Similarities?

A) Breathing

B) Digestion

C) Cellular structure
D) Warm blooded

,“‘%’ E) Living
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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?

A) The right size
B) Right temperature
C) Water is liquid

D) Seasonality

E) Polar ice caps




Why is Earth
UNIQUE?

A) The right size

B) Right temperature

C) Water is liquid

These traits
allow Earth
to host
LIFE




Where did life originate?

How do we know?




Where/,"did life originate

How do we know?

3




Archaebacteria
tolerate extreme
environments:
HIGH
1) temperature
2) salinity
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What two factors influence fossil
preservation?

B

i)
50
e
) \\ R ?\_‘» =

%
%

V“'-

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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What is this fossil?
A) Worm burrow

B) Dinosaur egg sack
C) Poop

D) Snakeskin

























James Ussher (1581-1656) Anglican Archbishop of Armagh
and Primate of All Ireland

4004 BC - Creation
(at nightfall preceding 23 October)

2348 BC - The Great Flood
1921 BC - Yahweh's call to Abraham
1491 BC - The Exodus from Egypt
1012 BC - The founding of the
Temple in Jerusalem
586 BC - The destruction of
Jerusalem by Babylon
and the beginning of
the Babylonian Captivity
4 BC - The birth of Christ

Published 1650, therefore age of
Earth assumed to be 5,654 yrs old.




¢ It 1S beter to be humble
than hung”

s L'e‘elerc
C mte de Btffon
(1707 1788)

,,_Eérth >75 000 years




‘Principle of
M\Cross Cutting
= Relationships’

Which are youngest?
A) A&C, B) A&D, C) B&C, D) B&D




Jem"es Hutton
(1726-1797)

“the mind seemed to r glddy by Iookmg SO
far into the abyss of time" (1786)




Youngest material not cut (or overlain) by any other strata




William “ Strata” Smith (1769-1839)
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A Stratigraphic correlation
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Period Epoch of years
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Silurian
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AR Radioactivity:

“.1 Henri Becquerel (1896)
- Marie & Pierre Curie (1898)




Isotope: same element, variable neutron number

Uranium isotopes:

protons neutrons
U-234 92 142
U-235 92 143
U-238 92 146




A. Alpha Emission
Unstable parent Daughter Daughter
nucleus nucleus nucleus-

. 2 protons &
. 2 neutrons

Alpha Atomic mass:

Qparﬁcle 4 fewer em I tt e d
Neutron : emission

B. Beta Emission

Daughter
Unstable parent Daughter nuc?eus-

nuciels s 1 electron

Atomic
e emitted

Beta Atomic mass:
(electron) no change
emission

Neutron Proton (‘)

C. Electron Capture
Daughter
Unstable parent Daughter nucleus-

nucleus nucleqs 1 el eCt r O n

Electron® Atomic
. Neutron
ber:
e captured
Atomic mass:
no change




Why do we care about radioactivity?




Where were you
at bam last
Saturday?

A) Hiking lava flows
on the Big Island!






Why do we care about radioactivity?

1) Radioactivity produces HEAT energy
(i.e. not all of Earth’s heat has to have
come from the Sun)

2) Radioactive decay happens on a measurable
timescale — this gives us a calendar
for Earth materials




Table 18.1 Radioactive isotopes frequently
used in radiometric dating.

Radioactive Stable Daughter Currently Accepted
Parent Product Half-life Values

Uranium-238  Lead-206 4.5 billion years
50 atoms of parent Uranium-235 Lead-207 713 million years
50 atoms of Thorium-232  Lead-208 14.1 billion years
daughter product Rubidium-87  Strontium-87 47.0 billion years
Potassium-40  Argon-40 1.3 billion years

100 atoms of
parent isotope
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Oldest rock on Earth
4.404 Bya

50 pm

Haulbclitle Fanll

Jack Hills, Westen Australia
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Table 18.1 Radioactive isotopes frequently
: used in radiometric dating.
o/ 100 atoms of

sssss parent isotope Radioactive  Stable Daughter Currently Accepted
Parent Product Half-life Values

20 a5t8 ‘;’tf,,?qfspgf'e”t Uranium-238  Lead-206 4.5 billion years

¢ daughter produot Uranium-235  Lead-207 713 million years
, Thorium-232  Lead-208 14.1 billion years
cecesccoss 25 atoms of parent Rubidium-87  Strontium-87 47.0 billion years

0000000000 753t0mSOf . _ _ . .
daughter product Potassium-40  Argon-40 1.3 billion years

@
[ ]
(2]
o

13 atoms of parent
87 atoms of
daughter product

o0000COOGOO
00000000060

0000000OOCOO
000000OCGOOO
o0000OGOGOOS
00000 OOGOOO
000000OOOCS
00000OCGOOGO®
00000OOGO®
000000000
o0000OOOO
000000OCGOO

Percentage of radioactive
isotope remaining

6 atoms of parent
94 atoms of
daughter product

o00000OOGOOS
00000OCGOOOS
0000000OCOS
000000COGOOS
00060OGOGOOS

0000000000
0000000OGOGOO®
00000OCGOOOS
000000OOGOOO
200000OOGOOS

2 3
Number of half-lives

Rock B contains: What is the How do you
Potassium-40 minimum age know?
P/D = 25/75 of rock A? (show your work!)




Table 18.1 Radioactive isotopes frequently

ceccessees used in radiometric dating.

¢/ 100 atoms of Radioactive Stable Daughter Currently Accepted
parent isotope

100

Parent Product Half-life Values
90 ecccccccss
Uranium-238 Lead-206 4.5 billion years
50 atoms of parent
cesceseece 50 atoms of Uranium-235  Lead-207 713 million years
80 § § § § §§ § H % UaugterprodUEt Thorium-232  Lead-208 14.1 billion years
® . . . . .
8e0cssscee Rubidium-87  Strontium-87 47.0 billion years
70 cececscses 25 atoms of parent Potassium-40  Argon-40 1.3 billion years
o 09000000000 758t0mSOf
= daughter product
g2 60 R
= (= 00000OGOOOO
8'3 000000000
&l E 00000OGOOOO
59 50 cec00s0000
% o eeoceceooe 13 atoms of parent
e cccccscsss 87 atoms of
€5 daughter product
82 40 e000000000
ol o00000OCGOOGS
8 secccecscee 6 atoms of parent
o0000OOGOOOS 94at0m30f
30 seeoeeesoe daughter product
g;ggg;g;:: (XX XXX XXX
o000O0OOGOOS 00000OOOOOS®
0000000000 0000000000

00000000CGOGS
00000OGOGOOS

2 3
Number of half-lives

Fossil A contains: Fossil Alisin a What are the

Uranium-235 metamorphic minimum & maximum
P/D = 4.5/95.5 rock ages of this fossil?



Table 18.1 Radioactive isotopes frequently
used in radiometric dating.

Radioactive Stable Daughter Currently Accepted
Parent Product Half-life Values

100 atoms of
parent isotope

50 atoms of parent

50 atoms of Uranium-238  Lead-206 4.5 billion years

sjjeatiepIOducCE Uranium-235 Lead-207 713 million years
Thorium-232  Lead-208 14.1 billion years

25 atoms of parent Rubidium-87  Strontium-87 47.0 billion years

75 atoms of . _ oFc
daughter product Potassium-40 1.3 billion years

00000000OCS
20000OGOOOS
000000OOGOS
0000O0OCOOOO
00000OGOOOO
00000OOGOOGS
20000OCGOOOO
seeseceooee| 13 atoms of parent

0000000000
0000000000 87 atoms of

daughter product _~ == unconformity

0000000000 =
0000000000
eeseoeeeeee 6 atoms of parent

e000000000
©000000000 94 atoms of

eseeoeeesoe daughter product
0000000000

o00000OGOROO o000 O0OOGOOS
0000000000 oo00000000
0000000000 0000000000

Percentage of radioactive
isotope remaining

000000OCOOS
0000OOOOO®
0000000OCGOCS

2 3
Number of half-lives

C contains: A contains: What is the range
Potassium-40 Uranium-238 of possible
P/D = 13/87 P/D = 50/50 ages for B?
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Sauropods largest anlmals ever by i) order EiNmaghitude
40m Iong 18m hlgh 90 110 tons




What are dinosaurs closest modern relatives?

A)Reptiles
B)Birds
C)Mammals
D)Amphibi




Early Mesozoic (Middle Life) — DINOSAURS!

Median
dinosaur
weight
2 tons







What caused the end of the dinosaurs?

A) Meteor impact
B) Gas inhalation
C) Raging wildfires
D) Nuclear winter
E) Climate change

Late on December 25




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
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10 km across (not to scale!)

1) Mega-tsunami
Kilometers high

2) Nuclear winter
from atmospheric
debris
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Early Cenozoic (Recent Life) — Radiation of mammals

What dinosaur do

. Paraceratheritim:
paraceratherium resemble?

gigantic hornless
rhinoceros /

A) T-rex
B) Velociraptor
C) Sauropod



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 Isiandzs

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 Is temperature projected to change in our lifetimes?
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Carbon Dioxide Variations
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. " Grim Outlook for Polar B
Ehe New ork Cimes e

ylished tober 2, 2007

Two biologists who measure field time with polar bears in decades sat
in a federal building here, envisioning two possible fates for this
denizen of ice in a warming world -- and neither future looked bright.




Late Cenozoic (Recent Life) — Diversification of mammals

Grassland species thrive
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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?

B) Decrease P& T

C) Increase P, Decrease T
D) Decrease P, Increase T
E) No impact
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-Tortuga
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__Espanola

Charles

Darwin
(1809-1882)

Voyage of the

HMS Beagle
(1831-1836)




Average age 150 years Galépagos tortoise
Weights up to 660 pounds — e

e !

-Bartolomé

,‘.3 SN
; i —Rébida -Seymour Norte
- ~Baltra
Fernandina

-Plaza Sur

Santa Cruz

’“4?“.
Pinzon ;
Santa Fe

-Tortuga

« Floreana __Espanola

¢ 13 original subspecies fz;
. 11 survive today




If each tortoise lives on average 150 years, how long would
It take to see evolutionary c

-Bartolomé

| s AR
e 2 -Rabida. g2eymourNorta

~Baltra

Fernandina
-Plaza Sur

Santa Cruz

$ %”’
Pinzon ;
Santa Fe
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« Floreana __Espanola

A) <10,000 yrs
B) >1,000,000 yrs
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Collected by Darwin?

Lonesome George

Last Pinta Tortoise




q Evolution
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Selection




Do we share a common
ancestry?




Pleistocene Pliocene | Miocene

[ Split between human 5nd chimpanzess using molecular clock, about 5 Ma]

Sahelanthropus tchadensis
Genus Paranthropus Age of bones found in Kenya, about 6 Ma Orrorin tugenensis
i | o Genus Ardipithecus
P. boigei
P. asthiopicus e
Ar. ramidus
A. anamensis
A. afarensis
A. bahrelghazali
A. africanus
A.garhi Genus Australopithecus
H. habilis
H. floresiensis H. georgicus
H. erectus
H. heidelbergensis
H. neanderthalensis
H. sapie@ Genus Homo
Y i i I v N i I i v i I v v i I v N v I v
0 Years 1e+06 2e+06 3e+06 4e+06 5e+06

What do evolution and natural selection
Imply about the passage of time?




Origin of Humans

, <¢= Human 1350g

Orangutan 400g wp

December 31, 1142pm Macaque 100g =p




Late (late) Cenozoic (Recent Life) — Human Evolution

antecessor .. sapiens
erectus neanderthalensis

°
()]
]
]
=
©
v
>
c

2

£
v

.g

[

africanus

Australopithecus
afarensis
B

| Australopithecus

> anamensis
i Ardipithecus

ramidus

% | @ustralopithecus
ul




How do our young
differ?




Where
will
humans
thrive?

e S5 |
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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)
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Carbon Dioxide Variations

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