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What defines

Bacteria Virus
Self-replicating Only under special circumstances










What defines

LIFE?

1) Self-replicating
2) Self-regulating

(Homeostasis)
(Metabolism)

3) Organization
4) Growth
5) Adaptation
6) Response to Stimuli







Why is Earth
UNIQUE?

1. The right size

2. Right temperature

3. Water is liquid

These traits
allow Earth
to host
LIFE




Where did life originate?

How do we know?




~3.7 Bya life began

/
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Archaebacteria
tolerate extreme
environments:

HIGH
1) temperature
2) salinity
3) acidity
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What two factors influence fossil
preservation?
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Icthyosaur (Jurassic 206-144 Mya)




What two factors influence fossil
preservation?

1) Hard parts

2) Rapid burial




Cambrian (525 Mya)




Eocene Mammal (54.8-33.7 Mya)
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Impressions — 2D imprint of original organism
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Sauropods largest anlmals ever by an order of magnitude
40m Iong 18m hlgh 90 110 tons




Early Mesozoic (Middle Life) — DINOSAURS!

Median
dinosaur
weight
2 tons







End of the Dinosaurs




Chicxulub Crater - >180km across

Andesite layer 1.3km down w4 e Buslsinkholes)




10 km across (not to scale!)

2 million times
more powerful
than largest
nuclear explosion

K/T Boundary




10 km across (not to scale!)

1) Mega-tsunami
Kilometers high

2) Nuclear winter
from atmospheric
debris
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The sensor is a Geiger-Mliller tube, an inert gas-filled tube (usually Helium, Neon or
Argon with Halogens added) that briefly conducts electricity when a particle or photon
of radiation temporarily makes the gas conductive. The tube amplifies this conduction
by a cascade effect and outputs a current pulse, which is then often displayed by a

needle or lamp and/or audible clicks. Modern instruments can report radioactivity over
several orders of magnitude.
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Paraceratheri‘um:
gigantic hornless

rhinoceros /

Early Cenozoic (Recent Life) — Radiation of mammals
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Where do you find palm fronds today?

)

Fossil palm frond




Hawall




Wyoming?




Where would you expect to find alligators today?




Where would you expect to find alligators today?

Everglades




Where would you expect to find alligators today?

rEllesmere Isiandz

L 4.2




Alligator fossils found on Ellesmere Island
78° North
(north of
Greenland)
54.8-33.7 Mya
Eocene

| Elldsara [slepel?
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= Why was Eocene climate so
different from today?
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Sea surface temperatures rose 5-8°C

Arctic Ocean sea surface temperatures were 23°C
Drastic changes in ocean chemistry

Massive worldwide extinctions

Sudden “global warming” caused by methane?




How iIs temperature projected to change in our lifetimes?

(d) Temperature change

B O ©® = =

Polar Ocean

6 | A 1
---- AfFI Several madels
—— A1B all SRES H
5 iy oeie E E \
. V4 - .
5} — B Mode'l ggseesmble\ s oT
— B2 al : : . .
e emieiope P Similar?
g : Al
g . 502
vl H
g AR
L dok 1
@D | ]
g’ 2 - | !
C Lot
; \4
’ H
= pii | Mio [ o ] Eo [ Pal ]
=0 g .. g /IN‘MW[PEI'M
0 ——— —————————— LI S S I
2000 2020 2040 2080 2080 210028 M)
Year I
. £, 225 65 Million Years
Intergovernmental Panel on Climate Change s of Climate Change
) SEMl Mo [ o [ E [ pal ]
1IS92a = “business as usual” o 0 W 4 s 60

Millions of Years Ago

Equivalent AT (°C)




CO, Concentration (ppmv)

Carbon Dioxide Variations
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Late Cenozoic (Recent Life) — Diversification of mammals

Grassland species thrive
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What happened
between Eocene
and Oligocene?

Have the positions
of Wyoming
and Ellesmere
changed much
over the last
40 Mya?
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Antarctic
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Atlantic Ocean Thermohaline Circulation

™| Antarctic water temperature gradient

Equator 30°

INTERMEDIATE WATER

Increased nutrients & dissolved CO»> [
warm, low nutrients, & oxygenated [

Cold Antarctic water eSS

w— Deep Salinity < 34 "

IS circulated around e = AT

the globe by oceanic currents




How are cold oceans going to affect
precipitation and temperature
on land?
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Origin of Humans

<= Human 1350¢g

<= Chimpanzee 400g

Orangutan 400g =p

Macaque 100g =p




How do our young
differ?




Where
will
humans
thrive?
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Late (late) Cenozoic (Recent Life) — Human Evolution

antecessor .. sapiens
erectus neanderthalensis
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Forces driving human evolution:
1. Migration

2. Mutation (caused by something external)
3.Genetic drift (random genetic change)
4. Natural selection (survival of fittest)




Ice ages
controlled human
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Carbon Dioxide Variations

w
a0
o

The Industrial Revolution Has
Caused A Dramatic Rise in CO, ]

1300

e

1200

200/ 1800 1600 1400
! Year (AD)

w
o
o

Ice Age
Cycles

CO, Concentration (ppmv)
N
(6}
(@]

200r

0 100 200 300
Thousands of Years Ago

CO, Increases
highly correlated

with rising
temperatures

Temperature Change (°C)

350

o
i

Climate Change

0.5{ Attribution

o O O
» @ &

o
-
1

1900

1930

1960

1990

Burning of fossil fuels

o




Eon

Proterozoic

Precambrian

Millions
Era of years
ago
Cenozoic

Paleozoic

Late

Middle

4 1 O % Cenozoic

Earth
histor

Period

Holocene
Quaternary :
Pleistocene
Pliocens

Tertiary

Epoch

Miocene
Oligocene

Cretaceous

Jurassic

Triassic

Millions
of years
ago

Paleozoic

Carboniferous

Permian

Pennsylvanian

Mississippian

Silurian

Ordovician

Precambrian

Humans
(<0.1% of Earth History)

WETINELS
Modern fish
Dinosaurs

Reptiles

First jawed
fish

Trilobites




C-
]
x
(D)
c
7))
-
(D)
4
©
]

Where will evolution




