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The Geologic

Time Scale
S

izes

Earth’s History.

Time is divided into
progressively shorter
intervals defined by
specific fossils and
strata found in the
Rock Record:

Eons
Eras
Period
Epochs

Five Fundamental
Geologic Events are
"ordered" by Relative
Dating.

Intrusion
Erosion
Deposition
Faulting
Rock Deformation

How do Geologists Analyze Time?

Relative Dating

isa system of reasoning that is used to determine
the chronological sequence or order of a series of
geologic events.

Radiometric Dating

uses the natural phenomenon of radioactive decay of
radioactive isotopes within minerals to calculate their
chronological age.

The Principle of Faunal Succession

(Evolution)
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Earth’s Age Is Measured Using Several
Independent Observations.

Age od Earsh
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* "Absolute" ages of
primordial crust, Moon,
and meteorites.

 Abundance of Lead
Isotopes.

* Consistency between
these observations.

Natural Selection
el

Genetic Mutation
(random changes to RNA or After selection
DNA) .
®) [ ]
Genetic Variation New generation
(differences in inherited following reproduction
traits) [ ] ] [ ]
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Adapted to environment
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Mass Extinctions Influence the
Evolution of Life.

>380 major cities lie on or near unstable regions of Earth’s crust
(potential for devastation is high)
Most Earthquakes Occur at Plate Boundaries,
but Intraplate Seismicity Is Also Common.

Two types of wave groups generated —
Surface waves (two types: Rayleigh, Love)

Travel along outer layer of crust at the surface causing ground rolllike a water wave and
lateral shifting...travel slowly and generate the most damage

Body waves (two types)

Primary waves (P) - compress and pull (dilate) rocks in the direction of movement,
changing the volume and shape of material..solids, liquids and gases resist
compression and will spring back. Thus they propagate the waves forward.

P waves travel through all types of matter

Fastest wave

Secondary waves (S) - motion is 90 degrees to direction of propagation (up and
down), involves only changing the shape of transmitting media..fluid and gas do not resist
shape change hence they will not spring back and will not transmit the wave forward. S
waves travel only through solids.

Second fastest wave

P-wave and S-
wave Shadow
Zones

2010 —Tied as warmest year
1.34°F (0.8°C) total warming

| Glabal Temperatire Anomalies (') 2010, tied for O

warmest year | v

N

Global Warming

ENSO




Western tropical Pacific — ground zero for sea-level rise
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Regional MSL trends from Oct-1992 1o Mar-2010 {mm/year)

Solar
Radiation
Powers the
Climate
System
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U.S. National Academy of
Science and Engineering
May 29, 2010

Some scientific conclusions have been so thoroughly examined
and tested, and supported by so many independent observations
and results, that their likelihood of being found wrong is
vanishingly small. Such conclusions are then regarded as settled
facts. This is the case for the conclusions that the Earth system is
warming and that much of this warming is very likely due to
human activities.

Note: a scientist is prone to say “The Sun will very likely rise tomorrow.”

limate C

Intergovernmental Panel on Climate Change
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Models using both natural and human forces
The blue band shows how global average temperatures would have changed due to natural forces
only, as simulated by climate models. The red band shows model projections of the effects of human
and natural forces combined. The black line shows actual observed global average temperatures. As
the blue band indicates, without human influences, temperature over the past century would
actually have first warmed and then cooled slightly over recent decades.

| Warming is
) 10 not caused by
the Sun.

| u Suns energy is not
increasing; measured
by satellites since 1978
Increases would heat
the whole atmosphere
= Surface has warmed,
upper air has cooled
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The ocean has acidified.

Vol 315, pp 1737-42 (e, 14,2007,
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The worlds ice is melting 1000, .
In the past decade, the annual difference of melting and 800| Sea level Estimates - 2100
snowfall on Greenland tripled. &00) 2
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= A a a Alternative energ_y source; Energy efficiency and conservation
acific Island Climate is Changlng Renewable, Electric/Hybrid mass transit Urban Design, Building design, Reforestation (avoided deforestation)

Zero energy

1 communities,

Higher density,
Local food

Electrc/hybr

Mass transit
<1/acostof
gasoline,
emissions 0%

Land preservation

Adaptation
Enhancing adaptive capacity
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Community-based *
climate risk
management

Glacier Mass Balance
(relative rate of accumulation and wastage)

Roisk awsreness
Develap plans with dlimate theme:
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Depositional Features

Dabristroem
vabey wat

Depositional
Features

Foraminifera - CaC0;....0 in H,0...04; Oy, Osg

0y easy to evaporate and easy to precipitate
0,5 difficult to evaporate and difficult to precipitate

Near the poles, atmospheric water _
vapor is depleted in "80. T

Haavy 0-rich
‘water condenses
aver mid-latitudes,

The Ratio of
Oxygen Isotopes
in Glacial Ice
and
Deep-Sea
Sediments
is a Proxy
for
Global Climate
History.

Varlation in Axial Obliquity
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Stages of During the Last Interglacial, Climate Was Warmer
Glaciation and Sea Level Higher than at Present.

Coid

Stream is a .
flowing body Running Water

| ofwater Erodes
followinga Sediment.
- channel.
ARiverisa
major branch
of a stream
system.

A Drainage
Systemis a
network of
channels.
The total area
feeding water
to a stream is
the
Watershed.

* Suspended Load
* Bed Load
« Dissolved Load Ca, Cl, Na, Mg, K

Meandering
Channel

Braided Channel

Flood plain Fluvial Landscape
Features Evolution
Water level at
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Water is found where the crust is
porous

Permeability
and Porosity

Plant intake

Base Level

Stream Piracy

Dams

Groundwater Is Vulnerable Common Human Activities Contaminate Groundwater.
to Several Sources of Pollution. P r

Saltwater Intrusion

Hawaii’s orographic effect
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Hawaiian Waves
Coastal “Winter north swell
~Summer south swell
management has Trade wind waves
lagged behind the and swell
" ~Kona storm waves
rowth in -Hurricane waves and
8
. swell
population
= leading to
Afreshwater-lens system underlies much of southern Oahu. Well A produces saltwater from problems with
below the transition zone, well B produces brackish water from the transition zone, and .
well C produces freshwater. Horizontal shaft D (sometimes called a Maui shaft) produces pollution...
large volumes of freshwater by skimming water from near the top of the freshwater lens.
Shaft E (sometimes called a Lanai shaft) is dug horizontally into one or more of the.
dike-bounded compartments. Location F indicates a perched water body containing minor
amounts of water.
The form of a wave changes when it enters shallow water. ... Wave-Generated Currents occur in Shallow Water. ot g
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~ Shorelines Straighten over Time 2

Atolls

Barrier Reef
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Oceanic Gyres deflected to right in northern hemisphere

Five Recognized Oceans and Three Largest Seas

The Continental Margin Consists of
the Shelf, the Slope, and the Rise.

c0ee®

Marine Geology Is the Study of Geologic
Processes within Ocean Basins.

Calcareous Ooze

foraminifera

OCEANIC CRUST

Ocean Sediments

Below the CCD

(Carbonate Compensation Depth), »
Caco, dissolves. coccolithophores

catarsom coze [l Abyseal chay [ Terrigenous seiment
= /= pr 1

Pelagic Stratigraphy Reflects Dissolution,
Dilution, and Productivity.

Why does the source and composition of sediment
change between the coast, shelf, rise, abyssal plain,
and oceanic ridge?




