








BIG IDEA 6. Life evolves on a dynamic Earth

and continuously modifies Earth.

6.1 Fossils are the preserved evidence of ancient life. Fossils

document the presence of life early in Earth’s history and
the subsequent evolution of life over billions of years.

6.2 Evolution, including the origination and extinction of
species, is a natural and ongoing process. Changes to
Earth and its ecosystems determine which individuals,
populations, and species survive. As an outcome of
dynamic Earth processes, life has adapted through evolu-
tion to new, diverse, and ever-changing niches.

6.3 Biological diversity, both past and present, is vast and
largely undiscovered. New species of living and fossil
organisms are continually found and identified. All of this
diversity is interrelated through evolution.

6.4 More complex life forms and ecosystems have arisen
over the course of Earth’s history. This complexity has
emerged in association with adaptations to new and
constantly changing habitats. But not all evolution causes
greater complexity; organisms adapting to changing local
environments may also become simpler.

6.5 Microorganisms dominated Earth’s early biosphere and

continue today to be the most widespread, abundant,

and diverse group of organisms on the planet. Microbes

change the chemistry of Earth’s surface and play a critical
role in nutrient cycling within most ecosystems.

6.6 Mass extinctions occur when global conditions change
faster than species in large numbers can adapt. Mass
extinctions are often followed by the origination of many
new species over millions of years as surviving species
evolve and fill vacated niches.

6.7 The particular life forms that exist today, including
humans, are a unique result of the history of Earth’s
systems. Had this history been even slightly different,
modern life forms might be entirely different and humans
might never have evolved.

A fossil of an ammonite, an extinct ocean-living mollusk related to

the modern nautilus. Ammonites evolved about 400 million years ago
and were plentiful in the ocean until the occurrence of a global mass
extinction > 65 million years ago that correlates with an asteroid impact.

6.8 Life changes the physical and chemical properties of

6.9

Earth’s geosphere, hydrosphere, and atmosphere. Living
organisms produced most of the oxygen in the atmosphere
through photosynthesis and provided the substance

of fossil fuels and many sedimentary rocks. The fossil
record provides a means for understanding the history

of these changes.

Life occupies a wide range of Earth’s environments,
including extreme environments. Some microbes live in
rocks kilometers beneath the surface, within glacial ice, and
at seafloor vents where hot fluids escape from the oceanic
crust. Some of these environments may be similar to the
conditions under which life originated, and to environ-
ments that exist on other planets and moons.



BIG IDEA 7. Humans depend on Earth for resources.

7.1 Earth is our home; its resources mold civilizations, drive

7.2

7.3

7.4

7.5

7.6

7.7

human exploration, and inspire human endeavors that
include art, literature, and science. We depend upon
Earth for sustenance, comfort, places to live and play, and
spiritual inspiration.

Geology affects the distribution and development of
human populations. Human populations have histori-
cally concentrated at sites that are geologically advan-
tageous to commerce, food production, and other
aspects of civilization.

Natural resources are limited. Earth’s natural resources
provide the foundation for all of human society’s physical
needs. Most are nonrenewable on human time scales, and
many will run critically low in the near future.

Resources are distributed unevenly around the planet.
Resource distribution is a result of how and where geologic
processes have occurred in the past, and has extremely
important social, economic, and political implications.

Water resources are essential for agriculture, manu-
facturing, energy production, and life. Earth scientists
and engineers find and manage our fresh water resources,
which are limited in supply. In many places, humans with-
draw both surface water and groundwater faster than
they are replenished. Once fresh water is contaminated, its
quality is difficult to restore.

Soil, rocks, and minerals provide essential metals and
other materials for agriculture, manufacturing, and
building. Soil develops slowly from weathered rock, and
the erosion of soil threatens agriculture. Minerals and
metals are often concentrated in very specific ore deposits.
Locating and mining these ore deposits provide the raw
materials for much of our industry. Many electronic and
mechanical devices have specific requirements for partic-
ular rare metals and minerals that are in short supply.

Earth scientists and engineers develop new technolo-
gies to extract resources while reducing the pollution,
waste, and ecosystem degradation caused by extrac-
tion. For example, land reclamation can partially restore
surface environments following surface mining.

7.8

7.9

Humans rely on petroleum for the manufacturing

of plastics, fertilizers, and other goods in addition to
being a major source of energy. The thoughtful use of
this resource is necessary to ensure its availability.

Oil and natural gas are unique resources that are
central to modern life in many different ways. They are
the precursors to chemicals used to make numerous prod-
ucts, such as plastics, textiles, medications, and fertilizers.
Petroleum sources are needed to manufacture most indus-
trial products.

Fossil fuels and uranium currently provide most of our
energy resources. Fossil fuels, such as coal, oil, and natural
gas, take tens to hundreds of millions of years to form.
Their abundance will make them the dominant source of
energy for the near future. New sources, such as methane
hydrates, are being explored.

7.10 Earth scientists help society move toward greater

sustainability. Renewable energy sources, such as solar,
wind, hydroelectric, and geothermal, are being developed.
They will replace fossil fuels as those become scarcer, more
expensive to retrieve from Earth, and undesirable due to
environmental damage. Earth scientists foster global coop-
eration and science-informed stewardship that can help to
ensure the availability of resources for future generations.



BIG IDEA 8. Natural hazards pose risks to humans.

8.1 Natural hazards result from natural Earth processes.
These hazards include earthquakes, tsunamis, hurricanes,
floods, droughts, landslides, volcanic eruptions, extreme
weather, lightning-induced fires, sinkholes, coastal erosion,
and comet and asteroid impacts.

8.2 Natural hazards shape the history of human soci-
eties. Hazardous events can significantly alter the size of
human populations and drive human migrations. Risks
from natural hazards increase as populations expand into
vulnerable areas or concentrate in already-inhabited areas.

8.3 Human activities can contribute to the frequency and
intensity of some natural hazards. These hazards include
floods, landslides, droughts, forest fires, and erosion.

8.4 Hazardous events can be sudden or gradual. They range
from sudden events such as earthquakes and explosive
volcanic eruptions, to more gradual phenomena such
as droughts, which may last decades or longer. Changes
caused by continual processes such as erosion and land

subsidence can also result in risks to human populations, as

with the increased risk of flooding in New Orleans.

A lava flow devours a road in Hawaii. This natural hazard creates an
inconvenience; however, many natural hazards can be life threatening.
The impact of natural hazards can be greatly reduced through the
education of citizens about the risks in their region.

8.5 Natural hazards can be local or global in origin. Local

events can have distant impacts because of the intercon-
nectedness of both human societies and Earth’s systems.

For example, a volcanic eruption in the Pacific Ocean can
impact climate around the globe.

8.6 Earth scientists are continually improving estimates of

when and where natural hazards occur. This analysis is
done through continuously monitoring Earth, increasing
our understanding of the physical processes that underlie
its changes, and developing scientific models that can
explain hazard-related scientific observations.

8.7 Humans cannot eliminate natural hazards, but can

engage in activities that reduce their impacts. Loss of
life, property damage, and economic costs can be reduced
by identifying high-risk locations and minimizing human
habitation and societal activities in them, improving
construction methods, developing warning systems, and
recognizing how human behavior influences preparedness
and response.

8.8 An Earth-science-literate public is essential for reducing

risks from natural hazards. This literacy leads to the
promotion of community awareness about natural hazards
and to the development of scientifically informed policies
that reduce risk.




BIG IDEA 9. Humans significantly alter the Earth.

9.1

9.2

923

Human activities significantly change the rates of many
of Earth’s surface processes. Humankind has become a
geological agent that must be taken into account equally
with natural processes in any attempt to understand the
workings of Earth’s systems. As human populations and per
capita consumption of natural resources increase, so do
our impacts on Earth’s systems.

Earth scientists use the geologic record to distinguish
between natural and human influences on Earth’s
systems. Evidence for natural and human influences on
Earth processes is found in ice cores and soils, and in lake,
estuary, and ocean sediments.

Humans cause global climate change through fossil
fuel combustion, land-use changes, agricultural prac-
tices, and industrial processes. Consequences of global
climate change include melting glaciers and permafrost,
rising sea levels, shifting precipitation patterns, increased
forest fires, more extreme weather, and the disruption

of global ecosystems.

Humans have significantly altered Earth’s surface. The Bingham
Copper Mine in Utah demonstrates that humans have moved entire
mountains in a quest for resources. (Courtesy of Michael Collier)

9.4 Humans affect the quality, availability, and distribution
of Earth’s water through the modification of streams,
lakes, and groundwater. Engineered structures such
as canals, dams, and levees significantly alter water and
sediment distribution. Pollution from sewage runoff, agri-
cultural practices, and industrial processes reduce water
quality. Overuse of water for electric power generation and
agriculture reduces water availability for drinking.

9.5 Human activities alter the natural land surface. Humans
use more than one-third of the land’s surface not covered
with ice to raise or grow their food. Large areas of land,
including delicate ecosystems such as wetlands, are trans-
formed by human land development. These land surface
changes impact many Earth processes such as groundwater
replenishment and weather patterns.

9.6 Human activities accelerate land erosion. At present,
the rate of global land erosion caused by human activities
exceeds all natural processes by a factor of ten. These activ-
ities include urban paving, removal of vegetation, surface
mining, stream diversions, and increased rain acidity.

9.7 Human activities significantly alter the biosphere. Earth
is experiencing a worldwide decline in biodiversity—a
modern mass extinction—due to loss of habitat area and
high rates of environmental change caused by human
activities. The rates of extinctions are now comparable to
the rates of mass extinctions in the geologic past.

9.8 Earth scientists document and seek to understand
the impacts of humans on global change over short
and long time spans. Many of these human impacts on
Earth’s systems are not reversible over human lifetimes,
but through human cooperation their impacts on future
generations can be lessened and even reversed.

9.9 An Earth-science-literate public, informed by current
and accurate scientific understanding of Earth, is
critical to the promotion of good stewardship, sound
policy, and international cooperation. Earth science
education is important for individuals of all ages, back-
grounds, and nationalities.
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