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The Habitability
of Earth

LEARNING GOALS

‘GEOLOGY AND LIFE
How is geology crucial to
our existence?

RECONSTRUCTING THE
HISTORY OF EARTH
AND LIFE

What can we learn from
rocks and fossils?

How do we learn the age
of a rock or fossil?

What does the geological
record show?
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THE HADEAN EARTH AND
THE DAWN OF LIFE

How did Earth get an
atmosphere and oceans?
Could life have existed
during Earth’s early history?

GEOLOGY AND
HABITABILITY

What is Earth like on

the inside?

How does plate tectonics
shape Earth’s surface?

Why does Earth have a #
protective magnetic field? 4.6

CLIMATE REGULATION

AND CHANGE

How does the greenhouse .
effect make Earth habitable?
What regulates Earth's

climate?

How does Earth’s climate

change over long periods of
time?

THE PROCESS OF SCIENCE IN ACTION
FORMATION OF THE MOON
How did the giant impact
model win out over
competing models?

Does the giant impact model
count as science?
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Geology and Geologic History of Earth and Life

Each of these planets (and our moon) has its own unique geology.
The persistence of craters indicates a lack of erosion on the surface.
Venus, Earth, and Mars have volcanoes, through only Earth’s remain active.

Venus

Earth’s Moon

Heavily cratered Mercury Cloud-penetrating radar A portion of Earth's surface The Moon's surface is Mars has features that look
has long steep cliffs (arrow).  revealed this twin- peaked as it appears without heavily cratered in most like dry riverbeds; note the
volcano on Venus. clouds. places. impact craters.

Geology and Geologic History of Earth and Life

Geology is important to life on Earth:
three aspects especially important:

* \Volcanic Activity releases gases trapped in Earth’s interior, and these gases
were the original source of Earth’s atmosphere and oceans. In addition,
volcanism releases heat and creates chemical environments that helped lead
to the origin of life.

ePlate Tectonics recycles rock between the surface and the interior and
gradually rearranges the continents. Its most profound relevance to life
involves Earth’s climate: According to modern understanding, plate tectonics
is largely responsible for the long-term climate stability that has allowed life
to evolve and thrive for some 4 billion years.

eEarth’s Magnetic Field significance is that it shields Earth’s atmosphere from
the energetic particles of the solar wind (charged particles), and without this
shielding, it’s likely that a significant portion of our planet’s atmosphere
would by now have been stripped away into space. By blocking these
particles it also stops lethal radiation from causing mutations in our genes.
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How to Read Earth’s History Rocks and Fossils...

FIGURE 4.1 Samples of the three basic rock types.
a Igneaus rock. b Metamorphic rock. ¢ Sedimentary rock.

igneous
3 rocks
Igneous Rock - was once molten and then cooled and solidified ‘fb\ %/%
Metamorphic Rock - structurally transformed by high pressure or s
heat, never molten
sodmnrye, metamorphic
Sedimentary Rock - gradual compression of sediments (sand and silt) WS@“

/e'""efarura 4 press¥®
Metamorphic rock could be made from igneous or sedimentary rock
transformed by heat and pressure; rock types tell formation history; rock
mineral contents tell composition

Fossils Created/Survive in Sedimentary Rock

3. Tectonic stresses and sea level changes
push the seafloor upward, exposing
sedimentary rocks. Erosion by rivers reveals
layers; decper layers contain oldor fossils.

Layer by layer of rock is built up- the order of the
strata are assumed to correspond to chronological
age of the rocks formation

2. Over time, more layers are
addod, containing fossils
from each time pericd.

1. Rivers carry sediments
to the ocean. Sedimentary
rocks containing fossils
form on the ocean floor.

/ D older layer with
- older fossils
’@ younger layer with

more recent fossils

This process is “gentle”

Process deposits minerals in the
organic matter and harden it...
such matter is “replaced” by
minerals

Some mineral rich organic
material (bone, teeth, shells)
survive mostly intact
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Chronology from Sedimentary Strata

FIGURE 4.5 In this diagram, we imagine comparing sedimentary strata at two locations. We find that the fossils found in a
particular layer near the top at Location 1 are of the same type as those found in a lower layer at Location 2. We conclude that the
twao sets of strata represent overlapping time periods, with the strata at Location 1 going farther back in time.

Location 2

more recent

Location 1

Same types of fossils ﬁ a 6 Q 6 Q ;Q &% o é Q

identify rock layers of
same age

more ancient

¢ These 200-million-year-old impressions are

* casts of snail-size, extinct organisms (called
ammonites) made when minerals filled the

, empty space left after the organisms decayed.

b A 190-million-year-old petrified (stone) tree
in Arizona.

e An insect preserved
in hardened tree resin
(often called amber),
|}, 45 million years old.

a Dinosaur bones preserved in sandstone
in Dinosaur National Monument, which
straddles Utah and Colorado.

=
R el
g This boy is standing in a
150-million-year-old dinosaur
track in Colorado.

d This 40-million-year-old leaf still retains
organic material, including DNA.

£ These tusks belong to a whole 23,000-year-old
mammoth discovered in Siberian ice in 1999.
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* Determining ages
The History of the Earth * Formation and Evolution
* Geology and Life

Absolute Ages Measured Using Radiometric Dating
The Atom

The nucleus is nearly 100,000
times smaller than the atom but
contains nearly all of its mass.
Ten million atoms i
could fit end to end
across this dot.

———10""0 meter——

Nucleus: Contains

Atom: Electrons are “smeared out” positively charged

in a cloud around the nucleus. protons (red) and
neutral neutrons
(gray).
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Absolute Ages Measured Using Radiometric Dating
Atomic Number and Isotopes

atomic number = number of protons
atomic mass number = number of protons + neutrons
(A neutral atom has the same number of electrons as protons.)

Hydrogen ('H)

Helium (‘He) Carbon ('2C)

atomic number = 1
atomic mass

number = 1

(1 electron)

atomic number =2  atomic number = 6

atomic mass atomic mass
number = 4 number = 12
(2 electrons) (6 electrons)

Different isotopes of a given element contain the same
number of protons, but different numbers of neutrons.

Isotopes of Carbon

carbon-12

9

20

(6 protons
+ 6 neutrons)

carbon-13 carbon-14
183G 14c
(6 protons (6 protons
+ 7 neutrons) + 8 neutrons)

Absolute Ages Measured Using Radiometric Dating
Forms of Radiation

c.“

Unstable
nucleus

% -

Unstable
nucleus

- f

New
nucleus

- % +

New
nucleus

+@®
Alpha
particle

Beta
particle

o @

&"’#+

Unstable
nucleus

New
nucleus

Gamma
radiation

Alpha (a): atom decays into a newatom &
emits an alpha particle (2 protons and 2
neutrons: the nucleus of a helium atom)

Daughter has two less protons so is a different
element with lower atomic number

Beta (g): atom decays into a new atom by
changing a neutron into a proton &
electron. The fast moving, high energy
electron is called a beta particle

Daughter gains a proton so is a different element
with higher atomic number

Gamma (y): after a or g decay, surplus
energy is sometimes emitted. This is
called gamma radiation & has a very
high frequency with short wavelength.
The atom is not changed

Daughter element has same number of protons so is
the same element with the same atomic number
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Absolute Ages Measured Using Radiometric Dating
Radioactive Decay to a Stable Element

helium nucleus

el
@ =
Uranium-238 Thorium-234  Protactinium-234  Uranium-234 Thorium-230

- 9-9-9-9

Bismuth-214 Lead-214 Polonium-218 Radon-222 Radium-226

electron

&

electron

» & ‘
&,@/ - -8 ‘@’m@ & =@

Carbon-14 Nitrogen-14

Vi A /& A
9-9-9-9 -
i »  electron

0 neutron
a proton

Polonium-214 Lead-210 Bismuth-210 Polonium-210 Lead-206
half-life for decay chain = 4.470 billion years half-life = 5,730 years
a Uranium-238 decays through a chain of individual decay processes, eight of which involve the emission of a b Carbon-14 decays by emitting an electron,
helium nucleus, ultimately leaving lead-206 as its stable daughter isotope. The half-life for the decay chain as a leaving nitrogen-14 as its stable daughter,
whole is 4.470 billion years with a half-life of 5,730 years.

Through a series of radioactive decays, Uranium morphs into Lead!

Each step of the reaction had a (statistically) averaged time duration (in individual decays
some take shorter and some are take longer than the average).

The Dating Game- Counting Half Lifes

We assume that all the material was originally pure Parent Isotope when
the object formed

We then measure the fraction that remains in the Parent Isotope and the
fraction that is in the Daughter Isotope. Then using the statistical decay
times, called half-life, we estimate the time elapsed from formation

1.00
Potassium-40 Argon-40 Table 4.1 Selected Isotopes Used for Radiometric Dating
of Rocks and Fossils Some of the isotopes decay in several
stages of parent-daughter pairs, and only the final daughter
075 - product is shown.
®
Q i
% Parent Isotope  Daughter Isotope Half-Life
2 ) Uranium-238 Lead-206 4.470 billion years
g 0.50 Ihalf-life Uranium-235 Lead-207 704 million years
2 Thorium-232 Lead-208 14 billion years
8 ) Potassium-40 | Argon-40 i S5l e
< 025 2 half-lives Rubidium-87 | Strontium-87 48.8 billion years
/ 3 half-lives Aluminum-26 Magnesium-26 700,000 years
0.125 Carbon-14 Nitrogen-14 5,730 years
| | | |
0 1 2 3 4 5
1.25 25 3.75
time since rock formed (billions of years)
opyrh ©2004 Pesron Eeeton publiting s Addson Wosy,

1/11/15



Eons, Eras, and Periods of Earth’ s History

solar system begins accreting
Earth forms

possible sterili:
RSBRARS7/:5: 7:

ng impacts
period of heavy bombardment
[

oldest Earth rocks oldest eukaryotic fossils

carbon isotope evidence of life .
oxygen accumulates in atmosphere
present

first fossil microbes
|

eons

2

(hellish) (ancient life) (earlier life

time, billions of years ago

Cambrian explosion of animal diversity

hominids
. K-T event appear
plants and fungi colonize land mammals and dinosaurs appear
mammals
animals colonize land - dinosaurs prominent prominent
) | |
(new life)

Mesozoic (middle life) Cenozoic  eras

periods

time, millions of years ago Quaternary
The Cambrian Explosion 550 Million Years Ago
A Branches proportional to Time (million yrs)
500 400 300 200 100 0
E—
; ~ ST o) 17 P
red line at ~400 5563 - W“[M] S
million years ago . = ¢ e e ';mﬂ_h:w?nogfsnida
(Carcroscomis)
indicates when  — e ks "x:
animals colonize on ] g OW.% oy
land - Scorpiones (Scorpon o

Posterior Probability =/
unless otherwise indicate
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Earth Formation: Early Times

Accretion
_Gravitational potential
/ energy is converted to

kinetic energy.

Kinetic energy is converted

~
o
d
to thermal energy.
\ Differentiation
R '
g " t »

Light materials rise to the
surface.

Dense materials fall to the
core, converting gravitational

potential energy to thermal
energy.

Radioactive Decay

Mass-energy contained in
nuclei is converted to thermal
energy.

publsh

Three majors processes: Accretion, Differentiation, and Radioactive Decay

Earth Formation: Accretion

Evidence for an early accretion phase is
abundant in the solar system...

This phase was called the period of heavy
bombardment. It lasted until about 3.8
billion years ago.

Bombardment is still occurring today, it is just
that the solar system is pretty well cleaned
out now so the frequency of “big” impacts is
m uCh reduced . Copyrgn! ©2004 Pearson Educenon. publishing as Addson Wesley

We believe the Earth’ s moon was formed
when a “Mars sized” impactor hit the Earth.
The Apollo missions, where the astronauts
examined the moon’ s crust, played an
important role in eliminating other
hypothesis of the moon’ s formation.
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Earth Formation: Accretion — but how about today?

The frequency of accretion today as a function of “impactor size”

every hour
every day
every year

every century
every millennium

every million |

years

every hundred
million years

once in Earth’'s
history

atmospheric explosion

or small crater ™ .
Impact Sterilization

tsunamis, widespread
devastation, climate change

mass extinction

1 1 1 1 1

10m 100m 1km 10 km 100 km

impactor size
(crater is about 10 times larger)

Earth Formation: Atmosphere

Earth did not begin with an atmosphere- too small to

hold onto hot gases

Outgassing by volcanoes is the process by which gas is
deposited onto the surface of the planet from its
interior. This is what built up the atmosphere.

Copyrht ©2004 Pearsn Edceton,pubiaring 8 Adeon Wesy.

L v —

Original Composition

e water

e carbon dioxide
® nitrogen

o sulfur gases

Water condensed and rained to
build oceans

Early atmosphere dominated by carbon dioxide; today it is dominated by nitrogen!

1/11/15
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Earth Formation: Structure

1. Core
The core has a solid component and a
viscous fluid component; dense metals
such as iron and nickel

2. Mantle
The mantle is composed mostly of silicates
(silicon based minerals with oxygen);
medium density and molten

3. Crust

The crust is lowest density rock; this
component is recycled and changes due to
geological activity

molten
outer core

solid inner core

FIGURE 4.10 The basic internal structure of the Earth, as determined from the
study of seismic waves. Note that the core is divided into two regions: a solid
inner core and a molten outer core.

How do we know....?

Seismic Waves

When waves cross one medium to another
(liquid to solid, high density to low, etc.), the
waves bend and their speed changes. Provides
internal structure and densities (composition).

Molten outer core stops
S waves, bends P waves.

oyt 200 Person Ccaton, st ss Adaan Wosny,

Earth’s Geological Activity

1. Seafloor Crust
High density igneous rock (basalt), formed
from volcanoes along mid-ocean ridges;
5-10 km thick; mostly young- less than 200
million years old

2. Continental Crust

Lower density, mostly metamorphic and
sedimentary rock, parts dates back to the
Hadean eon- up to 4 billion years ago;
20-70 km thick; floats on mantle

Mantle Convection

Internal heat (mostly generated by radioactive
decay!) drives convection, where hot rock rises
and cool rock sinks. The convection occurs in
convection cells, which deliver hot rock to base
of the lithosphere (litho="stone”).

This process drives recycling and motion of
Earth’s crust and keeps Earth geologically
active.

seafloor crust
(5-10 km thick,
dense, young)

continental crust
(20-70 km thick,
lower-density, old)

1. Convection

Hot rock rises and cooler

rock falls in a mantle

convection cell 2. Conduction
After convection brings
heat to the base of the
lithosphere, conduction
carries heat through the
rigid lithosphere to the
surface.

[

Radiation
At the surface, energy
is radiated into space.

Copyi 200 Peson Ecaion
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Earth’s Crust and Mantel Convection

Competing motions due to convection have broken lithosphere into plates. The
process of these relative plate motions is called plate tectonics.
As a result, the plates migrate and Earth experiences continental drift.

volcano: low-density lava continental crust Mid-Atlantic Ridge
erupts to form new
continental crust.

ocean trench

convection cel

/ upper mantle \«

seafloor crust subduction zone; New seafloor crust seafloor crust
crust remelted forms and spreads sideways.

Continental Drift is the gradual shifting of relative positions of the continents.

Copyright ©2004 Pearson [ducation, publisting as Addaon Wesley.

Earth’s Tectonic Plates

% A\
Yello

Mt. St. Helens EAN . vyt
. v
San Andreas N & ’,,/Appalachlani
fault g
Sierra
) Nevada

Hawaii

Note the white arrows that show the plate directions. Where plates push together, there are great
stresses (subduction), volcanoes, earthquakes, new mountain ranges.

Copyright © 2004 Pearson [ducetion. publishing as Addaon Wesley.
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Earth’s Tectonic Plates

Mt. Everest is still growing 1.5
inches per year!

Earth’s Tectonic Plates
Hawaiian Islands are volcanoes created as the Pacific Plate
migrates over a “hot spot” in the Earth’s Mantle.

Midway: island Kauai: heavily Hawaii: recent
eroded down to A mantie plume created eroded valleys lava flows
sea level Hawail and other islands

(many now undersea) as

the Paciﬁg plate moved

i °
The kink in the chain

occurred when the plate
direction shifted about »
40 million years ago. =
Direction of current :;wn:?" o Loihi: a still-underwater,

future Hawaiian island
(in about a million years)

plate movement

1/11/15
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Earth’s Tectonic Plates
Continental Drift

By playing the motions backwards and tying together the
geological record in sedimentary rocks, we have a model of the
history of the Earth’ s plates.

Note the predictive power — illustrated 150 million yrs future

https://www.youtube.com/watch?v=YrruvHNwGq4&spfreload=10
VIDEO: Formation of the Earth 10:24

Note how well South America and
Africa (at an angle) fit together.
They share similar geology along
coasts, further suggesting they
may have been joined in the past.

Dinosaurs Ruled

120 million
years ago

150 million years
from now

Earth’s Magnetic Field

a This photo shows how a bar b A similar magnetic field is created by an

magnet influences iron filings electromagnet, which is essentially a wire

(small black specks) around it. The wrapped around a bar and attached to a

magnetic field lines (red) represent battery. The field is created by the

this influence graphically. battery-forced motion of charged particles
(electrons) along the wire.

A charged particle in a magnetic
field spirals along the field lines

The particle is “trapped”

This is what stops energetic
particles from the sun from
reaching the Earth’s surface,
except at the poles

moderately
rapid rotation

electrically conducting,
convecting molten metals

¢ Earth’s magnetic field also arises from the
motion of charged particles. The charged
particles move within Earth's liquid outer
core, which is made of electrically
conducting, convecting molten metals.

1/11/15
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Earth’s Magnetic Field

Earth’s Invisible Protective “blanket”

Some solar wind partic:
the magnetosphere neas

a This diagram shows how Earth’s invisible magnetosphere (represented in purple) b This photograph shows an aurora in
deflects solar wind particles. Some particles accumulate in charged particle belts Wapusk National Park, Manitoba, Canada.
encircling our planet. The inset is a photo of a ring of auroras around the North Pole; In a video, you would see these lights

the bright crescent at its left is part of the day side of Earth. dancing about in the sky.

https://www.youtube.com/watch?v=yEYy nVC4L0
VIDEO: Earth’s Magnetism 7:38

Light is a wave of oscillating electric and magnetic energy
Greenhouse Effect The size of the oscillation is called the wavelength
Trapped Infrared Light = Heat

The Electromagnetic Spectrum

AM Long radio waves

Radio waves

 rays X rays uv IR Microwave |[FM
infrared
I 1 [ I I
10 0™ 102 10" 0% ) l0° 104 1072 10° 10? 10* 10° 108 A (m)
'

L-mT RRRE Increasing Wavelength (A) —

! Visible spectrum '
RED W
ORANGE

YELLOW

T
400 500 600 700 B \/\/W\/\N
Increasing Wavelength (A) in nm — J\/W\/W\/\_,
INDHGO

Visible light, which our eye is responsive to, is only one small portion of the electromagnetic
spectrum. Infrared portion is lower energy, longer wavelength and is important for the
Greenhouse Effect.

The energy carried by light is dependent upon its oscillation frequency

1/11/15
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Visible light and Radio wave pass through the atmosphere

Greenhouse Eﬂ:eCt easily, but infrared light does not, because it is absorbed by
Trapped Infrared Light & Heat certain molecules in the atmosphere

Radio
window
Transparent
Rt o
Ultea- Micro
X ray violet infrared e TV bands  Radio bands
I UHF_VHF _FM AM
T = X y : WL
High Visible ™ Wavelength Low
Frequency nght (meters) Frequency

- - Transparency of the Earth's atmosphere

versus radiation wavelength

Greenhouse Effect: Greenhouse Gases (absorb infrared light)
Trapped Infrared Light = Heat

In order of the
most absorbing to
the least:

1. Water Vapor
2. Carbon Dioxide
3. Nitrous Oxide
4. Methane

The higher the
concentration of

the gas, the greater

the total absorption F ,M m—/\/\'\'\

Visible
- Infrared ] | —— UW

100~ Methane (CH,,)
o A A
o i Y | j

100 Nitrous oxide (N5O)

1 ( | )
jen (Os) and

20 - l:‘{ ne (()”;JW_
0 A J\ . L/q J

O \\d m Carbon dioxide (CO3)
1 J

Water vapor (Ho0)

Atmospher

FF\W\M}\M,_ |

107 5
Wavelength (m)
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Greenhouse Effect
Trapped Infrared Light & Heat Main Greenhouse Gases:

(1) Water Vapor
(2) Carbon Dioxide

(

) Visible light p
<) atmosphere.

Greenhouse effect

(

" Greenhouse gases absorb and
re-emit infrared radiation, thereby *
.', heating the lower atmosphere. |

Surface absorbs visible light and
emits thermal radiation in infrared.

Copyrip ©2004 Pewrson Cacotion utisring as Adsoon Wesiy

Greenhouse Effect
Trapped Infrared Light = Heat

Of the 50% absorbed by the ground,
30% is emitted as latent heat and 20%
50% s emitted as infrared radiation
Abuarbed

17



Estimated mean
global temperature
Greenhouse Effect: Long Baseline Data 15°¢
Colder Warmer
than than
present present
0 Holocene
1.6 Plentocene|
On average, the Earth has been warmer than the 8 & | Phiocene
estimated mean global temperature of 15 C. | Mia
E cene |
Note how hot it was during the period of the ::A
dinosaurs 66.4 =S
b S Dinos
Note the ice ages during the Tertiary era. Jurassic / ruled
U8 e >
What is driving those oscillations? T Permian A
Carboniferous Sy
Carbon Dioxide Cycle due to Volcanic Activity? Devonian &
Silurian !
- Ordovician R
CO: Contentrations and Temperature Have Tracked Closely Over the Last 300,000 Years 570 c‘nbmn
oy a0 vedyh voor 2 - % 1000 £
g Cocamenaton ™ g )
< at | Wi <
£ . -t Precambrian \
% w | 3000 -
£ o R
[ w © v X
4000 - P \
4500
The Carbon Dioxide Cycle
Regulating Earth’s Climate
Rainfall erodes silicate
minerals on land.
CO, in the atmosphere
Silicate minerals - LB CO, dissolves P~
react with dissolved | _ gy in ocean.

CO, to form
carbonate
rocks.

1/11/15
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The Carbon Dioxide Cycle
Regulating Earth’s Climate

° r

Less precipitation. More precipitation.

/. "\

dissolves less More CO; from:
the ammasphere. = dissolves in rai

°

Strengthened
greenhouse gl
effect will warm effect will cool
Earth up.

o
®  More CO, builds up
in the atmosphere.

Under stable geological conditions (constant volcanic activity) rain regulates the carbon
dioxide concentrations in the atmosphere, so that Earth’s temperature oscillates around a
mean value. How can this process become unstable?

Runaway Greenhouse Effect: A thought experiment

If Earth moved to Venus'’s orbit. . .

Water vapor increases
greenhouse effect, raising
temperature further.

Runaway Greenhouse

More intense sunlight
immediately raises Earth’s
surface temperature by
about 30°C.

As the oceans finish
evaporating, carbonate
rocks decompose,
releasing CO,. Earth
becomes hotter than Venus.

Greater warmth increases
evaporation, and warmer air
holds more water vapor.

1/11/15
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Greenhouse Effect: Recent Data

Carbon Dioxide Concentration

400 o
Average CO:z for May 9, 2013

400.03 ppm

38[] (single day, not corrected for seasonal variation)
=
2
C 360
a2
£ 340

320

1960 1970 1980 1990 2000 2010
Year

Credit: NOAA/Scripps Institution of Oceanography

Recent data of the carbon dioxide concentration in the Earth’ s atmosphere.

Since 1960, the average concentration has risen by 65 ppm by 2013. Note the seasonal variations.

Greenhouse Effect: Recent Data

30 10
—T in degrees i with 1960-1990 baseline)

——Atmospheric carbon dioxide (CO2 in parts per million)

0s

€02 (ppm)
Tomperature (dfforonce)

230 06
1000 900 800 700 600 500 400 300 200 100 o
Years Before Present

The industrial revolution began about 100 years ago, and this marks the time of rapid
increase in the human generated sources of the atmospheric carbon dioxide concentration
and a general rise in the Earth’s average temperature by ~ 0.7 degrees Celsius.

The issue is: at what point does the greenhouse effect “run away”, that is, become unstable
to an irreversible process in which the oceans begin to evaporate away? This is called the
Runaway Greenhouse Effect, and it WILL happen to Earth due to the brightening of the sun in
about 1.5 to 3 billion years from now no matter what humans do.

1/11/15
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Greenhouse Effect: Recent Data

1800

1400

methane

spheric

%

Seee
.

~ T— ""l‘::'.".-‘" 280

w
N
S
Atmospheric carbon dioxide (ppm),
nitrous oxide (ppb)

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Year

updated: Feb-2012 Source: CSIRO

Not only is the carbon dioxide concentrations increasing, but the methane and nitrous oxide
greenhouse gas concentrations are also increasing since the industrial revolution began.

Greenhouse Effect: Projections and Model Predictions

Atmospheric CO, Concentrations
1000 T T T~ T ° T T
£ 900 |— These are projections
g 800 [ for the carbon dioxide /]
P L. concentrations for 4
§ 700 [ different emission ]
g 600 [— scenarios —
s L
g %o
8 400 —
C 1 l 1 l L l L l 1 ]

300
2000 2020 2040 2080 2080 2100
Year

—— Even higher emissions scenario (A1FI)
—— Higher emissions scenario (A2)
—— Lower emissions scenario (B1)

—— Stabilization 450 ppm
e Observations

temperature change (°C)

Temperature Anomaly Predictions

(in 2100)

2000 2020 2040 2060 2080 2100
year

Computer simulation models for each of the
projections indicate a continued temperature
increase over this century.

If under the “lower emission” scenario (B1),
there is still a 1.2 to 2.5 degree predicted
increase relative to 1990 temperatures.

1/11/15
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The Snowball Earth

An extended cold spell causes cceans to start freezing.

growing polar caps

-~ volcanic outgassing

Geologists discovered evidence of
several long and deep ice ages between
750-580 million years ago and between
about 2.4-2.2 billion years ago. Glaciers
advanced all the way to the equator.

Lowered reflectivity causes further cooling, ending in “snowball Earth”

4
Y
Frozen oceans stop CO, cycle so CO, outgassed by ongoing
volcanism builds up in atmosphere.
. N
AR/ N

" Strong greenhouse effect melts “snowball Earth,”
results in “hothouse Earth”

. 4

CO, cycle restarts, pulling CO, into oceans,
reducing greenhouse effect to normal.

Ice reflects ~90% of the sunlight hitting
it. Further increase in global ice sets up
a positive feedback process that cooled
Earth even further, called a Runaway
Ice Catastrophe, resulting in a Snowball
Earth.

As we saw,, the Cambrian Explosion (550 millions
years ago) occurred right after one of these periods,
as did the rise of oxygen (2.2 billion years ago).

Coincidence?

1/11/15
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