Environmental Eliects
oI Contemporary Earth
Tectonics

What Special geological
problems exist for people living
in various parts of the world?



Our Core Principle

Minerals and Rocks
(and everything else including us)

Are Stable
Only Under the Conditions
At Which They Form

Change the Conditions and
They Must Change Also



Tectonics and Plate Tectonics

Tectonics — Earth deformation
and the structures that result

Plate Tectonics —the idea that the
Earth’s rigid lithosphere is
composed or large “plates” that
slide around over the Earth’s
lower plastic layers.



Stress and Strain

Getting all bent and broken out of shape

Stress — a force applied

e Tension
« Compression
e Shear

Strain — changes In size and
shape caused by stress

Structural Geology — study of
stress and strain in the
Earth
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110 Ma PLATESAUTIG
Early Albian (Early Cretaceous) August 2002




100 Ma PLATESAUTIG
Late Albian (Early Cretaceous) August 2002




90 Via PLATESATIG
Turonian (Late Cretaceous) August 2002




80 Ma PLATESAUTIG

Campanian (Late Cretaceous) August 2002




70 Via PLATESATIG
Maastrichtian (Late Cretaceous) August 2002




60 Ma PLATESAUTIG
Late Paleocene August 2002




PLATESAUTIG
August 2002

50 Ma

Early Eocene




40 Ma PLATESAUTIG
Middle Eocene August 2002




30 Ma PLATESAUTIG

Early Oligocene August 2002




20 Ma PLATESATIG
Early Miocene August 2002




10Ma PLATESATIG
Late Miocene August 2002




OMa PLATESATIG
Present Day August 2002
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Present Plate Boundaries and

Plate Movements )
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http://ace.acadiau.ca/science/geol/rraeside/quizzes/worldmap3p.htm




Africa
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Ocean Continental
basin floor | margin

Continental Ocean
margin basin floor
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Mid-oceanic ridge

The animation to the left shows a crack where hot molten rock escapes
from the interior and pushes apart the surface in opposite directions from
the crack. The image on the right shows how such a crack, a "mid-
oceanic ridge", runs right down the center of the Atlantic Ocean and
powers the spreading of the ocean floor to separate the Americas from
Europe and Africa.

http://ircamera.as.arizona.edu/NatScil02/NatScil02/lectures/earth.htm




Distribution of Earth Quakes
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Distribution of Volcanoes
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The Earth’s Modern PIate
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But, like everything else, nothing stays the same for long. Plates are always changing: appearing,
growing, transforming, and disappearing. Remember, though that while ocean basins subduct
and disappear, continents do not.

http://www.cliffshade.com/colorado/tectonics.htm



Look at some of the World’s Active Zones
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Aleutian Stress Patterns
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South American Stress Patterns
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North American Stress Patterns
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Why is the Western United
States so Geologically Active?

Convergent

Transform

Plates slide past each
other

Divergent
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YELLOWSTONE CALDERA - WYOMING, U.S.A.

Volcanism in the American Northwest

(Ages shown in
millions of years)

http://www.cotf.cou/ete/modules/volcanoes/vyelcolmap.htw



o
-~
A\
= /\active - \
ridge crest o

oceanic
crust <5 Ma

[ o
boundary of «©

Basin & Range
Province v

MNumic

L L) L L T r T T r [ [ T T T
o (=) o
TTJ / 130°W Frocer River- 120°W 110°w ~
Straight Cresk
£ fault Alberta-Montana
72?; thrust front
L G’a 1 4
= NN
/AR %
- gf‘ .l i * - 50°N-
BN
& = Ol lll._g1 7 = "—QA—N——A Dfl_ e —
~9 c gz, Ll oh Lcz kFms USA
5 g /{: C;: \;vv\,";“vvvv"\, Laramide |
B 2 5 dy VVV‘LCHF" = Mft%ct:!l’ns
O\ 5[5 fg, B o
o = * v e [s]
g *
D =
c‘?@‘& "To) +BC e o
o A ¥\ c Oregon Plateau
L KM 2 © Segment 25 S,
L e B
o e 09 5%
40°N 7S R E NS00
TJ r =)
Gorda ~Ax i %
Plate \S' ¥ 00 %0%0°
- o R o]
2, - L [+]
foot of g: I g c’oo
continental NN 02
slope R Mt 27
7\ kSN
R 00
L ANE
LEGEND  \ NBA %
e
\ MNED
.l S
sk,
subduction ‘\ < by
F zone 2N
* - |G
voleanic arc \
stratocones 3\ Sote
)
triple plate
junctions
30°N W © A
F core
complaxes v AN

B subtaphrogen
Basin
intrataphrogen | and
sill Range Q
- taphrogen 4{.{?
Piman %"@, Trans-Mexico {
subtaphrogen 2 N—
pes 0 500 ? .
N _ ;;p‘? A volcanic belt
scale in km 2
120°W 110°W
L 1 L 1 L 1 i

Figure 1. Position of the Great Basin
in the western Cordillera (adapted
after Dickinson, 2002). Modern triple
plate junctions: MTJ—Mendocino:
RT.J—Rivera; TTJ—Tofino. Other
abbreviations: BM—Blue Moun-
tains; CRP—Columbia River Plateau
(check pattern and red color denote
extent of Columbia River Basalt
lavas); KFMS—Kisenchn-Flathead-
Mission-Swan extensional Paleogene
basins; KM—Klamath Mountains:
LCYZ—Lewis and Clark fault zone:
PNW—Pacific Northwest: RFZ—
Rivera Fracture Zone; SN—Sierra
Nevada; SRP—Snake River Plain:
TMI—Tres Marias Islands (cross
pattern and red color denote extent of
himaodal volcanic suite).
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Why Does Rocky Mountain

Mountain Building Penetrate So
Far into the lnterlor of N.A.?

Convergent

Transform

Plates slide past each
other

Divergent




But areas that do not look
geologically active may be

COMPARISON OF AREAS OF DAMAGE
FROM THE NEW MADRID AND SAN FRANCISCO EARTHQUAKES

April 18,1206
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Vil B
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Area within Modified Mercalli Intensity VI ‘
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San Francisco ~ 30,000 km &
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Others Areas of High Stress in the World
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Mediterranean Stress Patterns
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The cause of the Izmit earthquake
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PLATE

The Arabian/African and Eurasian plates are moving
north and south towards each other. As a result,
Turkey is being squeazed out westwards. The latest
movemant in this process took place on the North
Anatolian fault, causing the Izmit earthqualke.

Key:
Morth Anatolian fault B East Anatolian fault M Aegean fault l

http://www.earth.columbia.edu/news/2003/italy/calmap-1.gif
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Northern Africa is quiet, but Europe is not.
Turkey is being squeezed In the middle.
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© CNRS - IPGP Tectonic Dept.

http://www.ipgp.jussieu.fr/ ~ lacassin/WebTecto/rech/tectorecherche/lzmitWEB/IzmitUK.html



il 1939-1999 earthquake sequence —_—
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Banda Ache Tsunami, Indonesia
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Banda Ache Tsunami, Indonesia
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Banda Ache Tsunami, Indonesia

Straits of Malacca

http://www.digitalglobe.com/images/tsunami/



Banda Ache Tsunami, Indonesia
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Banda Ache Tsunami, Indonesia

http://www.state.gov/r/pa/ei/pix/b/eap/id/events/40187.htm



Banda Ache Tsunami, Indonesia

http://www.cdcfoundation.org/pages.html?page=596



Geologically
Quiet Places to

Live
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South American Stress Patterns
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North American Stress Patterns
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Others Low Stress Areas to

180°

60°

30°

00

-30° Method -30°

/lz/ focal mechanism

/ breakouts

% drill. induced frac

/ borehole slotter

/ avercoring

/ hydro. fractures

/ geol. indicators
Regime

oNF ¢SS »TF el

-60° Quality -60°

@ (2004) Wikt Stress Map
|
180° 210° 240° 270° 300° 330° 0" 30° 60" ao° 120° 150° 180°

http://www-wsm.physik.uni-karlsruhe.de/pub/stress_maps/america.html




