no central uplift or peak.
(Modified after Grieve, R., and Cintala, M.
1999. Planetary impacts. In P. R. Weissman,

L. McFadden, and T. V. Johnson, eds.,
Encyclopedia of the solar system. San Diego,
CA: Academic Press)
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Final crater
{outer circle)
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FIGURE 16.18 impact of a meteoroid. (3) An incoming meteoroid
heawer than 350 tons may be moving faster than 50,000 kmvhr (30,000 mph)
(b) The impact shock causes such high temperatures and pressures that most
of the meteoroid and crater rock are vaporized and melted. (c) The release
wave following the shock wave causes the center of the fioor in the transient
crater to rise. (d) The fractured walls fail and shde into the arater, creating a
wader and shallower final crater.



FIGURE 16.4 The Manicouagan impact crater formed about
214 million years ago in Late Triassic time, in northern Quebec,
Canada. It is 75 km (45 mi) across, but probably exceeded 100 km

before glacial erosion stripped away its upper levels.
Photo © NASA and Soence Graphics.
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FIGURE 16.13 Frequency versus size of impacting space debris.

100.000 petewpoeldn meptouv otn yn
NV NUEPQ



Napadetypa: Chicxulub Meéiko

FIGURE 16.25 (a) A

210 Téloc tou Kpntdikou

Kopudwon tng 5 palikng e€adavions

2elopOC evtaong 11.3!

TepAOoTLO TOOUVALLL

ToTuKEG 1 LeyaAUTEPNC EKTOONC WTLEC, TIPETIEL
va kankav ta daon B. Apeptknc, Ivoiag kaBwc kot
O€ TIEPLOXEC TOU lonuepLvou

TePAOTLEC TTIOCOTNTEC VITPLKWYV 0EELOiwY oTNV
atpoodalpa ov Enecav oav oévn Bpoxn
TepAOTLEC TTIOCOTNTEC OKOVNC Kol altBAANng otnv
atpoodatpa Ba epmodloayv TNV nAtokn
akTwoPoAia, kpuo Kkal peiwon pwtoocvvBeonc yLa
eBOopadec Ewg LAVEC

E€ation vepou Kal avBpaKLKWV TIETPWHUATWV
2Tn ouvexela vdpatpol kat CO2 mapEELVAY OTNV
atpuoodoalpa TPOKAAWVTOLC GALVOUEVO
Beppoknmiov yla xpovia (avénon pnexpt ko 10°C)
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=) Incoming cuerad «FIGURE 14,146 SEQUENCE OF
Amoshes EVENTS IN A CATASTROPHIC IMPACT
ing incoming sunlight; {d) a month

\ (a} Incoming asteroid; (b} on impact,
with a fireball and shockwaves; {c]
minutes after impact with an sjecta

blanket forming, wildfires starting,

water and nitrogen vaporizing n

atmosphere, and a dust cloud block-

Yusaten later with acid rain and little or no
Parminuia photosyrthesis; and (e] several

menths later with suniight retuming,
&) On impact dust and acid washed out of the
Expanding heat wave o atmosphere, and erosion and depo-
sition madifying the crater
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Temperature

Time —»

FIGURE 16.26 The impact of the K/T asteroid had marked effects on Earth's surface temperatures. First, there was a fireball,
followed by hot gases that lasted for many hours. Second, temperatures dropped to wintry conditions as airborne dust and soot
blocked much incoming sunlight for several months. Third, after the dust settled, CO, remained aloft, creating a greenhouse effect

that lasted for years.
After David A. Kning, “Impact Events and Their Effect on the Origin, Evolution and Distribution of Life.” GSA Today, v. 10, no. 8 (2000), p. 4.



O eCapavioers

O1 ecapavioelc dev ouveERnoav
TAUTOXPOVA.

[TOAAEC ouadeC E03noav oTAdIOKA, EVW
AAAec atroTopa (AMOyw TNG oUyKpouaong).
2TNV ¢nNPa Jovo piIkpa (wa smiiwoay. To
65% TWV BNAACTIKWY ETTIPIWOE.

ATIO Ta EQPTTETA POVO Ol XEAWVEG, TA @idIa,
Ol OAUPEC Kal Ol KPOKOOEIAOI eTTECNCAV.

[lepioodTEPO ATTO TO 75% TOU BaAACCIOU
TTAAYKTOV £CAPAVIOTNKE.



O eCapavioers

ETTnpedoTtnkav 1a {wa kal otnv 8aAacoa
Kal oTnV ¢npa. EcapavioTnkav TEAEIWC TO
TTAPAKATW:

— Agivooaupol

— Mrepdoaupol

— AMMWVITEG

— MeyaAa OaAdooia eptreTd (1XOudoaupoil,
TTANCI00CAUPOI KOl HOCACAUPOI)

— PoudioTég
— Kai TToAAG GAAa aoTTovOUuAa TaCa



O eCapavioers

Melwbnkav dpaoTIKA APKETEC OPADEC,
£CAAEIPOVTAC AKOMO Kal OAOKANPEC
olkoyeveleg. Katrola atro auta gixav TToAU
Aiyouc eTTICWVTEC:

— KokkoAiIBopdbpa

— MAAyKTOVIKA TPNUOTO@OPA

— PadioAapia

— MtreAepviteg

— Exivog1don

— Bpuolwa



Younger Dryas (12900-11700)

—30a[r T

—3540 EPICA (Antarctic)

—_—  GRIP (Greenland)
Vostak (Antaretic)
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| éx%&é - éxaﬂé - 4X1D4
MBavr cuykpouon e Evav odnpopetewpitn/ Kopntn

Ytpwpa pe uPnAn ouvykevipwon MAativag, lpwdiov, odatpidia,
veAog, vavodLapavtia

Kinzie et al. (2014) vavodbiapavtia og Wlnpata pe nAwkio 12800 mou
emiBeBatlwvouv tnv unobeon

2 NUOVTIKA eTidpacn oTto KALpA Kol TO OLKOCUGTAUOTA, KUPLWCE OTO
B. nuiodaiptlo
53 B€oelC



Younger Dryas (12900-11700)

\7
\J
Bottom of White Pond “i__.,.

White Pond

cm below core top
-3

om below core top

Younger Dryas onset 210
(12,835-12,735 years ago) —
e,

Last 10,000 years

ET impact, burning, and impact winter @ YD onset?

Spore decline/
extinction?

Pt anomaly

' Soot anomaly

N

Abundant
spores/megafauna?

Clovis (13,400 - 12,800 year ago)

W FIGURE 14D BLACK LAYER AT THE
YOUNGER DRYAS BOUNDARY Calied the “black
mat,” this carbon-rich layer at the Murray Spongs,
Asizana, mammoth-kill site drapes mammoth
bones that were butchered by Clovis hunters. A
black layer of smilsr composition marks the
Yaunger Dryas boundary in many places in North
America and Europe. (GeoScence Consulting)
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Younger Dryas (12900-11700)

* EKTETAMEVEC TTUPKOYLEC
o KAlpotikn aAAoyn

* Tpomormoinon xAwpidac, cuvelohopa OTLC
etadavioelc peyamnavidoc

e xavetal o moAttiopoc Twv Clovis otnv B. Apepikn

* [Ttwon Beppokpaciac ewc Kot 5°C (armo
arnoAlBwpeva okaBapla otnv Bpetavia)

* AUENoN TTAYOKAAUUUOATWY ETEKTAON TIPOC VOTO
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Koouikn aktivoBoAia

H yn d€xeTal KOOULKN aKTLVOBOALO KOl UTTOATOLKA cwpatidla amo
ToV NALo.

H pon ToUG ToLKIAAEL KBwC n €vtaon tnNG NALAKAC 6pa0tnptomtaq
aAAaleL r] oupBaivel Ekpnén coumepvoBa otnv AoTPLKA HOG
KYELTOVLAY,

To payvntko medio NG yn¢ Kat n atpuoodalpa (otolfpada 6lovtog
KUPLWG) eKTPETOLV N amoppodoUV To HEYAAUTEPO LEPOC

H €vtaon tou medilov aAalel miong

Katd tn dtapkela E€vtovng aktivoPoAiag n/kat LeEtwpEVNS Spaonc Twv
«ooTtiidwv MpooTaciog» Tou AAVNTN AUEAVEL TO TTOOOOTO TNG
akTwoPoAlac mou ptavel otnV enPaAveL TNE VNG

Tote n aktwoBolieg pmopet va elvat Bavatndopec r vo TPoKAAECOUV
ONUOVTLKEC YEVETIKEG LETAANAEELC

MExpL OTLYLAC OTO apxeio Twv amoAlBwuatwy dev €xouv Bpebel
TETOLEC eVvOEiLeLC



EvOoyevelc diepyaoiec (Hpailotela)

Pocc AaBoc

[MupokAaoTikn 6paoTNPLOTNTA, POEC
AnAntnplwobdn aEpLa

PoEC CUVTPLUUATWY

Pogc Aaomng (Aaxap)



Prevailing wind

FIGURE 7.22 Voicanoes operate many life-threatening natural hazards.
Source: US Geological Survey Fact Sheet 002-97 (1997).
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Abcat | e, laser—iil wectedd srption

A FIGURE 5 35 MOUNT ST. HELENS ERUPTS
Diagrams and photographs showing the sequence of
events for the May 18, 1980, eruption of Mount St
Helens. Photographs (b) (Keith 5. Ronnholm) and

{c} of the lateral blast were taken less than 10 sec-
onds apart. (Keith B. Ronnholn) {d] (Roger
Werth/Woodhn Camp & Associates, inc)

(d] Aboet an bowr citer srphon sorh

Maptioc- Matog 1980, MoAtteia
Ouadowvyktov HIMA

350 km2 Sdcouc i AAAWV OLKOTOTIWV
Kataotpadnkav

MNapa moAAd {wa meBavayv amno aoduéia, To
WOTLKO KUUQ, TPAUMATIOMOUC amo SEvTpa,
ndototelakec BoAldeg



Hpatotelo Aytac EAevnc

* Anupoypadio Bavatou
o€ Cervus canadiensis

.z-g £0elée katavoun U apa
oL KOTOLOTPOLKN
. Bvnowuotnta

D_E';;::ﬂizi =] B [
FI12348B6T78%5
AGE CLASS

Figure 6. Elk mortality profile for sites 1-5. Shaded
area represents site 1 sample (M=24). Total graph is 21l
ageable elk from the five sites (N=137).
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Ashfall fossil beds Nebraska

12 ek. £€Tn M£€oo mpo¢ avwtepo Meldkavo
 Neumnpaoka HMNA
* Toaneplocotepa {wa enelnoav ano tnv
apxLKn €kpnén aAAd KaBwc cuveExLoay va
% Bplokovtal otnv mepLoxn mou gixe kaAudBei
QO OTAXTN OL TIVEULOVEC TOUG VEULOOV UE
TOUG YWVLWOELG KOKKOUG KOl apxLoayv va
KataotpEdovTal e amoteAeopa Ta {wa va

apxioouv va neBaivouv.

~_*  Ta pkpotepa nebavav mpwta Kot ta
m pneyaAvtepa (pvokepol) peta amno 3-5

B Horses
~ S efdopadec.
@ Footprints

"o To ocwpato Toug kKaAuPpOnkav amo tn
OTAXTN TIOU oUVEXL{E va TIEPTEL 1] val
HeETadEPETAL ATIO TOV AEPQA

* Ixvn TwV TEAEUTOLWY YEUUATWY OE OTOHOTA
KOlL OTOPLAXLOL

Kataotpodikr Bvnolpuotnta






ArtoAlBwpevo dbacog AecBou




AmtoAlBwpevo daococ Aeofou

20 K. €TN, KATWTEPO MELOKOLVO

Hpaloteltakn otayxtn KAAVYPE Touc KOPUOUC, Kol
kartota {wal

MoAAot eiyav NON MECEL ATIO TO WOTLKO KU
ALadOYLKEC EKPNEELC

LULKTA 6Aon Kwvodopwv EVw oTa YapHNAOTEPQ
eTiKpatovoayv ta TAATUPUAAQA Kol Ol POLVIKEC

Prodeinotherium bavaricum, mpwtn 6€on otnv
Eupwnn pe npoBookidbwto (Proboscidean datum)



Hpalotela

e EkAUouv peyalec moootntec dtoéeblou tou Belov, ou
ylvetal Beuko o&u otnv atpocdalpa Kat oévn Bpoxn,
TTOU £XEL OOV ATTOTEAEOHA TNV HETABOAN TNC
AAKOALKOTNTOC OTOUC WKEAvoUC, falovtog o€
Bavatndopo rnieon to MAAyKTOV (Tnv fAcn TG
TpodLKNC aAvoidoc) kat Eppeca emnpedlel OAOUC TOUC
OpyaVvIoHoUC ITou €€apTwvTal amo auTo ylo tpodn

* YrioBaAdoolec ekpnéelc tpomomnoloUV TNV XNUELA Ko
oéutnTa TOU VEPOU, SnULoupywvtac 0ELVEC OUVONKEC
KoL AvoELKa TtepLBaAriovta, SnULOUPYWVTOC AVTLEOEC
OUVONKEC yLoL TOUC OPYOLVLOMOUC

e [x. Malikn e€adavion tou Mepuiov



Kwwvnoeic AtBoodatlplkwv mAOKwWY Ko
aMavn Katavounq ENPAC Ko

e Otav unApxov UTIEPNTIELPOL, N
EKTETOMEVN pala ENpAc epmodile
TNV onuepLvn kukAodopia
BaAdooLwy KoL aEpLwV palwyv PE
anore)\eoua TN 1N opoopopdn
Katawopr tng Beppotnrag kai
MITwon TNG HEong Bepuokpaoiag.
Tunpata ENPAG MAvVW oo TOUG
MOAOUC euvooUoav TNV avamtuén
TIOYETWVWV KOL TNV TIEPALTEPW
Lelwon Bepuokpaociag

2 TN MEYLOTN ATTOKALON TWV
nreipwv n kukAodopla tou
BaAAocoLoU VEPOU KOl TWV OLEPLWV
Hol{wv KATEVELUE TNV Bepuotnta
opoLlopopda LETOED TWV
NMELPWV KAl YEVIKA TTAVTOU OTN
yn.



O1 A1boopapikes miakeg!

UNNERSITY OF TEXAS INSTITUTE FOR GEOPHYSICS

2 TLG KLVAOELG TwV AlBoodalplkwV TAAKWY EUBUVETAL ETILONG KOl N OELOULKOTNTA KAl N
nédoatloteloTNTA
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KAtpatikn aAAayn

Atmospheres of the Inner Planets

ApXLKA N atpoodapa TNe yne

Early Earth nmAovuota og CO,
Ve RN WY Ry * 'Evtovo palvopevVo Tou
CoO, 96.5% 98% 95.3% 0.039% '
N, s 196 279 T8 Beppioknrtiov
0, Trace Trace O0.13%  21% * To CO, apxka petadepeTaL OO
Ar 001% 01%  16% 093% TO VEPO TWV KATAKPNUVIoCEWV
Temperawre °C 477 290 53 16 OTOUC WKEAVOUC OMou amoTtibetal
Pressure (bars) 92 60 0.006 1 0] § CaCO3
* XTn CUVEXELA avoAapBavel n
Carbon on the Earth «{Wn» apPYLKA UE TOUC
(in gigatons = 10° metric tons) (IJ(L)TOO'UVGETLKO()C OpV(IVl.O'LlOl’JC
e = KOLL 0TI OUVEXELOL WG OKEAETIKO
Toial e 1,000 ouotatiko (CaCO,) kat odnyetl
ST . oTnVv nepatepw peiwaon tou CO,
oy 36730 * H peyaAUtepn noocotnta
Gl . SLoXeTEVETOL OTOUG
ving diologic mass -8 I

Deadiiologisc mass 1,200 GOBEOTO)\LGO U q

Fossil fuels (oil, coal, gas) 4.130

Organic matter in mudstone 15.000.000

Limestone =60.000.000



KAtpatikn aAAayn

* Av bevumnnpxe CO,otnv atpuoodalpa, n Leon
Bepupokpaoio otnv emidpavela tne yne Ba nrav
yUpw otouc¢ —18°C, Ko Katd cuVvEmEeLa N {wn va
ntov S1apOopPETIKN

* Hyn navta ennpealotayv amno eva GalvoUEVO TOU
Beppoknriou, kat n (wn BPLOKOTAV TIAVIA OF
duvaLkn Loopporia padl Tou

* Ektog amno to CO, oto pavouevo tou
Beppoknrnitov cupPairiouyv kot ot udpatpoL, TO
N,O, to 0lov, Ta AEPOAULOTA KAl KUPLWG TO
nebavio



EENERBE
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A FIGURE 12.9 AIRTEMPERATURE CHANGES CORRESPOND CLOSELY TO ATMOSPHERIC CO, Measurement of the carbon
dioxide content in air bubbles and isotopic ratios in glacial ice from cores taken at Vostok, Antarctica, show that atmospheric
CO; levels have corresponded closely to air temperature for more than 410,000 years. Records from other ice cores show a
similar pattern extending back more than 800,000 years. (Modified from Petit, J. R, Jouzel, J, et al. 1999. Climate and atmos-
pheric history of the past 420,000 years from the Vostok ice cove in Antarctica. Nature 399.429-34)




KAtpatikn aAAayn

* AOYW KWVNOEWV TwV ALBoodhatlplkwV TTACKWV

e AOYW QOTPOVOMLKWYV KLVIOEWV TNC YNC KOl

netaBoANng Tng amootaonc TNE yng oo tov
nAwo (rtxy kUkAot Milankovic)

e AOYw NPALOTELOTNTOC OTAXTN KOl aEpLal
npowBouvtal mpoc TNV otpatoodalpa. Amo To
Pinatubo (OwWutrtiveg) to 1991 mtwon tnG
Beppokpaoiac kata 0.5°C. Ano to Toba
(lIvbovnoia) rpv ano 74000 €tn ntwon 3-5°C



KAtpatikn aAAayn

* H nAwokn dpaotnplotnta KAveL Tov NALo Bepuodtepo n
Juxpotepo

e Avodoc Kkal ntwon tn¢ otadunc tng Balaoccoc
(EvoTtaTLopOC)

* To lewAoyko apxeio pog OeixveL OTL oL MayETWOELG
neplodol euvoovvtal otav n Baldoola kukAodopla
ylvetal pe StevBuvon Bopac — NOTtoc kat oxL AvatoAn —
AUon, omote Bepud vepA ATIO TOV LONLLEPLVO KIVOUVTOL
NPOC TOUC TTOAOUC Kal dnuloupyouv ta Vedn rtou Ba
TIOPEYXOUV TO XLOVL VLA T CUCOWPEUCN TIAYWYV OTOUC
TTOAOUC



fal 4FIGURE 12.13 CHANGES IN GLOEAL

Enmiu'l. TEMPERATURE Change in tempernaturnes
interglacidl over different periods of time during the
past million years. Graphs {a) to (d} are
E o Last SO0, 000 years over time pariods of 100,000 to 1000
- years. The rapid rise from about 1900 to
EE ol hese!litfgbciu| 2008 of nearly 0.9°C is shown on (). Mote
?E thee wery rapid rise, since about 1970, of
gg’ _AF about 0.2°C per decade. See text for fur-
ther explanation. (Modified after University
=i L Corporation for Atmospheric Res=arch,
1000 Office for interdisciplinany Studies. 1991,
[ Thul.m:nds of ymars r&r: Science capsule, Changes in time in the
I ‘ temperature of the earth. EsrthCuest 5[1],
4F ———— and the LK Meteorological Office. 1997,
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Evtova KALpaTIKA GaLvoLEVa
(MANUUUPEG)

MANUUUPLKEC TEOLAOEC TTOTOUWV KOLL TIALPAKTLEC TIANMUUUPEC

Otav 1o vepo NG amoppong dev pmopel va StevBetnBel
QIO TLC AUAOKEC QUEAVEL N EVEPYELA KALL N TOXUTNTO PONG
TOU, TOTE 0O6NYOUAOTE GE TIANMUUUPLKA PALVOUEVA OTLC
MANULHUPLKEC TtebLadeC Kol kata Babocg dtaBpwon

Stream bottom
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FIGURE 13.4 Schematic cross section of a stream with too much discharge. The excess
water erodes the bottom, flattening the gradient and thus slowing water flow.



TANUHUUPEG

AuTto Ba enmnpeadlel Toug opyaviopouc tou Ba (ouv
oTNV TIEPLOXN, KAl KATtolouc Ba touc odnynoeL o€
TVLYLLO

Ta vekpa cwHaTa UITopPEL va petadepBoUV o€ HEYAAEC
QTMTOOTAOELC, LEXPL KaL vVa armoTteAEcouv aANOxXBovec
daoelc og Balaoola Wnpata

Ot MANMMUPLKEC TtedLadec xwpol armoBeonc WnUATwV
KOl UTTOAELUATWY OpYAVIOUWY, apa Kal armoAiBwonc
TOUC

MOPAKTLEC TTANUMUPEC eite Aoyw uneptpododoaciog
QIO TIOTOMLA OTLC EKBOAEC TOUC £lte AOYW KaTawyidog
Kol POUCKWUATOC TNC Balaocoac
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Kotayldeg
(Kortayidec, BueAAec, KUKAWVEC)

* loxupol avepoL Kol evtovn Bpoyxomtwon
netapepouv palec vepol armo TNV aVoLKTN
BaAaocoa poc TN XEpoo Kat ropAdAAnAa Kat i{nuo
QTtO TOUC TTUBUEVEC TWV TIAPAKTLWV TIEPLOYWV

* Anuoupyla aAAotonwv pAcEWV O0TnN XEPOO OTIOU
KATOANYOUV UTIOAE Ot BoAaocolwy
OPYOVIOHWVY, LKOLLOL KOIL ATTO TNV QLVOLKTH)
BaAaocoa 1. TAQAYKTOVIKA Tpnuatodopa

* Emnpealouv SpOUATIKA TO TTOPOKTLAL
neptBariovia



dune area T




beach system




[MTupKAYLEC

MupKayLlEC LE PUOLKOUC TPOTIOUC

Apketa puta (kat {wa) evvoouvTtal amo TN PwTLA

2 TTOAAQA TiepLBaAAovTa N TTUPKAYLA ATTAPOLTNTN Vi VAl
aVaKUKAWBOOoUV Ta OpeMTIKA CUCTATIKA KAl VoL

avayevvnBouv ol GUTOKOLWVWVLEC, yLa va BAacTio0oUV
oL oTtOpoL Kol var EAeyxBoUv mapaotLta Kol EVTopa

|6LaitEPO YOPAKTNPLOTIKO TWV MECOYELOKWVY
OLKOCUOTNMATWY, OTIoU €LOLKA Ol BAVWVEC pE pakio
BAaotnon emwdelovvtal

Ekel oL XELLWVEC TTOAU vypot Kal Ta KaAoKollpLa TtoAU
ENpa yloL va UTTopECEL N amocUvOeon va avakKUKAWGEL
TaL Tpoiovta TS dwtoouvOeonc



e Y& ua aviidbpaon ewtlac N GUTLKA VAN
Beppuaivetal mavw armno to oplo avadpAeénc kol To
oéuyovo apyilel va cuvbualetol aoTparmiaio PE T
opyavika popta. Ot dsopol petaéu avBpaka Kal
LOPOYOVOU OTIAVE KA VEOL LETOEU avOpaka Ko
oéuyovou dnulouvpyouvtal, N AmoOnKEVUEVN
EVEPYELO TTOV £lXE TtpoeABeL amo tov nNALlo divetal
w¢ Bepuotnta. Avtiotpodn aviibpaon amno n
d)wTOO'L')VGEOT] CH,;-0, + 60, —= 6CO, + 6 H,;O + released heat

e AvadAeén pe GUOLKO TPOTIO, ATIO KEPAUVOUC, OO
oAU uPnAec Beppokpaolec Kat Eepa GUTLKA
uUTtOAElppaTA



* Ixyvn mupkaywwv ota WNUoTa, ETE we
KapBouvo amno kapevo EVAo (og mpoodata
L UOTOL XPNOLUEVEL KOl YLOL XpovoAoynon UE
C14), elte wc¢ aBAAn, eite aviyveveTal

VEWXNHLKA

e Kata tn SlapKkeLla tupkoyLag (wa mou dev
KatadEPVOUV va amtopakpuvBouv Kol va
Slapuyouv anavBpakwvovtal, ELOKA oUTA
TTOU KWvoUVTaL OpyQ, TtY. XEAWVEC






ToouvapL

* Anuloupyia TOALPPOLAKWY KUUATWYV (ToouvauL)

* Epupeco amoteAsopa UToOAAACOLWY CELCUWVY,
uTtoBaAACcoLlWV NPALCTELAKWY EKPNEEWV,
KatoAloOnoswv peyalwyv S10.0TACEWV

* Anuoupyla aAAoTonwyv pAcEwWV
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@ Tsunami moves rapidly 4 FIGURE 4.7 TSUNAMI

@ Earthquake rupture in seafloor
DAMAGE |dealized diagram showing

pushes water upwards starting in deep ocean reaching
the tsunami

;m'sh‘::;ﬁ': ,52;) e the process of how a tsunami is pro-

duced by an earthquake. (Modified
after the United Kingdom Hydrographic

Office)
| «—— Wavelength (L) —= |
@ As the tsunami nears land @ Tsunami heads inland g [. ) i
ﬂ slows to about 45 kr:\d/hr destrozin all in its path > Wave direction
ut is squeezed upwards, [trough of wave may arrive
increasing in height first, exposing seafloor) crest
Sea level

FIGURE 8.4 Waves are energy fronts passing through
water, causing water particles to rotate in place. Rotational
movement becomes insignificant at depth about one-half of

the wavelength.
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The 1960 Tsunami and the Earthquake in Chile That Caused It

Most of the events described in this book were caused by a series of waves widely
known as the 1960 Chilean tsunami.” The tsunami was a result of the largest earth-
quake ever measured (magnitude 9.5). This quake occurred along the coast of Chile on

May 22, 1960.

In Chile, the earthquake and the tsunami that followed took more than 2,000 lives
and caused property damage estimated at $550 million (1960 dollars). From Chile the
tsunami radiated outward, killing 61 people in Hawaii and 122 in Japan.

The 1960 Chile earthquake ruptured a fault zone along which a slab of sea floor is
descending, or “subducting,” beneath the adjacent South American Continent. Such
“subduction zones™ are formed where two of the tectonic plates that make up the Earth’s
outer shell meet. Earthquakes occur when the fault ruptures, suddenly releasing built-up
energy. During the 1960 Chile earthquake, the western margin of the South American
Plate lurched as much as 60 feet relative to the subducting Nazca Plate, in an area 600

miles long and more than 100 miles wide.

The 1960 Chilean tsunami radiated outward
from a subduction zone along the coast of
Chile. Its waves reached Hawaii in 15 hours
and Japan in 22 hours,

TSUNAMI—A SERIES OF WAVES, OR “WAVE TRAINS,” USUALLY TRIGGERED BY AN EARTHQUAKE

Earthquake starts tsunami

Vertical Slice Through a Subduction Zone

One of the many tectonic plates that make up
Earth's outer shell descends, or “subducts,” under
an adjacent plate. This kind of boundary between
plates is called a "subduction zone.” When the
plates move suddenly in an area where they are
usually stuck, an earthquake happens.

A. Between Earthquakes

Stuck to the subducting plate, the overriding plate
gets squeezed. Its leading edge is dragged down,
while an area behind bulges upward. This
movement goes on for decades or centuries,
slowly building up stress.

B. During an Earthquake

An earthquake alang a subduction zone happens
when the leading edge of the overriding plate
breaks free and springs seaward, raising the sea
floor and the water ahove it. This uplift starts a
tsunami. Meanwhile, the bulge behind the leading
edge collapses, thinning the plate and lowering
coastal areas.

- Tsunami >

waves spread

C. Minutes Later

Part of the tsunami races toward nearby land,
growing taller as it comes in to shore. Another
part heads across the ocean toward distant
shores.
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1700 earthquake
(magnitude greater than 8.5)

Long times between earthquakes can erase memories of how to survive their tsunamis.
The region of the 1960 Chile earthquake had gone without such a quake since 1837.
Except for Native American legends, memory of the 1700 Cascadia earthquake is limited

to written records of its tsunami in Japan.
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M9.0 Andaman - Nicobar Islands Earthquake of
26 December 2004
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WAVE HEIGHT, IN FEET

Midnight 12:30 am 1am 1:30 am 2am

I First

2
i Wave that devastated |
g part of Hilo |

§® Water-level measurement l |

{ |

wave of
tsunami

Approximate "%
low tide level

TSUNAMI OF MAY 23, 1960, ON THE ISLAND OF HAWAII

WAVE HEIGHT, IN METERS

TSUNAMI HAZARD ZONE

IN CASE OF EARTHQUAKE, GO
TO HIGH GROUND OR INLAND
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Advancing tsunami bore
A) Initial sea level craw down

0 e rmebemiad s AT SO PR OB rwv l.(b 6 r] q e paL’) Gr] TWV
kKeEAupwv S1BVpwWV

oo AELEEE e

A) Tsunami bore scours offshore and in the lagoon entrance
B) Sediment and shal material is entrained and transported into lagoon
nciuding Iive offshore and sudbtidal bivaives.

Tsunami Sur

A) Recading tsunami transports sedment and shal material offshore.
B) Subsequent burial of shell accurmuiation by normal lagoonal
sadimentary processes.

 SaEEE
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Figure 6. Scenario for stratigraphic development of the tsunami hori-
zon within Sur Lagoon.



Table 2
Tsunami sediment studies that report the presence of Feraminifera.

wm Reference Reported age of Foramindferal content Comments and notes
w-
country,
site location)
Eurzpe =
Coeece, Astypalaea Dominey-Howes  AD1S50 * 4 species identified from 3 genera * Inferred tsunami sedement
Island (1990 * No counts provided contained marine sands and
Dominey-Howes * No plates provided cobbies deposited on to 2
et al, (2000) * No mention of test condition ie; level or preservation terrestrial colluvial sediment fan
* Information provided about environmental conditions
inferred by reported species - Open marine / shelfal
foraminiferal species present in deposit
* Noted that low sambers of individual tests and
assemblage diversity makes it difficult to make
relizble envaronmental i
Carece, Crete bsdand, -Howes  ADSI - 73190 * 28 species identified from 14 genera * Tsunami sediments consist
Fidaama etal, (1998) radiocarbon years 5« Counts provided of numesous Lirge subrounded
* No plates provided limestane blocks
* Inferred tsumami sediment Layer bracketed by shalow * Sadden change of red silty day
water lagoonal sediments. Foraminderal 3and to significantly
within tsunami Liyer contains increased numbers of limestone blocks along with an
Cidioides advenum (& Orhigny, 1839) ** and Epomides abeupt change in sedimentation
repands [ Fichtel and Moll. 17398) - both oater shelf to from muarine to terrestrial
deeper water species sediments indicates depoition
« Foraminiferal 2ssemblage of non-tsunamd related to high emergy event and
sediments dominated by Ammemis, Hphifum sealand level changes ocourred
and Quengueloculing due %0 vertical co-seismic
* Within inferred tsunami sediment Lyes, breakage of deformation
tests (all species) jumps from a backgroend average
of 21% to 33% Further. penmate specimens specifically
jump from 3 hackground breakage Jverage of 20% to
83% in the tsunami sediment Lyer
« Infesred that pennate forms more sesceptible 1o
mhﬂﬂtm’kpﬂhmd
Covece, Gof of Atalarti Condy o al. AD834 'Nlenllwhsimalealm * Inferred sandy tsemami sedament
2000) * No counts but relatrve soil.
| Pl s e
+ No plates provided with coseramic wbsidence
* Sediments contain shallow marine taxa induding
Eplidium spp., Ammomo Seccara var. Satovus
Hofker {1951 ).
* Oveslying marsh contains brackish Subsided area {inchading tsunami

Civece, Colf of Corinth ~ Alvarez-Zarikian  Two events: 373 BC;

et al (2008) 2300-2200 BC

(Moatagu, 1£08)
= Abrupt and rapad change in taxa from mursh to shallow
matine types used to establish action of tsunami
* The planktonic foraminifera Posafing globslans
d'Ortiggny {1826] without of float chamber
used to ‘Testrict” time of year of event and afer rapid
* 17 species identified from 19 genera
* No counts provided
* 2 plates provaded bt omly 4 spenies shown
* Taxonomc identsfication completed and focusad on
salinity tolerances of included species to interpre
Noted that both

of marine species but alse contain more abraded
specanens
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e OLTOoOUVAMOYEVNC amtoBeon
neplAapPavel
TIPOCOVATOALOUEVOUC
OTPOYYUAEUEVOUC KAQOTEC
LLE KEPAUWTN OTPWON
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ouvIplppaTa KUPLWC UE
Posidonia oceanica.
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Figur e 1. Localities reported on in association with tsunami inundation, sea-quakes and seiches. Symbol
key: Heraklion (He), Leben (Le), Chania (Ch), Phalasarna (Ph), Serifos (Se), Syra (Sy), Kapsali (Ka),
Avlemonas (Av), Gythion (G), Kalamata (K), Methoni (Me), Pylos (Py), Marathoupole (Ma), Agril io ( Ag),
Strofades (St ), Zakynt hos port ( Zp) , Laganas bay (La), Ar gostol i (Ar), Lixouri (Li), Panephysis (Pa),
Alexandria (Al), Valletta (V), Dubrovnik (D), Alexandrete Gulf (AG), Jaffa (J), Haifa (Ha), Lebanese coast (Lc).
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