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Where Do We Come From?
1. How Deep is the Past?

2. Tales of  the Earth and Moon

3. Cosmic Origins & Destiny
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How Deep 
is the Past?



Thinking About 
Glaciers1850 1970

Europeans have been living with glaciers for millennia
They knew what land at glacial margins looked like
It wasn’t much of  a stretch to see those same landforms elsewhere!
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Tiny Bubbles … Priceless



Reconstructions from Ice Cores

http://commons.wikimedia.org/wiki/File:Ice_Age_Temperature.png



Continental Ice Sheets
Present 20 ka



Melting 
the ice 
took a 
long 
time!



Orbital Timing 
of Ice Ages

• Regular changes in shape of Earth’s 
orbit and Earth-sun geometry as the 
“timekeeper” of ice ages

• Quantified by Serbian 
mathematician Milutin Milankovitch 
in early 20th Century

• Modern paleoclimatic data by 1970’s 
showed Milankovitch pretty much 
nailed the timing



Geology & Paleontology
• Cenozoic: “New Life”  -- the past 66 million years

– Age of the Mammals
– Progressive cooling & drying
– Recurring ice ages at the end

• Mesozoic: “Middle Life” – 252 million to 66 million
– Age of the Dinosaurs

– Ended with a bang!

• Paleozoic: “Old Life” – 542 million to 252 million
– Oceans to land
– Ended with a gasp



Geology & Paleontology
• Cenozoic: “New Life”  -- the past 66 million years

– Started with a BANG
– Very hot at the beginning
– Age of the Mammals

– Progressive cooling & drying
– Co-evolution of grasslands and mammals
– Recurring ice ages at the end

• Mesozoic: “Middle Life” – 252 million to 66 million

• Paleozoic: “Old Life” – 542 million to 252 million
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• End of Cretaceous Period (65 Ma) 
marked by extinction of ~ 75% of 
living species, including all 
dinosaurs

• K-T boundary clay layer found all 
over the world with cosmic levels of 
Iridium 
– (depleted at Earth’s surface during 

early differentiation settling)

• Huge tsunami deposits (some are 25 m 
deep!) found throughout Caribbean 
Basin

• Giant subsurface impact crater 
(~200 km) in Mexico’s Yucatan

• “Hole in the sky” … years of  darkness? 
Brrrr!





Since the Dinosaurs Died

https://en.wikipedia.org/wiki/Paleocene–Eocene_Thermal_Maximum#/media/File:65_Myr_Climate_Change.png
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Himalaya & Tibet
• Collision of India 

with Asia raised 
highest 
mountains now on 
Earth

• Massively 
accelerated 
physical & 
chemical 
weathering

• Drew down CO2

• Climate cooled



Antarctica 
Isolated

• Antarctic Circumpolar 
Current, strongest of 
all the oceans

• The only latitude where 
there’s no land

• Prevents tropical 
warmth from reaching 
the ice



Grasslands
• Evolution of 

grasses to 
cover 
semiarid 
steppes 
across the 
world

• Mammal 
habitat

• Most of their 
biomass is 
underground



http://commons.wikimedia.org/wiki/File:Five_Myr_Climate_Change.png

Slow Descent into a 
Glacial Epoch

• Rapidly falling CO2 as weathering increased 

• Antarctic ice sheet reduced Earth’s albedo

• Northern ice sheets began to grow and 
collapse in a cycle of ice ages ~ 3 Ma
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Geology & Paleontology
• Cenozoic: “New Life”  -- the past 66 million years

• Mesozoic: “Middle Life” – 252 million to 66 million
– Started with a Gasp
– Age of the Dinosaurs

– Much much longer than the Cenozoic
– Nearly all the rocks at Ghost Ranch
– Breakup of Pangea
– Ended With a BANG!

• Paleozoic: “Old Life” – 542 million to 252 million
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Triassic Period 

Ghost 
Ranch

225 
million 
years 
ago



















Triassic-Jurassic Extinction
• Huge eruptions of lava as 

Pangea was torn apart 

• Opening of the proto-Atlantic Ocean



Jurassic Period 

Ghost 
Ranch

160 
million 
years 
ago



Jurassic Entrada 
Sand Dune Field



Triassic & Jurassic Rocks





Cretaceous Period 
Ghost 
Ranch

70 
million 
years 
ago



Cretaceous Seaway



Cretaceous Dakota Sandstone







Churning 
Planet!

• Over geologic time, solid 
rock behaves like a liquid

• Hot plumes rise from the 
core through the mantle

• Spread and cool when 
they reach the crust

• Crust pulls apart , 
mashes together, & slabs 
sink as a result







Plate Tectonics
• Continental plates are lighter (buoyant) and rise in 

collisions, whereas oceanic plates subduct

• Continents can “bunch up” due to collisions, forming 
supercontinents (“Pangea,” “Gondwana”)

• Continental drift can radically alter the geometry of 
ocean basins, with corresponding dramatic changes 
in ocean circulation and poleward heat transport

Image Courtesy USGS



Plate Tectonics and CO2

• Seafloor spreading -> volcanism releases CO2

• Mountain building enhances chemical 
weathering consumes CO2



Uplift Cools Climate

• Rock weathering 
is a chemical 
reaction that 
consumes CO2

• Uplift of  
mountains 
exposes fresh 
rock to air, 
consuming Co2 
and cooling 
climate over time



Geologic Thermostat
Negative 
Feedback

• Warming 
leads to 
cooling

• Cooling 
leads to 
warming



Modern climate

Mesozoic 
Global Paleo 
Temperature

Inconceivably hot!
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Antarctica!



Geology & Paleontology
• Cenozoic: “New Life”  -- the past 66 million years

• Mesozoic: “Middle Life” – 252 million to 66 million

• Paleozoic: “Old Life” – 542 million to 252 million
– Earliest visible fossils
– Explosion of complex macro-life
– Skeletons & Backbones

– Oceans to land
– Beginning of plants and soils on land
– Ended with a gasp



PALEOZOIC





Earliest Land Plants
about 460 million years ago



Devonian Plants 
about 400 million years ago



Carboniferous Period 
~ 300 million Age of Oxygen!



Modern climate

Inconceivably hot!

ICE ICEICE
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Paleozoic 
Global Paleo 
Temperature



Gondwana Glaciation
• Continents 

bunched up at 
South Pole 
about 500 
million years 
ago

• Huge ice 
sheets left 
deposits and 
erosion 
across 
Southern 
Hemisphere



Great Dying (252 my)



Great 
Dying 
(252 
my)



Magma Vaporized Limestone & Coal
Killed 95% of  all living species
Wiped away the Paleozoic biosphere



Massive Wildfires & Global Pollution

25 million years to recover
Beginning of  Dinosaurs



Timeline of  Life on Earth (millions of  years)


