A
- ;/*i-"-"':/& G

Ic flow
dflow




Week Topic

1 Origin of solar system, Early Earth

2 Plate tectonics

3 Minerals

4 Ilgneous rocks SC U
Feb. 7 Exam | HED L E
5 Volcanoes

6 Weathering, Sedimentary rocks

7 Metamorphic rocks

8 Geologic time

Mar. 6 Exam |l

9 Relative & radiometric dating

10 Folds and faults, mountain building

11 Earthquakes

12 Surface water 1/2 Way
Apr. 10 Exam Il |
13 Groundwater al ready :
14 Glaciers

15 Global warming

16 Review

May 15 Final Exam

Grading: # % final grade
Exams (I, Il, I, Final) 4 60%
In-class activities/lhomework 11 (10) A
Field Trip (one required) 1 10%
iClicker participation daily )

Optional extra credit activities 1-3 up to 5%



Similarities?

A) Breathing
B) Digestion
C) Cellular structure
D) Warm blooded
E) Living

-----




What defines




What defines

LIFE?

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?
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Archaebacteria
tolerate extreme
environments:
HIGH
1) temperature
2) salinity
3) acidity



Oldest known fossil? Host rock 3.2 billion yrs old.




What two factors influence fossil
preservation?

Icthyosaur (Jurassic 206-144 Mya)



What two factors influence fossil
preservation?

1) Hard parts

2) Rapid burial



Cambrian (525 Mya)

s

-~

.“‘_?_
Y




Eocene Mammal (54.8-33.7 Mya
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Impressions — 2D imprint of original organism
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A Stratigraphic correlation




100Ka
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Millions
Period Epoch of years
ago

Holocene
Quaternary 0.01
Pleistocene

1.8

5.3
23.8
1 33.7
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Pliocene
Cenozoic Miocene
Tertiary Oligocene

Eocene

Paleocene
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Cretaceous

Jurassic

Triassic

Permian

Pennsylvanian

Carboniferous

Mississippian

Paleozoic

Silurian

Ordovician

Precambrian

Fossils
define the:

“Geologic
Timescale”




350 feet high, 136 Mya

It is better to be humble

than hung”
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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.



‘Principle of
NCross Cutting
Relationships’

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



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

« unconformity
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e mind seemed to grow giddy by looking so
far into the abyss of time" (1786)
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Radioactivity:

Henri Becquerel (1896)

L
wd

1R
L]

- 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 &

Atomic
number:

2 fewer 2 neUtrOnS

Atomic mass:

v R . Neutron . ! . eF;r?irst.isCilc?n BigEr e m I tt e d
Proton

B. Beta Emission

Daughter
Unstable parent Daughter nucl%us-

| ncleus huclegs . 1 el eCt ro n
' " ) y nu%rgg;:

1 more emltted

Atomic mass:
(electron) no change
_ emission

Neutron

C. Electron Capture
Daughter
Unstable parent Daughter nucleus-

oo “nucleus 1 electron

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




Why do we care about radioactivity?




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.

100 atoms of

parent isotope 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
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50 atoms of parent Uranium-235 Lead-207 713 million years
eeesessces 50 atomspof Thorium-232  Lead-208 14.1 billion years

cesesseses| daughter product Rubidium-87  Strontium-87 47.0 billion years

44444504 Potassium-40  Argon-40 1.3 billion years

2000000000
200000 OORO
§E§:::;2:; 25 atoms of parent

75 atoms of Rock contains:
daughter product i

HEHHE Potassium-40

cocccsecss P/D = 13/87

$eo
::::2:2§§§ 13 atoms of parent
00

b 87 atoms of
eSS daughter product Age =?

2000 0OCOPOOO

)
=
©
S 2
Q=
’U._
o @©
= e
o0
(O
29
£3
U.{E
p -
)
o

6 atoms of parent

ettt o) 1.3 Billion

seccocssse ssesssssse b) 2.6 Billion
c) 3.9 Billion

d) 5.2 Billion

e) 6.5 Billion

oooo0OOO
29000000
99000000
009000000

2 3
Number of half-lives




Oldest rock on Earth
4.404 Bya

50 pm

Jack Hills, Western Australia



Age of Earth from meteorites = 4.56 billion years
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Period Epoch of years
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“Visible life”

Jurassic

Proterozoic

Triassic

Permian

Recent life
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December 11
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Early Mesozoic (Middle Life) — DINOSAURS!

= A

T-rex: bipedal predator 13m long, 7.5 tons, hollow bones
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Sauropods Iargest anlmals ever by 2l order imagnitude
40m Iong 18m hlgh 90 110 tons



Early Mesozoic (Middle Life) — DINOSAURS!

Median
dinosaur
weight
2 tons
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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

_ ; .' T s e o CariotaRy.
Andesite layer 1.3km down § NG (sinkholes)




10 Km across (not to scale!)

i 2 million times
more powerful
than largest
nuclear explosion

K/T Boundary
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10 Km across (not to scale!)
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Early Cenozoic (Recent Life) — Radiation of mammals

What dinosaur do

| Paraceratheriim: & ¢
paraceratherium resemble? -

gigantic hornless
A) T-rex
B) Velociraptor

C) Sauropod

D) Pterodactyl




Where do you find palm fronds today?

Fossil palm frond






Wyoming?

e




Where would you expect to find alligators today?




Where would you expect to find alligators today?
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Where would you expect to find alligators today?
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Alligator fossils found on Ellesmere Island
78° North

(north of

Greenland)

54.8-33.7 Mya

Eocene




" Why was Eocene climate so
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Eocene Thermal
Maximum

Rapid Glacial Cycles
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What was going
on here to change
global temperature?
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Thawing
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Polar Ocean
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65 Million Years

of Climate Change

Millions of Years Ago



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?
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CO, Concentration (ppmv)
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Carbon Dioxide Variations
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The Industrial Revolution Has
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- . Grim Outlook for Polar Bears
Che New ﬂ ork Cimes

Twao 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

e e A

Grassland species thrive
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40 Mya?

“r

Fold thrust belts
Y Hldge
" Cenozoic RS e Trench/
Mesozoic subduction
Paleozoic . Collision/

Present transform




?‘d’m -Himal o ﬁ;\w
ma ayan

slmm ﬁq ﬁ“!ﬁ

L 3 M
{@Wf

T

Late Eocene 40 Ma

7 4

-y
Fold thrust beny g P e B Ridge
L Cenozoic N | e Trench/
Mesozoic subduction
Paleozoic —— Collision/
transform

Present

Opening
of
Drake
Passage



Antarctic
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Atlantic Ocean Thermohaline Circulation

Antarctic water temperature gradient 60° 30°  Equator  30°

INTEEMEDIATE WATER

Increased nutrients & dissolved COs [ I
warmn, low nutrients, & oxygenated [

Cold Antarctic water s

= Deap Salinity = 34 %

i S C i rC U I ated aro U n d (Rahmstorf, Nature 2002) m—Bottom © Deep Water Formation

the globe by oceanic currents




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

ecrease P & 1

C) Increase P, Decrease
D) Decrease P, Increase
E) No impact
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Average age 150 years Galapagos tortoise
Weights up to 660 pounds _ oy

¥
4

—Rahi ~-Seymour Norte
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A ’—Plaza Sur
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<., Floreana

13 original subspecies;
11 survive today




If each tortoise lives on average 150 years, how long would
] it take to see evolutionary change?

—Rabi -—Seymour Norte
Rabida ¥ aarra

e ~Plaza Sur

ol

Santa Fe

<. Floreana ﬁola

A) <10,000 yrs
B) >1,000,000 yrs




Harriet (1830-2006)

Collected by Darwin?

Lonesome George

Last Pinta Tortoise
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Do we share a common
ancestry?



Fleistorene

Split between human

Fliocene ‘ Miocene

énd chimpanzess uzing molecular clock, about 5 Ma

( H. floresiensis
e H. erectus
e H. heidelbergensis
I H. neanderthalensis

Sahelanthropus tchadensziz

Genus Paranthropus Age of bones found in Kenya, about 6 Ma B Orrorin tugenensis
e P robustus
e P boizei

Genus Ardipithecus
e Ar. kadabba
e Ar. ramidus
A anamensis 5
e AL afarensis
e A, bahrelghazali
e AL africanus
e A garhi Genus Australopithecus
P H. habilis
| H. georgicus

N P. asthiopicus

H. sapiens Genus Homo
] ‘T’elars- | | 1e-|I-IZIEi | IEE-:DE | | IEE-:DE | | I4E+IUEi | | IEE:+IDEi
What do evolution and natural selection

Imply about the passage of time?




Origin of Humans

) <= Human 1350g

Orangutan 400g wp d

December 31, 1142pm Macaque 100g =» §



Late (late) Cenozoic (Recent Life) — Human Evolution
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How do our young
differ?






. orth .-frfi'nEf'..r'éE f N
<"y y _| '._."'.- fud ¢
™ 'ﬂ‘r_.c-l E{J . Tl &

Ir_lr E:':. UJ"IZIJ'.':IQE . L

W

._ N, dﬂk-:ﬁqﬁ}“.jl )
L ige? k; ~FM
) w L1l -
AJ C:D A 1 h."' . LE '.

'_ ._ South America

—_ e,

- __Africa

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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Ice ages
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P Carbon Dioxide Variations
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A R OR U THE R R

take us next ?

Where will evolution



