
Earth’s Evolution Through 

Geologic Time



What Makes Earth Habitable?

The Habitable Zone: Sufficient atmospheric pressure so 

liquid water can be maintained on the surface

– The right planet 

▪Correct size to support life as we know it

▪Molten metallic core

▪Plate tectonics

– The right location—distance from the Sun

– The right time 

▪Atmosphere has evolved over time

▪Geologic events have shaped Earth





Exoplanets





Accretion
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The Hadean Eon



The Hadean Eon



















Formation of Continents



Distribution of Crustal Material Remaining 

from the Archean and Proterozoic Eons





The Making of North America

• Very little crust older than 3.5 billion remains

• Major continental growth 2.5–3.5 billion years ago

• Largely built by 1 billion years ago



The Major Geologic Provinces of North 

America



Supercontinents of the Precambrian

• Supercontinents 

– Large landmasses that consist of all, or nearly all, existing 

continents 

– Supercontinent Cycle: rifting and dispersal of one supercontinent 

followed by long periods of gradual reassembly

▪Pangaea—most recent 

▪Rodinia—larger, earlier than Pangaea 



Possible Configuration of the 

Supercontinent Rodinia



Supercontinents of the Precambrian

• Climate

– Movement of continents changes ocean current patterns

– Affects precipitation and temperature

• Sea-Level Changes

– Significant and numerous changes in geologic history related to 

assembly and dispersal of supercontinents

– Directly related to seafloor spreading



Connection between Ocean Circulation and 

the Climate in Antarctica
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Geologic History of the Phanerozoic: The 

Formation of Earth’s Modern Continents

• Structure of the geologic time scale

– An eon represents the greatest expanse of time

▪The Phanerozoic eon (“visible life”) is the most recent eon, 

which began about 542 million years ago, divided into eras

–Paleozoic era (“ancient life”)

–Mesozoic era (“middle life”)

–Cenozoic era (“recent life”)





Paleozoic History

• Paleozoic era 

– Dominated by continental collisions as Pangaea began to 

assemble

▪Formed the Caledonian, Appalachian, and Ural Mountains



Formation of Pangaea
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Mesozoic History

• Sea-Level Changes

– Early Mesozoic: much of the land was above sea level

– Middle Mesozoic seas invaded western North America

• Coal formation in Western North America

• Pangaea began to break apart 

– Resulted in crustal deformation along the entire western margin 

of North America, subduction

– Formed the North American Cordillera (Sierra Nevada and 

Rocky Mountains)







Cenozoic History

• Much of North America was above sea level throughout 

the Cenozoic

– Eastern North America 

▪Removed from active plate boundaries, was tectonically 

stable

– Western North America 

▪Laramide Orogeny (Rocky Mountains building) was ending

▪Basin and Range Province was forming

▪Volcanic activity was extensive



Earth’s First Life
Describe some of the hypotheses on the origin of life and the characteristics of early 

prokaryotes, eukaryotes, and multicellular organisms.

• Oldest fossils are at least 3.5 billion years old

• Origin of Life

– Considerable Debate, but need:

– Hospitable environment

– Chemical raw materials 

▪Proteins: primary structural material, composed of amino 

acids

▪Nucleic acids: allow for replication (DNA, RNA)



Figure 12.19

Evolution of life Through Geologic Time



Earth’s First Life

• Prokaryotes 

– First known organisms 

– Single-celled bacteria

– DNA is segregated from the rest of the cell nucleus

– Cyanobacteria is an example

▪Used solar energy to synthesize organic compounds, thus 

producing their own food

▪Fossil evidence of these bacteria include layered mounds 

called stromatolites



Figure 12.20

Stromatolites Are Among the Most 

Common Precambrian Fossils



Earth’s First Life

• Eukaryotes 

– Genetic material is segregated into a nucleus

– More complex than prokaryotes

– Single celled and complex multicellular



12.7 Paleozoic Era: Life Explodes
List the major developments in the history of life during the Paleozoic era.

• Cambrian explosion: expansion in biodiversity at 541 

million years ago

–All major invertebrates became widespread

▪Jellyfish

▪Sponges

▪Worms

▪Mollusks

▪Arthropods

–Life restricted to oceans
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Paleozoic Era: Life Explodes

• Early Paleozoic Life

– Hard shells and skeletons

– Predators and defense mechanisms evolve

– Known for the evolution of trilobites: early relatives of modern 

crabs and lobsters





Paleozoic Era: Life Explodes

• Mid-Paleozoic Life

– Land plants evolve from green algae, evolving a vascular system 

– Oceans evolve vertebrates, the ancestors of modern fish
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Paleozoic Era: Life Explodes

• Late Paleozoic Life

– Vertebrates move on to land, evolving from lobe-finned fish

– Ancestors of amphibians took over land environments

– Reptiles evolve, developing an egg that can be laid on land, and 

dominate the land environment
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Figure 12.25

Comparison of the Anatomical Features of a 

Lobe-Finned Fish and an Early Amphibian



– Mass extinction occurred, killing 70 percent of land vertebrates 

and 90 percent of all marine organisms

– Most severe extinction in last 500 million years

– Organisms that survived took over Earth

The Great Permian Extinction
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Relationships of Major Land-Dwelling 

Vertebrate Groups and Other Divergence 

from Lobefin Fish



Mesozoic Era: Dinosaurs Dominate the 

Land

• Gymnosperms become dominant trees

• Reptiles take over land, sea, and sky

– Land: dinosaurs

– Sea: marine reptiles evolved from land reptiles re-entering the 

ocean

– Sky: evolved wings and ultimately feathers





Archaeopteryx, a Transitional Form 

Related to Modern Birds



Mesozoic Era: Dinosaurs Dominate the 

Land

• Demise of the Dinosaurs

– Mass extinction of 75 percent of all plant and animal species

– Two causes

▪Volcanic eruptions

–Gas erupted caused global warming, causing some 

organisms to die and others to decline

▪Meteor impact followed

–Suspended dust blocked sunlight, causing global cooling



Chicxulub Crater
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12.9 Cenozoic Era: Mammals Diversify

• Angiosperms (flowering plants) became dominant

• Mammals survived the extinction and rapidly diversified

– Have mammary glands, hair, and are endothermic

– Evolved into three groups:  

▪Monotreme (egg layers)

▪Marsupial (pouched)

▪Placental (having a placenta)





Cenozoic Era: Mammals Diversify

• Humans evolve from placental mammals

– Branched off from lineage of modern chimps 6.5 million years 

ago

– Over 20 extinct species of primates closely related to humans 

have been unearthed.

– Modern humans developed large brains and bipedal locomotion

• Large mammals became extinct, perhaps due to hunting 

by humans
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