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Steep “caldera” walls run around the inside of Santorini




Nea Kameni, Santorini
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Volcanic layers on Santorini: 60 meters of white tephra on top
of ancient soil!!
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Volcanic layers on Santorini: 60 meters of white tephra on top
of ancient soill!







Result of a previous giant
volcanic eruption

The volume of tephra
suggests an eruption of 60
cubic kilometers of rock/
magma!

Created 100 km? of tephra!

15x larger than the
Vesuvius eruption of 79 CE
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Where do Volcanoes occur??
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“Plate Tectonics,” The Basic Idea:

Folded Stable
mountain belt platform Shield

Oceanic crust
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Volcanic arc
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Why does rock melt beneath subduction zones?
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Why does rock melt beneath subduction zones?




Locations of the Major Tectonic “Plates”
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o PLATESATIG
Present Day August 2002




750 Ma PLATESATIG
Late Proterozoic August 2002




North America

750 Ma PLATESATIG
Late Proterozoic August 2002




PLATESATIG
August 2002

Late Proterozoic

750 Ma




East Antarctica =

750 Ma PLATESATIG
Late Proterozoic August 2002




PLATESATIG
August 2002

astern Australia

Late Proterozoic

750 Ma




dsutheast China

750 Ma PLATESATIG
Late Proterozoic August 2002




~astern Siberia

750 Ma PLATESATIG
Late Proterozoic August 2002
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North Africa

Greece

750 Ma
Late Proterozoic

PLATESATIG
August 2002




PLATESATIG
August 2002
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Late Proterozoic

700 Ma




PLATESATIG
August 2002

Late Proterozoic

650 Ma




PLATESATIG
August 2002

600 Ma

Late Proterozoic



PLATESATIG
Nemakitian-Daldynian (Early Cambrian) August 2002




PLATESATIG
Late Tommotian/£arly Atdabanian (Early Cambrian) August 2002




520 Ma PLATESATIG
Lenian (Early Cambrian) August 2002



PLATESATIG
August 2002

Middle Cambrian




500 Ma PLATESATIG
Late Cambrian August 2002




490 Ma PLATESATIG
Tremadocian (Early Ordovician) August 2002




480 Ma PLATESATIG
Arenigian (Early Ordovician) August 2002




470 Ma PLATESATIG
Late Arenigian£arly Llanvirnian (EarlyAiddle Ordovician) August 2002




460 Ma PLATESATIG
Llandeilan (Middle Ordovician) August 2002




450 Ma PLATESATIG
Caradocian (Late Ordovician) August 2002




PLATESATIG
Early Llandoverian (Early Silurian) August 2002
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430 Ma PLATESMUTIG

Late Llandoverian (Early Silurian) August 2002



420 Ma PLATESATIG
Ludlovian (Late Silurian) August 2002




PLATESATIG
Early Praghian (Early Devonian) August 2002




PLATESATIG
Late Praghian/£arly Emsian (Early Devonian) August 2002




PLATESATIG
Early Eifelian (Early Devonian) August 2002




PLATESATIG
Late Eifelian/£arly Givetian (Middle Devonian) August 2002




PLATESATIG
August 2002

Late Givetian£arly Frasnian (Late Devonian)

370 Ma




PLATESATIG
August 2002

Famennian (Late Devonian)




PLATESATIG
August 2002

Tournaisian (Mississippian)




340 Ma PLATESATIG
Early Visean (Mississippian) August 2002




PLATESATIG
August 2002

Late Visean (Mississippian)




PLATESATIG
August 2002

Bashkirian (Pennsylvanian)




310 Ma PLATESATIG
Moscovian (Pennsylvanian) August 2002




PLATESATIG
August 2002

300 Ma

Kasimovian (Pennsylvanian)




PLATESATIG
August 2002

290 Ma

Late Gzelian/£arly Asselian (Pennsylvanian/fPermian)




280 Ma PLATESATIG
Early Sakmarian (Early Permian) August 2002




270 Ma PLATESATIG
Late Sakmarian (Early Permian) August 2002




PLATESATIG
August 2002

260 Ma

Late Artinskian/£arly Kungurian (Early Permian)



PLATESATIG
August 2002

Tatarian (Late Permian)




240 Ma PLATESATIG
Anisian (Middle Triassic) August 2002




230 Ma PLATESATIG
Ladinian (Middle Triassic) August 2002




220 Ma PLATESATIG
Early Norian (Late Triassic) August 2002




210 Ma PLATESATIG
Late Norian (Late Triassic) August 2002



200 Ma PLATESATIG
Sinemurian (Early Jurassic) August 2002
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190 Ma PLATESATIG
Pliensbachian (Early Jurassic) August 2002



PLATESATIG
August 2002

180 Ma

Aalenian (Middle Jurassic)




170 Ma PLATESATIG
Bajocian (Middle Jurassic) August 2002




160 Ma PLATESATIG
Callovian (Middle Jurassic) August 2002




150 Ma PLATESATIG
Volgian (Late Jurassic) August 2002




140 Ma PLATESATIG
Ryazanian (Early Cretaceous) August 2002



130 Ma PLATESATIG
Hauterivian (Early Cretaceous) August 2002




120 Ma PLATESATIG
Aptian (Early Cretaceous) August 2002




110 Ma PLATESATIG
Early Albian (Early Cretaceous) August 2002




PLATESATIG
August 2002

100 Ma

Late Albian (Early Cretaceous)



90 Ma PLATESATIG
Turonian (Late Cretaceous) August 2002




80 Ma PLATESATIG
Campanian (Late Cretaceous) August 2002




PLATESATIG
August 2002

Maastrichtian (Late Cretaceous)

70 Ma




60 Ma PLATESAUTIG
Late Paleocene August 2002




50 Ma PLATESATIG
Early Eocene August 2002
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40 Ma PLATESATIG
Middle Eocene August 2002



30 Ma PLATESATIG
Early Oligocene August 2002




20 Ma PLATESATIG
Early Miocene August 2002



10Ma PLATESATIG
Late Miocene August 2002
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Shear Velocity Variation, in %
S20RTS

Ritsema et al. [1999] ‘ ‘ l ‘
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Shear Velocity Variation, in %

Ritsema et al. [1999]
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Patterns of Mantle Convection

Present-Day Mantle Flow

Flow Velocity

-25 -15 -10 -5 -2 2 5 10

Mantle Denisty Anomaly (kg/m?)

India—Eurasia

Courtesy of C. Conrad



limite de plaques convergentes
limite de plaques divergentes / dorsale
limite de plaques transformantes

zone de subduction

- vitesse par rapport 3 I"Afrique (mm/a)

orogeneése
plaque
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Tectonics of the Eastern Mediterranean
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GPS study of Internal Deformation in the Anatolian Plate
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Archaeological Site at Akrotiri

Excavations started in 1967; Closed in 2005







Akrotiri (up until 1630 BCE)
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The blast came in 3 distinct phases

* The first is thin, and slightly eroded. People had warning and
were able to evacuate (no bodies found)
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Volcanic Rocks of Kolumbo

Santorini
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Orange is “Minoan Gape Ko
Tuff”

Radiocarbon dates
are 1600-1630 BCE -

Therasi Merovigli

Profitis llias
Cape Simandiri

Nea Kameni

* Questions remain
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The Minoan civilization on Crete collapsed a century later,
taken over by the Myceneans, who took “Linear B” as the basis
for what became the written Greek language

Was this related to the Eruption of Santorini?
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- Only small amounts of ash fell on Crete (most blew eastward
to Anatolia), but could have damaged crops

- Evidence of widespread fires on Crete could have been from
the shock wave of the blast

- Tsunamis are a very possible cause of delayed collapse of
Minoan culture (damaging seagoing economy)
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The tsunami from the 1610 BCE eruption of Mt. Thera may
have been 10-35 meters along the northern coast of Crete
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Where else do you see an island like Santorini?




Where else do you see an island like Santorini?
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Krakatau Eruption of
1883:

» 18 cubic kilometers of
ejected tephra

 Tsunami killed 36,000

South China Sea

Malaysia

Anak I{frakatau

island before/:}
8/26/1 883 '

e

Krakatau
KRAKATOA

& oo
Q

0 5

L J The island group around Krakatoa
was disrupted by the eruption.
Today, part of the site where the
island of Krakatoa was is occupied
by the growing island of Anak

Krakatoa - “child of Krakatoa.”

Kilometers

Australia

From Simkin and Fiske, 1983



Was Akrotiri or Crete
“Atlantis?”

Plato (~350 BCE):

Dialogues of Timaeus
and Critias




Plato:

“there was an island situated in front of the
straits which by you are called the pillars of
Heracles. The island....was the way to other
islands, and from these you might pass to the
whole of the continent....Now in this island of

Atlantic there was a great and wonderful empire
which had rule over the whole island and

several others, and over parts of the
continent.....But....there occurred violent
earthquakes and floods, and in a single day and
night of misfortune....the island of
Atlantis....disappeared in the depths of the sea.”




Supposedly....Critias heard the story of Atlantis from his
grandfather

« who heard if from his father

- who heard it from Solon (law giver of Athens)

- who in 600 BCE heard from people in Lower Egypt

- who said it happened 900 years earlier
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Path of a Tsunami from Thera to Egypt?




Plagues of Egypt:

Water turned to blood, infestations of frogs, gnats and flies,
darkness, violent halil

The Israelites were guided by a “pillar of cloud” by day and a
“pillar of fire” by night.

Dates of the Israelite exodus are often estimated to be around
1450 BCE --- long enough ago for the events of Thera’s
eruption to become part of legend




Other Possible Myth Origins from the Eruption of Thera:

‘Deucalion and the Flood: Prometheus warns his son Deucalion
of Zeus’ planned flood. Deucalion and his wife build an ark and
survive, and their son Hellen is the father of the Greeks, or
Hellenes

- Jason and Argonauts: attacked by a bronze giant named Talos
who threw rocks down on them from the top of a mountain and
had a “red-hot embrace” and whose son Leukos destroyed cites
on Crete and drove away its king.




Akrotiri — only written language is Linear A, still undeciphered




Akrotiri — only written language is Linear A, still undeciphered







What is the cause of most tsunamis?




What is the cause of most tsunamis? EARTHQUAKES!
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Magnitude 9.0 NEAR THE EAST COAST OF HONSHU, JAPAN

Friday, March 11, 2011 at 05:46:23 UTC

Most recent large
tsunami: 2011
Tohoku (Japan)
earthquake

Japan is one of the
most seismically
active places in the
world.

It sits at the
intersection of 4
tectonic “plates.”
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Magnitude 9.0 NEAR THE EAST COAST OF HONSHU, JAPAN
Friday, March 11, 2011 at 05:46:23 UTC

The earthquake rupture was unusually long: > 3 minutes

4.0

C060s)

(Miaki Ishii, Harvard Univ)




Magnitude 9.0 NEAR THE EAST COAST OF HONSHU, JAPAN
Friday, March 11, 2011 at 05:46:23 UTC
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Magnitude 9.0 NEAR THE EAST COAST OF HONSHU, JAPAN
Friday, March 11, 2011 at 05:46:23 UTC

The tsunami was
greater than 15 m
(50 ft) in places
along the Japan
coast.
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responsible for
most of the damage
and most of the
lives lost (>10,000)




Magnitude 9.0 NEAR THE EAST COAST OF HONSHU, JAPAN
Friday, March 11, 2011 at 05:46:23 UTC

',- ® The tsunami was felt 45 ft high
! when it hit the Fukushima
Nuclear Power Plant
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The 19-ft seawall was
insufficient
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NCTR - NOAA Center for Tsunami Research
Honshu 11 Mar 2011 (Mw=9.0) 05:46 UTC
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COMPLEX
PLATE

BOUNDARY
ZONE IN ASIA

Northward
motion of India
deforms much of
the region

Creates many
LARGE
EARTHQUAKES

Strike-slip fault
Normal fault
Thrust fault

Subduction zone

0 350  700MLES

0 350 700KILOMETERS

Direction of movement |
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“Sumatra EQ,
2004

Sunda Arc
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Banda
Aceh:

Before....




Banda
Aceh:

Before....

and
After.....




Sumatra-Andaman Dec 26, 2004 EQ & Tsunami




science for a changing world

Comparable Size

of Rupture Zone

of Magnitude 9.0 ‘
Sumatra-Andaman Islan?is Earthquake
December 26, 2004 :

Area of significant slip
calculated by Chen Ji, Caltech




science for a changing world

Comparable Size
of Rupture Zone

of Magnitude 9.0

1S

Sumatra-Andaman Isla(ﬂis Earthquake

December 26, 2004

Area of significant slip
calculated by Chen Ji, Caltech

The December 26,2004,
Magnitude 9.0 Sumatra-
Andaman Islands Earthquake ‘
rupture zone is comparable
to the size of the

Cascadia Subduction Zone

A Volcanoes

T Cascadia Subduction Zone

Area of significant slip calculated
by Chen Ji, Caltech
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Kamchatka
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Tsunami height (m)
Japanese Tsunami Records

[Satake et al., 1996]




History of large Juan de Fuca Earthquakes
based on submarine landslide deposits

2780 2170 1190 690 300

i 9_80 year X
interval

| 1 1 1 1
3000 2500 2000 1500 1000
Years before present

(data from Adams, 1990)




Lisbon, 1755

From “Volcanoes and Earthquakes: A Popular Description in the Movements
in the Earth’s Crust,” by Georg Ludwig Hartwig, 1887




Lisbon, 1755




Lisbon, 1755




La Palma (Canary Islands)

USA: waves 1301t-
1601t high travel up |;
to 4'2 miles inland
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La Palma: source ot
of I2ndslide tsunami 12 ___~
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NW Africa: waves
over 300ft high
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Massive landslides in places

like the Canary Islands
could cause large Atlantic
tsunamis!



Evidence of Giant
Undersea Landslides in
the Puerto Rico Trench




