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How were the Appalachian Mountains formed? Are the barrier islands moving? Is there gold in
the Carolinas? The answers to these questions and many more appear in this reader-friendly
guide to the geology of North Carolina and South Carolina. Exploring the Geology of the
Carolinas pairs a brief geological history of the region with 31 field trips to easily accessible,
often familiar sites in both states where readers can observe firsthand the evidence of geologic
change found in rocks, river basins, mountains, waterfalls, and coastal land
formations.Geologist Kevin Stewart and science writer Mary-Russell Roberson begin by
explaining techniques geologists use to "read" rocks, the science of plate tectonics, and the
formation of the Carolinas. The field trips that follow are arranged geographically by region, from
the Blue Ridge to the Piedmont to the Coastal Plain. Richly illustrated and accompanied by a
helpful glossary of geologic terms, this field guide is a handy and informative carry-along for
hikers, tourists, teachers, and families--anyone interested in the science behind the sights at
their favorite Carolina spots.Includes field trips to:Grandfather Mountain, N.C.Linville Falls,
N.C.Caesars Head State Park, S.C.Reed Gold Mine, N.C.Pilot Mountain State Park, N.C.Raven
Rock State Park, N.C.Sugarloaf Mountain, S.C.Santee State Park, S.C.Jockey's Ridge State
Park, N.C.Carolina Beach State Park, N.C.and 21 more sites in the Carolinas!Southern
Gateways Guide is a registered trademark of the University of North Carolina Press

"Stewart is clearly enthusiastic . . . and Roberson . . . ensures that complex ideas are explained in 
a way that's intelligible to the general public."-- "Mountain XPress Outdoors""With "Exploring the
Geology of the Carolinas", authors Kevin G. Stewart and Mary-Russell Roberson have put
together an interesting amalgamation of textbook and travel guide." -- "State " (Columbia,
SC)""Exploring the Geology of the Carolinas" fills a long-standing void in the plethora of regional
field guides."-- Joe Miller, outdoors writer, Raleigh "News and Observer""A wonderful field guide
to geologic features in North and South Carolina. . . . A delight to read."-- "American Reference
Books Annual""Organized superbly. . . . Well-suited for geology enthusiasts."-- "Journal of the
North Carolina Academy of Sciences""This book will be a must for any naturalist traveling in the
Carolinas."-- Willie Calloway, executive director of the South Carolina State Museum"Well suited
for geology enthusiasts. . . . Useful, entertaining, and informative."-- "Journal of the North
Carolina Academy of Sciences""With "Exploring the Geology of the Carolinas," authors Kevin G.
Stewart and Mary-Russell Roberson have put together an interesting amalgamation of textbook
and travel guide." a "State" (Columbia, SC)This book will be a must for any naturalist traveling in
the Carolinas.Willie Calloway, executive director of the South Carolina State Museum"Exploring
the Geology of the Carolinas" fills a long-standing void in the plethora of regional field
guides.Joe Miller, outdoors writer, Raleigh "News and Observer"ReviewThis layman's survey of



the geologic past of the Carolinas provides amateur scientists a look at nature's course through
river basins, mountains, waterfalls, and coastal land formations. . . . With an easy-to-read
introduction and detailed glossary, even everyday rockhounds can learn to read nature's
writing.--Charleston MagazineFrom the Inside FlapThis book pairs a brief geological history of
the N.C./S.C. region with 31 field trips to easily accessible, often familiar sites in both states
where readers can observe firsthand the evidence of geologic change found in rocks, river
basins, mountains, waterfalls, and coastal land formations. Geologist Stewart and science writer
Roberson begin by explaining techniques geologists use to "read" rocks, the science of plate
tectonics, and the formation of the Carolinas. The field trips that follow are arranged
geographically by region, from the Blue Ridge to the Piedmont to the Coastal Plain.From the
Back CoverThis book pairs a brief geological history of the N.C./S.C. region with 31 field trips to
easily accessible, often familiar sites in both states where readers can observe firsthand the
evidence of geologic change found in rocks, river basins, mountains, waterfalls, and coastal land
formations. Geologist Stewart and science writer Roberson begin by explaining techniques
geologists use to "read" rocks, the science of plate tectonics, and the formation of the Carolinas.
The field trips that follow are arranged geographically by region, from the Blue Ridge to the
Piedmont to the Coastal Plain.About the AuthorKevin G. Stewart is associate professor of
geological sciences at the University of North Carolina at Chapel Hill.Mary-Russell Roberson is
a freelance writer living in Durham, North Carolina.Read more
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The Mystery of the Carolina Bays32. Flanner Beach: The Rise and Fall of Sea Level33. Jockey’s
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Inlets35. Carolina Beach State Park: Sugarloaf, Shells, and Sinkholes36. Colonial Dorchester
State Historic Site: The Charleston Earthquake of 1886GlossaryAdditional ResourcesIndexA
section of plates appears after page 74.PREFACEThis book is for anyone who has ever
wondered:♦ Why does Pilot Mountain rise abruptly out of a fairly flat landscape?♦ Why do you
find so much mica in the mountains but none at the beach?♦ Why is Mount Mitchell the tallest
mountain east of the Mississippi?♦ Why do ocean inlets always seem to be opening, closing, or
moving?♦ How did Jockey’s Ridge get to be so big?♦ How were the Appalachians formed?♦
What is it about our mountains that makes them such good places to find gems?♦ What kind of
dinosaur fossils have been found in the Carolinas?♦ How have plate tectonics affected the
Carolinas?We will answer all these questions and more in this book, and we will do it in a way
that nonscientists can understand. If you’re interested in knowing the stories of the geologic
events that have shaped the landscape of the Carolinas, this book is for
you.ACKNOWLEDGMENTSHeartfelt thanks to those who donated their time and expertise to
review the manuscript. We are particularly indebted to Dr. Chris Tacker, curator of geology at the
North Carolina Museum of Natural Sciences, who read through our manuscript twice and went
above and beyond the call of duty in making an incredible number of insightful suggestions that
improved our book both in content and style. Others who reviewed significant portions of the
manuscript include Andrea Bachl, Catherine Clabby, Tyler Clark, Jim Hibbard, Don Raleigh,
Ruth Roberson, Cheryl Waters-Tormey, and an anonymous reviewer for UNC Press. Thanks
also to park rangers, geologists, anthropologists, museum curators, botanists, reference
librarians, and others who reviewed individual chapters, answered questions, provided
information, or helped with photographs, including Ron Anundson, Norman Beaver, Beth
Bilderback, Richard Boyd, Kathryn Boyle, Ryan Boyles, Liz Butler, Boyd Cathey, Dave Cook,
Kelly Cooke, Lisa Coombs, Robin Copp, Jeff Corbett, Kim Cumber, Randy Daniel, Edward Farr,
Lori Fleming, Kenny Gay, Brian Gomsak, John Graham, Cynthia Gurganus, Duncan Heron, Jack
Horan, Jeff Horton, Mark Johnson, Marti Kane, Miriam Kennard, Richard Knapp, Jim Knight,
Dennis LaPoint, Paula LaPoint, Ida Lynch, Merrill Lynch, Lindsay Pettus, Bert Pittman, Lynn
Richardson, Russell Roberson, Maria Sadowski, Janell Sauls, James Sorrell, David Southern,
Karen Swager, Dillard Teer, Rich Thompson, Cindy Tripp, Jim Ward, Ken Wright, and Gene
Yogodzinski.Thanks to dozens of anonymous reference librarians at the Durham Public Library,
the North Carolina Collection at the University of North Carolina at Chapel Hill, the UNC
Department of Geological Sciences library, the South Caroliniana Collection at the University of
South Carolina in Columbia, Perkins and Lilly libraries at Duke University, the North Carolina
Archives, and the United States Geological Survey.Boundless thanks to our indexer, Sue
Marchman, who made the index to this book a thing of beauty and utility.Mary-Russell would
particularly like to thank her family and friends for helping with child care and other domestic
duties, engaging in lengthy discussions about the aptness of one word or another, discussing



the pros and cons of various titles, and for answering many, many questions along the lines of “Is
‘scarp’ a regular word or a geology word? What do you know about plate tectonics? If I said a
mineral crystal was platy, would you know what I meant?” She would also like to thank her
writing teachers and members of her writing groups and book clubs for many years of
stimulating discussion, exceptional insight, rigorous criticism, and sparkling company.Kevin
would like to thank the Chapman family and the Institute of the Arts and Humanities at the
University of North Carolina at Chapel Hill for a Chapman Family Fellowship during the writing of
this book. The semester spent at the institute was an extraordinary experience, and he is
indebted to his fellow Fellows for their insight, encouragement, and sound advice. Many thanks
to Stephen Birdsall, Kathryn Burns, Erin Carlston, John Covach, Arturo Escobar, Derek
Goldman, Sue Goodman, Beth Grabowski, Shantanu Phukan, Francesca Talenti, Karla Slocum,
Ruel Tyson, and Julia Wood.Kevin would also like to thank all of the UNC-CH graduate students
who have contributed to his understanding of Carolina geology: Mark Adams, Josh Borella,
Forrest Burton, J. P. Dubé, John Foudy, Lauren Hewitt, Jon Mies, Kara Syvertsen, Charles Trupe,
Cheryl Waters-Tormey, and Rod Willard.Finally, this book could not have been written if not for
the work of J. Robert Butler, a professor of geology at UNC who passed away unexpectedly in
1996. This book began as a collaboration between Bob and Mary-Russell, and the chapters on
Pilot Mountain and Morrow Mountain were written by them. Kevin was introduced to the
fascinating geology of the Carolinas by Bob, and Bob’s decades of research provided the
foundation for this book, as well as for the work of many other geologists. This book is in memory
of Bob.HOW TO USE THIS BOOKThis book is not intended to be read straight through. We
recommend that you read Chapters 1–5 first for a general introduction to some important topics
in geology and for an overview of the geologic history of the Carolinas. After that, pick and
choose among the field trip chapters as your interests and your travels dictate. Or start right in
with the field trips, and refer back to the first five chapters and to the glossary when you need
to.If a favorite spot of yours is not in the table of contents, check the index; it may be discussed in
the Nearby Features section of another field trip. When you are planning a visit to a site in this
book you might want to get some topographic or trail maps ahead of time (see Additional
Resources). Looking at a topographic map can help you pick out interesting landforms, as well
as help you locate yourself once you’re there.Even though we want you to pick up rocks to look
at them closely, please remember that rock collecting is not allowed in state parks and most
other public areas unless you have a special permit. The same goes for plants, archaeological
artifacts, and even fulgurites. (Don’t know what a fulgurite is? See Chapter 33.)As you use our
book, we hope you will begin to see the Carolinas with new eyes—looking at rocks and
landforms with newfound attention and wondering about them, listening for what stories those
rocks and landforms can tell you. Knowing a little geology can open up a whole new way of
enjoying the outdoors.Once you begin thinking about the landscape this way, you can begin to
notice how often the geologic history of a place lays the foundation for the human history of the
place. Morrow Mountain is an archaeological treasure trove because it’s composed of a type of



rock perfectly suited for making stone tools (see Chapter 19). The nation’s first gold rush started
in the Carolinas because of an ancient volcanic system that started out on another continent and
was later added to North America (see Chapter 17). The Wright brothers chose North Carolina
for their flying experiments because that’s where they could find a tall soft mountain of sand and
lots of wind (see Chapter 33).As Claude Lévi-Strauss wrote in Tristes Tropiques, “Every
landscape offers, at first glance, an immense disorder which may be sorted out howsoever we
please. We may sketch out the history of its cultivation, plot the accidents of geography which
have befallen it, and ponder the ups and downs of history and prehistory: but the most august of
investigations is surely that which reveals what came before . . . and in large measure explains all
the others” (Claude Lévi-Strauss, Tristes Tropiques, trans. John Russell [New York: Atheneum,
1964], 59–60).We invite you to join us in this “most august of investigations.”1: The Changing
Face of the Carolinas over Geologic TimeWhen you think of North and South Carolina, what
kinds of landscapes come to mind? Sand dunes and wide beaches? Forests and farms?
Swamps? Red clay fields? Rolling, green mountains?All these are present in the Carolinas
today, but geologically speaking, “today” is just an instant.If we could go back in time in the
Carolinas, we’d see great rift valleys, shark-filled seas, and soaring mountains. We’d hear and
feel volcanoes and violent earthquakes. We’d travel to the South Pole and the equator and
countless other places on the globe. While we can’t take the trip ourselves, the rocks of the
Carolinas have; they contain clues that geologists use to piece together the Carolinas’ long and
tumultuous geologic history.Two motors drive geologic change: weather and plate tectonics—
the slow but inexorable movement of pieces, or plates, of the earth’s outer shell. The plates
collide with one other, slide past one another, and pull apart from one another, producing
earthquakes, volcanoes, mountains, and ocean basins, and recycling old rocks into new ones
deep inside the earth. Landscapes produced by plate tectonics are then sculpted and
rearranged by rain, rivers, wind, and glaciers. Water, ice, and plants force their way into cracks in
rock, splitting the rock into smaller pieces, which eventually crumble into small grains. Rain and
wind tear down broken-up rock, and rivers and glaciers carry the pieces away, depositing them
at lower elevations. Rates of erosion vary significantly from place to place, depending on
climate, topography, and the nature of the bedrock. Wetter climates tend to break up rocks faster
than arid climates because they produce more rain, more rivers, and more vegetation. Huge
valley-filling glaciers move more sediment than do trickling streams. Streams racing down steep
mountainsides erode more sediment than slow ones on the plains.The Carolinas have
experienced all different kinds of climates and landscapes over millions of years. In fact, before
about 330 million years ago, “the Carolinas” weren’t even all in one piece—different parts of the
states were on different continents and moving in different directions.To get the picture, let’s look
at some snapshots of the earth and the Carolinas over geologic time. About seven hundred
million years ago, before there were any plants or animals on land, the Carolinas were covered
by a thick layer of ice. All the continents were grouped together near the equator, forming a
supercontinent called Rodinia. (One might ask how the Carolinas could have been glaciated



when they were at the equator. This was a time in earth history that geologists refer to as the
“snowball earth,” when as a result of a series of climatic and geologic events, most—if not all—of
the earth was covered in ice.) As Rodinia broke up, gashes that looked like Africa’s Great Rift
Valley appeared, some of them on land that would later be part of the Carolinas.Later, a large
island with active volcanoes collided with the Carolinas, pushing up a mountain range.
Something similar is happening in the South Pacific today—Australia is colliding with the islands
of Irian Jaya–Papua New Guinea and Timor to the north, creating 16,000-foot-high mountains on
the islands. When the volcanic island was colliding with the Carolinas—460 million years ago—
the seas were full of clams, trilobites, starfish, and armored fish. Primitive plants and arthropods
(ancient relatives of modern-day insects and crustaceans) were beginning to colonize the
land.After a later collision, when a continent made of parts of present-day South America and
Africa hit the Carolinas, a huge chain of mountains with peaks soaring to 20,000 feet and higher
stretched across the Carolinas. These were the fully grown Appalachians. Once again, all the
continents were united near the equator. The early Appalachians may have resembled the
present-day Andes—high glacier-covered peaks with tropical lower slopes. Insects, amphibians,
and primitive reptiles lived on the swampy land; sharks dominated the seas. Mammals did not
yet exist; nor did birds, dinosaurs, or flowers.In the not too distant geologic past—a mere 100
million years ago—dinosaurs roamed the Carolinas. North and South Carolina were near their
current locations on the globe, but the Coastal Plain was under- water, and the Piedmont
probably was too. A warm climate had melted all the glaciers, causing the sea level to rise. Birds
and mammals had evolved, although they would not flourish until the dinosaurs died out.
Primates—monkeys, apes, and humans—did not yet exist.The Carolinas TodayToday, the
continents are still moving. We can’t see the movement, but using satellite navigation systems,
we can measure it at rates of inches per year. The dinosaurs are gone, as are countless other
less spectacular species. Humans are by far the most numerous large mammals, at a global
population of almost 6.5 billion in 2005.In the Carolinas, rivers are wearing down the
Appalachians, as they have been for millions of years. Water runs downhill, carrying rocks and
soil with it, and joins with other water to form streams. When a river enters flatter topography, it
slows, dumping some of its load. On reaching the sea, a river gives up all its sediment. In the
western Carolinas, then, we have the remnants of a once-great mountain chain, and in the east,
thousands of feet of sediments, stripped from those same mountains and laid down in a huge
wedge. The wedge of sediments begins not too far east of Raleigh, North Carolina, and
Columbia, South Carolina. It gradually increases in thickness, until it is about 10,000 feet thick
under Cape Hatteras. Underneath those sediments are the same kinds of rocks found in the rest
of the Carolinas—the roots of a great mountain range.The Three Physiographic Provinces: Blue
Ridge, Piedmont, Coastal PlainWhile the Carolinas can be seen as the roots of a single
mountain range, they divide neatly into three physiographic provinces: the Blue Ridge, the
Piedmont, and the Coastal Plain (Plate 1). “Physiography” refers to the shape of the land; each
of our provinces has a distinct topography, and there is a good correspondence between the



ruggedness or smoothness of the topography and the underlying geology.The Blue Ridge
Mountains in North and South Carolina are part of the Appalachians, which extend from
Alabama to Newfoundland. The Appalachians are at their highest and most rugged in North
Carolina, where there are 43 peaks above 6,000 feet. Mount Mitchell, at 6,684 feet, is the
highest peak east of South Dakota’s Black Hills. In South Carolina, the Blue Ridge reaches
elevations of about 3,400 feet.The Piedmont begins at an abrupt drop in elevation called the
Blue Ridge escarpment, which runs from Virginia through South Carolina. The height of the
escarpment varies from about 1,000 to 2,000 feet. A good place to experience the Blue Ridge
escarpment is driving east on I-40 from the Eastern Continental Divide down to Old Fort, North
Carolina. In less than 5 miles, the road loses about 1,500 feet in elevation—one of the steepest
stretches of interstate highway in the country.The Piedmont is an area of gently rolling hills that
stretches all the way from New Jersey to Alabama. In northern New Jersey, the Piedmont is only
10 miles wide, but in North Carolina, it is at its widest—150 miles. The Carolina Piedmont
reaches elevations of about 1,500 feet at the base of the Blue Ridge escarpment, and gradually
declines to between 300 and 600 feet at the border with the Coastal Plain. The western
Piedmont is dotted with monadnocks, or isolated hills, made of rocks that are more resistant to
erosion than the surrounding rocks. These include Pilot Mountain and the Uwharrie Mountains in
North Carolina, and Little Mountain, Glassy Mountain, and Paris Mountain in South Carolina.The
Piedmont ends and the Coastal Plain begins at the Fall Zone, which is the place where you
would first encounter waterfalls and rapids if you were traveling upriver from the Coastal Plain,
as many early settlers were. The falls are created by a step in the topography as the hard
metamorphic and igneous rocks of the Piedmont give way to the soft sedimentary rocks of the
Coastal Plain.The Fall Zone was one of the first areas populated in colonial times, for two
reasons. First, the falls and rapids often marked the limit of upstream navigation for boats
coming inland. Second, the falls provided power for mills. Washington, D.C., and Richmond,
Virginia, are prominent Fall Zone towns. Carolina Fall Zone towns include Raleigh, Roanoke
Rapids, Rocky Mount, and Erwin in North Carolina and Columbia, North Augusta, and Cheraw
in South Carolina.The Coastal Plain is the largest province in the Carolinas, covering about 45
percent of North Carolina and about two-thirds of South Carolina. It is overlaid with sediments
and sedimentary rocks, which get thicker from west to east. Underneath the sediments are hard
metamorphic and igneous rocks similar to those in the Blue Ridge and the Piedmont. In
southern North Carolina and northern South Carolina, there is an area of sand and sand dunes
called the Sandhills. The Sandhills stand above the rest of the Coastal Plain, with a high point of
740 feet. Elevations in the rest of the Coastal Plain range from sea level to 300 or 400 feet.Rivers
flow wide and slow in the Coastal Plain, dropping sediment along the way. As rivers enter the
ocean, they often form large estuaries, where the tide ebbs and flows, and fresh and salt water
mix.Geologic Processes TodayThe main geologic processes taking place in the Carolinas today
are erosion and deposition. As the rivers continue on their way to the sea, they strip material
from the Blue Ridge and add it to the Coastal Plain. The Atlantic Ocean grows wider as the



Americas move west and Europe and Africa move east. Sea level is rising, as it has been for the
last 10,000 years. Aside from a very occasional earthquake, the Carolinas are geologically quiet.
The towering peaks and volcanoes are long gone. Their amazing stories, however, are still being
told by the rocks and landforms of present-day North and South Carolina. This book will help you
learn how to “read” rocks so you can hear the stories.2: How to Read RocksJust how do we
know that a vast mountain chain towered above the Carolinas? Or that volcanoes erupted near
Chapel Hill? Or that the sea once covered Kinston? In all sciences, researchers perform
experiments and record the results. Geology is no different: geologists melt rocks, squeeze
rocks in hydraulic presses, and run computer simulations. Geologists also measure and monitor
the activity of earthquakes, volcanoes, and the earth’s tectonic plates. But geology has an added
component that not all other sciences do: piecing together events that happened in the past. In a
sense, geologists’ primary laboratory is nature, and most of their “experiments” have already
been run. No human was around millions of years ago to record what happened in a lab
notebook. Instead the record is contained in rocks. Geologists have learned to “read” rocks to
figure out what processes produced them. Was it movement along a fault? Intense heat and
pressure? Slow cooling of liquid rock?Every rock tells a story, but some rocks speak more
clearly than others. Basalt is produced by volcanic eruptions; there’s no other way to get it.
Sandstone, on the other hand, can form on a beach, along a river, or in a desert. While there are
hundreds of different kinds of rocks, like basalt and sandstone, all rocks fall into three main
categories: sedimentary, igneous, and metamorphic.Sedimentary rocks are usually made of bits
and pieces of other rocks that are deposited by water or wind. They can also be made of shells
or other sediments produced by marine animals or terrestrial or marine plants. You can often
recognize a sedimentary rock simply by noticing that there are sediment grains or fossils in it.
You might also notice the layers, each layer representing a different episode of
deposition.Igneous rocks form when molten rock cools and solidifies. Molten rock can cool
slowly deep underground, or erupt—sometimes explosively—out of a volcano at the earth’s
surface. When molten rock cools, the minerals crystallize into an interlocking network. Individual
mineral crystals may be fairly large—a fraction of an inch to an inch across—or they may be too
small to be seen with the naked eye.Metamorphic rocks form when any kind of rock is subjected
to enough heat and pressure to change it, but not enough to melt it. This usually happens deep
underground when rocks are forcefully buried by collisions between pieces of the earth’s crust
called tectonic plates. Metamorphic rocks often have strongly deformed layers, which develop in
response to intense pressure.How to Read Sedimentary RocksSedimentary rocks are formed
by the deposition or accumulation of materials at the earth’s surface and originate in one of three
ways.Clastic sedimentary rocks form by the accumulation of rock or mineral fragments that have
been moved—by wind, water, ice, or landsliding—from one place to another. Some common
clastic sedimentary rocks are sandstone (made of sand), conglomerate (made of particles
coarser than sand), siltstone (made of particles finer than sand), and shale (made of very fine
particles of clay and mud). To estimate the size of the particles in a clastic sedimentary rock, use



the following guide: If the individual particles can be distinguished with the naked eye, but are
smaller than about a sixteenth of an inch in diameter, the rock is sandstone. If the particles are
greater than about a sixteenth of an inch in diameter—whether pebbles, cobbles, or boulders—
it’s conglomerate. If the particles are not visible to the naked eye, it’s either siltstone or shale. To
tell the difference between these two kinds of rock, geologists sometimes gently grind a small
piece between their back teeth; siltstone feels gritty, shale does not.Biogenic sedimentary rocks
are made of sediments produced by plants and animals. For example, coal is made from plant
remains. Limestone is commonly formed by the slow accumulation of the shells of single-celled
marine life. Coquina is made from larger sea shells (see Figure 35-2).Evaporites are formed by
the evaporation of salt water. As salt water evaporates, different salts become concentrated to
the point that they come out of solution as solids. Halite is an evaporite made of salt (sodium
chloride). Gypsum is made of calcium sulfate. Evaporites are rare in the Carolinas, although in
some of the sedimentary rocks in the Triassic basins (described in Chapter 21) there are small
cube-shaped casts of what were once crystals of halite that have been dissolved away. Other
evaporites can be found offshore, buried within the sediments of the continental shelf of the
Carolinas. These are large balloon-shaped intrusions of salt called salt domes. They form
because salt is less dense than most sedimentary rocks and therefore has a tendency to flow
upward and punch its way through the overlying layers. Salt is ductile, meaning it can flow like
thick putty, so it rises upward in dome-shaped pillars and blobs.The place where sediments
accumulate is called the environment of deposition. As we mentioned before, sandstone can be
formed in more than one environment of deposition, such as a beach, a desert, or a river. Coal,
on the other hand, always forms in swamps because the stagnant water in the bottoms of
swamps tends to be oxygen poor, keeping the organic debris from oxidizing and disappearing.
Coquina usually forms in the ocean. Some sediments are deposited in the same place they were
produced, such as reef limestones. Other sediments are carried for miles, by water or wind,
before they are deposited. For example, the quartz sand on the beach may have come from
granite in the mountains.Let’s say you’re looking at an outcrop of sedimentary rock and you want
to figure out how it formed. There are several clues that you should look for. If the grains of
sediment are big enough to see, take note of their size. If the grains are as large as marbles,
then wind could not have carried those grains, but a fast-flowing stream could have. Are the
grains all the same size (well sorted), or are they many different sizes (poorly sorted)? Wind
tends to carry and deposit grains in a fairly small range of sizes (clay, silt, and fine sand), so
wind-blown deposits are well sorted. Beach sands also tend to be well sorted. That’s because
most rivers travel over areas of low relief right before they dump their sediment into the ocean;
they are not traveling fast enough to carry sediment larger than sand. Then, the wave action of
the ocean winnows out particles smaller than sand, which are deposited farther offshore. (Not all
beach sands in the world are well sorted, however. Where rivers cascade down coastal
mountains directly into the ocean, they bring large and small sediments with them.) Sediments
deposited by a glacier are never well sorted. Ice picks up everything it comes across, without



regard to size, and melting ice dumps sediment in the same haphazard way.We can also use the
shape of the grains to learn something about the origin of a sedimentary rock. Smoothly rounded
grains have usually traveled farther from their source than angular grains. That’s because when
sediment travels a long way, either by water or by wind, it bumps and bounces off the streambed
or other particles, causing its corners to round off. In fact, windblown grains typically have a
“frosted” surface because of their constant abrasion by neighboring grains.If you can tell what
the grains are made of, that might help you figure out where the sediment is from. The grains,
after all, are samples of the original rock that was eroding upstream or upwind. Clastic
sedimentary rocks mostly contain common minerals like quartz, feldspar, and clay, which are
found just about everywhere. However, small amounts of rarer minerals, such as garnet or
kyanite, may help you narrow down possible source areas for the sediment.Now step back and
look at the whole outcrop. Does the rock have any patterns? Is it layered? Sedimentary rocks are
usually deposited as horizontal layers called beds, but in some kinds of sandstone, we see
bedding that is tilted. For example, think of sand dunes. Dunes migrate because wind blows
sand up the back side of the dune, then deposits it on the leeward side of the dune as a sloping
pile of sand. The sand accumulates in layers on the leeward face of the dune, and the layers are
inclined at angles ranging from 30 to 35 degrees. We can see these inclined layers—called
cross-beds—preserved in sedimentary rock (Figure 2-1). Sometimes a rock preserves mud
cracks or small ripple marks—just like the ripple marks you’ve probably seen in sand at a river’s
edge, at the beach, or on a dune. When you see ripple marks in a rock, you know the sediments
were deposited by water or wind. When you see mud cracks in a rock, you know that the
sediments were alternately saturated and dried out.Biogenic sedimentary rocks, such as
limestone or coal, usually contain bits of fossilized shells or plants. By looking at the kinds of
animals or plants that contributed to making the rock, we can learn the age of the rock, whether
or not it formed in the deep sea, at a tropical coral reef, or in a swamp, and what the climate was
like at the time the sediments were deposited.Evaporites, which indicate high rates of
evaporation, form almost exclusively in deserts or other arid environments. The salty shores of
the Great Salt Lake in Utah are a place where evaporites are being deposited today. The salt
domes off the coast of North Carolina rose millions of years ago as flat layers of salt in a deep
arid basin, one of many such basins that were formed when the supercontinent Pangea was
tearing apart. Later the Atlantic Ocean flooded the area.FIGURE 2-1. Inclined cross-beds within
horizontal beds of sandstone in Utah.How to Read Igneous RocksIgneous rocks form when
molten rock cools. Molten rock is called magma when it’s underground and lava when it reaches
the earth’s surface (as in a volcanic eruption). Magma is not everywhere below our feet, contrary
to what you might see in movies. The processes that generate molten rock are most commonly
found at plate boundaries—the places where pieces of the earth’s outer shell are tearing apart,
colliding, or sliding past one another. (We’ll explore plate tectonics more fully in the next chapter.
For now, all you need to know is that the surface of the earth is broken into about a dozen plates
that move around very slowly.) Because of this association between molten rock and plate



boundaries, much of the information we get from igneous rocks has to do with the way the plates
move around. Whereas sedimentary rocks tell us about what was going on at the earth’s
surface, igneous rocks tell us about what was going on at plate boundaries.When reading an
igneous rock, the first step is to look at the size of the mineral grains in the rock. Large grains—
those that are visible to the naked eye—mean the magma cooled slowly. Very small or
microscopic grains mean that the molten rock cooled quickly (Figure 2-2). So if you find an
igneous rock with large grains, you know the rock cooled deep underground, solidifying
gradually over a long period of time—anywhere from thousands to millions of years. These kinds
of rocks are called plutonic igneous rocks, after Pluto, the Roman god of the underworld. If you
find an igneous rock with very small grains, it probably came to the surface as lava from a
volcano and cooled quickly—anywhere from a few seconds to a few days. These kinds of rocks
are called volcanic igneous rocks, after Vulcan, the Roman god of fire.FIGURE 2-2. Fine-grained
igneous rock, which cooled quickly, on the left (andesite); it was later intruded by coarse-grained
igneous rock, which cooled slowly, on the right (diorite). Photo taken at the Bacon Quarry east of
Hillsborough, North Carolina.Next, look at the color of the rock. Overall, is it light, dark, or in
between? These colors generally reflect the rock’s chemical composition. Light-colored igneous
rocks typically have lots of white and pink minerals with smaller amounts of dark minerals; they
are rich in silica (a combination of the elements silicon and oxygen). A common silica-rich rock
with visible crystals is granite. Granite’s visible crystals tell us that the rock cooled slowly
underground in a magma chamber. If the magma had cooled quickly, the rock would have
hardened before large crystals had time to grow. When similar magma erupts as lava, the
resulting rock has small grains and is called rhyolite. Light-colored igneous rocks, such as
granite and rhyolite, most commonly form where two plates are coming together and at least one
of the plates is a continent.Dark igneous rocks are made mostly of gray, black, or dark green
minerals. They have less silica and more calcium, iron, and magnesium. If the grains are visible,
the rock is called gabbro; if the grains are microscopic, it is called basalt. Gabbro forms in
underground magma chambers while basalt is hardened lava. Basalt and gabbro form most
commonly where plates are pulling apart from one another.A third class of igneous rock is
intermediate in chemical composition between granite and basalt. These rocks either have a salt-
and-pepper appearance (visible grains) or are relatively uniform gray (microscopic grains); the
salt-and-pepper rock is called diorite (Figure 2-2). The gray rock is called andesite. These rocks
commonly form when two plates—one of which is a continent—are coming together.How to
Read Metamorphic RocksA metamorphic rock has experienced enough heat and pressure to
change the minerals and appearance of the rock, but not enough to melt it. These kinds of
conditions exist deep underground.Metamorphic rocks are full of clues to their origins, and many
of these clues are gorgeous—stripes, folds, crenulations, or shapes called augen (“eyes” in
German) or boudins (“sausages” in French). Metamorphic rocks can contain gem minerals such
as garnets and often have glittery flakes of mica (Plates 2 and 3).When studying a metamorphic
rock outcrop, the first thing you should notice is how extensive the metamorphism is. If it is a



narrow band (as narrow as a foot or two) where it is in contact with igneous rock, then it is most
likely contact metamorphism. When magma intrudes a preexisting rock, the heat from the
magma can cause minerals in the surrounding rock to recrystallize.If, on the other hand, there is
metamorphic rock for miles around, you know something bigger was going on. For example, the
vast majority of rocks in the Carolina Piedmont and Blue Ridge are metamorphic. The only way
to metamorphose that much rock at once is to push it deep underground. This happens anytime
two plates collide, forcing one of the plates below the other. The rock on the down-going plate
gradually encounters temperatures and pressures high enough for metamorphism.Some
metamorphic rocks preserve features of the original rock, especially if they have been heated
and buried only slightly. In that case, we can use the techniques described above to read the
information contained in the original sedimentary or igneous rock. For example, marble
(metamorphosed limestone) sometimes contains recognizable fossils. Quartzite
(metamorphosed sandstone) sometimes contains cross-beds (see Figure 18-3). Weakly
metamorphosed igneous rocks retain their original minerals, although the grains may be a bit
rearranged. More commonly, though, metamorphism is intense enough to wipe out the features
of the earlier rock. Typical metamorphic rocks in the Carolinas have layers, which in
metamorphic rocks we call foliation (Figure 2-3A). These layers are not relic sedimentary
bedding; they are a result of elevated temperatures and pressures causing new minerals to grow
with a preferred orientation, thus producing the foliation. The foliation is commonly wrinkled or
folded as a result of the intense pressure (Figure 2-3B). Rocks undergoing metamorphism are
often exposed to temperatures over 1,000°F and pressures of over 150,000 pounds per square
inch for millions of years. It’s important to remember that metamorphic rocks have not been
melted—all the changes they undergo take place in solid rock.Carolina metamorphic rocks
commonly contain mica and garnet (Plate 3). The presence of either of these minerals along
with strongly deformed layers tells you the rock is metamorphic. Let’s say you find a foliated rock
that contains large flakes of mica and crystals of garnet. The large grain size tells you that the
rock was heated to a high temperature: high temperatures allow atoms to move more easily in
the solid rock, resulting in larger crystals. If you analyze the chemical composition of the garnet
and mica in the lab, you can pinpoint quite precisely the maximum temperature that the rock
experienced.Other minerals give you other clues. Sillimanite, which often looks like thin white
needles, is present only in rocks that have experienced high temperatures—900°F or more.
Kyanite, which has the same chemical formula as sillimanite (Al2SiO5), is a beautiful blue or
gray mineral and occurs only in rocks that have experienced high pressure, usually over 50,000
pounds per square inch (see Figure 16-2). So, if a rock contains kyanite, you can generally
assume that it was once buried quite deeply, 7 miles down or more. Yet another form of Al2SiO5
is called andalusite, which is commonly a dark brown blocky mineral that forms under conditions
of relatively low pressure and low-to-moderate temperatures (see Figure 20-2). By knowing how
hot or how deeply buried a metamorphic rock was, we can learn about conditions far down in the
earth and the processes that bring deep rocks to the surface.FIGURE 2-3. Foliated metamorphic



rock (gneiss). A: Well-developed foliation due to fault movement. B: Folded foliation.
Photographs taken in the Blue Ridge Mountains, North Carolina.Metamorphic rocks usually form
at least 5 miles underground. So how do they get back up to the surface? Erosion is the most
important way. As mountains rise and erode, once–deeply buried rocks become exposed at the
surface of the earth.How to Tell a Geologic StoryOnce you’ve learned to identify rocks, the next
step is to look for the relationships between different kinds of rocks in the field to try to piece
together a story about geologic events. For example, when sediments are deposited, younger
sediments always are dumped on top of older sediments, so in a stack of sedimentary rocks, the
oldest are on the bottom (this is called the principle of superposition). If you see a big quartz vein
cutting straight across several different kinds of rock, you’ll know the quartz vein formed after the
other rocks did, because a quartz vein cannot form in thin air—by definition, it cuts another rock.
A body of magma can intrude preexisting rock layers, but sedimentary rocks cannot intrude
granite. Using clues like these, you can figure out the relative ages of different rocks and begin to
put together a geologic story. An important part of this process is to make sure that the rock
outcrops you are looking at are not just loose boulders on the surface, but are in situ (in place)—
that is, that they are still connected to the crust.Sometimes in the field you’ll come across
puzzling relationships. What if you find older sedimentary rocks on top of younger sedimentary
rocks? What if you find a layer of sedimentary rock on top of a body of granite? What if you find a
quartz vein that looks like it has been sliced in two and the two halves no longer meet up?
Relationships like these can often be explained by erosion or by faulting. For example, imagine a
large body of granite that gets exposed at the earth’s surface and the top of it gets eroded away.
Then later the area is covered by water and layers of sediment are deposited. The contact
between the granite and the sedimentary layers is called an unconformity because it represents
a gap in time caused by erosion.Faulting can put older sedimentary rock on top of younger
sedimentary rock or slice quartz veins. Faults are fractures in the earth where two bodies of rock
are moving in opposite directions. The three most important kinds of faults in the Carolinas are
normal faults, thrust faults, and strike-slip faults (Figure 2-4). Normal faults form when the crust is
pulled apart; thrust faults occur when the crust is compressed. Strike-slip faults form when two
pieces of crust slide past each other horizontally. In the field, you can work out what type of fault
you’re looking at by mapping the rock types on either side of the fault and trying to match them
up.Whenever you see rocks in the wrong positions, such as older rocks on top of younger rocks,
suspect a fault. Another way to recognize a fault is to look for highly fractured or highly stretched
rocks (Figure 2-3A). Highly fractured rocks often indicate a fault in the upper, cooler part of the
crust, where rocks grind past one another, breaking and shattering in the process. Stretched
rocks often form as a result of faults in the lower, hotter part of the crust, where rocks ooze and
stretch like putty.FIGURE 2-4. The three kinds of faults.Faults sometimes contribute to features
in the landscape. Rocks that have been ground up in fault zones are more easily eroded than
intact rock, so streams tend to form valleys along fault lines. A good example is the series of
valleys that correspond to the Brevard fault (see Figure 14-2). Normal faults often produce steep



slopes, called fault scarps.The Carolinas are shot through with faults. Most are inactive, but a
few, such as those near Charleston, South Carolina, are still active and capable of producing
large earthquakes (see Chapter 36).The reason we study rocks and the relationships between
them is to try to piece together information about how geologic processes work today, and when
and where those processes have occurred in the past. Sedimentary rocks give us clues about
processes at the earth’s surface. Igneous rocks are full of information about what goes on at
plate boundaries. Metamorphic rocks contain stories about the conditions that exist miles below
our feet. The spatial relationships between rocks in the field tell us about past geologic events. If
you find a rock outcrop that contains evidence of a geologic event, and if you are able to
discover the age of that rock, then you can add another piece to the puzzle that is geology.3:
Adding to the Body of Geologic KnowledgeGeology, like all science, is a growing and changing
body of knowledge. New ideas, new field work, new lab work, and new technologies continue to
expand the boundaries of what we know. New data can prove or disprove old ideas or lead to
new ideas. Proven ideas are added to the foundation of geologic knowledge; new ideas are
tested, leading to more work and more data. Sometimes the pace is steady; sometimes great
progress occurs suddenly. Either way, as geologists continue to work in the field and the
laboratory, our knowledge grows. Like geology in general, the geologic history of the Carolinas
presented in this book contains undeniable facts and controversial new hypotheses and
everything in between. (We’ll let you know which are which.)When trying to piece together
events of the past, geologists, like crime-scene detectives, look for a “smoking gun” to make a
case. Sometimes we find one; sometimes we don’t. Usually geologists gather enough evidence
to prove a particular explanation to be very likely, often beyond a reasonable doubt. But there are
times when simply not enough information is at hand. In that case, several possible hypotheses
must be kept in mind until more definitive data become available.And new data do continue to
become available, not just because geologists keep working, but also because new
technologies reveal new information, just as DNA analysis can shed new light on an old criminal
investigation. Mass spectrometers measure quantities of a particular element down to the
picogram (that’s one-trillionth of a gram). Scanning electron microscopes and electron
microprobes reveal the structure and composition of earth materials as small as a micron (a
micron is about 1/100th the thickness of a strand of human hair).Just as detectives don’t get to
choose what evidence is present at a crime scene, so geologists must take the earth as it is. Dirt
and soil cover the bedrock, as do plants, parking lots, and cities. And, just as in crime-scene
investigations, the older the event, the more likely it is that some of the evidence will be missing.
Some crimes take a long time to solve because a key piece of evidence is hard to uncover.
Geologists often face the same problem. It may take decades of work to arrive at a convincing
conclusion.A great geologic detective story is the discovery of plate tectonics. The realization
that the earth’s outer shell is broken into large pieces that are constantly (but slowly) moving
came about through a series of discoveries over many years. Since the time when accurate
maps of the world were first printed, people had noticed that the coastlines of Africa and South



America fit together like pieces of a jigsaw puzzle. Geologists documented other patterns that
defied easy explanation: Why are the world’s volcanoes concentrated in what’s known as the
Ring of Fire—a narrow zone that rims the Pacific Ocean? Why do the epicenters of deep
earthquakes also cluster along the Ring of Fire? Why is there an undersea mountain range that
circles almost the entire globe? Why are the Himalayas gaining elevation, while the
Appalachians are losing elevation?The work of many geologists on separate problems
eventually led to a comprehensive theory that explained all these patterns and more. In 1928
Kiyoo Wadati of the Central Meteorological Observatory of Japan noticed a zone of deep
earthquakes beneath Japan. In 1954 Hugo Benioff of the Cali-fornia Institute of Technology
proposed that deep earthquakes beneath active volcanoes and growing mountains were caused
by rock sinking deep into the earth at those places. In 1962 Harry Hess of Princeton University
suggested that the submarine mountain ranges, or midocean ridges, were places where new
oceanic crust was being created and spreading out. Then, in 1968, the work of these geologists
and many more was synthesized into an overarching theory by Bryan Isacks, Jack Oliver, and
Lynn Sykes of Lamont Geological Observatory at Columbia University. They called their new
model “global tectonics,” and it essentially describes our modern understanding of plate
tectonics: the outer shell of the earth is composed of about a dozen rigid fragments called
plates, which move apart, come together, and slide past one another (Figure 3-1).Plates can be
made of continental crust or oceanic crust or, most often, a combination of the two. Practically
speaking, the main difference between the two kinds of crust is density: continental crust is less
dense and thus floats higher than oceanic crust. (What is the crust floating on? The mantle, the
layer of dense rock underneath the crust.) Continental crust is made of many different kinds of
rocks, while oceanic crust is virtually all basalt and gabbro. Different sorts of geologic processes
take place at the three different types of plate boundaries: divergent (moving apart), convergent
(coming together), and transform (sliding past) (Figure 3-2).FIGURE 3-1. The earth’s major
tectonic plates. The arrows show relative motion at plate boundaries. The stars show the
locations of the three largest earthquakes on record.Divergent plate boundaries most commonly
originate in continental crust. As one plate breaks in two, rocks from the mantle “well up” into the
widening crack. The rocks that are welling up are not molten, but rather a flowing solid. They do
melt, however, when they meet the lower pressures near the earth’s surface, and after cooling
and solidifying, they become new oceanic crust. As oceanic crust accumulates in the crack, one
continental plate becomes two. Eventually, sea water floods the dense, low-elevation oceanic
crust. That’s why most divergent plate boundaries are now found in the middle of oceans, such
as the Mid-Atlantic Ridge, which separates the North American plate from the Eurasian plate. An
active divergent plate boundary can be seen on land where the Mid-Atlantic Ridge emerges in
Iceland. The Red Sea is a geologically young “ocean” created by the divergent plate boundary
that is pushing apart the Arabian Peninsula and northeastern Africa (Figure 3-1). The Great Rift
Valley in East Africa is likely to evolve into a divergent plate boundary. A string of lakes including
Lake Tanganyika and Lake Malawi traces the path of the Great Rift Valley in the vicinity of the



western border of Tanzania. The rifting of the crust and the generation of magma mean that
divergent plate boundaries are commonly associated with earthquakes and active volcanoes.At
convergent plate boundaries, two plates come together. If one of the plates is oceanic crust,
which is denser than continental crust, it will sink—subduct—under the other plate. The
movement of the plates scraping together during subduction creates earthquakes. The most
powerful earthquakes that have ever been measured occurred at convergent plate boundaries,
including the December 26, 2004, earthquake in Sumatra (magnitude 9.0), the 1964 earthquake
in Alaska (magnitude 9.2), and the 1960 earthquake in Chile (magnitude 9.5) (Figure 3-1).
Convergent plate boundaries are also the sites of some of the most active volcanoes on earth.
When an oceanic plate sinks into the mantle, water trapped in the rocks and sediments of the
plate is liberated. When this water mixes with overlying hot mantle rocks, the mantle rocks melt,
because water lowers the melting point of rock. The molten rock rises to the surface and erupts
from volcanoes (Figure 3-2).FIGURE 3-2. The three kinds of plate boundaries. In this diagram
plates A and B are separated by both a divergent and transform plate boundary. Plates B and C
are separated by a convergent plate boundary. Accretionary wedges develop along convergent
plate boundaries as rocks and sediments are scraped off the subducting plate.If both plates at a
convergent boundary are continental, neither plate is likely to subduct because they are too
buoyant (in some cases, a small amount of continental crust will subduct, but buoyancy prevents
it from going far). The plates collide, and the convergence eventually ceases. These continental
collisions produce the largest mountain ranges on earth, such as the Himalayas. The Carolinas
have experienced continental collisions in their geologic past.When two plates simply slide past
one another, this is called a transform plate boundary. The San Andreas fault in California is an
example: here, the western edge of California is sliding northward. Transform plate boundaries
can generate large, damaging earthquakes, but they typically do not produce many volcanoes.
When there is a bend in the fault, transform plate boundaries can stimulate the building of
mountain ranges, such as the San Gabriel Mountains north of Los Angeles, but these mountain
ranges are much smaller than those produced by continental collisions.From the beginning,
plate tectonics was a successful theory because it tied together disparate pieces of information,
enabled geologists to make successful predictions, and explained long-observed patterns, such
as the following:♦ Earthquakes and volcanoes are concentrated at the edges between plates
because that is where plates grind against one another, separate, and are recycled into the
mantle.♦ Submarine mountain ranges are places where upwelling mantle comes to the surface,
generating new oceanic crust and pushing plates away from one another.♦ The Himalayas are
growing because the Indian-Australian plate is colliding with the Eurasian plate, pushing the
bedrock of Asia higher and higher.♦ The Appalachians are shrinking because the collision that
produced them is long over and the mountains are eroding.♦ The jigsaw-puzzle fit of the
continents is no illusion—South America and Africa used to be stitched together.The new theory
explained so many patterns so well that Isacks, Oliver, and Sykes could express considerable
confidence in their pathbreaking paper:Few scientific papers are completely objective and



impartial; this one is not. It clearly favors the new global tectonics. . . . In the final section,
however, we report an earnest effort to uncover reliable information from the field of seismology
that might provide a case against the new global tectonics. There appears to be no such
evidence. This does not mean, however, that many of the data could not be explained equally
well by other hypotheses (although probably not so well by any other single hypothesis) or that
further development or modification of the new global tectonics will not be required to explain
some of the observations of seismology. It merely means that, at present, in the field of
seismology, there cannot readily be found a major obstacle to the new global tectonics. (Bryan
Isacks, Jack Oliver, and Lynn Sykes, “Seismology and the New Global Tectonics,” Journal of
Geophysical Research 73 (1968): 5855–99)Even though there were no major obstacles to the
new theory, there was no smoking gun—that is, measurable plate movement. Plates move at
about the same speed that fingernails grow, and scientists in the 1960s and 1970s didn’t have a
reliable way to measure such slow movement. That changed during the 1990s with the
development of the Global Positioning System. GPS is a constellation of satellites that were
launched to provide a means of accurate navigation for the U.S. military; it can measure
locations to within a fraction of an inch. During the last decade, geologists have deployed these
instruments around the globe and have discovered that the plates are in fact moving in the
directions and at the rates predicted. Plate tectonics has now been conclusively proven.The
development of this overarching theory of geology is an example of what Thomas Kuhn, a noted
philosopher and historian of science at MIT, called a “paradigm shift.” A paradigm shift occurs
when a new theory brings together a wide range of information into a cohesive whole, providing
a new unified framework with which to understand and interpret both old and new data. There
were several other paradigm shifts in twentieth-century science, including Einstein’s theory of
relativity in the early part of the century and the development of molecular biology in the 1950s.
True paradigm shifts in science are rare, and we may not see another for a long time.Examples
of smaller-scale geologic detective stories abound in the Carolinas. Running nearly north-south
through the middle of the Carolinas is a belt of igneous and weakly metamorphosed volcanic
and sedimentary rocks called the Carolina terrane (“terrane” refers to an area containing the
same or similar bedrock throughout that shares the same or similar geologic history). Most of
these rocks are about 500 to 600 million years old. Their chemical composition shows that they
were created when two plates were coming together at a convergent plate boundary. If we look
farther west in the Carolinas, we find sedimentary rocks of a similar age that were deposited on
a passive margin, which is the edge of a continent that is not a plate boundary (the east coast of
North America today is a passive margin). Clearly, the margin of the Carolinas could not have
been a place where there was a passive margin and a convergent boundary at the same time,
so how could this be explained?One key piece of evidence came from fossils. At the dawn of the
Cambrian period, the earth’s oceans teemed with trilobites, ancient relatives of crabs and
lobsters (Figure 3-3). Paleontologists (geologists who study fossils) have identified at least nine
different species of Cambrian trilobites in the rocks of the Carolina terrane. These trilobite



species never lived off the coast of this continent; they lived in the waters off the coast of an
ancient continent called Gondwana, which consisted of parts of South America and Africa. This
showed that the rocks of the Carolina terrane were not “native” to North America but started out
on a different continent. Because the Carolina terrane originated as part of a different continent
and was added to North America later, geologists refer to it as an “exotic” terrane.So our mystery
is solved. Millions of years ago when the ancient North America had a passive margin, the rocks
of the Carolina terrane were part of a convergent plate boundary in Gondwana. During a later
collision, these rocks were added on to North America—putting passive margin rocks and
convergent rocks of a similar age right next to each other.Other Carolina mysteries are not yet
solved. In 1992 Rod Willard, a gradu- ate student working with Bob Butler and Kevin Stewart at
the University of North Carolina in Chapel Hill, discovered near Bakersville, North Carolina, a
block of metamorphic rock made almost entirely of red garnet and a green mineral called
omphacite. Mark Adams, another UNC graduate student, analyzed the chemical composition of
the rock and its minerals and determined that it was eclogite—a piece of oceanic crust that sank
into the earth’s mantle to a depth of at least 30 miles and then came back up to the surface.
Stewart, Adams, and another graduate student named Chuck Trupe went looking for more
eclogite and found a body near Bakersville that is about a half a mile long and 1,000 feet thick,
making it the largest known body of eclogite in North America. It’s unusual to find this rock at the
earth’s surface because it is so dense; it almost always sinks into the mantle at subduction
zones and is recycled into the mantle. Somehow, the Bakersville eclogite made its way back to
the earth’s surface. Is there a fault nearby that might have removed material above the eclogite?
Did some mechanism cause intense erosion that eventually exposed it? Did the dense eclogite
somehow “hitch a ride” up with low-density crustal rocks? Stewart and his students are
continuing to analyze the eclogite and nearby rocks to try to answer these questions.FIGURE
3-3. A fossil trilobite (Phacops sp.) from the Devonian period. (In the collection of the North
Carolina Museum of Natural Sciences.)The answers could have broad implications because
eclogite plays an important role in how plates move. As the basaltic oceanic crust sinks into the
mantle at subduction zones, it eventually becomes dense eclogite, and because eclogite is
denser than the surrounding mantle, a positive feedback is set up—eclogite pulls the plate down
causing more crust to become eclogite. The conversion of oceanic crust to eclogite is an
important—perhaps the most important—driving mechanism of subduction and, by extension, of
plate tectonics as a whole. The midocean ridge in the southern Pacific Ocean is spreading much
faster than the Mid-Atlantic Ridge, and this is because the Pacific is rimmed by subduction
zones. Not only is oceanic crust being generated at the South Pacific ridge, but the plates are
also being actively pulled away from the ridge by the eclogite-driven subduction.As the work on
the Bakersville eclogite proceeds, thousands of geologists around the world are working on
other pieces of the global geology puzzle. Day by day, small and large discoveries come
together, bringing into sharper focus the present-day workings of the earth and the geologic
events that occurred in the distant past. Plate tectonics continues to work well as an overarching



theory by which to understand and evaluate new findings.And yet, as is always the case in
science, much remains to be revealed and explained. Most of the earth’s geology has not been
mapped in detail. Our knowledge of what is one mile below our feet is a fraction of our
knowledge of things millions of miles above our heads in the cosmos. It is the body of knowledge
yet to be discovered that motivates geologists to keep searching for new clues in rocks.And if
you’re not a geologist? You can make discoveries too. Look around and you might find an
interesting mineral along a hiking trail, weird shapes carved in the bed of a neighborhood
stream, wind-blown patterns in beach sand, or a remarkable rock outcrop along the highway.
Even if you’re not a geologist, you can notice the character and shape of the land around you
and try to come up with logical explanations for what you see—and that is the heart of geology.4:
Geologic TimeEach year, on average, the Himalayas rise a little less than half an inch. In the
same time, the Appalachians shrink, on account of erosion, less than a hair’s breadth, and the
earth’s tectonic plates move an inch or two. Although large earthquakes and landslides can
produce much bigger changes almost instantaneously, over time the average rates are very
slow. Clearly it takes millions and millions of years to open an ocean like the Atlantic (200 million
years, actually), or to raise a mountain range like the Alps. For humans, whose personal
experience rarely exceeds 100 years, the idea of 1,000,000 (1 million) or 1,000,000,000 (1
billion) years is almost unfathomable. Yet if we are to understand the geologic history of the
Carolinas—or the earth—we must find a way to comprehend these enormous spans of time.In
talking about geologic time, we can use a vocabulary of numbers or the vocabulary of the
geologic time scale, which consists of named periods in earth history. The names are analogous
to terms concerning human history such as the “Great Depression,” the “Stone Age,” the
“Antebellum era,” or the “Renaissance.” They have to do with a range of time, not a specific year.
By using geologic periods (or the longer “eras” and shorter “epochs”), we can think about
geologic time without getting hung up on incomprehensibly large numbers, just as we can think
about the Renaissance without knowing exactly when it began or ended.When geologists first
developed the geologic time scale (Figure 4-1), there were no reliable ways of assigning dates to
any of the periods, so they tied their definitions to the fossil record and the sedimentary rocks
that contained the fossils. The Cambrian, for example, marks the beginning of an explosion of
many different types of animal life. The Devonian was a time of a remarkable number and
diversity of fishes. The boundary between the Cretaceous and the Tertiary marks the extinction
of an estimated 70 percent of the earth’s species, including all of the dinosaurs.Geologists could
easily figure out the relative ages of fossils by noting where in a stack of sedimentary rocks they
occurred. Younger sediments are always deposited on top of older sediments, so organisms at
the top must be younger than those at the bottom. This is called the principle of
superposition.FIGURE 4-1. The geologic time scale.Eventually, scientists came up with ways of
measuring the age of rocks by using naturally occurring radioactive elements. When certain
minerals crystallize, they incorporate elements that are radioactive. Radioactive elements decay
over time into nonradioactive elements. We can determine the age of a mineral by measuring the



amount of the radioactive element and the amount of the nonradioactive product and then using
the known decay rate to get the age. Finding the age of a rock this way is called radiometric
dating. Such measurements are made in sophisticated geochronology laboratories, like the one
at the University of North Carolina at Chapel Hill. In fact, many of the ages used in constructing
the chronology of geologic events in the Carolinas were measured in the UNC lab.Radiometric
dating provides numbers that we can assign to the time of geologic events, and as with any
laboratory measurement, there is some uncertainty associated with the numbers. When
radiometric ages are reported, if they have been done by a reputable laboratory, they will always
include an estimate of the uncertainty, something like 135 ± 2 million years. What this typically
means is that there is a 95 percent chance that the age is between 133 and 137 million years. To
avoid tedium, we will not report the uncertainties associated with the absolute ages that we
discuss in this book, but in general they are quite small, usually less than 1 or 2 percent.Once
geologists could get absolute ages of rocks, numbers could be added to the time scale. For
example, the Cretaceous-Tertiary boundary occurred 65 million years ago. Ages could also be
assigned to particular events: all the continental plates came together to form the supercontinent
Pangea 300 million years ago.This is where we get into numbers that are completely outside our
intuition. Is something that occurred 125,000 years ago geologically ancient? If a geologic event
takes 10 million years, is that slow or fast? Just how long is a million years anyway? The problem
when dealing with geologic time is that the numbers are too big. We can imagine how many 10
or 20 or even 1,000 might be, but a billion is beyond our imagination. The numbers are too big
because the unit is wrong: a single year is simply too small. It’s like describing the distance
between Chapel Hill and Durham, North Carolina, as 600,000 inches. We all have a good feel for
how long a few inches are, but it’s hard to imagine 600,000 of them. Is that a walkable distance?
Bikeable? Would you need to drive? Take a plane? Fortunately, we have a larger unit—a mile—
for measuring distance. So if we describe the distance between Chapel Hill and Durham as 10
miles, we are now dealing with a number that is easy to understand.Let’s do the same with
geologic time. Instead of making a year our basic unit of time, let’s use a “million-year,” that is, 1
million years. Describing geologic time using this much larger unit means we no longer have to
deal with so many digits. Think of 20 million years as 20 units of geologic time, not 20,000,000
years. Now that we have switched to appropriate units, we can start to get an intuitive feel for
whether something is geologically ancient or recent.The age of the earth, based on analysis of
meteorites, is 4,540 million years. The oldest rocks found on earth so far are from Canada and
are 4,030 million years old, although a single crystal of the mineral zircon from a rock in Australia
has been dated at 4,400 million years. The age of the earth is as ancient as we can get when
describing earth’s history. One can draw an analogy between the span of geologic time and the
span of recorded human history, which is about 5,000 years. Think of both as starting about
5,000 “time units” ago (“years” for human history, “million-years” for geologic history). Something
that is 3,000 years old in human history feels quite ancient; so should a geologic event that is
3,000 million years old.The Renaissance was about 500 years ago, quite a long time in the past,



but not unfathomably long ago. We have a good record of what society was like at that time, but
not a complete record. We should imagine the earth at 500 million years ago as similarly ancient.
Globally, we have a good rock record from that time—not complete, but good enough to give us
an idea of what the earth was like and what kinds of life existed.Ten million years may seem a
very long stretch of time, but it’s analogous to only 10 years in human history. Something that
occurred 100,000 years ago, put in terms of our million-year units, happened only 0.1 million
years ago, the same as 0.1 years (about 35 days) in human history. So, when we describe an
event in the Carolinas that took place 0.1 million years ago, keep in mind that, geologically
speaking, it’s very recent.5: The Geologic History of the CarolinasExciting geologic events
happen at the edge of plates. Edges are where plates collide with each other, or grind past one
another, or tear apart. Edges are where volcanoes erupt, new mountains rise, and the earth
quakes. While these events can occur midplate—for example, Hawaii’s volcanoes or
Charleston’s 1886 earthquake—they are significantly more common at the edges.Just because
a piece of land is on an edge today doesn’t mean it will be on an edge forever. Tectonic plates
not only move around; they also change shape. New crust creeps out at midocean ridges,
spreading in both directions away from the ridge. Old crust is consumed where one plate dives
(“subducts”) under another and the subducted plate gets recycled into the mantle.Although the
Carolinas are at the edge of a continent, they are in the middle of a plate—the North American
plate. The eastern edge of the North American plate is out in the Atlantic Ocean, at the Mid-
Atlantic Ridge, where new oceanic crust is being created; the western edge is the west coast of
the United States, where there are volcanoes and earthquakes (see Figure 3-1).The Carolinas
have been on the edge of a plate more than once in their rich geologic history. During the past
1,000 million years, the Carolinas have been caught up in a series of violent edge events: a
continental collision, followed by continental rifting (tearing apart), followed by a series of three
collisions that resulted in the assembly of the supercontinent Pangea. When Pangea began to
rip apart 220 million years ago, the continental margin of the Carolinas was right at the divergent
plate boundary where new oceanic crust was filling the growing gap between the Americas and
Africa. Since then, the Carolinas have been riding a tectonic conveyer belt west, as new crust
created in the middle of the Atlantic Ocean pushes the plate west and adds mass to the plate.
Now the Carolinas are more than 2,000 miles away from the edge, and all is fairly quiet here,
geologically speaking.But the violent past is preserved in the rocks of the Carolinas, albeit not in
a very orderly fashion. All the smashing and ripping of continents left behind many clues—clues
that are mixed up, stretched, folded, diced, distorted, and dismembered. Gathering this
evidence and piecing it together is a full-time job for many geologists.You will sometimes see the
geology of the Carolinas discussed in terms of “belts,” such as the Carolina Slate Belt, the
Eastern Slate Belt, the Charlotte Belt, and so on. That is because when geologists were first
looking at the geology of the Carolinas, they noticed that rocks of a similar age and origin tend to
occur in belts tens of miles wide and running roughly northeast-southwest. While the belt
terminology is useful in grouping together similar rocks, we now know much more about the



origin of the rocks, and much of this terminology has become obsolete. Most of the belts now
have different names and are called “terranes” in recognition of the fact that they originated as
parts of other continents and were later added onto this continent (Plates 4 and 5).The Oldest
Rocks in the CarolinasSo far, the oldest geologic evidence that has been discovered in the
Carolinas are rocks that are about 1,800 million years old (1.8 billion years old). Anything older
than that has been metamorphosed beyond recognition or recycled into newer rock. The 1,800-
million-year-old rocks are located in scattered outcrops near Roan Mountain in the western Blue
Ridge Mountains near the Tennessee state line. Some of these rocks are metamorphosed
igneous rocks, and others are metamorphosed sediments. (In this case, the age of 1,800 million
years refers to the age of the original igneous and sedimentary rocks before they were
metamorphosed.) Both igneous and metamorphic activity take place at plate boundaries, so we
know these ancient rocks originated at a plate boundary. What is mysterious is that no other
rocks in the Carolinas are even close to being this old. The surrounding rocks are at least 600
million years younger. So how did these ancient rocks get here? One hypothesis is that this crust
was once part of another continent and was stuck onto North America during a continental
collision. As we get more data on the rocks, though, our interpretation may change.The Grenville
Orogeny and the Assembly of RodiniaThe first episode in the geologic history of the Carolinas
for which we have abundant evidence is the Middle Proterozoic, from about 900 to 1,200 million
years ago. During this time, the rocks of western North Carolina were deformed in a massive
continental collision, known as the Grenville orogeny. “Orogeny” is the term we use for a
mountain-forming event; the word was coined before geologists knew that most mountain-
forming events are caused by continental collisions. The Grenville collision came about as plates
of continental crust assembled into a single supercontinent called Rodinia (Figure 5-1). The
piece of crust that would become the Carolinas was jammed against crust that would become
part of South America. This collision crumpled and thickened the crust, burying the rocks of the
Carolinas under high mountains. The mountains in the Carolinas at this time were probably more
than 20,000 feet high (based on the fact that similar modern-day collisions produce mountains
this high) and were part of a mountain range that extended for thousands of miles, from Canada
down through eastern North America, through South America, around Antarctica, and through
southern Australia. In all of these places we can find rocks of the same kinds and the same ages
as we find in the Blue Ridge of western North Carolina, and the intense regional metamorphism
we find in all of these places is characteristic of continental collisions. By matching up rocks of
the same kinds and ages around the world, we can reconstruct what Rodinia might have looked
like.Rodinia Breaks ApartFollowing the Grenville orogeny, from about 750 million years ago until
about 680 million years ago, Rodinia began to break apart, or rift. The stretched and broken
crust formed rift valleys, also called rift basins. They are long, deep valleys that form
perpendicular to the forces that are pulling a continent apart. These valleys may have looked like
the Olduvai Gorge in Tanzania in East Africa, but with no vegetation—plants had not yet
appeared on earth. Rivers eventually filled these valleys with sediment. You can see these rift-



valley sediments preserved in the rocks at Grandfather Mountain (discussed in Chapter 9) and
in the Smoky Mountains. Basaltic magma came piping up through the widening cracks, cutting
through both the rift sediments and the metamorphic and igneous crust. The resulting basaltic
rocks are present over a wide area in western North Carolina and are very common near
Bakersville, North Carolina. Huge quantities of granitic magma were also injected into the crust.
The granitic rocks can be found in many places in western North Carolina, including Beech
Mountain. This so-called bimodal volcanism (producing both basalt and granite) is characteristic
of rifted continental crust. As the hot, mantle-derived basalt intrudes into the continental crust,
the continental crust partially melts, making granitic magma.Exploring the Geology of the
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duties, engaging in lengthy discussions about the aptness of one word or another, discussing
the pros and cons of various titles, and for answering many, many questions along the lines of “Is
‘scarp’ a regular word or a geology word? What do you know about plate tectonics? If I said a
mineral crystal was platy, would you know what I meant?” She would also like to thank her
writing teachers and members of her writing groups and book clubs for many years of
stimulating discussion, exceptional insight, rigorous criticism, and sparkling company.Kevin
would like to thank the Chapman family and the Institute of the Arts and Humanities at the
University of North Carolina at Chapel Hill for a Chapman Family Fellowship during the writing of
this book. The semester spent at the institute was an extraordinary experience, and he is
indebted to his fellow Fellows for their insight, encouragement, and sound advice. Many thanks
to Stephen Birdsall, Kathryn Burns, Erin Carlston, John Covach, Arturo Escobar, Derek
Goldman, Sue Goodman, Beth Grabowski, Shantanu Phukan, Francesca Talenti, Karla Slocum,
Ruel Tyson, and Julia Wood.Kevin would also like to thank all of the UNC-CH graduate students
who have contributed to his understanding of Carolina geology: Mark Adams, Josh Borella,
Forrest Burton, J. P. Dubé, John Foudy, Lauren Hewitt, Jon Mies, Kara Syvertsen, Charles Trupe,
Cheryl Waters-Tormey, and Rod Willard.Finally, this book could not have been written if not for



the work of J. Robert Butler, a professor of geology at UNC who passed away unexpectedly in
1996. This book began as a collaboration between Bob and Mary-Russell, and the chapters on
Pilot Mountain and Morrow Mountain were written by them. Kevin was introduced to the
fascinating geology of the Carolinas by Bob, and Bob’s decades of research provided the
foundation for this book, as well as for the work of many other geologists. This book is in memory
of Bob.HOW TO USE THIS BOOKThis book is not intended to be read straight through. We
recommend that you read Chapters 1–5 first for a general introduction to some important topics
in geology and for an overview of the geologic history of the Carolinas. After that, pick and
choose among the field trip chapters as your interests and your travels dictate. Or start right in
with the field trips, and refer back to the first five chapters and to the glossary when you need
to.If a favorite spot of yours is not in the table of contents, check the index; it may be discussed in
the Nearby Features section of another field trip. When you are planning a visit to a site in this
book you might want to get some topographic or trail maps ahead of time (see Additional
Resources). Looking at a topographic map can help you pick out interesting landforms, as well
as help you locate yourself once you’re there.Even though we want you to pick up rocks to look
at them closely, please remember that rock collecting is not allowed in state parks and most
other public areas unless you have a special permit. The same goes for plants, archaeological
artifacts, and even fulgurites. (Don’t know what a fulgurite is? See Chapter 33.)As you use our
book, we hope you will begin to see the Carolinas with new eyes—looking at rocks and
landforms with newfound attention and wondering about them, listening for what stories those
rocks and landforms can tell you. Knowing a little geology can open up a whole new way of
enjoying the outdoors.Once you begin thinking about the landscape this way, you can begin to
notice how often the geologic history of a place lays the foundation for the human history of the
place. Morrow Mountain is an archaeological treasure trove because it’s composed of a type of
rock perfectly suited for making stone tools (see Chapter 19). The nation’s first gold rush started
in the Carolinas because of an ancient volcanic system that started out on another continent and
was later added to North America (see Chapter 17). The Wright brothers chose North Carolina
for their flying experiments because that’s where they could find a tall soft mountain of sand and
lots of wind (see Chapter 33).As Claude Lévi-Strauss wrote in Tristes Tropiques, “Every
landscape offers, at first glance, an immense disorder which may be sorted out howsoever we
please. We may sketch out the history of its cultivation, plot the accidents of geography which
have befallen it, and ponder the ups and downs of history and prehistory: but the most august of
investigations is surely that which reveals what came before . . . and in large measure explains all
the others” (Claude Lévi-Strauss, Tristes Tropiques, trans. John Russell [New York: Atheneum,
1964], 59–60).We invite you to join us in this “most august of investigations.”HOW TO USE THIS
BOOKThis book is not intended to be read straight through. We recommend that you read
Chapters 1–5 first for a general introduction to some important topics in geology and for an
overview of the geologic history of the Carolinas. After that, pick and choose among the field trip
chapters as your interests and your travels dictate. Or start right in with the field trips, and refer



back to the first five chapters and to the glossary when you need to.If a favorite spot of yours is
not in the table of contents, check the index; it may be discussed in the Nearby Features section
of another field trip. When you are planning a visit to a site in this book you might want to get
some topographic or trail maps ahead of time (see Additional Resources). Looking at a
topographic map can help you pick out interesting landforms, as well as help you locate yourself
once you’re there.Even though we want you to pick up rocks to look at them closely, please
remember that rock collecting is not allowed in state parks and most other public areas unless
you have a special permit. The same goes for plants, archaeological artifacts, and even
fulgurites. (Don’t know what a fulgurite is? See Chapter 33.)As you use our book, we hope you
will begin to see the Carolinas with new eyes—looking at rocks and landforms with newfound
attention and wondering about them, listening for what stories those rocks and landforms can
tell you. Knowing a little geology can open up a whole new way of enjoying the outdoors.Once
you begin thinking about the landscape this way, you can begin to notice how often the geologic
history of a place lays the foundation for the human history of the place. Morrow Mountain is an
archaeological treasure trove because it’s composed of a type of rock perfectly suited for
making stone tools (see Chapter 19). The nation’s first gold rush started in the Carolinas
because of an ancient volcanic system that started out on another continent and was later
added to North America (see Chapter 17). The Wright brothers chose North Carolina for their
flying experiments because that’s where they could find a tall soft mountain of sand and lots of
wind (see Chapter 33).As Claude Lévi-Strauss wrote in Tristes Tropiques, “Every landscape
offers, at first glance, an immense disorder which may be sorted out howsoever we please. We
may sketch out the history of its cultivation, plot the accidents of geography which have befallen
it, and ponder the ups and downs of history and prehistory: but the most august of investigations
is surely that which reveals what came before . . . and in large measure explains all the
others” (Claude Lévi-Strauss, Tristes Tropiques, trans. John Russell [New York: Atheneum,
1964], 59–60).We invite you to join us in this “most august of investigations.”1: The Changing
Face of the Carolinas over Geologic TimeWhen you think of North and South Carolina, what
kinds of landscapes come to mind? Sand dunes and wide beaches? Forests and farms?
Swamps? Red clay fields? Rolling, green mountains?All these are present in the Carolinas
today, but geologically speaking, “today” is just an instant.If we could go back in time in the
Carolinas, we’d see great rift valleys, shark-filled seas, and soaring mountains. We’d hear and
feel volcanoes and violent earthquakes. We’d travel to the South Pole and the equator and
countless other places on the globe. While we can’t take the trip ourselves, the rocks of the
Carolinas have; they contain clues that geologists use to piece together the Carolinas’ long and
tumultuous geologic history.Two motors drive geologic change: weather and plate tectonics—
the slow but inexorable movement of pieces, or plates, of the earth’s outer shell. The plates
collide with one other, slide past one another, and pull apart from one another, producing
earthquakes, volcanoes, mountains, and ocean basins, and recycling old rocks into new ones
deep inside the earth. Landscapes produced by plate tectonics are then sculpted and



rearranged by rain, rivers, wind, and glaciers. Water, ice, and plants force their way into cracks in
rock, splitting the rock into smaller pieces, which eventually crumble into small grains. Rain and
wind tear down broken-up rock, and rivers and glaciers carry the pieces away, depositing them
at lower elevations. Rates of erosion vary significantly from place to place, depending on
climate, topography, and the nature of the bedrock. Wetter climates tend to break up rocks faster
than arid climates because they produce more rain, more rivers, and more vegetation. Huge
valley-filling glaciers move more sediment than do trickling streams. Streams racing down steep
mountainsides erode more sediment than slow ones on the plains.The Carolinas have
experienced all different kinds of climates and landscapes over millions of years. In fact, before
about 330 million years ago, “the Carolinas” weren’t even all in one piece—different parts of the
states were on different continents and moving in different directions.To get the picture, let’s look
at some snapshots of the earth and the Carolinas over geologic time. About seven hundred
million years ago, before there were any plants or animals on land, the Carolinas were covered
by a thick layer of ice. All the continents were grouped together near the equator, forming a
supercontinent called Rodinia. (One might ask how the Carolinas could have been glaciated
when they were at the equator. This was a time in earth history that geologists refer to as the
“snowball earth,” when as a result of a series of climatic and geologic events, most—if not all—of
the earth was covered in ice.) As Rodinia broke up, gashes that looked like Africa’s Great Rift
Valley appeared, some of them on land that would later be part of the Carolinas.Later, a large
island with active volcanoes collided with the Carolinas, pushing up a mountain range.
Something similar is happening in the South Pacific today—Australia is colliding with the islands
of Irian Jaya–Papua New Guinea and Timor to the north, creating 16,000-foot-high mountains on
the islands. When the volcanic island was colliding with the Carolinas—460 million years ago—
the seas were full of clams, trilobites, starfish, and armored fish. Primitive plants and arthropods
(ancient relatives of modern-day insects and crustaceans) were beginning to colonize the
land.After a later collision, when a continent made of parts of present-day South America and
Africa hit the Carolinas, a huge chain of mountains with peaks soaring to 20,000 feet and higher
stretched across the Carolinas. These were the fully grown Appalachians. Once again, all the
continents were united near the equator. The early Appalachians may have resembled the
present-day Andes—high glacier-covered peaks with tropical lower slopes. Insects, amphibians,
and primitive reptiles lived on the swampy land; sharks dominated the seas. Mammals did not
yet exist; nor did birds, dinosaurs, or flowers.In the not too distant geologic past—a mere 100
million years ago—dinosaurs roamed the Carolinas. North and South Carolina were near their
current locations on the globe, but the Coastal Plain was under- water, and the Piedmont
probably was too. A warm climate had melted all the glaciers, causing the sea level to rise. Birds
and mammals had evolved, although they would not flourish until the dinosaurs died out.
Primates—monkeys, apes, and humans—did not yet exist.The Carolinas TodayToday, the
continents are still moving. We can’t see the movement, but using satellite navigation systems,
we can measure it at rates of inches per year. The dinosaurs are gone, as are countless other



less spectacular species. Humans are by far the most numerous large mammals, at a global
population of almost 6.5 billion in 2005.In the Carolinas, rivers are wearing down the
Appalachians, as they have been for millions of years. Water runs downhill, carrying rocks and
soil with it, and joins with other water to form streams. When a river enters flatter topography, it
slows, dumping some of its load. On reaching the sea, a river gives up all its sediment. In the
western Carolinas, then, we have the remnants of a once-great mountain chain, and in the east,
thousands of feet of sediments, stripped from those same mountains and laid down in a huge
wedge. The wedge of sediments begins not too far east of Raleigh, North Carolina, and
Columbia, South Carolina. It gradually increases in thickness, until it is about 10,000 feet thick
under Cape Hatteras. Underneath those sediments are the same kinds of rocks found in the rest
of the Carolinas—the roots of a great mountain range.The Three Physiographic Provinces: Blue
Ridge, Piedmont, Coastal PlainWhile the Carolinas can be seen as the roots of a single
mountain range, they divide neatly into three physiographic provinces: the Blue Ridge, the
Piedmont, and the Coastal Plain (Plate 1). “Physiography” refers to the shape of the land; each
of our provinces has a distinct topography, and there is a good correspondence between the
ruggedness or smoothness of the topography and the underlying geology.The Blue Ridge
Mountains in North and South Carolina are part of the Appalachians, which extend from
Alabama to Newfoundland. The Appalachians are at their highest and most rugged in North
Carolina, where there are 43 peaks above 6,000 feet. Mount Mitchell, at 6,684 feet, is the
highest peak east of South Dakota’s Black Hills. In South Carolina, the Blue Ridge reaches
elevations of about 3,400 feet.The Piedmont begins at an abrupt drop in elevation called the
Blue Ridge escarpment, which runs from Virginia through South Carolina. The height of the
escarpment varies from about 1,000 to 2,000 feet. A good place to experience the Blue Ridge
escarpment is driving east on I-40 from the Eastern Continental Divide down to Old Fort, North
Carolina. In less than 5 miles, the road loses about 1,500 feet in elevation—one of the steepest
stretches of interstate highway in the country.The Piedmont is an area of gently rolling hills that
stretches all the way from New Jersey to Alabama. In northern New Jersey, the Piedmont is only
10 miles wide, but in North Carolina, it is at its widest—150 miles. The Carolina Piedmont
reaches elevations of about 1,500 feet at the base of the Blue Ridge escarpment, and gradually
declines to between 300 and 600 feet at the border with the Coastal Plain. The western
Piedmont is dotted with monadnocks, or isolated hills, made of rocks that are more resistant to
erosion than the surrounding rocks. These include Pilot Mountain and the Uwharrie Mountains in
North Carolina, and Little Mountain, Glassy Mountain, and Paris Mountain in South Carolina.The
Piedmont ends and the Coastal Plain begins at the Fall Zone, which is the place where you
would first encounter waterfalls and rapids if you were traveling upriver from the Coastal Plain,
as many early settlers were. The falls are created by a step in the topography as the hard
metamorphic and igneous rocks of the Piedmont give way to the soft sedimentary rocks of the
Coastal Plain.The Fall Zone was one of the first areas populated in colonial times, for two
reasons. First, the falls and rapids often marked the limit of upstream navigation for boats



coming inland. Second, the falls provided power for mills. Washington, D.C., and Richmond,
Virginia, are prominent Fall Zone towns. Carolina Fall Zone towns include Raleigh, Roanoke
Rapids, Rocky Mount, and Erwin in North Carolina and Columbia, North Augusta, and Cheraw
in South Carolina.The Coastal Plain is the largest province in the Carolinas, covering about 45
percent of North Carolina and about two-thirds of South Carolina. It is overlaid with sediments
and sedimentary rocks, which get thicker from west to east. Underneath the sediments are hard
metamorphic and igneous rocks similar to those in the Blue Ridge and the Piedmont. In
southern North Carolina and northern South Carolina, there is an area of sand and sand dunes
called the Sandhills. The Sandhills stand above the rest of the Coastal Plain, with a high point of
740 feet. Elevations in the rest of the Coastal Plain range from sea level to 300 or 400 feet.Rivers
flow wide and slow in the Coastal Plain, dropping sediment along the way. As rivers enter the
ocean, they often form large estuaries, where the tide ebbs and flows, and fresh and salt water
mix.Geologic Processes TodayThe main geologic processes taking place in the Carolinas today
are erosion and deposition. As the rivers continue on their way to the sea, they strip material
from the Blue Ridge and add it to the Coastal Plain. The Atlantic Ocean grows wider as the
Americas move west and Europe and Africa move east. Sea level is rising, as it has been for the
last 10,000 years. Aside from a very occasional earthquake, the Carolinas are geologically quiet.
The towering peaks and volcanoes are long gone. Their amazing stories, however, are still being
told by the rocks and landforms of present-day North and South Carolina. This book will help you
learn how to “read” rocks so you can hear the stories.1: The Changing Face of the Carolinas
over Geologic TimeWhen you think of North and South Carolina, what kinds of landscapes
come to mind? Sand dunes and wide beaches? Forests and farms? Swamps? Red clay fields?
Rolling, green mountains?All these are present in the Carolinas today, but geologically
speaking, “today” is just an instant.If we could go back in time in the Carolinas, we’d see great rift
valleys, shark-filled seas, and soaring mountains. We’d hear and feel volcanoes and violent
earthquakes. We’d travel to the South Pole and the equator and countless other places on the
globe. While we can’t take the trip ourselves, the rocks of the Carolinas have; they contain clues
that geologists use to piece together the Carolinas’ long and tumultuous geologic history.Two
motors drive geologic change: weather and plate tectonics—the slow but inexorable movement
of pieces, or plates, of the earth’s outer shell. The plates collide with one other, slide past one
another, and pull apart from one another, producing earthquakes, volcanoes, mountains, and
ocean basins, and recycling old rocks into new ones deep inside the earth. Landscapes
produced by plate tectonics are then sculpted and rearranged by rain, rivers, wind, and glaciers.
Water, ice, and plants force their way into cracks in rock, splitting the rock into smaller pieces,
which eventually crumble into small grains. Rain and wind tear down broken-up rock, and rivers
and glaciers carry the pieces away, depositing them at lower elevations. Rates of erosion vary
significantly from place to place, depending on climate, topography, and the nature of the
bedrock. Wetter climates tend to break up rocks faster than arid climates because they produce
more rain, more rivers, and more vegetation. Huge valley-filling glaciers move more sediment



than do trickling streams. Streams racing down steep mountainsides erode more sediment than
slow ones on the plains.The Carolinas have experienced all different kinds of climates and
landscapes over millions of years. In fact, before about 330 million years ago, “the Carolinas”
weren’t even all in one piece—different parts of the states were on different continents and
moving in different directions.To get the picture, let’s look at some snapshots of the earth and the
Carolinas over geologic time. About seven hundred million years ago, before there were any
plants or animals on land, the Carolinas were covered by a thick layer of ice. All the continents
were grouped together near the equator, forming a supercontinent called Rodinia. (One might
ask how the Carolinas could have been glaciated when they were at the equator. This was a time
in earth history that geologists refer to as the “snowball earth,” when as a result of a series of
climatic and geologic events, most—if not all—of the earth was covered in ice.) As Rodinia
broke up, gashes that looked like Africa’s Great Rift Valley appeared, some of them on land that
would later be part of the Carolinas.Later, a large island with active volcanoes collided with the
Carolinas, pushing up a mountain range. Something similar is happening in the South Pacific
today—Australia is colliding with the islands of Irian Jaya–Papua New Guinea and Timor to the
north, creating 16,000-foot-high mountains on the islands. When the volcanic island was
colliding with the Carolinas—460 million years ago—the seas were full of clams, trilobites,
starfish, and armored fish. Primitive plants and arthropods (ancient relatives of modern-day
insects and crustaceans) were beginning to colonize the land.After a later collision, when a
continent made of parts of present-day South America and Africa hit the Carolinas, a huge chain
of mountains with peaks soaring to 20,000 feet and higher stretched across the Carolinas.
These were the fully grown Appalachians. Once again, all the continents were united near the
equator. The early Appalachians may have resembled the present-day Andes—high glacier-
covered peaks with tropical lower slopes. Insects, amphibians, and primitive reptiles lived on the
swampy land; sharks dominated the seas. Mammals did not yet exist; nor did birds, dinosaurs, or
flowers.In the not too distant geologic past—a mere 100 million years ago—dinosaurs roamed
the Carolinas. North and South Carolina were near their current locations on the globe, but the
Coastal Plain was under- water, and the Piedmont probably was too. A warm climate had melted
all the glaciers, causing the sea level to rise. Birds and mammals had evolved, although they
would not flourish until the dinosaurs died out. Primates—monkeys, apes, and humans—did not
yet exist.The Carolinas TodayToday, the continents are still moving. We can’t see the movement,
but using satellite navigation systems, we can measure it at rates of inches per year. The
dinosaurs are gone, as are countless other less spectacular species. Humans are by far the
most numerous large mammals, at a global population of almost 6.5 billion in 2005.In the
Carolinas, rivers are wearing down the Appalachians, as they have been for millions of years.
Water runs downhill, carrying rocks and soil with it, and joins with other water to form streams.
When a river enters flatter topography, it slows, dumping some of its load. On reaching the sea,
a river gives up all its sediment. In the western Carolinas, then, we have the remnants of a once-
great mountain chain, and in the east, thousands of feet of sediments, stripped from those same



mountains and laid down in a huge wedge. The wedge of sediments begins not too far east of
Raleigh, North Carolina, and Columbia, South Carolina. It gradually increases in thickness, until
it is about 10,000 feet thick under Cape Hatteras. Underneath those sediments are the same
kinds of rocks found in the rest of the Carolinas—the roots of a great mountain range.The Three
Physiographic Provinces: Blue Ridge, Piedmont, Coastal PlainWhile the Carolinas can be seen
as the roots of a single mountain range, they divide neatly into three physiographic provinces:
the Blue Ridge, the Piedmont, and the Coastal Plain (Plate 1). “Physiography” refers to the
shape of the land; each of our provinces has a distinct topography, and there is a good
correspondence between the ruggedness or smoothness of the topography and the underlying
geology.The Blue Ridge Mountains in North and South Carolina are part of the Appalachians,
which extend from Alabama to Newfoundland. The Appalachians are at their highest and most
rugged in North Carolina, where there are 43 peaks above 6,000 feet. Mount Mitchell, at 6,684
feet, is the highest peak east of South Dakota’s Black Hills. In South Carolina, the Blue Ridge
reaches elevations of about 3,400 feet.The Piedmont begins at an abrupt drop in elevation
called the Blue Ridge escarpment, which runs from Virginia through South Carolina. The height
of the escarpment varies from about 1,000 to 2,000 feet. A good place to experience the Blue
Ridge escarpment is driving east on I-40 from the Eastern Continental Divide down to Old Fort,
North Carolina. In less than 5 miles, the road loses about 1,500 feet in elevation—one of the
steepest stretches of interstate highway in the country.The Piedmont is an area of gently rolling
hills that stretches all the way from New Jersey to Alabama. In northern New Jersey, the
Piedmont is only 10 miles wide, but in North Carolina, it is at its widest—150 miles. The Carolina
Piedmont reaches elevations of about 1,500 feet at the base of the Blue Ridge escarpment, and
gradually declines to between 300 and 600 feet at the border with the Coastal Plain. The
western Piedmont is dotted with monadnocks, or isolated hills, made of rocks that are more
resistant to erosion than the surrounding rocks. These include Pilot Mountain and the Uwharrie
Mountains in North Carolina, and Little Mountain, Glassy Mountain, and Paris Mountain in South
Carolina.The Piedmont ends and the Coastal Plain begins at the Fall Zone, which is the place
where you would first encounter waterfalls and rapids if you were traveling upriver from the
Coastal Plain, as many early settlers were. The falls are created by a step in the topography as
the hard metamorphic and igneous rocks of the Piedmont give way to the soft sedimentary rocks
of the Coastal Plain.The Fall Zone was one of the first areas populated in colonial times, for two
reasons. First, the falls and rapids often marked the limit of upstream navigation for boats
coming inland. Second, the falls provided power for mills. Washington, D.C., and Richmond,
Virginia, are prominent Fall Zone towns. Carolina Fall Zone towns include Raleigh, Roanoke
Rapids, Rocky Mount, and Erwin in North Carolina and Columbia, North Augusta, and Cheraw
in South Carolina.The Coastal Plain is the largest province in the Carolinas, covering about 45
percent of North Carolina and about two-thirds of South Carolina. It is overlaid with sediments
and sedimentary rocks, which get thicker from west to east. Underneath the sediments are hard
metamorphic and igneous rocks similar to those in the Blue Ridge and the Piedmont. In



southern North Carolina and northern South Carolina, there is an area of sand and sand dunes
called the Sandhills. The Sandhills stand above the rest of the Coastal Plain, with a high point of
740 feet. Elevations in the rest of the Coastal Plain range from sea level to 300 or 400 feet.Rivers
flow wide and slow in the Coastal Plain, dropping sediment along the way. As rivers enter the
ocean, they often form large estuaries, where the tide ebbs and flows, and fresh and salt water
mix.Geologic Processes TodayThe main geologic processes taking place in the Carolinas today
are erosion and deposition. As the rivers continue on their way to the sea, they strip material
from the Blue Ridge and add it to the Coastal Plain. The Atlantic Ocean grows wider as the
Americas move west and Europe and Africa move east. Sea level is rising, as it has been for the
last 10,000 years. Aside from a very occasional earthquake, the Carolinas are geologically quiet.
The towering peaks and volcanoes are long gone. Their amazing stories, however, are still being
told by the rocks and landforms of present-day North and South Carolina. This book will help you
learn how to “read” rocks so you can hear the stories.2: How to Read RocksJust how do we
know that a vast mountain chain towered above the Carolinas? Or that volcanoes erupted near
Chapel Hill? Or that the sea once covered Kinston? In all sciences, researchers perform
experiments and record the results. Geology is no different: geologists melt rocks, squeeze
rocks in hydraulic presses, and run computer simulations. Geologists also measure and monitor
the activity of earthquakes, volcanoes, and the earth’s tectonic plates. But geology has an added
component that not all other sciences do: piecing together events that happened in the past. In a
sense, geologists’ primary laboratory is nature, and most of their “experiments” have already
been run. No human was around millions of years ago to record what happened in a lab
notebook. Instead the record is contained in rocks. Geologists have learned to “read” rocks to
figure out what processes produced them. Was it movement along a fault? Intense heat and
pressure? Slow cooling of liquid rock?Every rock tells a story, but some rocks speak more
clearly than others. Basalt is produced by volcanic eruptions; there’s no other way to get it.
Sandstone, on the other hand, can form on a beach, along a river, or in a desert. While there are
hundreds of different kinds of rocks, like basalt and sandstone, all rocks fall into three main
categories: sedimentary, igneous, and metamorphic.Sedimentary rocks are usually made of bits
and pieces of other rocks that are deposited by water or wind. They can also be made of shells
or other sediments produced by marine animals or terrestrial or marine plants. You can often
recognize a sedimentary rock simply by noticing that there are sediment grains or fossils in it.
You might also notice the layers, each layer representing a different episode of
deposition.Igneous rocks form when molten rock cools and solidifies. Molten rock can cool
slowly deep underground, or erupt—sometimes explosively—out of a volcano at the earth’s
surface. When molten rock cools, the minerals crystallize into an interlocking network. Individual
mineral crystals may be fairly large—a fraction of an inch to an inch across—or they may be too
small to be seen with the naked eye.Metamorphic rocks form when any kind of rock is subjected
to enough heat and pressure to change it, but not enough to melt it. This usually happens deep
underground when rocks are forcefully buried by collisions between pieces of the earth’s crust



called tectonic plates. Metamorphic rocks often have strongly deformed layers, which develop in
response to intense pressure.How to Read Sedimentary RocksSedimentary rocks are formed
by the deposition or accumulation of materials at the earth’s surface and originate in one of three
ways.Clastic sedimentary rocks form by the accumulation of rock or mineral fragments that have
been moved—by wind, water, ice, or landsliding—from one place to another. Some common
clastic sedimentary rocks are sandstone (made of sand), conglomerate (made of particles
coarser than sand), siltstone (made of particles finer than sand), and shale (made of very fine
particles of clay and mud). To estimate the size of the particles in a clastic sedimentary rock, use
the following guide: If the individual particles can be distinguished with the naked eye, but are
smaller than about a sixteenth of an inch in diameter, the rock is sandstone. If the particles are
greater than about a sixteenth of an inch in diameter—whether pebbles, cobbles, or boulders—
it’s conglomerate. If the particles are not visible to the naked eye, it’s either siltstone or shale. To
tell the difference between these two kinds of rock, geologists sometimes gently grind a small
piece between their back teeth; siltstone feels gritty, shale does not.Biogenic sedimentary rocks
are made of sediments produced by plants and animals. For example, coal is made from plant
remains. Limestone is commonly formed by the slow accumulation of the shells of single-celled
marine life. Coquina is made from larger sea shells (see Figure 35-2).Evaporites are formed by
the evaporation of salt water. As salt water evaporates, different salts become concentrated to
the point that they come out of solution as solids. Halite is an evaporite made of salt (sodium
chloride). Gypsum is made of calcium sulfate. Evaporites are rare in the Carolinas, although in
some of the sedimentary rocks in the Triassic basins (described in Chapter 21) there are small
cube-shaped casts of what were once crystals of halite that have been dissolved away. Other
evaporites can be found offshore, buried within the sediments of the continental shelf of the
Carolinas. These are large balloon-shaped intrusions of salt called salt domes. They form
because salt is less dense than most sedimentary rocks and therefore has a tendency to flow
upward and punch its way through the overlying layers. Salt is ductile, meaning it can flow like
thick putty, so it rises upward in dome-shaped pillars and blobs.The place where sediments
accumulate is called the environment of deposition. As we mentioned before, sandstone can be
formed in more than one environment of deposition, such as a beach, a desert, or a river. Coal,
on the other hand, always forms in swamps because the stagnant water in the bottoms of
swamps tends to be oxygen poor, keeping the organic debris from oxidizing and disappearing.
Coquina usually forms in the ocean. Some sediments are deposited in the same place they were
produced, such as reef limestones. Other sediments are carried for miles, by water or wind,
before they are deposited. For example, the quartz sand on the beach may have come from
granite in the mountains.Let’s say you’re looking at an outcrop of sedimentary rock and you want
to figure out how it formed. There are several clues that you should look for. If the grains of
sediment are big enough to see, take note of their size. If the grains are as large as marbles,
then wind could not have carried those grains, but a fast-flowing stream could have. Are the
grains all the same size (well sorted), or are they many different sizes (poorly sorted)? Wind



tends to carry and deposit grains in a fairly small range of sizes (clay, silt, and fine sand), so
wind-blown deposits are well sorted. Beach sands also tend to be well sorted. That’s because
most rivers travel over areas of low relief right before they dump their sediment into the ocean;
they are not traveling fast enough to carry sediment larger than sand. Then, the wave action of
the ocean winnows out particles smaller than sand, which are deposited farther offshore. (Not all
beach sands in the world are well sorted, however. Where rivers cascade down coastal
mountains directly into the ocean, they bring large and small sediments with them.) Sediments
deposited by a glacier are never well sorted. Ice picks up everything it comes across, without
regard to size, and melting ice dumps sediment in the same haphazard way.We can also use the
shape of the grains to learn something about the origin of a sedimentary rock. Smoothly rounded
grains have usually traveled farther from their source than angular grains. That’s because when
sediment travels a long way, either by water or by wind, it bumps and bounces off the streambed
or other particles, causing its corners to round off. In fact, windblown grains typically have a
“frosted” surface because of their constant abrasion by neighboring grains.If you can tell what
the grains are made of, that might help you figure out where the sediment is from. The grains,
after all, are samples of the original rock that was eroding upstream or upwind. Clastic
sedimentary rocks mostly contain common minerals like quartz, feldspar, and clay, which are
found just about everywhere. However, small amounts of rarer minerals, such as garnet or
kyanite, may help you narrow down possible source areas for the sediment.Now step back and
look at the whole outcrop. Does the rock have any patterns? Is it layered? Sedimentary rocks are
usually deposited as horizontal layers called beds, but in some kinds of sandstone, we see
bedding that is tilted. For example, think of sand dunes. Dunes migrate because wind blows
sand up the back side of the dune, then deposits it on the leeward side of the dune as a sloping
pile of sand. The sand accumulates in layers on the leeward face of the dune, and the layers are
inclined at angles ranging from 30 to 35 degrees. We can see these inclined layers—called
cross-beds—preserved in sedimentary rock (Figure 2-1). Sometimes a rock preserves mud
cracks or small ripple marks—just like the ripple marks you’ve probably seen in sand at a river’s
edge, at the beach, or on a dune. When you see ripple marks in a rock, you know the sediments
were deposited by water or wind. When you see mud cracks in a rock, you know that the
sediments were alternately saturated and dried out.Biogenic sedimentary rocks, such as
limestone or coal, usually contain bits of fossilized shells or plants. By looking at the kinds of
animals or plants that contributed to making the rock, we can learn the age of the rock, whether
or not it formed in the deep sea, at a tropical coral reef, or in a swamp, and what the climate was
like at the time the sediments were deposited.Evaporites, which indicate high rates of
evaporation, form almost exclusively in deserts or other arid environments. The salty shores of
the Great Salt Lake in Utah are a place where evaporites are being deposited today. The salt
domes off the coast of North Carolina rose millions of years ago as flat layers of salt in a deep
arid basin, one of many such basins that were formed when the supercontinent Pangea was
tearing apart. Later the Atlantic Ocean flooded the area.FIGURE 2-1. Inclined cross-beds within



horizontal beds of sandstone in Utah.How to Read Igneous RocksIgneous rocks form when
molten rock cools. Molten rock is called magma when it’s underground and lava when it reaches
the earth’s surface (as in a volcanic eruption). Magma is not everywhere below our feet, contrary
to what you might see in movies. The processes that generate molten rock are most commonly
found at plate boundaries—the places where pieces of the earth’s outer shell are tearing apart,
colliding, or sliding past one another. (We’ll explore plate tectonics more fully in the next chapter.
For now, all you need to know is that the surface of the earth is broken into about a dozen plates
that move around very slowly.) Because of this association between molten rock and plate
boundaries, much of the information we get from igneous rocks has to do with the way the plates
move around. Whereas sedimentary rocks tell us about what was going on at the earth’s
surface, igneous rocks tell us about what was going on at plate boundaries.When reading an
igneous rock, the first step is to look at the size of the mineral grains in the rock. Large grains—
those that are visible to the naked eye—mean the magma cooled slowly. Very small or
microscopic grains mean that the molten rock cooled quickly (Figure 2-2). So if you find an
igneous rock with large grains, you know the rock cooled deep underground, solidifying
gradually over a long period of time—anywhere from thousands to millions of years. These kinds
of rocks are called plutonic igneous rocks, after Pluto, the Roman god of the underworld. If you
find an igneous rock with very small grains, it probably came to the surface as lava from a
volcano and cooled quickly—anywhere from a few seconds to a few days. These kinds of rocks
are called volcanic igneous rocks, after Vulcan, the Roman god of fire.FIGURE 2-2. Fine-grained
igneous rock, which cooled quickly, on the left (andesite); it was later intruded by coarse-grained
igneous rock, which cooled slowly, on the right (diorite). Photo taken at the Bacon Quarry east of
Hillsborough, North Carolina.Next, look at the color of the rock. Overall, is it light, dark, or in
between? These colors generally reflect the rock’s chemical composition. Light-colored igneous
rocks typically have lots of white and pink minerals with smaller amounts of dark minerals; they
are rich in silica (a combination of the elements silicon and oxygen). A common silica-rich rock
with visible crystals is granite. Granite’s visible crystals tell us that the rock cooled slowly
underground in a magma chamber. If the magma had cooled quickly, the rock would have
hardened before large crystals had time to grow. When similar magma erupts as lava, the
resulting rock has small grains and is called rhyolite. Light-colored igneous rocks, such as
granite and rhyolite, most commonly form where two plates are coming together and at least one
of the plates is a continent.Dark igneous rocks are made mostly of gray, black, or dark green
minerals. They have less silica and more calcium, iron, and magnesium. If the grains are visible,
the rock is called gabbro; if the grains are microscopic, it is called basalt. Gabbro forms in
underground magma chambers while basalt is hardened lava. Basalt and gabbro form most
commonly where plates are pulling apart from one another.A third class of igneous rock is
intermediate in chemical composition between granite and basalt. These rocks either have a salt-
and-pepper appearance (visible grains) or are relatively uniform gray (microscopic grains); the
salt-and-pepper rock is called diorite (Figure 2-2). The gray rock is called andesite. These rocks



commonly form when two plates—one of which is a continent—are coming together.How to
Read Metamorphic RocksA metamorphic rock has experienced enough heat and pressure to
change the minerals and appearance of the rock, but not enough to melt it. These kinds of
conditions exist deep underground.Metamorphic rocks are full of clues to their origins, and many
of these clues are gorgeous—stripes, folds, crenulations, or shapes called augen (“eyes” in
German) or boudins (“sausages” in French). Metamorphic rocks can contain gem minerals such
as garnets and often have glittery flakes of mica (Plates 2 and 3).When studying a metamorphic
rock outcrop, the first thing you should notice is how extensive the metamorphism is. If it is a
narrow band (as narrow as a foot or two) where it is in contact with igneous rock, then it is most
likely contact metamorphism. When magma intrudes a preexisting rock, the heat from the
magma can cause minerals in the surrounding rock to recrystallize.If, on the other hand, there is
metamorphic rock for miles around, you know something bigger was going on. For example, the
vast majority of rocks in the Carolina Piedmont and Blue Ridge are metamorphic. The only way
to metamorphose that much rock at once is to push it deep underground. This happens anytime
two plates collide, forcing one of the plates below the other. The rock on the down-going plate
gradually encounters temperatures and pressures high enough for metamorphism.Some
metamorphic rocks preserve features of the original rock, especially if they have been heated
and buried only slightly. In that case, we can use the techniques described above to read the
information contained in the original sedimentary or igneous rock. For example, marble
(metamorphosed limestone) sometimes contains recognizable fossils. Quartzite
(metamorphosed sandstone) sometimes contains cross-beds (see Figure 18-3). Weakly
metamorphosed igneous rocks retain their original minerals, although the grains may be a bit
rearranged. More commonly, though, metamorphism is intense enough to wipe out the features
of the earlier rock. Typical metamorphic rocks in the Carolinas have layers, which in
metamorphic rocks we call foliation (Figure 2-3A). These layers are not relic sedimentary
bedding; they are a result of elevated temperatures and pressures causing new minerals to grow
with a preferred orientation, thus producing the foliation. The foliation is commonly wrinkled or
folded as a result of the intense pressure (Figure 2-3B). Rocks undergoing metamorphism are
often exposed to temperatures over 1,000°F and pressures of over 150,000 pounds per square
inch for millions of years. It’s important to remember that metamorphic rocks have not been
melted—all the changes they undergo take place in solid rock.Carolina metamorphic rocks
commonly contain mica and garnet (Plate 3). The presence of either of these minerals along
with strongly deformed layers tells you the rock is metamorphic. Let’s say you find a foliated rock
that contains large flakes of mica and crystals of garnet. The large grain size tells you that the
rock was heated to a high temperature: high temperatures allow atoms to move more easily in
the solid rock, resulting in larger crystals. If you analyze the chemical composition of the garnet
and mica in the lab, you can pinpoint quite precisely the maximum temperature that the rock
experienced.Other minerals give you other clues. Sillimanite, which often looks like thin white
needles, is present only in rocks that have experienced high temperatures—900°F or more.



Kyanite, which has the same chemical formula as sillimanite (Al2SiO5), is a beautiful blue or
gray mineral and occurs only in rocks that have experienced high pressure, usually over 50,000
pounds per square inch (see Figure 16-2). So, if a rock contains kyanite, you can generally
assume that it was once buried quite deeply, 7 miles down or more. Yet another form of Al2SiO5
is called andalusite, which is commonly a dark brown blocky mineral that forms under conditions
of relatively low pressure and low-to-moderate temperatures (see Figure 20-2). By knowing how
hot or how deeply buried a metamorphic rock was, we can learn about conditions far down in the
earth and the processes that bring deep rocks to the surface.FIGURE 2-3. Foliated metamorphic
rock (gneiss). A: Well-developed foliation due to fault movement. B: Folded foliation.
Photographs taken in the Blue Ridge Mountains, North Carolina.Metamorphic rocks usually form
at least 5 miles underground. So how do they get back up to the surface? Erosion is the most
important way. As mountains rise and erode, once–deeply buried rocks become exposed at the
surface of the earth.How to Tell a Geologic StoryOnce you’ve learned to identify rocks, the next
step is to look for the relationships between different kinds of rocks in the field to try to piece
together a story about geologic events. For example, when sediments are deposited, younger
sediments always are dumped on top of older sediments, so in a stack of sedimentary rocks, the
oldest are on the bottom (this is called the principle of superposition). If you see a big quartz vein
cutting straight across several different kinds of rock, you’ll know the quartz vein formed after the
other rocks did, because a quartz vein cannot form in thin air—by definition, it cuts another rock.
A body of magma can intrude preexisting rock layers, but sedimentary rocks cannot intrude
granite. Using clues like these, you can figure out the relative ages of different rocks and begin to
put together a geologic story. An important part of this process is to make sure that the rock
outcrops you are looking at are not just loose boulders on the surface, but are in situ (in place)—
that is, that they are still connected to the crust.Sometimes in the field you’ll come across
puzzling relationships. What if you find older sedimentary rocks on top of younger sedimentary
rocks? What if you find a layer of sedimentary rock on top of a body of granite? What if you find a
quartz vein that looks like it has been sliced in two and the two halves no longer meet up?
Relationships like these can often be explained by erosion or by faulting. For example, imagine a
large body of granite that gets exposed at the earth’s surface and the top of it gets eroded away.
Then later the area is covered by water and layers of sediment are deposited. The contact
between the granite and the sedimentary layers is called an unconformity because it represents
a gap in time caused by erosion.Faulting can put older sedimentary rock on top of younger
sedimentary rock or slice quartz veins. Faults are fractures in the earth where two bodies of rock
are moving in opposite directions. The three most important kinds of faults in the Carolinas are
normal faults, thrust faults, and strike-slip faults (Figure 2-4). Normal faults form when the crust is
pulled apart; thrust faults occur when the crust is compressed. Strike-slip faults form when two
pieces of crust slide past each other horizontally. In the field, you can work out what type of fault
you’re looking at by mapping the rock types on either side of the fault and trying to match them
up.Whenever you see rocks in the wrong positions, such as older rocks on top of younger rocks,



suspect a fault. Another way to recognize a fault is to look for highly fractured or highly stretched
rocks (Figure 2-3A). Highly fractured rocks often indicate a fault in the upper, cooler part of the
crust, where rocks grind past one another, breaking and shattering in the process. Stretched
rocks often form as a result of faults in the lower, hotter part of the crust, where rocks ooze and
stretch like putty.FIGURE 2-4. The three kinds of faults.Faults sometimes contribute to features
in the landscape. Rocks that have been ground up in fault zones are more easily eroded than
intact rock, so streams tend to form valleys along fault lines. A good example is the series of
valleys that correspond to the Brevard fault (see Figure 14-2). Normal faults often produce steep
slopes, called fault scarps.The Carolinas are shot through with faults. Most are inactive, but a
few, such as those near Charleston, South Carolina, are still active and capable of producing
large earthquakes (see Chapter 36).The reason we study rocks and the relationships between
them is to try to piece together information about how geologic processes work today, and when
and where those processes have occurred in the past. Sedimentary rocks give us clues about
processes at the earth’s surface. Igneous rocks are full of information about what goes on at
plate boundaries. Metamorphic rocks contain stories about the conditions that exist miles below
our feet. The spatial relationships between rocks in the field tell us about past geologic events. If
you find a rock outcrop that contains evidence of a geologic event, and if you are able to
discover the age of that rock, then you can add another piece to the puzzle that is geology.2:
How to Read RocksJust how do we know that a vast mountain chain towered above the
Carolinas? Or that volcanoes erupted near Chapel Hill? Or that the sea once covered Kinston?
In all sciences, researchers perform experiments and record the results. Geology is no different:
geologists melt rocks, squeeze rocks in hydraulic presses, and run computer simulations.
Geologists also measure and monitor the activity of earthquakes, volcanoes, and the earth’s
tectonic plates. But geology has an added component that not all other sciences do: piecing
together events that happened in the past. In a sense, geologists’ primary laboratory is nature,
and most of their “experiments” have already been run. No human was around millions of years
ago to record what happened in a lab notebook. Instead the record is contained in rocks.
Geologists have learned to “read” rocks to figure out what processes produced them. Was it
movement along a fault? Intense heat and pressure? Slow cooling of liquid rock?Every rock tells
a story, but some rocks speak more clearly than others. Basalt is produced by volcanic
eruptions; there’s no other way to get it. Sandstone, on the other hand, can form on a beach,
along a river, or in a desert. While there are hundreds of different kinds of rocks, like basalt and
sandstone, all rocks fall into three main categories: sedimentary, igneous, and
metamorphic.Sedimentary rocks are usually made of bits and pieces of other rocks that are
deposited by water or wind. They can also be made of shells or other sediments produced by
marine animals or terrestrial or marine plants. You can often recognize a sedimentary rock
simply by noticing that there are sediment grains or fossils in it. You might also notice the layers,
each layer representing a different episode of deposition.Igneous rocks form when molten rock
cools and solidifies. Molten rock can cool slowly deep underground, or erupt—sometimes



explosively—out of a volcano at the earth’s surface. When molten rock cools, the minerals
crystallize into an interlocking network. Individual mineral crystals may be fairly large—a fraction
of an inch to an inch across—or they may be too small to be seen with the naked
eye.Metamorphic rocks form when any kind of rock is subjected to enough heat and pressure to
change it, but not enough to melt it. This usually happens deep underground when rocks are
forcefully buried by collisions between pieces of the earth’s crust called tectonic plates.
Metamorphic rocks often have strongly deformed layers, which develop in response to intense
pressure.How to Read Sedimentary RocksSedimentary rocks are formed by the deposition or
accumulation of materials at the earth’s surface and originate in one of three ways.Clastic
sedimentary rocks form by the accumulation of rock or mineral fragments that have been moved
—by wind, water, ice, or landsliding—from one place to another. Some common clastic
sedimentary rocks are sandstone (made of sand), conglomerate (made of particles coarser than
sand), siltstone (made of particles finer than sand), and shale (made of very fine particles of clay
and mud). To estimate the size of the particles in a clastic sedimentary rock, use the following
guide: If the individual particles can be distinguished with the naked eye, but are smaller than
about a sixteenth of an inch in diameter, the rock is sandstone. If the particles are greater than
about a sixteenth of an inch in diameter—whether pebbles, cobbles, or boulders—it’s
conglomerate. If the particles are not visible to the naked eye, it’s either siltstone or shale. To tell
the difference between these two kinds of rock, geologists sometimes gently grind a small piece
between their back teeth; siltstone feels gritty, shale does not.Biogenic sedimentary rocks are
made of sediments produced by plants and animals. For example, coal is made from plant
remains. Limestone is commonly formed by the slow accumulation of the shells of single-celled
marine life. Coquina is made from larger sea shells (see Figure 35-2).Evaporites are formed by
the evaporation of salt water. As salt water evaporates, different salts become concentrated to
the point that they come out of solution as solids. Halite is an evaporite made of salt (sodium
chloride). Gypsum is made of calcium sulfate. Evaporites are rare in the Carolinas, although in
some of the sedimentary rocks in the Triassic basins (described in Chapter 21) there are small
cube-shaped casts of what were once crystals of halite that have been dissolved away. Other
evaporites can be found offshore, buried within the sediments of the continental shelf of the
Carolinas. These are large balloon-shaped intrusions of salt called salt domes. They form
because salt is less dense than most sedimentary rocks and therefore has a tendency to flow
upward and punch its way through the overlying layers. Salt is ductile, meaning it can flow like
thick putty, so it rises upward in dome-shaped pillars and blobs.The place where sediments
accumulate is called the environment of deposition. As we mentioned before, sandstone can be
formed in more than one environment of deposition, such as a beach, a desert, or a river. Coal,
on the other hand, always forms in swamps because the stagnant water in the bottoms of
swamps tends to be oxygen poor, keeping the organic debris from oxidizing and disappearing.
Coquina usually forms in the ocean. Some sediments are deposited in the same place they were
produced, such as reef limestones. Other sediments are carried for miles, by water or wind,



before they are deposited. For example, the quartz sand on the beach may have come from
granite in the mountains.Let’s say you’re looking at an outcrop of sedimentary rock and you want
to figure out how it formed. There are several clues that you should look for. If the grains of
sediment are big enough to see, take note of their size. If the grains are as large as marbles,
then wind could not have carried those grains, but a fast-flowing stream could have. Are the
grains all the same size (well sorted), or are they many different sizes (poorly sorted)? Wind
tends to carry and deposit grains in a fairly small range of sizes (clay, silt, and fine sand), so
wind-blown deposits are well sorted. Beach sands also tend to be well sorted. That’s because
most rivers travel over areas of low relief right before they dump their sediment into the ocean;
they are not traveling fast enough to carry sediment larger than sand. Then, the wave action of
the ocean winnows out particles smaller than sand, which are deposited farther offshore. (Not all
beach sands in the world are well sorted, however. Where rivers cascade down coastal
mountains directly into the ocean, they bring large and small sediments with them.) Sediments
deposited by a glacier are never well sorted. Ice picks up everything it comes across, without
regard to size, and melting ice dumps sediment in the same haphazard way.We can also use the
shape of the grains to learn something about the origin of a sedimentary rock. Smoothly rounded
grains have usually traveled farther from their source than angular grains. That’s because when
sediment travels a long way, either by water or by wind, it bumps and bounces off the streambed
or other particles, causing its corners to round off. In fact, windblown grains typically have a
“frosted” surface because of their constant abrasion by neighboring grains.If you can tell what
the grains are made of, that might help you figure out where the sediment is from. The grains,
after all, are samples of the original rock that was eroding upstream or upwind. Clastic
sedimentary rocks mostly contain common minerals like quartz, feldspar, and clay, which are
found just about everywhere. However, small amounts of rarer minerals, such as garnet or
kyanite, may help you narrow down possible source areas for the sediment.Now step back and
look at the whole outcrop. Does the rock have any patterns? Is it layered? Sedimentary rocks are
usually deposited as horizontal layers called beds, but in some kinds of sandstone, we see
bedding that is tilted. For example, think of sand dunes. Dunes migrate because wind blows
sand up the back side of the dune, then deposits it on the leeward side of the dune as a sloping
pile of sand. The sand accumulates in layers on the leeward face of the dune, and the layers are
inclined at angles ranging from 30 to 35 degrees. We can see these inclined layers—called
cross-beds—preserved in sedimentary rock (Figure 2-1). Sometimes a rock preserves mud
cracks or small ripple marks—just like the ripple marks you’ve probably seen in sand at a river’s
edge, at the beach, or on a dune. When you see ripple marks in a rock, you know the sediments
were deposited by water or wind. When you see mud cracks in a rock, you know that the
sediments were alternately saturated and dried out.Biogenic sedimentary rocks, such as
limestone or coal, usually contain bits of fossilized shells or plants. By looking at the kinds of
animals or plants that contributed to making the rock, we can learn the age of the rock, whether
or not it formed in the deep sea, at a tropical coral reef, or in a swamp, and what the climate was



like at the time the sediments were deposited.Evaporites, which indicate high rates of
evaporation, form almost exclusively in deserts or other arid environments. The salty shores of
the Great Salt Lake in Utah are a place where evaporites are being deposited today. The salt
domes off the coast of North Carolina rose millions of years ago as flat layers of salt in a deep
arid basin, one of many such basins that were formed when the supercontinent Pangea was
tearing apart. Later the Atlantic Ocean flooded the area.FIGURE 2-1. Inclined cross-beds within
horizontal beds of sandstone in Utah.How to Read Igneous RocksIgneous rocks form when
molten rock cools. Molten rock is called magma when it’s underground and lava when it reaches
the earth’s surface (as in a volcanic eruption). Magma is not everywhere below our feet, contrary
to what you might see in movies. The processes that generate molten rock are most commonly
found at plate boundaries—the places where pieces of the earth’s outer shell are tearing apart,
colliding, or sliding past one another. (We’ll explore plate tectonics more fully in the next chapter.
For now, all you need to know is that the surface of the earth is broken into about a dozen plates
that move around very slowly.) Because of this association between molten rock and plate
boundaries, much of the information we get from igneous rocks has to do with the way the plates
move around. Whereas sedimentary rocks tell us about what was going on at the earth’s
surface, igneous rocks tell us about what was going on at plate boundaries.When reading an
igneous rock, the first step is to look at the size of the mineral grains in the rock. Large grains—
those that are visible to the naked eye—mean the magma cooled slowly. Very small or
microscopic grains mean that the molten rock cooled quickly (Figure 2-2). So if you find an
igneous rock with large grains, you know the rock cooled deep underground, solidifying
gradually over a long period of time—anywhere from thousands to millions of years. These kinds
of rocks are called plutonic igneous rocks, after Pluto, the Roman god of the underworld. If you
find an igneous rock with very small grains, it probably came to the surface as lava from a
volcano and cooled quickly—anywhere from a few seconds to a few days. These kinds of rocks
are called volcanic igneous rocks, after Vulcan, the Roman god of fire.FIGURE 2-2. Fine-grained
igneous rock, which cooled quickly, on the left (andesite); it was later intruded by coarse-grained
igneous rock, which cooled slowly, on the right (diorite). Photo taken at the Bacon Quarry east of
Hillsborough, North Carolina.Next, look at the color of the rock. Overall, is it light, dark, or in
between? These colors generally reflect the rock’s chemical composition. Light-colored igneous
rocks typically have lots of white and pink minerals with smaller amounts of dark minerals; they
are rich in silica (a combination of the elements silicon and oxygen). A common silica-rich rock
with visible crystals is granite. Granite’s visible crystals tell us that the rock cooled slowly
underground in a magma chamber. If the magma had cooled quickly, the rock would have
hardened before large crystals had time to grow. When similar magma erupts as lava, the
resulting rock has small grains and is called rhyolite. Light-colored igneous rocks, such as
granite and rhyolite, most commonly form where two plates are coming together and at least one
of the plates is a continent.Dark igneous rocks are made mostly of gray, black, or dark green
minerals. They have less silica and more calcium, iron, and magnesium. If the grains are visible,



the rock is called gabbro; if the grains are microscopic, it is called basalt. Gabbro forms in
underground magma chambers while basalt is hardened lava. Basalt and gabbro form most
commonly where plates are pulling apart from one another.A third class of igneous rock is
intermediate in chemical composition between granite and basalt. These rocks either have a salt-
and-pepper appearance (visible grains) or are relatively uniform gray (microscopic grains); the
salt-and-pepper rock is called diorite (Figure 2-2). The gray rock is called andesite. These rocks
commonly form when two plates—one of which is a continent—are coming together.How to
Read Metamorphic RocksA metamorphic rock has experienced enough heat and pressure to
change the minerals and appearance of the rock, but not enough to melt it. These kinds of
conditions exist deep underground.Metamorphic rocks are full of clues to their origins, and many
of these clues are gorgeous—stripes, folds, crenulations, or shapes called augen (“eyes” in
German) or boudins (“sausages” in French). Metamorphic rocks can contain gem minerals such
as garnets and often have glittery flakes of mica (Plates 2 and 3).When studying a metamorphic
rock outcrop, the first thing you should notice is how extensive the metamorphism is. If it is a
narrow band (as narrow as a foot or two) where it is in contact with igneous rock, then it is most
likely contact metamorphism. When magma intrudes a preexisting rock, the heat from the
magma can cause minerals in the surrounding rock to recrystallize.If, on the other hand, there is
metamorphic rock for miles around, you know something bigger was going on. For example, the
vast majority of rocks in the Carolina Piedmont and Blue Ridge are metamorphic. The only way
to metamorphose that much rock at once is to push it deep underground. This happens anytime
two plates collide, forcing one of the plates below the other. The rock on the down-going plate
gradually encounters temperatures and pressures high enough for metamorphism.Some
metamorphic rocks preserve features of the original rock, especially if they have been heated
and buried only slightly. In that case, we can use the techniques described above to read the
information contained in the original sedimentary or igneous rock. For example, marble
(metamorphosed limestone) sometimes contains recognizable fossils. Quartzite
(metamorphosed sandstone) sometimes contains cross-beds (see Figure 18-3). Weakly
metamorphosed igneous rocks retain their original minerals, although the grains may be a bit
rearranged. More commonly, though, metamorphism is intense enough to wipe out the features
of the earlier rock. Typical metamorphic rocks in the Carolinas have layers, which in
metamorphic rocks we call foliation (Figure 2-3A). These layers are not relic sedimentary
bedding; they are a result of elevated temperatures and pressures causing new minerals to grow
with a preferred orientation, thus producing the foliation. The foliation is commonly wrinkled or
folded as a result of the intense pressure (Figure 2-3B). Rocks undergoing metamorphism are
often exposed to temperatures over 1,000°F and pressures of over 150,000 pounds per square
inch for millions of years. It’s important to remember that metamorphic rocks have not been
melted—all the changes they undergo take place in solid rock.Carolina metamorphic rocks
commonly contain mica and garnet (Plate 3). The presence of either of these minerals along
with strongly deformed layers tells you the rock is metamorphic. Let’s say you find a foliated rock



that contains large flakes of mica and crystals of garnet. The large grain size tells you that the
rock was heated to a high temperature: high temperatures allow atoms to move more easily in
the solid rock, resulting in larger crystals. If you analyze the chemical composition of the garnet
and mica in the lab, you can pinpoint quite precisely the maximum temperature that the rock
experienced.Other minerals give you other clues. Sillimanite, which often looks like thin white
needles, is present only in rocks that have experienced high temperatures—900°F or more.
Kyanite, which has the same chemical formula as sillimanite (Al2SiO5), is a beautiful blue or
gray mineral and occurs only in rocks that have experienced high pressure, usually over 50,000
pounds per square inch (see Figure 16-2). So, if a rock contains kyanite, you can generally
assume that it was once buried quite deeply, 7 miles down or more. Yet another form of Al2SiO5
is called andalusite, which is commonly a dark brown blocky mineral that forms under conditions
of relatively low pressure and low-to-moderate temperatures (see Figure 20-2). By knowing how
hot or how deeply buried a metamorphic rock was, we can learn about conditions far down in the
earth and the processes that bring deep rocks to the surface.FIGURE 2-3. Foliated metamorphic
rock (gneiss). A: Well-developed foliation due to fault movement. B: Folded foliation.
Photographs taken in the Blue Ridge Mountains, North Carolina.Metamorphic rocks usually form
at least 5 miles underground. So how do they get back up to the surface? Erosion is the most
important way. As mountains rise and erode, once–deeply buried rocks become exposed at the
surface of the earth.How to Tell a Geologic StoryOnce you’ve learned to identify rocks, the next
step is to look for the relationships between different kinds of rocks in the field to try to piece
together a story about geologic events. For example, when sediments are deposited, younger
sediments always are dumped on top of older sediments, so in a stack of sedimentary rocks, the
oldest are on the bottom (this is called the principle of superposition). If you see a big quartz vein
cutting straight across several different kinds of rock, you’ll know the quartz vein formed after the
other rocks did, because a quartz vein cannot form in thin air—by definition, it cuts another rock.
A body of magma can intrude preexisting rock layers, but sedimentary rocks cannot intrude
granite. Using clues like these, you can figure out the relative ages of different rocks and begin to
put together a geologic story. An important part of this process is to make sure that the rock
outcrops you are looking at are not just loose boulders on the surface, but are in situ (in place)—
that is, that they are still connected to the crust.Sometimes in the field you’ll come across
puzzling relationships. What if you find older sedimentary rocks on top of younger sedimentary
rocks? What if you find a layer of sedimentary rock on top of a body of granite? What if you find a
quartz vein that looks like it has been sliced in two and the two halves no longer meet up?
Relationships like these can often be explained by erosion or by faulting. For example, imagine a
large body of granite that gets exposed at the earth’s surface and the top of it gets eroded away.
Then later the area is covered by water and layers of sediment are deposited. The contact
between the granite and the sedimentary layers is called an unconformity because it represents
a gap in time caused by erosion.Faulting can put older sedimentary rock on top of younger
sedimentary rock or slice quartz veins. Faults are fractures in the earth where two bodies of rock



are moving in opposite directions. The three most important kinds of faults in the Carolinas are
normal faults, thrust faults, and strike-slip faults (Figure 2-4). Normal faults form when the crust is
pulled apart; thrust faults occur when the crust is compressed. Strike-slip faults form when two
pieces of crust slide past each other horizontally. In the field, you can work out what type of fault
you’re looking at by mapping the rock types on either side of the fault and trying to match them
up.Whenever you see rocks in the wrong positions, such as older rocks on top of younger rocks,
suspect a fault. Another way to recognize a fault is to look for highly fractured or highly stretched
rocks (Figure 2-3A). Highly fractured rocks often indicate a fault in the upper, cooler part of the
crust, where rocks grind past one another, breaking and shattering in the process. Stretched
rocks often form as a result of faults in the lower, hotter part of the crust, where rocks ooze and
stretch like putty.FIGURE 2-4. The three kinds of faults.Faults sometimes contribute to features
in the landscape. Rocks that have been ground up in fault zones are more easily eroded than
intact rock, so streams tend to form valleys along fault lines. A good example is the series of
valleys that correspond to the Brevard fault (see Figure 14-2). Normal faults often produce steep
slopes, called fault scarps.The Carolinas are shot through with faults. Most are inactive, but a
few, such as those near Charleston, South Carolina, are still active and capable of producing
large earthquakes (see Chapter 36).The reason we study rocks and the relationships between
them is to try to piece together information about how geologic processes work today, and when
and where those processes have occurred in the past. Sedimentary rocks give us clues about
processes at the earth’s surface. Igneous rocks are full of information about what goes on at
plate boundaries. Metamorphic rocks contain stories about the conditions that exist miles below
our feet. The spatial relationships between rocks in the field tell us about past geologic events. If
you find a rock outcrop that contains evidence of a geologic event, and if you are able to
discover the age of that rock, then you can add another piece to the puzzle that is geology.3:
Adding to the Body of Geologic KnowledgeGeology, like all science, is a growing and changing
body of knowledge. New ideas, new field work, new lab work, and new technologies continue to
expand the boundaries of what we know. New data can prove or disprove old ideas or lead to
new ideas. Proven ideas are added to the foundation of geologic knowledge; new ideas are
tested, leading to more work and more data. Sometimes the pace is steady; sometimes great
progress occurs suddenly. Either way, as geologists continue to work in the field and the
laboratory, our knowledge grows. Like geology in general, the geologic history of the Carolinas
presented in this book contains undeniable facts and controversial new hypotheses and
everything in between. (We’ll let you know which are which.)When trying to piece together
events of the past, geologists, like crime-scene detectives, look for a “smoking gun” to make a
case. Sometimes we find one; sometimes we don’t. Usually geologists gather enough evidence
to prove a particular explanation to be very likely, often beyond a reasonable doubt. But there are
times when simply not enough information is at hand. In that case, several possible hypotheses
must be kept in mind until more definitive data become available.And new data do continue to
become available, not just because geologists keep working, but also because new



technologies reveal new information, just as DNA analysis can shed new light on an old criminal
investigation. Mass spectrometers measure quantities of a particular element down to the
picogram (that’s one-trillionth of a gram). Scanning electron microscopes and electron
microprobes reveal the structure and composition of earth materials as small as a micron (a
micron is about 1/100th the thickness of a strand of human hair).Just as detectives don’t get to
choose what evidence is present at a crime scene, so geologists must take the earth as it is. Dirt
and soil cover the bedrock, as do plants, parking lots, and cities. And, just as in crime-scene
investigations, the older the event, the more likely it is that some of the evidence will be missing.
Some crimes take a long time to solve because a key piece of evidence is hard to uncover.
Geologists often face the same problem. It may take decades of work to arrive at a convincing
conclusion.A great geologic detective story is the discovery of plate tectonics. The realization
that the earth’s outer shell is broken into large pieces that are constantly (but slowly) moving
came about through a series of discoveries over many years. Since the time when accurate
maps of the world were first printed, people had noticed that the coastlines of Africa and South
America fit together like pieces of a jigsaw puzzle. Geologists documented other patterns that
defied easy explanation: Why are the world’s volcanoes concentrated in what’s known as the
Ring of Fire—a narrow zone that rims the Pacific Ocean? Why do the epicenters of deep
earthquakes also cluster along the Ring of Fire? Why is there an undersea mountain range that
circles almost the entire globe? Why are the Himalayas gaining elevation, while the
Appalachians are losing elevation?The work of many geologists on separate problems
eventually led to a comprehensive theory that explained all these patterns and more. In 1928
Kiyoo Wadati of the Central Meteorological Observatory of Japan noticed a zone of deep
earthquakes beneath Japan. In 1954 Hugo Benioff of the Cali-fornia Institute of Technology
proposed that deep earthquakes beneath active volcanoes and growing mountains were caused
by rock sinking deep into the earth at those places. In 1962 Harry Hess of Princeton University
suggested that the submarine mountain ranges, or midocean ridges, were places where new
oceanic crust was being created and spreading out. Then, in 1968, the work of these geologists
and many more was synthesized into an overarching theory by Bryan Isacks, Jack Oliver, and
Lynn Sykes of Lamont Geological Observatory at Columbia University. They called their new
model “global tectonics,” and it essentially describes our modern understanding of plate
tectonics: the outer shell of the earth is composed of about a dozen rigid fragments called
plates, which move apart, come together, and slide past one another (Figure 3-1).Plates can be
made of continental crust or oceanic crust or, most often, a combination of the two. Practically
speaking, the main difference between the two kinds of crust is density: continental crust is less
dense and thus floats higher than oceanic crust. (What is the crust floating on? The mantle, the
layer of dense rock underneath the crust.) Continental crust is made of many different kinds of
rocks, while oceanic crust is virtually all basalt and gabbro. Different sorts of geologic processes
take place at the three different types of plate boundaries: divergent (moving apart), convergent
(coming together), and transform (sliding past) (Figure 3-2).FIGURE 3-1. The earth’s major



tectonic plates. The arrows show relative motion at plate boundaries. The stars show the
locations of the three largest earthquakes on record.Divergent plate boundaries most commonly
originate in continental crust. As one plate breaks in two, rocks from the mantle “well up” into the
widening crack. The rocks that are welling up are not molten, but rather a flowing solid. They do
melt, however, when they meet the lower pressures near the earth’s surface, and after cooling
and solidifying, they become new oceanic crust. As oceanic crust accumulates in the crack, one
continental plate becomes two. Eventually, sea water floods the dense, low-elevation oceanic
crust. That’s why most divergent plate boundaries are now found in the middle of oceans, such
as the Mid-Atlantic Ridge, which separates the North American plate from the Eurasian plate. An
active divergent plate boundary can be seen on land where the Mid-Atlantic Ridge emerges in
Iceland. The Red Sea is a geologically young “ocean” created by the divergent plate boundary
that is pushing apart the Arabian Peninsula and northeastern Africa (Figure 3-1). The Great Rift
Valley in East Africa is likely to evolve into a divergent plate boundary. A string of lakes including
Lake Tanganyika and Lake Malawi traces the path of the Great Rift Valley in the vicinity of the
western border of Tanzania. The rifting of the crust and the generation of magma mean that
divergent plate boundaries are commonly associated with earthquakes and active volcanoes.At
convergent plate boundaries, two plates come together. If one of the plates is oceanic crust,
which is denser than continental crust, it will sink—subduct—under the other plate. The
movement of the plates scraping together during subduction creates earthquakes. The most
powerful earthquakes that have ever been measured occurred at convergent plate boundaries,
including the December 26, 2004, earthquake in Sumatra (magnitude 9.0), the 1964 earthquake
in Alaska (magnitude 9.2), and the 1960 earthquake in Chile (magnitude 9.5) (Figure 3-1).
Convergent plate boundaries are also the sites of some of the most active volcanoes on earth.
When an oceanic plate sinks into the mantle, water trapped in the rocks and sediments of the
plate is liberated. When this water mixes with overlying hot mantle rocks, the mantle rocks melt,
because water lowers the melting point of rock. The molten rock rises to the surface and erupts
from volcanoes (Figure 3-2).FIGURE 3-2. The three kinds of plate boundaries. In this diagram
plates A and B are separated by both a divergent and transform plate boundary. Plates B and C
are separated by a convergent plate boundary. Accretionary wedges develop along convergent
plate boundaries as rocks and sediments are scraped off the subducting plate.If both plates at a
convergent boundary are continental, neither plate is likely to subduct because they are too
buoyant (in some cases, a small amount of continental crust will subduct, but buoyancy prevents
it from going far). The plates collide, and the convergence eventually ceases. These continental
collisions produce the largest mountain ranges on earth, such as the Himalayas. The Carolinas
have experienced continental collisions in their geologic past.When two plates simply slide past
one another, this is called a transform plate boundary. The San Andreas fault in California is an
example: here, the western edge of California is sliding northward. Transform plate boundaries
can generate large, damaging earthquakes, but they typically do not produce many volcanoes.
When there is a bend in the fault, transform plate boundaries can stimulate the building of



mountain ranges, such as the San Gabriel Mountains north of Los Angeles, but these mountain
ranges are much smaller than those produced by continental collisions.From the beginning,
plate tectonics was a successful theory because it tied together disparate pieces of information,
enabled geologists to make successful predictions, and explained long-observed patterns, such
as the following:♦ Earthquakes and volcanoes are concentrated at the edges between plates
because that is where plates grind against one another, separate, and are recycled into the
mantle.♦ Submarine mountain ranges are places where upwelling mantle comes to the surface,
generating new oceanic crust and pushing plates away from one another.♦ The Himalayas are
growing because the Indian-Australian plate is colliding with the Eurasian plate, pushing the
bedrock of Asia higher and higher.♦ The Appalachians are shrinking because the collision that
produced them is long over and the mountains are eroding.♦ The jigsaw-puzzle fit of the
continents is no illusion—South America and Africa used to be stitched together.The new theory
explained so many patterns so well that Isacks, Oliver, and Sykes could express considerable
confidence in their pathbreaking paper:Few scientific papers are completely objective and
impartial; this one is not. It clearly favors the new global tectonics. . . . In the final section,
however, we report an earnest effort to uncover reliable information from the field of seismology
that might provide a case against the new global tectonics. There appears to be no such
evidence. This does not mean, however, that many of the data could not be explained equally
well by other hypotheses (although probably not so well by any other single hypothesis) or that
further development or modification of the new global tectonics will not be required to explain
some of the observations of seismology. It merely means that, at present, in the field of
seismology, there cannot readily be found a major obstacle to the new global tectonics. (Bryan
Isacks, Jack Oliver, and Lynn Sykes, “Seismology and the New Global Tectonics,” Journal of
Geophysical Research 73 (1968): 5855–99)Even though there were no major obstacles to the
new theory, there was no smoking gun—that is, measurable plate movement. Plates move at
about the same speed that fingernails grow, and scientists in the 1960s and 1970s didn’t have a
reliable way to measure such slow movement. That changed during the 1990s with the
development of the Global Positioning System. GPS is a constellation of satellites that were
launched to provide a means of accurate navigation for the U.S. military; it can measure
locations to within a fraction of an inch. During the last decade, geologists have deployed these
instruments around the globe and have discovered that the plates are in fact moving in the
directions and at the rates predicted. Plate tectonics has now been conclusively proven.The
development of this overarching theory of geology is an example of what Thomas Kuhn, a noted
philosopher and historian of science at MIT, called a “paradigm shift.” A paradigm shift occurs
when a new theory brings together a wide range of information into a cohesive whole, providing
a new unified framework with which to understand and interpret both old and new data. There
were several other paradigm shifts in twentieth-century science, including Einstein’s theory of
relativity in the early part of the century and the development of molecular biology in the 1950s.
True paradigm shifts in science are rare, and we may not see another for a long time.Examples



of smaller-scale geologic detective stories abound in the Carolinas. Running nearly north-south
through the middle of the Carolinas is a belt of igneous and weakly metamorphosed volcanic
and sedimentary rocks called the Carolina terrane (“terrane” refers to an area containing the
same or similar bedrock throughout that shares the same or similar geologic history). Most of
these rocks are about 500 to 600 million years old. Their chemical composition shows that they
were created when two plates were coming together at a convergent plate boundary. If we look
farther west in the Carolinas, we find sedimentary rocks of a similar age that were deposited on
a passive margin, which is the edge of a continent that is not a plate boundary (the east coast of
North America today is a passive margin). Clearly, the margin of the Carolinas could not have
been a place where there was a passive margin and a convergent boundary at the same time,
so how could this be explained?One key piece of evidence came from fossils. At the dawn of the
Cambrian period, the earth’s oceans teemed with trilobites, ancient relatives of crabs and
lobsters (Figure 3-3). Paleontologists (geologists who study fossils) have identified at least nine
different species of Cambrian trilobites in the rocks of the Carolina terrane. These trilobite
species never lived off the coast of this continent; they lived in the waters off the coast of an
ancient continent called Gondwana, which consisted of parts of South America and Africa. This
showed that the rocks of the Carolina terrane were not “native” to North America but started out
on a different continent. Because the Carolina terrane originated as part of a different continent
and was added to North America later, geologists refer to it as an “exotic” terrane.So our mystery
is solved. Millions of years ago when the ancient North America had a passive margin, the rocks
of the Carolina terrane were part of a convergent plate boundary in Gondwana. During a later
collision, these rocks were added on to North America—putting passive margin rocks and
convergent rocks of a similar age right next to each other.Other Carolina mysteries are not yet
solved. In 1992 Rod Willard, a gradu- ate student working with Bob Butler and Kevin Stewart at
the University of North Carolina in Chapel Hill, discovered near Bakersville, North Carolina, a
block of metamorphic rock made almost entirely of red garnet and a green mineral called
omphacite. Mark Adams, another UNC graduate student, analyzed the chemical composition of
the rock and its minerals and determined that it was eclogite—a piece of oceanic crust that sank
into the earth’s mantle to a depth of at least 30 miles and then came back up to the surface.
Stewart, Adams, and another graduate student named Chuck Trupe went looking for more
eclogite and found a body near Bakersville that is about a half a mile long and 1,000 feet thick,
making it the largest known body of eclogite in North America. It’s unusual to find this rock at the
earth’s surface because it is so dense; it almost always sinks into the mantle at subduction
zones and is recycled into the mantle. Somehow, the Bakersville eclogite made its way back to
the earth’s surface. Is there a fault nearby that might have removed material above the eclogite?
Did some mechanism cause intense erosion that eventually exposed it? Did the dense eclogite
somehow “hitch a ride” up with low-density crustal rocks? Stewart and his students are
continuing to analyze the eclogite and nearby rocks to try to answer these questions.FIGURE
3-3. A fossil trilobite (Phacops sp.) from the Devonian period. (In the collection of the North



Carolina Museum of Natural Sciences.)The answers could have broad implications because
eclogite plays an important role in how plates move. As the basaltic oceanic crust sinks into the
mantle at subduction zones, it eventually becomes dense eclogite, and because eclogite is
denser than the surrounding mantle, a positive feedback is set up—eclogite pulls the plate down
causing more crust to become eclogite. The conversion of oceanic crust to eclogite is an
important—perhaps the most important—driving mechanism of subduction and, by extension, of
plate tectonics as a whole. The midocean ridge in the southern Pacific Ocean is spreading much
faster than the Mid-Atlantic Ridge, and this is because the Pacific is rimmed by subduction
zones. Not only is oceanic crust being generated at the South Pacific ridge, but the plates are
also being actively pulled away from the ridge by the eclogite-driven subduction.As the work on
the Bakersville eclogite proceeds, thousands of geologists around the world are working on
other pieces of the global geology puzzle. Day by day, small and large discoveries come
together, bringing into sharper focus the present-day workings of the earth and the geologic
events that occurred in the distant past. Plate tectonics continues to work well as an overarching
theory by which to understand and evaluate new findings.And yet, as is always the case in
science, much remains to be revealed and explained. Most of the earth’s geology has not been
mapped in detail. Our knowledge of what is one mile below our feet is a fraction of our
knowledge of things millions of miles above our heads in the cosmos. It is the body of knowledge
yet to be discovered that motivates geologists to keep searching for new clues in rocks.And if
you’re not a geologist? You can make discoveries too. Look around and you might find an
interesting mineral along a hiking trail, weird shapes carved in the bed of a neighborhood
stream, wind-blown patterns in beach sand, or a remarkable rock outcrop along the highway.
Even if you’re not a geologist, you can notice the character and shape of the land around you
and try to come up with logical explanations for what you see—and that is the heart of geology.3:
Adding to the Body of Geologic KnowledgeGeology, like all science, is a growing and changing
body of knowledge. New ideas, new field work, new lab work, and new technologies continue to
expand the boundaries of what we know. New data can prove or disprove old ideas or lead to
new ideas. Proven ideas are added to the foundation of geologic knowledge; new ideas are
tested, leading to more work and more data. Sometimes the pace is steady; sometimes great
progress occurs suddenly. Either way, as geologists continue to work in the field and the
laboratory, our knowledge grows. Like geology in general, the geologic history of the Carolinas
presented in this book contains undeniable facts and controversial new hypotheses and
everything in between. (We’ll let you know which are which.)When trying to piece together
events of the past, geologists, like crime-scene detectives, look for a “smoking gun” to make a
case. Sometimes we find one; sometimes we don’t. Usually geologists gather enough evidence
to prove a particular explanation to be very likely, often beyond a reasonable doubt. But there are
times when simply not enough information is at hand. In that case, several possible hypotheses
must be kept in mind until more definitive data become available.And new data do continue to
become available, not just because geologists keep working, but also because new



technologies reveal new information, just as DNA analysis can shed new light on an old criminal
investigation. Mass spectrometers measure quantities of a particular element down to the
picogram (that’s one-trillionth of a gram). Scanning electron microscopes and electron
microprobes reveal the structure and composition of earth materials as small as a micron (a
micron is about 1/100th the thickness of a strand of human hair).Just as detectives don’t get to
choose what evidence is present at a crime scene, so geologists must take the earth as it is. Dirt
and soil cover the bedrock, as do plants, parking lots, and cities. And, just as in crime-scene
investigations, the older the event, the more likely it is that some of the evidence will be missing.
Some crimes take a long time to solve because a key piece of evidence is hard to uncover.
Geologists often face the same problem. It may take decades of work to arrive at a convincing
conclusion.A great geologic detective story is the discovery of plate tectonics. The realization
that the earth’s outer shell is broken into large pieces that are constantly (but slowly) moving
came about through a series of discoveries over many years. Since the time when accurate
maps of the world were first printed, people had noticed that the coastlines of Africa and South
America fit together like pieces of a jigsaw puzzle. Geologists documented other patterns that
defied easy explanation: Why are the world’s volcanoes concentrated in what’s known as the
Ring of Fire—a narrow zone that rims the Pacific Ocean? Why do the epicenters of deep
earthquakes also cluster along the Ring of Fire? Why is there an undersea mountain range that
circles almost the entire globe? Why are the Himalayas gaining elevation, while the
Appalachians are losing elevation?The work of many geologists on separate problems
eventually led to a comprehensive theory that explained all these patterns and more. In 1928
Kiyoo Wadati of the Central Meteorological Observatory of Japan noticed a zone of deep
earthquakes beneath Japan. In 1954 Hugo Benioff of the Cali-fornia Institute of Technology
proposed that deep earthquakes beneath active volcanoes and growing mountains were caused
by rock sinking deep into the earth at those places. In 1962 Harry Hess of Princeton University
suggested that the submarine mountain ranges, or midocean ridges, were places where new
oceanic crust was being created and spreading out. Then, in 1968, the work of these geologists
and many more was synthesized into an overarching theory by Bryan Isacks, Jack Oliver, and
Lynn Sykes of Lamont Geological Observatory at Columbia University. They called their new
model “global tectonics,” and it essentially describes our modern understanding of plate
tectonics: the outer shell of the earth is composed of about a dozen rigid fragments called
plates, which move apart, come together, and slide past one another (Figure 3-1).Plates can be
made of continental crust or oceanic crust or, most often, a combination of the two. Practically
speaking, the main difference between the two kinds of crust is density: continental crust is less
dense and thus floats higher than oceanic crust. (What is the crust floating on? The mantle, the
layer of dense rock underneath the crust.) Continental crust is made of many different kinds of
rocks, while oceanic crust is virtually all basalt and gabbro. Different sorts of geologic processes
take place at the three different types of plate boundaries: divergent (moving apart), convergent
(coming together), and transform (sliding past) (Figure 3-2).FIGURE 3-1. The earth’s major



tectonic plates. The arrows show relative motion at plate boundaries. The stars show the
locations of the three largest earthquakes on record.Divergent plate boundaries most commonly
originate in continental crust. As one plate breaks in two, rocks from the mantle “well up” into the
widening crack. The rocks that are welling up are not molten, but rather a flowing solid. They do
melt, however, when they meet the lower pressures near the earth’s surface, and after cooling
and solidifying, they become new oceanic crust. As oceanic crust accumulates in the crack, one
continental plate becomes two. Eventually, sea water floods the dense, low-elevation oceanic
crust. That’s why most divergent plate boundaries are now found in the middle of oceans, such
as the Mid-Atlantic Ridge, which separates the North American plate from the Eurasian plate. An
active divergent plate boundary can be seen on land where the Mid-Atlantic Ridge emerges in
Iceland. The Red Sea is a geologically young “ocean” created by the divergent plate boundary
that is pushing apart the Arabian Peninsula and northeastern Africa (Figure 3-1). The Great Rift
Valley in East Africa is likely to evolve into a divergent plate boundary. A string of lakes including
Lake Tanganyika and Lake Malawi traces the path of the Great Rift Valley in the vicinity of the
western border of Tanzania. The rifting of the crust and the generation of magma mean that
divergent plate boundaries are commonly associated with earthquakes and active volcanoes.At
convergent plate boundaries, two plates come together. If one of the plates is oceanic crust,
which is denser than continental crust, it will sink—subduct—under the other plate. The
movement of the plates scraping together during subduction creates earthquakes. The most
powerful earthquakes that have ever been measured occurred at convergent plate boundaries,
including the December 26, 2004, earthquake in Sumatra (magnitude 9.0), the 1964 earthquake
in Alaska (magnitude 9.2), and the 1960 earthquake in Chile (magnitude 9.5) (Figure 3-1).
Convergent plate boundaries are also the sites of some of the most active volcanoes on earth.
When an oceanic plate sinks into the mantle, water trapped in the rocks and sediments of the
plate is liberated. When this water mixes with overlying hot mantle rocks, the mantle rocks melt,
because water lowers the melting point of rock. The molten rock rises to the surface and erupts
from volcanoes (Figure 3-2).FIGURE 3-2. The three kinds of plate boundaries. In this diagram
plates A and B are separated by both a divergent and transform plate boundary. Plates B and C
are separated by a convergent plate boundary. Accretionary wedges develop along convergent
plate boundaries as rocks and sediments are scraped off the subducting plate.If both plates at a
convergent boundary are continental, neither plate is likely to subduct because they are too
buoyant (in some cases, a small amount of continental crust will subduct, but buoyancy prevents
it from going far). The plates collide, and the convergence eventually ceases. These continental
collisions produce the largest mountain ranges on earth, such as the Himalayas. The Carolinas
have experienced continental collisions in their geologic past.When two plates simply slide past
one another, this is called a transform plate boundary. The San Andreas fault in California is an
example: here, the western edge of California is sliding northward. Transform plate boundaries
can generate large, damaging earthquakes, but they typically do not produce many volcanoes.
When there is a bend in the fault, transform plate boundaries can stimulate the building of



mountain ranges, such as the San Gabriel Mountains north of Los Angeles, but these mountain
ranges are much smaller than those produced by continental collisions.From the beginning,
plate tectonics was a successful theory because it tied together disparate pieces of information,
enabled geologists to make successful predictions, and explained long-observed patterns, such
as the following:♦ Earthquakes and volcanoes are concentrated at the edges between plates
because that is where plates grind against one another, separate, and are recycled into the
mantle.♦ Submarine mountain ranges are places where upwelling mantle comes to the surface,
generating new oceanic crust and pushing plates away from one another.♦ The Himalayas are
growing because the Indian-Australian plate is colliding with the Eurasian plate, pushing the
bedrock of Asia higher and higher.♦ The Appalachians are shrinking because the collision that
produced them is long over and the mountains are eroding.♦ The jigsaw-puzzle fit of the
continents is no illusion—South America and Africa used to be stitched together.The new theory
explained so many patterns so well that Isacks, Oliver, and Sykes could express considerable
confidence in their pathbreaking paper:Few scientific papers are completely objective and
impartial; this one is not. It clearly favors the new global tectonics. . . . In the final section,
however, we report an earnest effort to uncover reliable information from the field of seismology
that might provide a case against the new global tectonics. There appears to be no such
evidence. This does not mean, however, that many of the data could not be explained equally
well by other hypotheses (although probably not so well by any other single hypothesis) or that
further development or modification of the new global tectonics will not be required to explain
some of the observations of seismology. It merely means that, at present, in the field of
seismology, there cannot readily be found a major obstacle to the new global tectonics. (Bryan
Isacks, Jack Oliver, and Lynn Sykes, “Seismology and the New Global Tectonics,” Journal of
Geophysical Research 73 (1968): 5855–99)Even though there were no major obstacles to the
new theory, there was no smoking gun—that is, measurable plate movement. Plates move at
about the same speed that fingernails grow, and scientists in the 1960s and 1970s didn’t have a
reliable way to measure such slow movement. That changed during the 1990s with the
development of the Global Positioning System. GPS is a constellation of satellites that were
launched to provide a means of accurate navigation for the U.S. military; it can measure
locations to within a fraction of an inch. During the last decade, geologists have deployed these
instruments around the globe and have discovered that the plates are in fact moving in the
directions and at the rates predicted. Plate tectonics has now been conclusively proven.The
development of this overarching theory of geology is an example of what Thomas Kuhn, a noted
philosopher and historian of science at MIT, called a “paradigm shift.” A paradigm shift occurs
when a new theory brings together a wide range of information into a cohesive whole, providing
a new unified framework with which to understand and interpret both old and new data. There
were several other paradigm shifts in twentieth-century science, including Einstein’s theory of
relativity in the early part of the century and the development of molecular biology in the 1950s.
True paradigm shifts in science are rare, and we may not see another for a long time.Examples



of smaller-scale geologic detective stories abound in the Carolinas. Running nearly north-south
through the middle of the Carolinas is a belt of igneous and weakly metamorphosed volcanic
and sedimentary rocks called the Carolina terrane (“terrane” refers to an area containing the
same or similar bedrock throughout that shares the same or similar geologic history). Most of
these rocks are about 500 to 600 million years old. Their chemical composition shows that they
were created when two plates were coming together at a convergent plate boundary. If we look
farther west in the Carolinas, we find sedimentary rocks of a similar age that were deposited on
a passive margin, which is the edge of a continent that is not a plate boundary (the east coast of
North America today is a passive margin). Clearly, the margin of the Carolinas could not have
been a place where there was a passive margin and a convergent boundary at the same time,
so how could this be explained?One key piece of evidence came from fossils. At the dawn of the
Cambrian period, the earth’s oceans teemed with trilobites, ancient relatives of crabs and
lobsters (Figure 3-3). Paleontologists (geologists who study fossils) have identified at least nine
different species of Cambrian trilobites in the rocks of the Carolina terrane. These trilobite
species never lived off the coast of this continent; they lived in the waters off the coast of an
ancient continent called Gondwana, which consisted of parts of South America and Africa. This
showed that the rocks of the Carolina terrane were not “native” to North America but started out
on a different continent. Because the Carolina terrane originated as part of a different continent
and was added to North America later, geologists refer to it as an “exotic” terrane.So our mystery
is solved. Millions of years ago when the ancient North America had a passive margin, the rocks
of the Carolina terrane were part of a convergent plate boundary in Gondwana. During a later
collision, these rocks were added on to North America—putting passive margin rocks and
convergent rocks of a similar age right next to each other.Other Carolina mysteries are not yet
solved. In 1992 Rod Willard, a gradu- ate student working with Bob Butler and Kevin Stewart at
the University of North Carolina in Chapel Hill, discovered near Bakersville, North Carolina, a
block of metamorphic rock made almost entirely of red garnet and a green mineral called
omphacite. Mark Adams, another UNC graduate student, analyzed the chemical composition of
the rock and its minerals and determined that it was eclogite—a piece of oceanic crust that sank
into the earth’s mantle to a depth of at least 30 miles and then came back up to the surface.
Stewart, Adams, and another graduate student named Chuck Trupe went looking for more
eclogite and found a body near Bakersville that is about a half a mile long and 1,000 feet thick,
making it the largest known body of eclogite in North America. It’s unusual to find this rock at the
earth’s surface because it is so dense; it almost always sinks into the mantle at subduction
zones and is recycled into the mantle. Somehow, the Bakersville eclogite made its way back to
the earth’s surface. Is there a fault nearby that might have removed material above the eclogite?
Did some mechanism cause intense erosion that eventually exposed it? Did the dense eclogite
somehow “hitch a ride” up with low-density crustal rocks? Stewart and his students are
continuing to analyze the eclogite and nearby rocks to try to answer these questions.FIGURE
3-3. A fossil trilobite (Phacops sp.) from the Devonian period. (In the collection of the North



Carolina Museum of Natural Sciences.)The answers could have broad implications because
eclogite plays an important role in how plates move. As the basaltic oceanic crust sinks into the
mantle at subduction zones, it eventually becomes dense eclogite, and because eclogite is
denser than the surrounding mantle, a positive feedback is set up—eclogite pulls the plate down
causing more crust to become eclogite. The conversion of oceanic crust to eclogite is an
important—perhaps the most important—driving mechanism of subduction and, by extension, of
plate tectonics as a whole. The midocean ridge in the southern Pacific Ocean is spreading much
faster than the Mid-Atlantic Ridge, and this is because the Pacific is rimmed by subduction
zones. Not only is oceanic crust being generated at the South Pacific ridge, but the plates are
also being actively pulled away from the ridge by the eclogite-driven subduction.As the work on
the Bakersville eclogite proceeds, thousands of geologists around the world are working on
other pieces of the global geology puzzle. Day by day, small and large discoveries come
together, bringing into sharper focus the present-day workings of the earth and the geologic
events that occurred in the distant past. Plate tectonics continues to work well as an overarching
theory by which to understand and evaluate new findings.And yet, as is always the case in
science, much remains to be revealed and explained. Most of the earth’s geology has not been
mapped in detail. Our knowledge of what is one mile below our feet is a fraction of our
knowledge of things millions of miles above our heads in the cosmos. It is the body of knowledge
yet to be discovered that motivates geologists to keep searching for new clues in rocks.And if
you’re not a geologist? You can make discoveries too. Look around and you might find an
interesting mineral along a hiking trail, weird shapes carved in the bed of a neighborhood
stream, wind-blown patterns in beach sand, or a remarkable rock outcrop along the highway.
Even if you’re not a geologist, you can notice the character and shape of the land around you
and try to come up with logical explanations for what you see—and that is the heart of geology.4:
Geologic TimeEach year, on average, the Himalayas rise a little less than half an inch. In the
same time, the Appalachians shrink, on account of erosion, less than a hair’s breadth, and the
earth’s tectonic plates move an inch or two. Although large earthquakes and landslides can
produce much bigger changes almost instantaneously, over time the average rates are very
slow. Clearly it takes millions and millions of years to open an ocean like the Atlantic (200 million
years, actually), or to raise a mountain range like the Alps. For humans, whose personal
experience rarely exceeds 100 years, the idea of 1,000,000 (1 million) or 1,000,000,000 (1
billion) years is almost unfathomable. Yet if we are to understand the geologic history of the
Carolinas—or the earth—we must find a way to comprehend these enormous spans of time.In
talking about geologic time, we can use a vocabulary of numbers or the vocabulary of the
geologic time scale, which consists of named periods in earth history. The names are analogous
to terms concerning human history such as the “Great Depression,” the “Stone Age,” the
“Antebellum era,” or the “Renaissance.” They have to do with a range of time, not a specific year.
By using geologic periods (or the longer “eras” and shorter “epochs”), we can think about
geologic time without getting hung up on incomprehensibly large numbers, just as we can think



about the Renaissance without knowing exactly when it began or ended.When geologists first
developed the geologic time scale (Figure 4-1), there were no reliable ways of assigning dates to
any of the periods, so they tied their definitions to the fossil record and the sedimentary rocks
that contained the fossils. The Cambrian, for example, marks the beginning of an explosion of
many different types of animal life. The Devonian was a time of a remarkable number and
diversity of fishes. The boundary between the Cretaceous and the Tertiary marks the extinction
of an estimated 70 percent of the earth’s species, including all of the dinosaurs.Geologists could
easily figure out the relative ages of fossils by noting where in a stack of sedimentary rocks they
occurred. Younger sediments are always deposited on top of older sediments, so organisms at
the top must be younger than those at the bottom. This is called the principle of
superposition.FIGURE 4-1. The geologic time scale.Eventually, scientists came up with ways of
measuring the age of rocks by using naturally occurring radioactive elements. When certain
minerals crystallize, they incorporate elements that are radioactive. Radioactive elements decay
over time into nonradioactive elements. We can determine the age of a mineral by measuring the
amount of the radioactive element and the amount of the nonradioactive product and then using
the known decay rate to get the age. Finding the age of a rock this way is called radiometric
dating. Such measurements are made in sophisticated geochronology laboratories, like the one
at the University of North Carolina at Chapel Hill. In fact, many of the ages used in constructing
the chronology of geologic events in the Carolinas were measured in the UNC lab.Radiometric
dating provides numbers that we can assign to the time of geologic events, and as with any
laboratory measurement, there is some uncertainty associated with the numbers. When
radiometric ages are reported, if they have been done by a reputable laboratory, they will always
include an estimate of the uncertainty, something like 135 ± 2 million years. What this typically
means is that there is a 95 percent chance that the age is between 133 and 137 million years. To
avoid tedium, we will not report the uncertainties associated with the absolute ages that we
discuss in this book, but in general they are quite small, usually less than 1 or 2 percent.Once
geologists could get absolute ages of rocks, numbers could be added to the time scale. For
example, the Cretaceous-Tertiary boundary occurred 65 million years ago. Ages could also be
assigned to particular events: all the continental plates came together to form the supercontinent
Pangea 300 million years ago.This is where we get into numbers that are completely outside our
intuition. Is something that occurred 125,000 years ago geologically ancient? If a geologic event
takes 10 million years, is that slow or fast? Just how long is a million years anyway? The problem
when dealing with geologic time is that the numbers are too big. We can imagine how many 10
or 20 or even 1,000 might be, but a billion is beyond our imagination. The numbers are too big
because the unit is wrong: a single year is simply too small. It’s like describing the distance
between Chapel Hill and Durham, North Carolina, as 600,000 inches. We all have a good feel for
how long a few inches are, but it’s hard to imagine 600,000 of them. Is that a walkable distance?
Bikeable? Would you need to drive? Take a plane? Fortunately, we have a larger unit—a mile—
for measuring distance. So if we describe the distance between Chapel Hill and Durham as 10



miles, we are now dealing with a number that is easy to understand.Let’s do the same with
geologic time. Instead of making a year our basic unit of time, let’s use a “million-year,” that is, 1
million years. Describing geologic time using this much larger unit means we no longer have to
deal with so many digits. Think of 20 million years as 20 units of geologic time, not 20,000,000
years. Now that we have switched to appropriate units, we can start to get an intuitive feel for
whether something is geologically ancient or recent.The age of the earth, based on analysis of
meteorites, is 4,540 million years. The oldest rocks found on earth so far are from Canada and
are 4,030 million years old, although a single crystal of the mineral zircon from a rock in Australia
has been dated at 4,400 million years. The age of the earth is as ancient as we can get when
describing earth’s history. One can draw an analogy between the span of geologic time and the
span of recorded human history, which is about 5,000 years. Think of both as starting about
5,000 “time units” ago (“years” for human history, “million-years” for geologic history). Something
that is 3,000 years old in human history feels quite ancient; so should a geologic event that is
3,000 million years old.The Renaissance was about 500 years ago, quite a long time in the past,
but not unfathomably long ago. We have a good record of what society was like at that time, but
not a complete record. We should imagine the earth at 500 million years ago as similarly ancient.
Globally, we have a good rock record from that time—not complete, but good enough to give us
an idea of what the earth was like and what kinds of life existed.Ten million years may seem a
very long stretch of time, but it’s analogous to only 10 years in human history. Something that
occurred 100,000 years ago, put in terms of our million-year units, happened only 0.1 million
years ago, the same as 0.1 years (about 35 days) in human history. So, when we describe an
event in the Carolinas that took place 0.1 million years ago, keep in mind that, geologically
speaking, it’s very recent.4: Geologic TimeEach year, on average, the Himalayas rise a little less
than half an inch. In the same time, the Appalachians shrink, on account of erosion, less than a
hair’s breadth, and the earth’s tectonic plates move an inch or two. Although large earthquakes
and landslides can produce much bigger changes almost instantaneously, over time the average
rates are very slow. Clearly it takes millions and millions of years to open an ocean like the
Atlantic (200 million years, actually), or to raise a mountain range like the Alps. For humans,
whose personal experience rarely exceeds 100 years, the idea of 1,000,000 (1 million) or
1,000,000,000 (1 billion) years is almost unfathomable. Yet if we are to understand the geologic
history of the Carolinas—or the earth—we must find a way to comprehend these enormous
spans of time.In talking about geologic time, we can use a vocabulary of numbers or the
vocabulary of the geologic time scale, which consists of named periods in earth history. The
names are analogous to terms concerning human history such as the “Great Depression,” the
“Stone Age,” the “Antebellum era,” or the “Renaissance.” They have to do with a range of time,
not a specific year. By using geologic periods (or the longer “eras” and shorter “epochs”), we can
think about geologic time without getting hung up on incomprehensibly large numbers, just as
we can think about the Renaissance without knowing exactly when it began or ended.When
geologists first developed the geologic time scale (Figure 4-1), there were no reliable ways of



assigning dates to any of the periods, so they tied their definitions to the fossil record and the
sedimentary rocks that contained the fossils. The Cambrian, for example, marks the beginning of
an explosion of many different types of animal life. The Devonian was a time of a remarkable
number and diversity of fishes. The boundary between the Cretaceous and the Tertiary marks
the extinction of an estimated 70 percent of the earth’s species, including all of the
dinosaurs.Geologists could easily figure out the relative ages of fossils by noting where in a
stack of sedimentary rocks they occurred. Younger sediments are always deposited on top of
older sediments, so organisms at the top must be younger than those at the bottom. This is
called the principle of superposition.FIGURE 4-1. The geologic time scale.Eventually, scientists
came up with ways of measuring the age of rocks by using naturally occurring radioactive
elements. When certain minerals crystallize, they incorporate elements that are radioactive.
Radioactive elements decay over time into nonradioactive elements. We can determine the age
of a mineral by measuring the amount of the radioactive element and the amount of the
nonradioactive product and then using the known decay rate to get the age. Finding the age of a
rock this way is called radiometric dating. Such measurements are made in sophisticated
geochronology laboratories, like the one at the University of North Carolina at Chapel Hill. In fact,
many of the ages used in constructing the chronology of geologic events in the Carolinas were
measured in the UNC lab.Radiometric dating provides numbers that we can assign to the time of
geologic events, and as with any laboratory measurement, there is some uncertainty associated
with the numbers. When radiometric ages are reported, if they have been done by a reputable
laboratory, they will always include an estimate of the uncertainty, something like 135 ± 2 million
years. What this typically means is that there is a 95 percent chance that the age is between 133
and 137 million years. To avoid tedium, we will not report the uncertainties associated with the
absolute ages that we discuss in this book, but in general they are quite small, usually less than
1 or 2 percent.Once geologists could get absolute ages of rocks, numbers could be added to
the time scale. For example, the Cretaceous-Tertiary boundary occurred 65 million years ago.
Ages could also be assigned to particular events: all the continental plates came together to
form the supercontinent Pangea 300 million years ago.This is where we get into numbers that
are completely outside our intuition. Is something that occurred 125,000 years ago geologically
ancient? If a geologic event takes 10 million years, is that slow or fast? Just how long is a million
years anyway? The problem when dealing with geologic time is that the numbers are too big. We
can imagine how many 10 or 20 or even 1,000 might be, but a billion is beyond our imagination.
The numbers are too big because the unit is wrong: a single year is simply too small. It’s like
describing the distance between Chapel Hill and Durham, North Carolina, as 600,000 inches.
We all have a good feel for how long a few inches are, but it’s hard to imagine 600,000 of them.
Is that a walkable distance? Bikeable? Would you need to drive? Take a plane? Fortunately, we
have a larger unit—a mile—for measuring distance. So if we describe the distance between
Chapel Hill and Durham as 10 miles, we are now dealing with a number that is easy to
understand.Let’s do the same with geologic time. Instead of making a year our basic unit of time,



let’s use a “million-year,” that is, 1 million years. Describing geologic time using this much larger
unit means we no longer have to deal with so many digits. Think of 20 million years as 20 units of
geologic time, not 20,000,000 years. Now that we have switched to appropriate units, we can
start to get an intuitive feel for whether something is geologically ancient or recent.The age of
the earth, based on analysis of meteorites, is 4,540 million years. The oldest rocks found on
earth so far are from Canada and are 4,030 million years old, although a single crystal of the
mineral zircon from a rock in Australia has been dated at 4,400 million years. The age of the
earth is as ancient as we can get when describing earth’s history. One can draw an analogy
between the span of geologic time and the span of recorded human history, which is about
5,000 years. Think of both as starting about 5,000 “time units” ago (“years” for human history,
“million-years” for geologic history). Something that is 3,000 years old in human history feels
quite ancient; so should a geologic event that is 3,000 million years old.The Renaissance was
about 500 years ago, quite a long time in the past, but not unfathomably long ago. We have a
good record of what society was like at that time, but not a complete record. We should imagine
the earth at 500 million years ago as similarly ancient. Globally, we have a good rock record from
that time—not complete, but good enough to give us an idea of what the earth was like and what
kinds of life existed.Ten million years may seem a very long stretch of time, but it’s analogous to
only 10 years in human history. Something that occurred 100,000 years ago, put in terms of our
million-year units, happened only 0.1 million years ago, the same as 0.1 years (about 35 days) in
human history. So, when we describe an event in the Carolinas that took place 0.1 million years
ago, keep in mind that, geologically speaking, it’s very recent.5: The Geologic History of the
CarolinasExciting geologic events happen at the edge of plates. Edges are where plates collide
with each other, or grind past one another, or tear apart. Edges are where volcanoes erupt, new
mountains rise, and the earth quakes. While these events can occur midplate—for example,
Hawaii’s volcanoes or Charleston’s 1886 earthquake—they are significantly more common at
the edges.Just because a piece of land is on an edge today doesn’t mean it will be on an edge
forever. Tectonic plates not only move around; they also change shape. New crust creeps out at
midocean ridges, spreading in both directions away from the ridge. Old crust is consumed where
one plate dives (“subducts”) under another and the subducted plate gets recycled into the
mantle.Although the Carolinas are at the edge of a continent, they are in the middle of a plate—
the North American plate. The eastern edge of the North American plate is out in the Atlantic
Ocean, at the Mid-Atlantic Ridge, where new oceanic crust is being created; the western edge is
the west coast of the United States, where there are volcanoes and earthquakes (see Figure
3-1).The Carolinas have been on the edge of a plate more than once in their rich geologic
history. During the past 1,000 million years, the Carolinas have been caught up in a series of
violent edge events: a continental collision, followed by continental rifting (tearing apart),
followed by a series of three collisions that resulted in the assembly of the supercontinent
Pangea. When Pangea began to rip apart 220 million years ago, the continental margin of the
Carolinas was right at the divergent plate boundary where new oceanic crust was filling the



growing gap between the Americas and Africa. Since then, the Carolinas have been riding a
tectonic conveyer belt west, as new crust created in the middle of the Atlantic Ocean pushes the
plate west and adds mass to the plate. Now the Carolinas are more than 2,000 miles away from
the edge, and all is fairly quiet here, geologically speaking.But the violent past is preserved in
the rocks of the Carolinas, albeit not in a very orderly fashion. All the smashing and ripping of
continents left behind many clues—clues that are mixed up, stretched, folded, diced, distorted,
and dismembered. Gathering this evidence and piecing it together is a full-time job for many
geologists.You will sometimes see the geology of the Carolinas discussed in terms of “belts,”
such as the Carolina Slate Belt, the Eastern Slate Belt, the Charlotte Belt, and so on. That is
because when geologists were first looking at the geology of the Carolinas, they noticed that
rocks of a similar age and origin tend to occur in belts tens of miles wide and running roughly
northeast-southwest. While the belt terminology is useful in grouping together similar rocks, we
now know much more about the origin of the rocks, and much of this terminology has become
obsolete. Most of the belts now have different names and are called “terranes” in recognition of
the fact that they originated as parts of other continents and were later added onto this continent
(Plates 4 and 5).The Oldest Rocks in the CarolinasSo far, the oldest geologic evidence that has
been discovered in the Carolinas are rocks that are about 1,800 million years old (1.8 billion
years old). Anything older than that has been metamorphosed beyond recognition or recycled
into newer rock. The 1,800-million-year-old rocks are located in scattered outcrops near Roan
Mountain in the western Blue Ridge Mountains near the Tennessee state line. Some of these
rocks are metamorphosed igneous rocks, and others are metamorphosed sediments. (In this
case, the age of 1,800 million years refers to the age of the original igneous and sedimentary
rocks before they were metamorphosed.) Both igneous and metamorphic activity take place at
plate boundaries, so we know these ancient rocks originated at a plate boundary. What is
mysterious is that no other rocks in the Carolinas are even close to being this old. The
surrounding rocks are at least 600 million years younger. So how did these ancient rocks get
here? One hypothesis is that this crust was once part of another continent and was stuck onto
North America during a continental collision. As we get more data on the rocks, though, our
interpretation may change.The Grenville Orogeny and the Assembly of RodiniaThe first episode
in the geologic history of the Carolinas for which we have abundant evidence is the Middle
Proterozoic, from about 900 to 1,200 million years ago. During this time, the rocks of western
North Carolina were deformed in a massive continental collision, known as the Grenville
orogeny. “Orogeny” is the term we use for a mountain-forming event; the word was coined before
geologists knew that most mountain-forming events are caused by continental collisions. The
Grenville collision came about as plates of continental crust assembled into a single
supercontinent called Rodinia (Figure 5-1). The piece of crust that would become the Carolinas
was jammed against crust that would become part of South America. This collision crumpled
and thickened the crust, burying the rocks of the Carolinas under high mountains. The
mountains in the Carolinas at this time were probably more than 20,000 feet high (based on the



fact that similar modern-day collisions produce mountains this high) and were part of a mountain
range that extended for thousands of miles, from Canada down through eastern North America,
through South America, around Antarctica, and through southern Australia. In all of these places
we can find rocks of the same kinds and the same ages as we find in the Blue Ridge of western
North Carolina, and the intense regional metamorphism we find in all of these places is
characteristic of continental collisions. By matching up rocks of the same kinds and ages around
the world, we can reconstruct what Rodinia might have looked like.Rodinia Breaks
ApartFollowing the Grenville orogeny, from about 750 million years ago until about 680 million
years ago, Rodinia began to break apart, or rift. The stretched and broken crust formed rift
valleys, also called rift basins. They are long, deep valleys that form perpendicular to the forces
that are pulling a continent apart. These valleys may have looked like the Olduvai Gorge in
Tanzania in East Africa, but with no vegetation—plants had not yet appeared on earth. Rivers
eventually filled these valleys with sediment. You can see these rift-valley sediments preserved
in the rocks at Grandfather Mountain (discussed in Chapter 9) and in the Smoky Mountains.
Basaltic magma came piping up through the widening cracks, cutting through both the rift
sediments and the metamorphic and igneous crust. The resulting basaltic rocks are present over
a wide area in western North Carolina and are very common near Bakersville, North Carolina.
Huge quantities of granitic magma were also injected into the crust. The granitic rocks can be
found in many places in western North Carolina, including Beech Mountain. This so-called
bimodal volcanism (producing both basalt and granite) is characteristic of rifted continental
crust. As the hot, mantle-derived basalt intrudes into the continental crust, the continental crust
partially melts, making granitic magma.5: The Geologic History of the CarolinasExciting geologic
events happen at the edge of plates. Edges are where plates collide with each other, or grind
past one another, or tear apart. Edges are where volcanoes erupt, new mountains rise, and the
earth quakes. While these events can occur midplate—for example, Hawaii’s volcanoes or
Charleston’s 1886 earthquake—they are significantly more common at the edges.Just because
a piece of land is on an edge today doesn’t mean it will be on an edge forever. Tectonic plates
not only move around; they also change shape. New crust creeps out at midocean ridges,
spreading in both directions away from the ridge. Old crust is consumed where one plate dives
(“subducts”) under another and the subducted plate gets recycled into the mantle.Although the
Carolinas are at the edge of a continent, they are in the middle of a plate—the North American
plate. The eastern edge of the North American plate is out in the Atlantic Ocean, at the Mid-
Atlantic Ridge, where new oceanic crust is being created; the western edge is the west coast of
the United States, where there are volcanoes and earthquakes (see Figure 3-1).The Carolinas
have been on the edge of a plate more than once in their rich geologic history. During the past
1,000 million years, the Carolinas have been caught up in a series of violent edge events: a
continental collision, followed by continental rifting (tearing apart), followed by a series of three
collisions that resulted in the assembly of the supercontinent Pangea. When Pangea began to
rip apart 220 million years ago, the continental margin of the Carolinas was right at the divergent



plate boundary where new oceanic crust was filling the growing gap between the Americas and
Africa. Since then, the Carolinas have been riding a tectonic conveyer belt west, as new crust
created in the middle of the Atlantic Ocean pushes the plate west and adds mass to the plate.
Now the Carolinas are more than 2,000 miles away from the edge, and all is fairly quiet here,
geologically speaking.But the violent past is preserved in the rocks of the Carolinas, albeit not in
a very orderly fashion. All the smashing and ripping of continents left behind many clues—clues
that are mixed up, stretched, folded, diced, distorted, and dismembered. Gathering this
evidence and piecing it together is a full-time job for many geologists.You will sometimes see the
geology of the Carolinas discussed in terms of “belts,” such as the Carolina Slate Belt, the
Eastern Slate Belt, the Charlotte Belt, and so on. That is because when geologists were first
looking at the geology of the Carolinas, they noticed that rocks of a similar age and origin tend to
occur in belts tens of miles wide and running roughly northeast-southwest. While the belt
terminology is useful in grouping together similar rocks, we now know much more about the
origin of the rocks, and much of this terminology has become obsolete. Most of the belts now
have different names and are called “terranes” in recognition of the fact that they originated as
parts of other continents and were later added onto this continent (Plates 4 and 5).The Oldest
Rocks in the CarolinasSo far, the oldest geologic evidence that has been discovered in the
Carolinas are rocks that are about 1,800 million years old (1.8 billion years old). Anything older
than that has been metamorphosed beyond recognition or recycled into newer rock. The 1,800-
million-year-old rocks are located in scattered outcrops near Roan Mountain in the western Blue
Ridge Mountains near the Tennessee state line. Some of these rocks are metamorphosed
igneous rocks, and others are metamorphosed sediments. (In this case, the age of 1,800 million
years refers to the age of the original igneous and sedimentary rocks before they were
metamorphosed.) Both igneous and metamorphic activity take place at plate boundaries, so we
know these ancient rocks originated at a plate boundary. What is mysterious is that no other
rocks in the Carolinas are even close to being this old. The surrounding rocks are at least 600
million years younger. So how did these ancient rocks get here? One hypothesis is that this crust
was once part of another continent and was stuck onto North America during a continental
collision. As we get more data on the rocks, though, our interpretation may change.The Grenville
Orogeny and the Assembly of RodiniaThe first episode in the geologic history of the Carolinas
for which we have abundant evidence is the Middle Proterozoic, from about 900 to 1,200 million
years ago. During this time, the rocks of western North Carolina were deformed in a massive
continental collision, known as the Grenville orogeny. “Orogeny” is the term we use for a
mountain-forming event; the word was coined before geologists knew that most mountain-
forming events are caused by continental collisions. The Grenville collision came about as plates
of continental crust assembled into a single supercontinent called Rodinia (Figure 5-1). The
piece of crust that would become the Carolinas was jammed against crust that would become
part of South America. This collision crumpled and thickened the crust, burying the rocks of the
Carolinas under high mountains. The mountains in the Carolinas at this time were probably more



than 20,000 feet high (based on the fact that similar modern-day collisions produce mountains
this high) and were part of a mountain range that extended for thousands of miles, from Canada
down through eastern North America, through South America, around Antarctica, and through
southern Australia. In all of these places we can find rocks of the same kinds and the same ages
as we find in the Blue Ridge of western North Carolina, and the intense regional metamorphism
we find in all of these places is characteristic of continental collisions. By matching up rocks of
the same kinds and ages around the world, we can reconstruct what Rodinia might have looked
like.Rodinia Breaks ApartFollowing the Grenville orogeny, from about 750 million years ago until
about 680 million years ago, Rodinia began to break apart, or rift. The stretched and broken
crust formed rift valleys, also called rift basins. They are long, deep valleys that form
perpendicular to the forces that are pulling a continent apart. These valleys may have looked like
the Olduvai Gorge in Tanzania in East Africa, but with no vegetation—plants had not yet
appeared on earth. Rivers eventually filled these valleys with sediment. You can see these rift-
valley sediments preserved in the rocks at Grandfather Mountain (discussed in Chapter 9) and
in the Smoky Mountains. Basaltic magma came piping up through the widening cracks, cutting
through both the rift sediments and the metamorphic and igneous crust. The resulting basaltic
rocks are present over a wide area in western North Carolina and are very common near
Bakersville, North Carolina. Huge quantities of granitic magma were also injected into the crust.
The granitic rocks can be found in many places in western North Carolina, including Beech
Mountain. This so-called bimodal volcanism (producing both basalt and granite) is characteristic
of rifted continental crust. As the hot, mantle-derived basalt intrudes into the continental crust,
the continental crust partially melts, making granitic magma.
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Ebook LibraryReader, “Very informative!. Some of the information as far as places may be out of
date, but the information included about the history was fascinating. Overall, really enjoying it.”

Patrick Reines, “Tells you what to see, how to get there, and what you are looking at. Great for
quick field trips!. I recently moved to NC and became interested in the diverse geology we have
here. Coastal plain, piedmont, and mountains are all within several hours of one another. This
book starts with a basic history of how NC was formed. In layman's terms, but with enough
technical detail, you'll get a good idea of what happened to make NC look like it does today.
Then, you can pick out a location from the NC map, read the short chapter about it, go there,
and see examples of what happened in the past. This is a fascinating book that helps you learn
and if you're not careful, you'll get some healthy exercise as well!”

Steve Brosnan, “If you love hiking in the Carolinas, buy this book.. I've been hiking in the
Carolinas for thirty years. This is an excellent guide to the geology of the region. It starts with a
brief account of the geologic history of the region. This is followed by field trips. Included are all
of the best places to hike or drive Mount Mitchell, Crowders MOuntain, STone Mountain, the
Outer Banks, Caesars Head, Charleston and many others. For each trip, the authors point out
the distinctive features. For example, look for gneiss at Table Rock in SC. This metamorphic rock
formed in the ancient collision of two superintendents. The best thing about this book is that you
can go and see a million years of history in the land itself. The authors tell you what rocks and
formations to look for and how to interpret them. Great for hikers and all who love this region.”

HappilyRetired, “Thank you!. I was pleased with the book, which I purchased as a gift, so much
so, I ordered one for myself. The vendor was prompt and packaged the book extremely well.”

Astrotraveler, “What a great guidebook. If you live in the Carolinas and want to get your head
around some of the wonderful gifts nature has for us, this book is a must read. I've used it to plan
day-trips to see some of the places written up and have never been disappointed. The first five
chapters set the important scenes and tell of the early events that shaped our landscapes. The
last 31 chapters outline field trips. Each tells us what to look for, but most importantly, what it
means. So use the first 5 chapters to understand the formative processes, but use the rest of the
book to plan and organize your visits to various places across the two states.”

P. Wilson, “A Tour back in Time. This book is well-organized and a pleasure to read. 5 stars for
the illustrations as well.”

John K, “Very interesting book. Very informative book.”
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