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Earth History

8.E.2 Understand the history of Earth and its life forms based on 

evidence of change recorded in fossil records and landforms. 

8.E.2.1 Infer the age of Earth and relative age of rocks and fossils from index 

fossils and ordering of rock layers (relative dating and radioactive dating). 

8.E.2.2 Explain the use of fossils, ice cores, composition of sedimentary rocks, 

faults, and igneous rock formations found in rock layers as evidence of the 

history of the Earth and its changing life forms.



Been There, Done That
What is the principle of uniformitarianism?
•The principle of uniformitarianism states that geologic 
processes that happened in the past can be explained by 
current geologic processes.

•Most geologic change is slow and gradual, but sudden 
changes have also affected Earth’s history.



How do organisms become preserved as 
fossils?

•Fossils are the traces or remains of organisms that lived 
long ago.

•Fossils may be skeletons or body parts, shells, burrows, 
or ancient coral reefs.

•Fossils form in many different ways.



How do organisms become preserved as 
fossils?
•Fossils can form in amber, 
which is formed when hardened 
tree sap is buried and preserved 
in sediment.

•In some places, asphalt wells up 
at Earth’s surface in thick, sticky 
pools. These pools have trapped 
and preserved many fossils.



How do organisms become preserved as 
fossils?
•Fossils can be found buried in rock. This 
can happen if the organism is buried 
before it decays, and over time, the 
sediment hardens into rock.

•In very cold places, fossils can also be 
frozen. Because low temperatures slow 
decay, frozen fossils are preserved for 
thousands of years.

•Dead organisms may become petrified. 
Petrification happens when an organism’s 
tissues are replaced by minerals.

http://www.youtube.com/watch?v=oTqWjPWeyN4


What are trace fossils?
•A trace fossil is a fossilized structure 
that formed in sedimentary rock by 
animal activity on or in soft sediment.

•Trace fossils give evidence about how 
some animals behaved.

•Trace fossils include tracks, burrows, and 
even animal dung called coprolite.



Time Is on Our Side
What can fossils tell us?
•The fossil record, made of all the fossils that have been 
discovered, shows part of the history of life on Earth.

•The types of fossils preserved in a rock can tell scientists 
about how the environment changes over time.

•Fossils can also tell scientists how life forms have changed 
over time.





How does sedimentary rock show Earth’s 
history?

•Sediment is deposited in layers that can become 
compacted and cemented together as sedimentary rock.

•Scientists study sedimentary rock to find evidence of the 
environment that the rock formed in.



How does sedimentary rock show Earth’s 
history?
•The composition shows the source of the 
sediment that makes up a sedimentary 
rock.

•The texture, or size of the sediment 
making up a sedimentary rock, shows the 
environment in which the sediment was 
carried and deposited.

•Features, such as ripple marks and mud 
cracks, show the motion or stillness of the 
water where the sediment was deposited.



What do Earth’s surface features tell us?
•Earth’s surface is always changing.

•Today’s continents were once part of a 
landmass called Pangaea.

•Pangaea broke apart about 200 million 
years ago. Since then, the continents 
have been slowly moving to their present 
locations.

http://www.youtube.com/watch?v=QL7LX5-ytOg


What do Earth’s surface features tell us?

•The distribution of rocks, fossils, and mountains on 
Earth’s surface is evidence for plate motion.

•The movement of tectonic plates has resulted in 
extraordinary events, such as volcanic eruptions, 
earthquakes, and the formation of mountain ranges.

•Other forces, such as weathering and erosion, act to 
break down Earth’s surface features.



Back to the Future
What other materials tell us about Earth’s climate history?
•The climate of an area describes the weather conditions 
in the area over a long period of time.

•Scientists analyze fossils and other materials to learn how 
Earth’s climate has changed over time.

•Scientists can use the thickness of tree rings to learn 
about the climate during the life of a tree.



What other materials tell us about Earth’s 
climate history?
•Sea floor sediments contain fossil remains of microscopic organisms 
that built up in layers.

•These microorganisms can give information about the climate at a 
certain time.

•The chemical composition of sediments can show the composition of 
the ocean water and atmosphere when the organisms were alive.



What other materials tell us about Earth’s 
climate history?

•Scientists drill into icecaps to collect ice cores, which are 
long cylinders of ice.

•Ice cores give a history of the precipitation and 
concentration of gases in the atmosphere.



Who’s First?
What is relative dating?
•Scientists try to find out the order in which events happened during 
Earth’s history.

•They use rocks and fossils for relative dating, determining whether 
an object or event is older or younger than other objects or events.

•Scientists use different pieces of information about rocks to determine 
the relative age of each rock layer.

http://www.youtube.com/watch?v=M2Ex5DIjtfU


How are undisturbed rock layers dated?

•Sedimentary rocks form when new sediments are 
deposited in horizontal layers on top of older rock.

•Over time, the layers pile up, with younger layers piling 
on top of older ones.



How are undisturbed rock layers dated?

•Scientists use the order of rock layers to date the rock in 
each layer.

•The law of superposition is the principle that states that 
younger rocks lie above older rocks if the layers have not 
been disturbed.



How Disturbing!
How are sedimentary rock layers disturbed?
•Forces in Earth can disturb rock layers in various ways.

•Tilting happens when Earth’s forces move rock layers up 
or down unevenly. The layers become slanted.

•Folding is the bending of rocks that can happen when rock 
layers are squeezed together. Older layers may end up on 
top of younger layers.



How are sedimentary rock layers disturbed?

•Features such as faults and intrusions can cut across 
existing layers of rock.

•A fault is a break or crack in Earth’s crust where rocks can 
move.

•An intrusion is igneous rock that forms when magma is 
injected into rock and then cools and becomes hard.



How are sedimentary rock layers disturbed?

•Finding the relative ages of rock layers can be even more 
complicated when an entire layer of rock is missing.

•A missing layer of rock is called an unconformity. It 
forms a gap in the geologic record.

•An unconformity is formed when rock layers are eroded or 
when sediment is not deposited for a long time.



I’m Cutting In!
How are rock layers ordered?
•The law of crosscutting relationships states that a fault or 
a body of rock, such as an intrusion, must be younger 
than any feature or layer of rock that the fault or rock 
body cuts through.

•The law of superposition and the law of crosscutting 
relationships help scientists figure out how rock layers 
formed.



How are rock layers ordered?

•Using the laws of superposition and crosscutting 
relationships, determine the relative ages of rock layers 
and features in the image below.



Dating Mars
•The laws of superposition and 
crosscutting relationships are used to find 
the relative ages of features on Mars.

•A crater that cuts into another crater is 
the newer crater.

•A crater that is cut by another feature, 
such as a fracture, is older than the other 
feature.



So Far Away
How are fossils used to determine relative 
ages of rocks?
•Fossils are the traces or remains of an organism that lived long ago.

•Scientists can classify fossils based on changes over time, and they can 
use that classification to find the relative ages of rocks.

•Rocks containing fossils of organisms similar to those alive today are 
most likely younger than rocks containing fossils of more primitive 
organisms.



How are geologic columns used to compare 
relative ages of rocks?
•Relative dating can also be done by comparing the relative ages of rock 
layers in different areas.

•A geologic column is an ordered arrangement of rock layers based on 
the relative ages of the rocks, with the oldest rocks at the bottom.

•Scientists develop geologic columns to piece together the geologic 
record of a large area.





How are geologic columns used to compare relative ages of 
rocks?

•Scientists can compare the rock layers of different places 
with similar layers in the geologic column. Two layers that 
match probably formed around the same time.



It’s About Time!
How can the absolute age of rock be 
determined?
•Determining the actual age of an event or object in years is called 
absolute dating.

•Scientists often use radioactive isotopes to find the absolute age of 
rocks and other materials.

•Atoms of the same element that have a different number of neutrons 
are called isotopes.

http://www.youtube.com/watch?v=ecKzFDoSuN0


How can the absolute age of rock be determined?

•Radioactive isotopes are isotopes that are 
unstable and break down into other 
isotopes by a process called radioactive 
decay.

•The radioactive isotope is called the 
parent isotope, and the stable isotope 
formed by its breakdown is called the 
daughter isotope.

•Half-life is the time needed for half of a 
sample of a radioactive element to 
undergo radioactive decay and form 
daughter isotopes.

http://www.youtube.com/watch?v=V7pqSrhRmmw


How can the absolute age of rock be determined?

•After one half-life has passed, one-half of the parent 
isotope has changed into daughter isotopes.



How can the absolute age of rock be 
determined?

•Scientists study the amounts of parent and daughter 
isotopes to date samples.

•Finding the absolute age of a sample by determining the 
relative percentages of a radioactive parent isotope and a 
stable daughter isotope is called radiometric dating.



What is the best rock for radiometric dating?

•Igneous rocks are the best types of rock 
samples to use for radiometric dating.

•When igneous rocks form, minerals in 
them often contain only a parent isotope 
and none of the daughter isotope.

•This makes the isotope percentages 
easier to interpret and helps dating to be 
more accurate.



Time for a Change
What are some radiometric dating methods?
•Scientists use many different isotopes for radiometric dating.

•The type of isotope used depends on the type of material being dated.

•The half-life of the isotope used is also very important. It can’t be too 
short or too long compared to the age of the sample.



What are some radiometric dating methods?

•Radiocarbon dating is a method used for dating wood, 
bones, shells, and other organic remains.

•All living things have a constant ratio of radioactive 
carbon-14 to carbon-12.

•Once a plant or an animal dies, no more carbon is taken 
in. The ratio between the isotopes changes because 
carbon-14 undergoes radioactive decay.



What are some radiometric dating methods?

•The half-life of carbon-14 is 5,730 years. The number of 
half-lives of carbon-14 that have passed gives the absolute 
age.

•Radiocarbon dating can be used to date organic matter 
only.

•This method is used to date things that lived in the last 
45,000 years.



What are some radiometric dating methods?

•Potassium-argon dating is often used to date igneous volcanic rocks 
that are 100,000 years to billions of years old.

•Uranium-lead dating is based on measuring the amount of the 
lead-206 daughter isotope in a sample.

•Uranium-lead dating can be used to determine the age of igneous 
rocks that are between 100 million years and a few billion years old.



Time Will Tell
How is radiometric dating used to determine the age of Earth?

•Radiometric dating can be used to find the age of Earth. But there are 
no Earth rocks which can be directly studied that are as old as our 
planet.

•Meteorites are small, rocky bodies that have fallen from space to 
Earth’s surface. They are the same age as the solar system, including 
Earth.

•The absolute age of meteorites and other rocks in the solar system is 
about 4.6 billion years.



Showing Your Age
How can fossils help to determine the age of sedimentary rock?
•Sedimentary rock layers and the fossils within them cannot be dated 
directly.

•But igneous rock layers on either side of a fossil layer can be dated 
radiometrically.

•Once the older and younger rock layers are dated, scientists can assign 
an absolute age range to the sedimentary rock layer containing the 
fossils.



How can fossils help to determine the age of 
sedimentary rock?

•Index fossils are fossils used to estimate the absolute age 
of the rock layers in which they are found.

•Once the absolute age of an index fossil is known, it can 
be used to determine the age of rock layers containing the 
same fossil anywhere on Earth.



How can fossils help to determine the age of 
sedimentary rock?
•To be an index fossil, the organism from which it formed must have 
lived during a relatively short geologic time span.

•Index fossils must be relatively common and must be found over a 
large area.

•Index fossils must also have features that make them different from 
other fossils.



How are index fossils used?

•Index fossils act as markers for the time that the 
organisms were alive on Earth.

•Index fossils can also be used to date rocks in separate 
areas.

•The appearance of the same index fossil in rock of 
different areas shows that the rock layers formed at about 
the same time.



Once Upon a Time
How have geologists described the rate of 
geologic change?
•Geology is the scientific study of the origin, history, and 
structure of Earth and the processes that shape it.

•Early geologists proposed different ideas to explain how 
Earth changes over time.



How have geologists described the rate of geologic change?

•Some early scientists used catastrophism to explain 
geologic changes on Earth.

•Catastrophism is the principle that states that all geologic 
change occurs suddenly.

•Supporters of catastrophism thought that Earth’s 
features, such as mountains and seas, formed during 
sudden events called catastrophes.



How have geologists described the rate of geologic change?

•About 250 years ago, James Hutton established a principle that is now 
known as uniformitarianism.

•Uniformitarianism is the idea that the same geologic processes that 
shape Earth today have been at work throughout Earth’s history.

•The principle also states that the average rate of geologic change is 
slow and has remained relatively constant over time.



How have geologists described the rate of geologic change?

•Today, geologists realize that neither uniformitarianism 
nor catastrophism accounts for all geologic change.

•While most geologic change is gradual and uniform, 
catastrophes do cause some geologic change.

•For example, earthquakes, floods, volcanic eruptions, and 
asteroid impacts can cause sudden changes to Earth’s 
surface.



It’s About Time
How do geologists use the geologic time scale?
•The geologic time scale divides Earth’s geologic history 
into intervals of time defined by major events or changes 
on Earth.

•The largest unit of geologic time is an eon.

•Earth’s 4.6-billion-year history is divided into four eons: 
the Hadean, Archean, Proterozoic, and Phanerozoic.





How do geologists use the geologic time 
scale?

•The Hadean, Archean, and Proterozoic eons together are 
called Precambrian time.

•Precambrian time makes up almost 90 percent of Earth’s 
history.

•Eons may be divided into smaller units of time called eras.



How do geologists use the geologic time 
scale?

•The Phanerozoic Eon, the present eon, is divided into 
three eras: the Paleozoic, Mesozoic, and Cenozoic.

•Each era is subdivided into a number of periods.

•The periods of the Cenozoic, the present era, are further 
divided into epochs.



How do geologists use the geologic time 
scale?

•Many divisions of the geologic time scale are based on 
events in Earth’s geologic history.

•Some divisions are based entirely on the fossil record.

•At least five divisions of geologic time have ended in large 
mass extinction events.



How do geologists use the geologic time 
scale?

•The Cenozoic Era is only a tiny fraction of Earth’s geologic 
history.



Time After Time … After Time
What were some defining events of Precambrian time?
•Precambrian time began with the formation of Earth about 
4.6 billion years ago.

•Massive supercontinents, the first oceans, and the early 
atmosphere formed during this time.

•Toward the end of Precambrian time, much of Earth’s land 
surfaces were located near the poles and covered in ice.



What were some defining events of the Paleozoic Era?

•The Paleozoic Era began about 540 million years ago. The 
supercontinent Pannotia was breaking up and the supercontinent 
Pangaea began forming.

•Life diversified quickly and dramatically during the Cambrian Explosion, 
during which most major groups of organisms first evolved.

•The era ended about 250 million years ago with a huge mass extinction 
event.



What were some defining events of the Paleozoic Era?

•During the Cambrian Explosion, new species evolved 
rapidly in Earth’s shallow seas.



What were some defining events of the Mesozoic Era?

•During the Mesozoic Era, which began about 250 million 
years ago, Pangaea began breaking up.

•The Atlantic Ocean began to open up, the Mid-Atlantic 
Ridge formed, sea levels rose, and shallow seas covered 
much of the land.



What were some defining events of the 
Mesozoic Era?
•Along the western edge of North America, tectonic activity began to 
fold Earth’s crust, forming mountains. The climate was likely warm, as 
periods of heavy volcanism added carbon dioxide to the atmosphere.

•Life during the Mesozoic was dominated by dinosaurs. The few 
mammals were very small.

•A mass extinction event about 65 million years ago marked the end of 
the era, and the end of dinosaurs.



What have been some defining events of the 
Cenozoic Era?

•The Cenozoic Era began about 65 million years ago with 
the Cretaceous mass extinction and continues to the 
present.

•Greenland split apart from North America and Europe, and 
the continents assumed their current positions.



What have been some defining events of the Cenozoic Era?

•The Indian subcontinent collided with Eurasia to form the 
Himalayas. The collision of Africa and Europe resulted in 
the Alps.



What have been some defining events of the Cenozoic Era?

•The Cenozoic Era is divided into two periods: the Tertiary and the 
Quaternary. The latter stretches from about 2.6 million years ago to the 
present.

•The Quaternary has been characterized by an ice age, with much of 
Europe, North America, and Asia having been covered in thick sheets of 
ice.

•The evolution of modern humans occurred during the late Quaternary.


