
Our Changing Planet is a brand-new work cover-
ing over 200 essays on the Earth’s composition
and processes, our interactions with the planet,
and the way the Earth has changed over time-
continuing to do so at an accelerated rate. Es-
says are grouped into five thematic sections
that discuss Earth’s primary features, processes
and other phenomena, climate/weather and the
impact of natural disasters, humanity’s role in
shaping the planet’s ongoing changes, and how
we can better understand what these changes
will entail. Authoritative and essential to the
core curriculum in the Earth sciences, this
two-volume set offers both students and general
library patrons detailed basic information on
all major aspects of Earth’s makeup and pro-
cesses. No other general reference dedicated to
the Earth and its ongoing changes is this com-
plete and up to date, incorporating the latest
perspectives offered by scientists and research-
ers that help us better understand the world
around us.

SCOPE AND COVERAGE

The essays in this set are designed to meet the
needs of both general readers and students en-
rolled in courses in the Earth sciences, environ-
mental science, ecology, and planetology. Care-
fully curated, every essay has been reviewed, en-
hanced, and edited with student and general
readers in mind, distilling this essential informa-
tion into an accessible collection that offers a
deep dive into the Earth itself and the ways in
which humanity affects it.

The result is the most thorough reference
available on our expanding knowledge of the
Earth. All topics were reviewed and edited by ed-
itor and writer Joy Crelin, with an eye to ensur-
ing the inclusion of important recent develop-
ments and current context, from recent research
initiatives to timely examples of severe weather
and climate change.

ORGANIZATION AND FORMAT

Coverage is presented in the following five sections:
• Earth’s Features
• Processes and Phenomena
• Climate, Weather, and Natural Disasters
• Humanity and the Changing Planet
• Understanding Earth’s Changes

Within each section, essays are presented in al-
phabetical order, and are supplemented by hun-
dreds of diagrams and photos, many of which are
in full color.

Essays range in length from 2,000 to 5,000
words (3 to 7 pages) and offer not only complete
overviews of the topics, but also extensive lists of
principal terms, and explicit statements of how
the topics relate to changes to the Earth. Each
essay displays standard ready-reference top mat-
ter and subsections:

• Essay Title: Topic name, from “Alpine Gla-
ciers” to “Global Warming” and “Weather
Forecasting.”

• Abstract: Summarizes the importance of the
topic and current state of our knowledge.

• Principal Terms: Lists key words and
phrases that are important to the essays in
question, and the book’s subject as a whole.

• Subheadings: Breaks each essay into digest-
ible components for ease of reading and re-
search.

• Byline: All essays are signed by the scholars
who wrote them; these experts are also listed,
with their academic affiliations, in the front
matter to Volume 1.

• Further Reading: A selection of the most im-
portant print resources for further study.

SPECIAL FEATURES

Several special resources and finding aids en-
hance coverage and access to the set’s contents.
Each volume’s front matter includes both a Ta-
ble of Contents relevant to that volume, as well
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EARTH’S CHANGES

The planet Earth is always changing. Some of its
changes are readily apparent to the naked eye: the
cycle of day and night, the changes of the seasons,
the oceans’ tides, and shifting weather patterns, for
instance. Sometimes, changes to Earth’s landscape
are sudden and dramatic, as in the case of natural
disasters such as volcanoes and earthquakes and
the secondary disasters, such as tsunamis and land-
slides, that those events can cause. Yet, even more
changes are taking place at all times, but are often
invisible to the casual observer.

Beneath Earth’s surface, convection currents
within the planet’s mantle shift the plates above,
causing continents to move over time, and dra-
matically altering the course of plant and animal
evolution. On the surface, processes such as
weathering and erosion wear away at the land,
turning existing rock into sediments that may
one day form new rocks in their own right. High
in the atmosphere, existing gases are joined by
influxes of carbon dioxide and methane, which
trap heat in the atmosphere and affect Earth’s
climate. Many of these changes occur so slowly
that they are essentially imperceptible when con-
sidered from day to day. Over years, centuries,
or millennia, however, processes such as plate
tectonics, erosion, and climate change can alter
Earth enough to render the planet
unrecognizable.

The complex, interconnected changes that
have shaped the planet Earth over the course of
more than 4.5 billion years, and continue to do
so today, form the basis of Our Changing Planet.
Featuring more than two hundred individual en-
tries, these volumes seek to provide readers with
an understanding of the multitude of ways in
which Earth is changing every day, as well as the
science underlying those changes.

ABOUT THESE VOLUMES

Spread across two volumes, the entries that make
up Our Changing Planet are divided into five sec-

tions, each with a specific focus. The first, Earth’s
Features, explores Earth’s many geological fea-
tures that have been shaped by, are subject, or
themselves cause ongoing change. Entries are
dedicated to topics such as the Earth’s core, man-
tle, and crust; rocks and minerals; glacial land-
forms and deposits; and many other features of
Earth’s interior and surface. This section also
considers Earth’s water, with particular emphasis
on water in solid form, as well as the planet’s
atmosphere.

The work’s second section, Processes and Phe-
nomena, explores more than fifty different pro-
cesses and phenomena that affect change on
Earth, or are the result of the changes the planet
undergoes. These include such processes as con-
tinental drift and plate tectonics; metamor-
phism, metasomatism, and mineralization; soil
formation, erosion, and weathering; and moun-
tain building. This section also includes entries
dealing with evolution and the origins of life on
Earth as well as entries focused on the interac-
tions between Earth and other objects in the
solar system, such as the moon and sun.

Volume Two begins with the work’s third sec-
tion: Climate, Weather, and Natural Disasters.
As its title indicates, this section encompasses
entries on many of the most visible signs of plan-
etary change. While changes such as continental
drift are typically invisible to the eye, weather
can change wildly from day to day or moment to
moment. Natural disasters such as droughts,
earthquakes, floods, hurricanes, tornadoes, tsu-
namis, and volcanic eruptions are likewise quite
noticeable, even if their extent or severity may
sometimes be best evaluated over time. This sec-
tion likewise includes discussion of Earth’s sea-
sons and broader climate, areas of particular
interest in the twenty-first century due to wide-
spread concerns about the effects of human
activity and industrialization on the planet.

Human-led changes to the Earth form the ba-
sis of section four, Humanity and the Changing
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Planet, which collects entries dealing with the
multitude of ways in which human beings have
themselves changed the planet and some of the
ramifications of those changes. Some of the en-
tries concern changes to Earth’s physical land-
scape, such as the building of dams, the creation
of landfills, and deep-Earth drilling projects. A
number of entries deal with the extraction of
fossil-fuel resources such as oil and coal from the
Earth, while others explore topics such as min-
ing and land management. This section also in-
cludes entries on some of the negative outcomes
associated with such practices, including climate
change, air and water pollution, acid rain, and
ozone depletion. Renewable energy is also dis-
cussed in this section, with entries focusing on
topics such as solar, wind, hydroelectric, and
geothermal power, in addition to more
experimental forms of renewable energy such as
ocean and tidal power.

The fifth and final section of the work, Under-
standing Earth’s Changes, explores many of the
different theories and ways of thinking about
Earth’s interconnected systems and planetary
changes. This section includes a number of entries
dedicated to specific fields of study that shed light
on Earth’s history, including biostratigraphy,
geoarchaeology, and paleoclimatology, as well as
entries on topics such as rock classification, the fos-
sil record, radiometric dating, and weather fore-
casting. Our Changing Planet concludes with several
appendices that provide the curious reader with an
array of helpful facts about Earth and its history.

LOOKING FORWARD

Of the ongoing changes discussed in Our Chang-
ing Planet, perhaps the most concerning to the
global community at large are climate change
and its effects, such as severe weather events. Cli-
mate change, as the entries in these volumes ex-
plain, is both a natural process and a human-
shaped one. As study of Earth’s ancient past has
revealed, dramatic changes in climate took place
throughout Earth’s billions of years of history, re-
sulting in periods of intense weather, rising seas,
and ice ages. Notably, such historical changes

were often devastating to the species on Earth at
the time; even when occurring as a natural pro-
cess, climate change can result in the extinction
of countless species, as during the mass extinction
event that marks the end of the Permian period.
The climate change of the twenty-first century,
however, is not solely a natural process. Rather, it
is shaped by both natural patterns and more than
a century of human industrialization, large-scale
agriculture, and greenhouse-gas emissions. If left
unchecked, experts caution, human-led climate
change could propel the planet toward “tipping
points” that could prove disastrous for many of
the planet’s species, including, potentially,
humanity itself.

It is this danger that has prompted efforts to
prevent global average temperatures from ris-
ing more than 1.5 degrees Celsius above
preindustrial levels, a goal formalized in inter-
national treaties such as the 2016 Paris Agree-
ment. The success or failure of such efforts
remains to be seen and is dependent upon a
host of factors, not least of all the willingness of
individual nations to cooperate. (The United
States, notably, withdrew from the Paris Agree-
ment in 2025, in addition to leaving related
bodies such as the United Nations Framework
Convention on Climate Change.) At the same
time, interest in renewable energy generation
as a supplement to or replacement for fossil
fuel use is continuing to grow worldwide. The
International Energy Agency (IEA) estimated
that the capacity of renewable energy genera-
tion would increase by more than four thou-
sand gigawatts globally between 2025 and
2030, with major increases in solar, wind, and
hydropower capacity. Beyond its potential to
reduce fossil-fuel consumption and prevent
global temperatures from rising further, renew-
able energy likewise provides ample
opportunity for scientific study as well as
opportunities for employment in a vast range
of roles.

While climate change and the move toward re-
newable energy remain areas of major interest,
the majority of Earth’s ongoing changes will
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Earth’s Features

Alpine Glaciers
Alpine glaciers are masses of ice and snow that move slowly
down from the peaks to produce the spectacular landforms
associated with high mountain scenery. Steep horn-shaped
or pyramidal peaks, rushing meltwater rivers, cliff-sided
valleys with waterfalls—one associates these features with
alpine mountains that have been eroded by glaciers. Where
such glaciers are still active, they may threaten lives and
property through catastrophic forward surges and flood-
waters, or they may be essential sources of meltwater in dry
areas.

PRINCIPAL TERMS

ablation: the result of processes, mainly melting
(evaporation is also involved), that remove ice and
snow from a glacier

cirque: a steep-sided, gentle-floored, semicircular
hollow produced by glacial erosion of bedrock
high on mountain peaks

equilibrium line: the boundary between areas of mass
balance gain and loss on a glacier’s surface for any
one year

Little Ice Age: a short-term cooling trend that lasted
from about 1450 to 1850, during which mountain
glaciers all over the world advanced considerably
beyond their present limits

mass balance: the summation of the net gain and loss
of ice and snow mass on a glacier in a year

moraine: a ridge of glacial-ice-deposited till
till: an ill-sorted mixture of fine and coarse rock de-

bris deposited directly by glacial ice

ZONES OF ACCUMULATION AND ABLATION

Alpine, or valley, glaciers are long, narrow streams
of ice that originate in the snowfields and cirque bas-
ins of high mountain ranges and flow down preexist-
ing stream valleys. They range from a few hundred

meters to more than 100 kilometers in length. In
many ways, they resemble river systems. They re-
ceive an input of water in the form of snow in the
high parts of the mountains. They have a system of
tributaries leading to a main trunk system. The flow
direction is controlled by the valley that the glacier
occupies, and, as the ice moves, it erodes and modi-
fies the landscape over which it flows.

The essential parts of the mass balance of the al-
pine glacier system are the zone of accumulation,
where there is a net gain of ice, and the zone of ab-
lation, where the ice leaves the system by melting
and evaporating. In the zone of accumulation, snow
is transformed into glacial ice through a process of
metamorphism, or change of form. Freshly fallen
snow consists of delicate hexagonal (six-sided) ice
crystals, or needles, with as much as 90 percent of
the total volume as empty air space. As snow accu-
mulates, the ice at the points of the snowflakes melts
from the pressure of the snow buildup and migrates
toward the center of the flake, where it refreezes.
Eventually, many small, elliptical grains about the
size of BB shot (about 0.45 centimeter in diameter)
are formed of recrystallized ice. The accumulation
of masses of these ice pellets is called firn, or névé.
With repeated deposits, each year the loosely packed
firn granules are compressed by the weight of the
overlying snow. Meltwater, which results from daily
temperature fluctuations and the pressure exerted
by the overlying snow, seeps through the open pore
spaces between the granules; when it refreezes, it
adds to the recrystallization process. Air in the pore
spaces is forced out. When the ice reaches a thick-
ness of about 30 to 40 meters, it can no longer sup-
port its own weight and yields to slow plastic flow.
The upper part of a glacier is thus rigid and tends to
fracture, but the ice beneath moves by plastic defor-
mation and flow.
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On the surface of the alpine glacier, the boundary
between the zone of accumulation and the zone of
ablation is approximated by the equilibrium line.
Above this line, the glacier’s surface tends to be
smooth and white because more new snow accumu-
lates than is lost by melting, and all the irregularities
are soon covered and smoothed with snow. These
areas are dangerous to mountain climbers, who can
fall into buried fractures or crevasses there. Below
the equilibrium line, melting and evaporation ex-
ceed snowfall. There, the surface of the ice is rough
and pitted and is commonly broken by open cre-
vasses or streaked with rock debris.

The glacier ice flows and slides from the positive
accumulation area to the negative wastage zone;
each area’s gain or loss constitutes the mass balance.
Should a glacier have an excess of one over the
other for tens to hundreds of years, it will advance
or retreat in consequence. As glacial ice flows over
the land beneath, it erodes, transports, and deposits

vast amounts of rock and soil material. Glaciers
erode in two ways: by glacial plucking, in which
meltwater beneath the ice freezes blocks onto the
passing ice, and by abrasion of the substrate by the
rock blocks held fast in the overlying ice. Eroded
material can be carried throughout the glacier, espe-
cially at the bottom and the top, and is later mainly
deposited as moraines composed of till near the gla-
cier’s margins, where melting dominates.

LANDFORMS

Alpine glacial landforms of the ice itself include
various features attributable to the characteristic
fracture and flow of the movement. Fracturing, or
breaking, of the brittle ice occurs close to the gla-
cier’s surface, where the ice is under lower pres-
sure. Flow of the ice occurs through recrystalliza-
tion of ice crystals at depth in the glacier, where
the greater pressure causes slow change and conse-
quent movement.
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The Taschachferner in the Ötztal Alps in Austria. The mountain to the left is the Wildspitze (3.768 m), second highest in Austria. Photo by
Pittigrilli, via Wikimedia Commons.



mains in the atmosphere. Clouds have been divided
into three stratigraphic levels: high, middle, and
low. The upper limits of the high stage, at the tropo-
pause, range from 8 kilometers in the polar regions
to 18 kilometers in the tropics. In the temperate
zones, which include most of the world’s landmasses,
the high stage ranges up to approximately 13
kilometers.

CLOUD TYPES

Cirrus clouds, the highest clouds, are composed of
ice crystals and some supercooled liquid water. The
air temperature of these clouds is usually below -25
degrees Celsius. Cirrus clouds form when air rises
slowly and steadily over a wide area. They are usu-
ally delicate in appearance, white in color, and tend
to occur in narrow bands. They are thin enough to

permit stars or blue sky to be seen through them,
and are responsible for the ring or halo effect that
often appears to surround the sun. They typically
signal large, slow-moving warm fronts and rain. Cir-
rus clouds sometimes seem to be gathered in
branching plumes or arcs with bristling ends. Be-
cause the color of a cloud depends on the location of
the light source that illuminates it, the position of
the sun at sunset or sunrise may cast these clouds in
bright reds or yellow-oranges. A variant of this clas-
sification is the cirrocumulus, a cloud composed of
ice crystals gathered in columns or prismatic shapes.
The cirrocumulus usually is arranged in ripples or
waves; it is the cloud that sailors describe when they
speak of a “mackerel sky” because of its similarity to
the coloration of the mackerel fish. A close relation
is the cirrostratus, which resembles a transparent
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Cloudscape over Borneo, taken by the International Space Station.



(10-60 miles) deep, at an average depth of 35 kilo-
meters (22 miles). In the rheological division of lay-
ers, the Moho lies within the lithosphere except at
mid-ocean ridges, where it indicates the boundary
between the lithosphere and the asthenosphere.

The Moho was discovered by its namesake, Cro-
atian seismologist Andrija Mohorovicic, in 1909.
Mohorovicic had noticed that in seismograms of
shallow earthquakes, there were actually two sets of
P waves and S waves being recorded, not one as ex-
pected. One set moved directly from one point to
another, fairly close to the surface, but the other set
was refracted, much like a beam of light hitting a
prism.

At a depth of about 220 kilometers (137 miles),
within the upper mantle, lies another discontinuity.
Called the Lehmann discontinuity, it was described
in 1958 by Danish seismologist Inge Lehmann, who

found that P-wave and S-wave velocities sharply in-
creased upon reaching this depth. Later research
showed conflicting results as to whether this discon-
tinuity is present only under continents or only un-
der the ocean floor. (Lehmann also is known for her
discovery of the boundary between the Earth’s inner
and outer cores, a boundary often also called the
Lehmann discontinuity.)

Farther into the mantle, in the deepest 200 kilo-
meters (124 miles), which is referred to as the D" re-
gion, there exists another discontinuity (the
Gutenberg discontinuity), at the bottom of which is
the core-mantle boundary. Named for German-born
American seismologist Beno Gutenberg, this discon-
tinuity is marked by decreased P-wave velocity and
the disappearance of S waves, which cannot travel
through fluid. This is the boundary between the
solid mantle and the molten outer core. It is an un-
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Geological cross section of Earth, showing the different layers of the interior. Image by IsadoraofIbiza, via Wikimedia Commons.



heliodor (brownish-green), and morganite (pink or
orange). Clarity of color determines much of the
beauty and value of gemstones. A “play of color” is
produced by various combinations of reflection, re-
fraction, diffraction, and interference phenomena; it
is well known from such gems as opal (opalescence)
and labradorite (labradorescence). Some stones are
selected entirely for their color. These may be
opaque or nearly so and may or may not take a high
polish. They include such stones as turquoise, jade,
and many varieties of quartz, such as jasper,
bloodstone, agate, and carnelian.

Some stones have inclusions that produce aes-
thetic effects, such as stars, eyes, spangling, or even
pictures. Stars and eyes are produced by minute
aligned voids or needles of minerals like rutile. If
they are in one direction, they produce eyes, as in
chrysoberyl and tourmaline. If they are in a hexago-
nal or in other star-shaped patterns, they produce
stars, as in star rubies, sapphires, diopside, and gar-
net. Spangling results from variously oriented small
inclusions of reflective minerals within the gem min-
eral, such as mica, rutile, or tourmaline.

DURABILITY

Durability of a gem mineral is its resistance to
scratching or breaking, a necessity for an owner of
jewelry because one does not want to damage a gem
and thus markedly reduce its value simply by
wearing it.

Hardness is the ability of a gem mineral to resist
scratching. Mineralogists and gemologists rank min-
erals against a hardness scale of common minerals,
called the Mohs hardness scale. From hardest to
softest, the scale is 10 (diamond), 9 (corundum), 8
(topaz), 7 (quartz), 6 (orthoclase feldspar), 5 (apa-
tite), 4 (fluorite), 3 (calcite), 2 (gypsum), and 1 (talc).
The hardness of 7, the hardness of quartz, is very
important in the selection of gems or gem minerals.
Quartz is a very common mineral, which means a
stone with a hardness of less than 7 becomes easily
scratched in our environment and therefore lacks
durability. Most of our well-known gem minerals
have a hardness greater than or equal to 7.

Resistance to breaking is referred to as tenacity.
Most minerals are brittle, but native gold is mallea-
ble, ductile, and sectile. Minerals break in two major
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Pumice flows emanating from another type of
eruption—the caldera collapse—can be some of the
most devastating types of pyroclastic flows. Here, a
caldera (an underground magma chamber) is
drained in a volcanic eruption. The collapse sends a
sheet of pumice outward rather than upward, filling
adjacent valleys and causing widespread destruction.
In some cases, ignimbrites emanating from a caldera
collapse have been known to wipe out an area hun-
dreds of kilometers wide, leaving extremely thick
deposits of pumice far from the volcano.

NUÉE ARDENTE FLOW

The second type of pyroclastic flow is called the
“nuée ardente” (“glowing cloud”), so named by
French geologist Antoine Lacroix. Nuées ardentes
are frequently associated with Peleen eruptions, af-

ter the deadly 1902 eruption of Mount Pelée in
Martinique. That eruption was marked by two mas-
sive, fiery pyroclastic flow clouds. The vertical col-
umn’s intimidating luminescence captured observ-
ers’ attention, although the surface level of the flow
was far more destructive.

Nuées ardentes are considerably denser in com-
position than are ignimbrites. Nuées ardentes occur
when the dome (a mass of viscous lava that cools and
forms a bulbous mass around the volcano’s vents) of
a volcano collapses explosively in an eruption. The
release of fluidized ash and rock in the pyroclastic
flow is too dense to travel into a volcanic column; it
therefore spills rapidly from the vents and along the
contours of the mountain at incredible speeds.
Nuées ardentes are nonvesiculated because they
contain blocks of fragments from the dome and ash
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Pyroclastic flows sweep down the flanks of Mayon Volcano, Philippines, in 2018. Photo by Jaycee Esmeria, via Wikimedia Commons.



cipitated out of the atmosphere and formed the
oceans. Only small amounts of water vapor re-
mained in the atmosphere, ranging from a fraction
of a percent to several percent by volume,

depending on atmospheric temperature,
season, and latitude.

The outgassed atmospheric carbon di-
oxide, being somewhat water soluble, dis-
solved in the newly formed oceans and
subsequently formed carbonic acid
through its reaction with water. Once
formed, carbonic acid can dissociate into
ions of hydrogen, bicarbonate, and car-
bonate. The carbonate ions reacted with
ions of calcium and magnesium in the
ocean water, forming first insoluble car-
bonate salts, which precipitated out of
the ocean and accumulated as seafloor
carbonate sediments, eventually accumu-
lating in sufficient quantities to form
beds of carbonate rock. Most of the
outgassed atmospheric carbon dioxide
formed carbonates, leaving only trace
amounts of gaseous carbon dioxide in
the atmosphere (about 0.035 percent by
volume). Sulfur dioxide, the third most
abundant component of volatile
outgassing, was chemically transformed
into other sulfur compounds, including
sulfuric acid and other sulfates in the at-
mosphere. Eventually, the sulfates
formed atmospheric aerosols and
gravitated out of the atmosphere to settle
on the surface.

The fourth most abundant outgassed
compound, nitrogen, is almost com-
pletely chemically inert in the atmo-
sphere and thus was not readily trans-
formed in large quantities, as was sulfur
dioxide. Only minor amounts of nitrogen
would be converted to various oxides by

the action of lightning, to be trapped as nitrogen
oxide salts in minerals. Unlike carbon dioxide, ni-
trogen is relatively insoluble in water and, unlike wa-
ter vapor, does not condense out of the atmosphere.
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A prism cross-section of the Earth’s atmosphere. The strata are drawn to scale, but indi-
vidual features are not. Image by Kelvinsong, via Wikimedia Commons.



ters. The density of this water may also be increased
by the seasonal formation of sea ice, ice formed by
the freezing of surface water in polar regions. When
sea ice forms, only about 30 percent of the salt in
the freezing water becomes incorporated into the
ice. The salinity and density of the nearly freezing
water beneath the ice are, therefore, elevated. This
cold, saline seawater eventually sinks under the in-
fluence of gravity to the bottom of the ocean, where
it moves slowly toward the equator. Deep-sea circu-
lation driven by temperature and salinity variations
in seawater is termed “thermohaline circulation”
and is much slower than surface circulation; the
cold, dense water generated at the poles moves only
a few kilometers per year. After moving along the
bottom of the ocean for anywhere from 750 to 1,500
years, the cold seawater rises to the surface in
low-latitude regions to replace the warm surface wa-

ter, which, as noted above, moves as part of the
global surface circulation system back to the polar
regions.

Thermohaline circulation and related deep-sea
currents are commonly affected by the shape of the
ocean floor. Although sinking cold seawater seeks
the deepest route along the sea floor, deep-sea cur-
rents may be blocked by barriers. The Mid-Atlantic
Ridge, the large volcanic ridge effectively bisecting
the Atlantic Ocean basin, may prevent the move-
ment of water from the bottom of the western Atlan-
tic to the eastern Atlantic. Conversely, the funneling
of deep-sea currents through narrow passages or
gaps in seafloor barriers will lead to an increase in
the velocity of the current. Once beyond the pas-
sage, however, the current spreads and velocity is re-
duced. Because both air and water act like a fluid,
these effects and behaviors are entirely analogous to
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A summary of the path of the thermohaline circulation. Blue paths represent deep-water currents, while red paths represent surface currents. Im-
age via Wikimedia Commons. [Public domain.]



to proteins, nucleic acids (DNA), and other nitro-
gen-containing organic molecules (NH3 nitrogenous
organic molecules: proteins, nucleic acids, and so
forth).

The nitrogen fixation is catalyzed by the enzyme
nitrogenase. Nitrogenase is sensitive to molecular
oxygen (O2). Nitrogen-fixing organisms possess sev-
eral morphological and biochemical modifications
designed to protect enzymes from oxygen inactiva-
tion. For example, the bacterium Rhizobium controls
the oxygen level in cells by the protein

leghemoglobin, which catches oxygen. In the case of
cyanobacteria, there are specialized cells (called
heterocysts) for nitrogen fixation. Heterocysts show
high rates of respiration, which ultimately reduces
oxygen levels in these cells.

Nitrogen fixation is an energy-consuming pro-
cess, which explains why cyanobacteria normally
have only 5 to 10 percent of heterocysts among their
cells. To maintain nitrogen fixation, other
cyanobacterial cells (vegetative cells) work to gener-
ate enough energy for heterocysts.
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Image via iStock/ttsz. [Used under license.]



energy within the Earth. They are of critical impor-
tance to humans because they reveal much about the
interior of the Earth and because they are one of the
most destructive naturally occurring forces found on
Earth.

The outermost skin of the Earth, called the crust,
is in constant motion as a result of large convection
cells within the upper mantle that circulate heat
from the interior of the Earth toward the surface.
The crust of the Earth is about 5 kilometers thick in
the oceanic basins and about 40 kilometers thick in
the continental masses, while the upper mantle is
about 700 kilometers thick. Because the crust is rela-
tively thin compared to the upper mantle, the crust
is broken up into several plates that float along the
top of each convection cell in the upper mantle.
Most earthquakes occur along the boundaries sepa-

rating the individual plates and are represented by
faults that may be thousands of kilometers long and
tens of kilometers deep. Although the vast majority
of earthquakes occur along these plate boundaries,
some also occur within the plate interior. The rocks
on either side of the fault fit tightly together and
produce great resistance to movement. As the blocks
of rock attempt to move against one another, the re-
sistance of movement causes stress, which is a force
per unit area, to build up along the fault. As the
stress continues to build, the rocks in the immediate
vicinity slowly deform, or bend, until the strength of
the rock is exceeded at some point along the fault.
Suddenly, the rocks break violently and return to
their underformed state, much as a rubber band
snaps to its original shape when it breaks. This rapid
release of stress is called elastic rebound. The point
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Image via iStock/VectorMine. [Used under license.]



other under the island of Krakatoa, affected weather
around the world for years. In 1980, Washington
State’s Mount St. Helens exploded, sending ash
around the world within two weeks. In 2010, the Ice-
landic volcano Eyjafjallajökull sent an ash cloud into
the sky that disrupted airline travel in Europe for
weeks. In October and November of that same year,
Mount Merapi erupted in Indonesia, prompting the
evacuation of hundreds of thousands of people from
the affected area. Despite the evacuations, more than
350 people died. These high-profile events are but a
sample of the volcanism that has affected life on
Earth. The early twenty-first century also saw numer-

ous smaller eruptions in countries around the world,
including Russia, Indonesia, and Italy.

LOCATIONS AND TYPES OF VOLCANISM

Volcanic eruptions are some of the most violent nat-
ural occurrences on Earth. They endanger lives,
threaten property, and even cause major changes in
the planet’s topography. Although scientists are un-
able to predict major eruptions, they have an exten-
sive knowledge of how volcanism occurs and can in-
terpret indicators of the likelihood of eruption.

Volcanoes are typically found along the edges of
Earth’s tectonic plates. The majority of the world’s

675

Our Changing Planet Volcanism

Cross section diagram of Earth showing some settings for volcanism on the planet. Image by Woudloper, via Wikimedia Commons.



these societies. The conversion of a pastoral econ-
omy from dependence on a species such as the
dromedary, a solitary and desultory grazer, to social
herders and voracious grass-eaters such as sheep or
goats—not to mention the issue of expanding hu-
man numbers—can destroy the equilibrium in a
marginal zone in a few seasons. Sheep, for example,
have been known to stimulate erosion simply be-
cause entire herds repeatedly follow the same path
to a water source and destroy the vegetation and soil
cover along the way.

As population density soared in the twenty-first
century, lower-income populations increased the
practice of clearing marginal lands of vegetation for
activities such as harvesting firewood. Ecologists
have estimated that an average-sized family living in
the arid borderlands of the African-Asian desert belt
consumes the wood production of 1 to 3 hectares of
land each year, and more than 25 million hectares
per year may be denuded of trees and forests to pro-
vide fuel for growing lower-income communities.

FINDINGS FROM CLIMATOLOGY AND

METEOROLOGY

The central problem in desertification research is to
determine to what degree expansion of deserts re-
sults from long-term, natural fluctuations in the
global environment and to what extent the phenom-
enon is a result of human intervention, and to dis-
tinguish the two. All the techniques that may be ap-
plied to the reconstruction of climatic history and
the tracking of meteorological patterns, therefore,
pertain to desertification studies.

Because of the generally brief period covered by
modern meteorological records and an imperfect
knowledge of the broader patterns of global climatic
change, many theories have emerged that accord
varying importance to natural and human-induced
factors in desertification. Some climatologists pro-
pose that during the twentieth century a global
swing toward greater aridity became apparent.
Northern Hemisphere records suggest an expansion
of polar air masses into lower latitudes with a conse-

738

Desertification Our Changing Planet

Extreme desertification in Somalia. Photo via Wikimedia Commons. [Public domain.]



sures the thickness of sedimentary rock on the ocean
floor. Petroleum reservoirs also are associated with
tectonic activity. Some of the largest oil fields in the
world exist where the Arabian plate is colliding with
the Eurasian plate.

After geologic information is used to locate poten-
tial reservoirs, an exploratory well is drilled to verify
the presence of hydrocarbons—that is, hydro-
gen-carbon compounds, which make up the primary
component of oil. The next step is the development
of appraisal wells, which are used to gather more de-
tailed data and to determine the shape and extent of
the formation. During the drilling of an appraisal
well, a geologist will keep a mud log, a record of the
types of rock being penetrated; the log also will note
if hydrocarbons are present.

Because hydrocarbons have a different electrical
resistivity than water, instruments may be sent down
the well to measure resistivity. These tools allow a
reasonably accurate mapping of the reservoir, but

nothing is certain until the well produces. A drill
stem test is a highly controlled way of testing for ac-
tual production potential by using a valve mecha-
nism to access the reservoir without fully opening it.
After the test, the valve is sealed.

THE DRILLING PROCESS

There are two methods of drilling: cable-tool drill-
ing, which involves using force to ram a hole into
the Earth to access the reservoir, and rotary drilling,
which works in a manner similar to a household
drill, with a bit that turns and cuts through the rock.
Cable-tool drilling is expensive and has fallen out of
use in most areas.

Drilling is used to make four types of wells: explo-
ration, appraisal, production, and injection. After
assessing geologic data, a company will drill an ex-
ploration well. If hydrocarbons are found, appraisal
wells are drilled in the surrounding area to deter-
mine the extent and shape of the reservoir. Explora-
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Photo via iStock/imaginima. [Used under license.]



Finally, interval zones are recognized as strata be-
tween layers where a significant change in fossil con-
tent takes place. For example, the mass extinctions
that took place 250 and 66 million years ago bound
a 184-million-year-long interval zone that is popu-
larly referred to as the “age of reptiles.”

DEVELOPMENT OF BIOSTRATIGRAPHY

Biostratigraphy developed independently in Eng-
land and France just after 1800. British civil engi-
neer William Smith worked in land surveying
throughout the country. From his vast field experi-
ence, he recognized that a given stratum usually
contains distinctive fossils and that the fossils (and

the stratum) could often be recognized across a
large area. Smith’s work culminated in his geological
map of England (1815), based on his tracing of
rock-fossil layers across much of the country.

Meanwhile, in France, Georges Cuvier and
Alexandre Brongniart studied the succession of
rocks and fossils around Paris. They, too, discov-
ered a definite relationship between strata and fos-
sils and used it to interpret the geological history of
the rocks exposed near Paris. In this history,
Cuvier saw successive extinctions of many organ-
isms coinciding with remarkable changes in the
strata. To him, these represented vast “revolutions”
in geological history, which Cuvier argued were of

910

Biostratigraphy Our Changing Planet

Amplexograptus, a graptolite index fossil, from the Ordovician near Caney Springs, Tennessee. Photo via Wikimedia Commons. [Public domain.]



Glossary

aa: a Hawaiian term (pronounced “ah-ah”) that has been
adopted for lava flows with rough, clinkery surfaces

abiogenesis: a process involving the generation of living
systems from nonliving components

ablation: the removal of material from a glacier, ice shelf,
or other mass of ice through evaporation, melting, or
splitting

abrasion: the wearing away of rock by frictional contact
with solid particles moved by gravity, water, ice, or wind

absolute date/age: the numerical timing, in years or mil-
lions of years, of a geologic event, as contrasted with
relative (stratigraphic) timing

accretion: the growth of a planet through gravitational at-
traction of matter in space; the process by which Earth
and other large planetary bodies formed

accretionary prism: a complex structure composed of
fault-bounded sequences of deep-sea sediments me-
chanically transferred from subducting oceanic litho-
sphere to the overriding plate; it forms the wall on the
landward side of a trench

acid deposition: the depositing of acidic materials on the
ground surface through the action of precipitation

acid precipitation: rain or snow that is more acidic than
normal, usually because of the presence of sulfuric and
nitric acid

acid rain: rain composed of water having a
lower-than-normal pH due to having dissolved and re-
acted with airborne contaminants to produce acidic
materials

acidification: the increased presence of hydrogen or alu-
minum in water or soil, which decreases the water’s pH

activity: the number of transmutations that occur in a spe-
cific process in a specific period of time, such as counts
per minute

acute toxicity: the effect of a toxic agent on an organism
that manifests from a large dose in a short time

adiabatic: a change of temperature within the atmosphere
that is caused by compression or expansion without
transfer of heat into or out of the system

aerodynamic lift: a measure of the degree of wind force
acting on a rotor, which is translated into power to a
generator in a wind-power machine

aerosol: an aggregate of dispersed gas particles suspended
in the atmosphere for varying periods of time because
of their small size

aftershock: an earthquake that follows a larger earthquake
and originates at or near the focus of the latter; many

aftershocks may follow a major earthquake, decreasing
in frequency and magnitude with time

agglutination: the clumping of particles to form a shell
around a particular organism or object

air mass: a mass of air in the lower atmosphere that has
generally uniform properties of temperature and
moisture

air stripping: the process of passing contaminated water
through an aeration chamber, causing the organic con-
taminants to volatilize into the gaseous waste stream

albedo: the fraction of visible light of electromagnetic ra-
diation that is reflected by the properties of a given type
of surface

algorithm: a set of instructions used to perform a task
alkaline: having a pH greater than 7 due to a lower con-

centration of hydrogen (H+) ions than are in neutral
water

allochthonous: rock or sediment that was not originally
formed in its present location, but some distance away

alloy: a substance composed of two or more metals or of a
metal and certain nonmetals

alpha (�) particle: the equivalent of the nucleus of a he-
lium atom consisting of two protons and two neutrons
ejected from the nucleus of some radionuclides as the
mechanism of radioactive decay

Alpine glacier: a small, elongate, usually tongue-shaped
glacier commonly occupying a preexisting valley in a
mountain range

ammonia: a colorless and highly toxic gas with a strong
odor; the odor of ammonia is frequently detected in
stables or sewage; salts of ammonia are used as fertilizer
for plants

ammonium ion: produced as a waste of such animals as
fish, during decomposition of organic nitrogen wastes
by bacteria, and by metabolism of some bacteria; forms
after dilution of ammonia in water; acidic and toxic to
humans because it interferes with respiration

amplitude: the positive or negative value (intensity) of an
anomaly as measured against the background values in
the region

andesite: a volcanic rock that occurs in abundance only
along subduction zones

angle of repose: the maximum angle of steepness that a
pile of loose materials such as sand or rock can assume
and remain stable; the angle varies with the size, shape,
moisture, and angularity of the material

anion: a negatively charged ion
anoxic: lacking oxygen
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