Geology 100
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C. DeMets
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“Our physical environment is fundamentally interesting. To know it is a pleasure, to
understand it is a joy...” J. H. Bretz, originator of controversial, but now accepted
hypothesis for the channeled scablands landscape of the Pacific Northwest and winner
of Geol. Soc. of America’s highest award.

You are only 1000 miles from some of the most amazing geology on Earth. Drive west
into ANY national or state park. Turn off the car ignition. Turn off your iPod and cell
phone. Get out and walk... You will see why geology is relevant and fun

¢ Course information ‘
e Scientific method

* Shape and surface of ‘\
Earth -
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The scientific method:

Make reasonable guesses at
explanations for observed
phenomena based on evidence
that can be reproduced by
others. Hypotheses are tested
against more evidence and

1 Obsen

and sometimes chance
provide data fora
hypothesis.

2 Repeated challenges of
the hypothesis by other
scientists build support or
resultin its rejection.

3 A hypothesis—or multiple
hypotheses—can accu-
mulate enough support
to become a theory.

4 Theories, too, are
challenged, supported,
revised, or discarded...

>’

5 ...and a set of hypotheses
and theories becomes a
scientific model.

6 Scientific models, too,
are challenged.

8 The scientific process is an ongoing one of finding and sharing evidence to
support, disprove, or revise hypotheses, theories, and models.
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Geoscientific research provides factual information essential
for vital policy and environmental decisions
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“Earth” science has a
long history...

Shape of Earth | _m
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Figure 1-2
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Figure 1-3
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2 Over millions of years, layers of \

sediments built up over that
rock.The most recent layer—
the top—is about 250 million
years old.

Uniformitarianism

James Hutton

Principle that processes
we see today have been
much the same in the
geologic past. Geologic
record is product of
uniform processes

through time. 1 The rocks at the bottom of the Grand
Canyon are 1.7-2.0 billion years old.

Figure 1-4 left
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About 50,000 years ago, the
explosive impact of a meteorite
(perhaps weighing 300,000 tons)
created this 1.2-km-wide crater in
just a few seconds.

Uniformitarianism
describes only some of
the processes that yield
the geologic “record”.

Catatastrophic events
also play a major role

Meteorites, tsunamis,
earthquakes, hurricanes
— major effects over

short time scales.

Figure 1-4 right
Understanding Earth, Fifth Edition
© 2007 W.H.Freeman and Company
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Sumatra tsunami — 12/26/04 - 300,000 dead —
profound impact on coastal geologic record

Left — Before and after tsunami spawned by
M=9.2 Dec. 26, 2004 Sumatra earthquake,
Banda Aceh, Indonesia.

Below — After 12/26/04 tsunami, Aceh
province, Indonesia
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Figure 1-5
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meteorites that fall to Earth

Hints about composition of
interior from distinct types of

Stony (at right)

Iron-nickel (beneath)

The outer 0.1%-1% of Earth consists of continental and
oceanic crust that float on the denser mantle beneath

1 Less dense continental crust 2 Continental crustis less
floats on denser mantle. dense than oceanic crust
and therefore rides high.

J ) e
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Figure 1-7
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Heat - the key component that drives the dynamics of
Earth’s interior and exterior. Three primary sources — the
sun, radioactive decay, primordial from birth of Earth

1 The Sun drives Earth’s 2 Solar energy is responsible 3 Earth’s internal engine 4 ...and radioactivity
external engine. for our climate and weather. is powered by heat in its interior.
trapped during its origin...

Sun
\ L}
5 Heat radiating from Earth balances 6 Meteors move mass from
solar input and heat from interior. the cosmos to Earth.
Figure 1-9

Understanding Earth, Fifth Edition
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~
The CLIMATE SYSTEM involves interactions among the
» atmosphere, hydrosphere, cryosphere,

Cryosphere biosphere, and lithosphere.

IC SYSTEM involves
g the lithosphere,
d deep mantle.

Figure 1-10 part 1
Understanding Earth, Fifth Edition
© 2007 W.H.Freeman and Company

Solar Radiation Energizes These C

P
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i P ding from Earth's surface to an altitude of about 100 km
— Surface waters comprising all oceans, lakes, rivers, and groundwaters

Cryosphere Polar ice caps, glaciers, and other surface ice and snow

All organic matter related to life near Earth's surface

Earth's Internal Heat Energizes These C

P

Strong, rocky outer shell of the solid Earth that comprises the crust and uppermost mantle down
to an average depth of about 100 km; forms the tectonic plates

Weak, ductile layer of leb h the lithosphere that deforms to acc date the hori: |
and vertical motions of plate tectonics

— leb th the asth phere, ding from about 400 km deep to the core-mantle boundary

(about 2900 km deep)
Outer core Liquid shell composed primarily of molten iron, extending from about 2900 km to 5150 km in depth

Inner sphere composed primarily of solid iron, extending from about 5150 km deep to Earth's center
at 6370 km

Figure 1-10 part 2
Understanding Earth, Fifth Edition
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Heat flow from hot core to Earth’s surface mostly
occurs by convection — drives plate tectonics

1 Convection moves hot water 2 ..where it cools,moves 4 Hot matter fromthe 5 ...causing plates to
from the bottom to the top... laterally, sinks,... mantlerises,... form and diverge.

6 Where plates
converge, a cooled
plate is dragged
under the
neighboring
plate,...

3 ...warms,and

rises again.

7 ...sinks,warms,
and rises again.

Figure 1-11
Understanding Earth, Fifth Edition
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Liquid Fe and Ni circulation in inner core generate Earth’s
magnetic field — similar to field of a simple dipole (bar) magnet

North /

magnetic pole

Gh)graphic
north pole

Figure 1-12
Understanding Earth, Fifth Edition
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Concept of “deep” time in geology — billions of years for evolution of
planet’s surface, life, catastrophes and subsequent recoveries — TIME is
the 4t dimension in the geological sciences.
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Figure 113
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