The natural history of North Carolina

If the five billion years of the earth's history were condensed into a single day,
humans would have arrived in North Carolina just two tenths of a second before
midnight! This article summarizes the major biological and geological events in
North Carolina's history and explains how the land and environment of today came
to be.

BY DAVID WALBERT

The land that is North Carolina existedlong before humans arrived N billions of years
before,in fact. Basedon the ageof the oldestrocksfound on earth aswell asin meteorites,
scientists believe that the earth was formed about 4,500 million years(4.5 billion years)
ago.The landmassunder North Carolinabeganto form about1,700million yearsago,and
hasbeenin constantchangeeversince. Continents broke apart, merged, then drifted apart
again. As landmassescame together, the Appalachian mountains (and other mountain
Figure 1. 225 million years ago, rangeson the earth) wereformed N and wind and waterimmediately beganto wearthem
the land that is now North - down by erosion. After North Carolinafound its presentplaceon the easterncoastof North
Carolina lay near the equator in . . . . .
: .~ America, the global climate warmed and cooled many times, melting and re-freezing the
a supercontinent that scientists ) ) . ) .
call Pangaea. POlar ice capsand causing the seasto rise and fell, covering and uncovering the Coastal
Plain. Recentgeologicprocessedormed the SandHills, the Uwharrie Mountains, and the
Outer Banks.

The first single-celledlife forms appearedas early as 3,800 million yearsago.lIt then took
2,000 million yearsfor the first cells with nuclei N simple bacteriaN to develop,and
another 500 million yearsfor multi-celled organisms to evolve.As life forms grew more
complex,they diversified. Plantsand animals becamedistinct. Graduallylife creptout from
the oceansand took over the land. Seed-bearingplants developed,then flowering plants,
and finally grasses.Animals developedhard exterior shells for protection, then interior
skeletons. Flying insects, amphibians, reptiles, dinosaurs, birds, and finally mammals
emerged.Sudden changesin climate causedmass extinctions that wiped out most of the
Figure 2. This trilobite, which  specieson earth, making room for new speciesto evolve and take their places. The
lived more than 500 million - 4ycestorsof humans beganto walk upright only a few million yearsago,and our species,
years ago, is preserved as a . . . .
fossil in shale rock. [10mMo sapiensemergedonly about 120,000 yearsago. The first humans arrived in North

Carolina just 10,000 yearsago N and continued the processof environmental change
through hunting, agriculture, and eventually development.
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To help you understand the vastnessof the time scalesweOréalking about, consider
this: If the history of our planet were condensedinto a single day, humans would have
emergedjust 2.3 secondsbefore midnight, and would havearrived in North Carolina two
tenthsof a secondefore midnight N literally the blink of an eye.And if that last two tenths
of a secondof human habitation were expandedinto a full day, Europeanswould have
arrived at 11:02 pm, and a student now in eighth grade would have been born at 11:58 pm!

Natural history at a glance

The history of all of these processesN geologic,climatic, environmental, biological N is
callednatural history.Scientistshavedivided the natural history of the planetinto chunks of
time called eons, eras, periods, and epochs. These chunks of time have names and
approximatedatesthat correspondto eventsin geologicor fossil records.As scientistsfind
new evidence,they revise these dates,and they donOtlwaysagreeon how to do so. The
science of natural history, like natural history itself, is an evolutionary process.

This chart summarizes the major events in North CarolinaOs natural histdry.

Eon

Era

Period Epoch Major events Start

Phanerozoic

Cenozoic

The climate stablized as the glaciers retreated, making 9'000
agriculture possible. Human civilization emerged.

BCE

Neogene Holocene

Many large mammals flourished, then became extinct.
Anatomically modern humans evolved.

The Sand Hills formed during this time. Streamseroded
the Piedmontand Blue Ridge,carryingsedimentto the Coastal
Plain. There,water seepedthrough those sediments, carrying
heavier clay downward and leaving behind sands that were
piled into dunes by winds.

The polar ice caps melted, and the sea level rose more
than 300 feet aboveits presentlevel. The resulting shoreline
can be seentodayin an escarpmenil a sharpdrop-offN that
runs through Scotland,Hoke, and Cumberlandcounties.When
the seas receded, that sudden change in elevation caused| 1.8
rivers to fall rapidly. The town of Cross Creek,which became| Mya
Fayetteville, would be located along this "fall line."

About 1.7million yearsago, the present”lce Age" began.
Asglaciersand polar ice capsre-formed,sealevelfell, exposing
the CoastalPlain. Severalperiods of glaciation(the forming of
glaciers) and melting followed, with correspondingfalls and
risesin sealevel. A seriesof escarpmentscan now be seenat
various points on the CoastalPlain where the shoreline once
lay.

The glaciers began to recede for the last time about
18,000 years ago. The rising seas left a ridge above water,
creating the modern barrier islands.

Pleistocene
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Eon Era Period Epoch Major events Start

Between 10,000 and 15,000 years ago, as the climate
warmed, North CarolinaOgorests began to look as they do
today, with pine, spruce, and fir in the cooler Blue Ridgeand
oak and hickory more common in the Piedmont.

Homo habilis the first speciesof the genus Homo to which
humans belong, appeared.

The land surfacesof the Blue Ridge and Piedmont now
Pliocene appearedessentiallyas they do today. A dry climate with short
rainy seasonscausedgrasslandsto flourish in the Piedmont.
Shallowseacoveredthe easternhalf of the CoastalPlain, then
receded again.

5.3
Mya

Modern mammal and bird families became recognizable.
Grasses spread across the globe, and the first apes appeared
Miocene The oceanretreatedcompletelyfrom the modern Coastal
Plain. Rapiderosionin the Piedmontwas uneven,and left the
Uwharrie Moutains behind.

23.0
Mya

Animals, especially mammals, evolved rapidly and became
more diverse. Modern types of flowering plants evolvedand
Paleogene Oligocene | spread.

About 31million yearsago,the oceanadvancedwestasfar
as present-day New Bern.

33.9
Mya

Thefirst grassesappeared.Some of the first modern families
of mammals emerged,and primitive whalesdiversified.An ice
cap developed on Antarctica.

Thecrust underthe CoastalPlainbeganto sink again,and | 55.8
the ocean pushed as far west as the modern Piedmont. The | Mya
calcium-rich shells of microscopic algae sank to the ocean
floor, where over time they becamelimestone. By the end of
the Eocene, the seas had again retreated.

Eocene

Early mammals diversified, and the first large mammals
appeared.The worldOs:limate was still tropical, but gradually
Paleocene | began to cool.

By the end of the Paleocenethe entire CoastalPlain of
North Carolina was again above sea level.

65.5
Mya

Floweringplants proliferated, along with new types of insectsthat pollinate
them. Many new types of dinosaurs (e.g. Tyrannosaurs,Titanosaurs,duck
bills, and horned dinosaurs) evolvedon land, as did modern crocodilians
(crocodiles and alligators). Modern sharks appearedin the sea. Primitive
birds gradually replaced pterosaurs. 145

Theeasternportion of the modern CoastalPlainof North Carolinaagain | Mya
lay under water, but the oceanrecededlate in this period. Elsewhere the
southern landmassesbroke up, creatingthe continents of Africaand South
Americaas well as the southern Atlantic Ocean. The youngestrangesof the
Rocky Mountains formed.

Mesozoic | Cretaceous
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Eon Era Period
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Epoch Major events

At the end of the Cretaceus,65 million yearsago, a mass extinction
occurred, and the dinosaurs disappeared.

Conifers and ferns were common. Dinosaurs were diverse, including
sauropods,carnosaurs,and stegosaurs.Mammals werecommon but small.
The first birds and lizards appeared. Ichthyosaurs and plesiosaurs were
diverse in the oceans.

As the North American continent drifted to the northwest, its trailing
edge sank under water, and the Atlantic Ocean formed between North
America and Africa. The shore was located near the present Outer Banks

The Appalachianscontinued to erode, leaving the flat land that now
exists in the eastern Piedmont.

Dinosaurs appeared and became dominant, as did ichthyosaurs and
nothosaursin the seasand pterosaursin the air. The first mammals and
crocodilia (ancestors of crocdiles and alligators) also appeared.

As soon as they had formed, the Appalachiansbeganto erode. Wind
and rain wore awaythe rock and carriedit as sedimentto lower-lyingland or
to the sea. Meanwhile, the continents began to move apart again.

At this time, North Carolina probably lay near the equator, and had a
tropical climate in which a great diversity of life must have flourished.

Amphibiansremainedcommon but small. Reptiles,though, grew largerand
diversified. Beetles and flies evolved. A number of invertebratesthat no
longer exist, such as trilobites, flourished in the oceans.

As the climate cooled, the scale trees, which had flourished in
near-tropicalconditions, declinedand nearlybecameextinct. Conifersthrived
in the cooler climates and dominated the forests.

By 260 million yearsago, the Appalachianmountains were complete.
The resulting mountain range was 620 miles long, stretching from Canada,
GreatBritain, Greenland and Scandinaviall the waysouth to Louisiana,and
the mountains were as high as the highest mountains in the world today.
Most likely, the tallest peakswerein what is now the easternPiedmontand
Coastal Plain.

A massextinctionoccurred251million yearsago, markingthe end of the
Permianperiod. Some 95 percentof life on Earth becameextinct, including
75 percent of amphibian speciesand 80 percentof reptiles. No one knows
why this extinction occurred, but some scientists speculatethat changing
climate and massive mountain building as the continents collided caused
greatchangesto the environment,in which highly specializedspeciescould
no longer survive.

Winged insects spread, including very large species. Amphibians were
common and diverse. The first reptiles appeared.

About 320 million years ago, the North American and Euro-African
continents collided, resulting in the last period of Appalachianmountain
building. The land under the Piedmont and CoastalPlain was also pushed
upward. Thecontinentswereunited in a "supercontinent"that geologistscall
Pangaea

Start




Era Period Epoch Major events Start

In wetland forests, ferns thrived and primitive trees called scaletreesgrew
more than 100feethigh. Theirdecayedemainsbecamecoal. The portions of
the Appalachianregion wherecoalis mined today werethen coveredin such
forests.

Meanwhile, the first vertebratesappearedon land, in coastal swamps,
and early sharks were common in the oceans.

Plants took over the land. The first horsetails and ferns appeared, as did t
first seed-bearing plants, the first trees, and the first (wingless) insects. Fi
were common and diverse. The first lungfish, which could breathe air,
appeared, followed by the first amphibians.

The first vascular plants appeared N plants with specializedtissues for
conducting water and nutrients N along with the first plants on land. The
first millipedes appearedon land. Primitive fish, including the first fish with
jaws as well as armoured jawless fish, populated the seas. Sea-scorpion
reached a large size. Trilobites and mollusks were diverse.

As the continents of North Americaand Europe/Africamoved together,
more rock was pushed upwards, and over the next 100 million years,the
Appalachianmountains were formed. As the Appalachiansrose, streams
carried sand and mud westward and filled the sea.

In the seas, invertebrates diversified into many new types, and the first tin
vertebrates appeared. The first green plants and fungi appeared on land.

The OCambriarExplosionGsaw a major diversification of life. Many fossils
survivefrom this time. Themost modern phylaN the broadestgroupings of
animals and plants N appeared,including the first chordates(ancestorsof
vertebrates). Trilobites, worms, sponges, brachiopods, and many other
animals flourished, as did some giant predators.

By this time, the eastern coast of North America lay somewherein
middle Tennessee;exceptfor islands and volcanoes,North Carolina was
under water. About 750 million yearsago, the landmassesof North America
and Europe/Africa had begun moving towards each other again. The Kings
Mountain Belt was formed about 540 million yearsago as the Piedmont
slowly moved into the rest of the continent.
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Eon Era Period Epoch Major events Start

The first fossils of multi-celled animals survive from this period. Verysimple multi-celled life
forms called eukaryotesappearedas early as 1000 million yearsago, and worm-like animals
and the first sponges by about 600 million years ago.

Neo- The land under North Carolina was pulled apart, and inland seas emerged. Island | 1000

proterozoic | volcanoes developed, first along the North Carolina-Virginiaborder, then in an arc from | Mya
Virginia to Georgia.Rocksformed by those volcanoesextendtoday over a wide area of the
Piedmont and CoastalPlain. Fossilizedtracks of primitive worms have been found in those
volcanic rocks, formed about 620 million years ago.

Proterozoic . .

Green algae colonies appeared in the seas.

Meso- About 1,300million yearsago, the first mountains wereformed in North Carolina.Called | 1600

proterozoic | the Grenville Mountains, they eroded long ago, but rocks formed at this time lie underneath| Mya
the Appalachians and are exposed in parts of the Piedmont and Coastal Plain.
As oxygen-producingbacteria proliferated, the atmosphere became oxygenicN filled with

Paleo- oxygenN for the first time. By about 1800 million yearsago, the first complexsingle-celled| 2500

proterozoic | life-forms N cells with nuclei N emerged. Mya

About 1700 million years ago, the land that would become North Carolina began to fofm.

Archean

Simple single-celledlife emergedas early as 3,800 million yearsago. The first oxygen-producingoacteria
emergedN prior to this time, the earthOatmospherehad much carbondioxide and little oxygen Theoldest
miscroscopic fossils that have been found are about 3,400 million years old.

Thelandmassthat would becomeNorth Americabeganto form. Rocksthat survivefrom this time show
evidenceof erosion by the first glaciers.As the earthOsiquid interior N the mantle N continued to move
around its solid core it createdforcesthat shifted the crustN the thin, rigid surfaceof the earth. The crust
brokeinto platesthat formed the basisof the first continents. Eversince, they haveslowlymovedaround the
earthOs surface by a process capiate tectonics

The earth formed about 4,500 million yearsago, as a cloud of gasand dust graduallycollapsedinto the sun
and other bodies of our solar system.By 4,000 million yearsago, the earth had a stable crust with oceans
and a primitive atmosphere,which probably consisted of water vapor, methane,ammonia, carbon dioxide,
and only a tiny amount of oxygen.

Thefirst life forms N probably self-replicatingRNA moleculesN may have evolvedas early as 4,000
million years ago.

How do scientists knowE

Ethe age of rocks and fossils?

3800
Mya

Radioactiveforms of certain elements such as carbon-14and uranium-235 are not
chemically stable;they slowly decayinto stable elements by radiating away particles.
Scientists have determined through experiment the rate at which these elements
decay.Basedon the amount of radioactivematerial left in a rock, fossil, or artifact,
they can determine how long agoit wascreated.(You canread more about the dating

of artifacts in OThe process of archaeolédy)
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Ethe age of the earth?

The oldest rocks found on earth are 4.4 billion yearsold, so the earth must have
formed at leastthat long ago. The oldestrocks found in meteoritesand brought back
from the moon are between4.5and 4.6 billion yearsold, and scientistsuse that figure
as an estimate of when the solar system was formed, and with it the earth.

Ewhen water appeared on the earth?

Rocksfound in Greenland havebeenfound to be 3,800 million yearsold. The rocks
are metamorphid\ they were changedby heat and pressure. That processcan only
occurin the presenceof liquid water, and so geologistsestimatethat by this time the
earth had oceansN and an atmosphere, becauseotherwise the oceanswould have
evaporated.

Ewhere the continents and oceans used to be?

In some cases, we can look at the fossil record. For example, if fossils of
ocean-dwellinganimals are found on dry land, we know that when that animal lived,
the land must have beenunder water. When animals found on different parts of the
globe havesimilar ancestorsscientistsmay surmise that those parts of the earth were
once connectedby land. Scientistscan also determine how fast and in what direction
the earthOplatesare moving now, and use that information to developtheories about
what happened in the past.

Ewhat the climate was like in the distant past?

During the Ice Age, glaciersleft telltale signs in the rocks they covered.Sometimes
mineral depositsare laid down only in certain climatic conditions N for example,salt
deposits are laid down primarily when the climate is warm and dry (when water
evaporatesnost quickly). In other casesthe fossil recordindicatesthat the earth (or a
particular location on it) must have been warm or cool.

Ewhen various kinds of plants and animals appeared?

Basedon dating of fossils, we know when various plants and animals lived. Often,
though, fossils areincomplete N they show only part of a species,and scientistshave
to make educatedguessesaboutthe rest. And the fossil recorditself is not completeN
we certainly havenOfound fossils of every life form that ever existed, or from the
entire period that a given life form existed. So while scientists know that certain
species existed at certain times, there is a tremendous amount they donOt know.

Ehow different species are related?

Scientistsclassifyspeciesbasedon their ancestryand evolution: Two speciesare more
closelyrelatedif they havea more recentcommon ancestor.The most obviouswayto
guessthat two specieshavea common ancestoris their morphologyN what they look
like and how they are constructed.But relying on morphology alonecanbe dangerous,
becausealthough dolphins and sharks look much alike, they are not evenremotely
related N sharks evolvedhundreds of million yearsago from aquatic invertebrates,
while dolphins evolvedmuch more recentlyfrom land-dwelling mammals. Sometimes
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a completefossil record shows stagesin a species@volution, through which it canbe
tracedto a more distant ancestor.More recently, scientistshaveused DNA testing: by
comparing the genomeggenetic makeup) of two species,they can determine how
closely related the two species are.

On the web

Geologic Time
http://pubs.usgs.gov/gip/geotime/
This online book from the U.S. Geological Survey, published in 1997, explains how geologic
time is organized and how scientists determine the age of fossils, rocks, and the earth.
This Dynamic Earth: The Story of Plate Tectonics
http://pubs.usgs.gov/gip/dynamic/
This bookletfrom the U.S. GeologicalSurveyexplainsthe theories of continental drift and plate
tectonics -- what scientists know, how they know it, and how these theories developed.
Ancient shorelines
http://www.learnnc.org/Ip/editions/cede_lgsandvol/2

North Carolina's ancient shorelines remain as long sandy ridges in the coastal plain.

How is coastal sand formed into barrier islands?
http://www.learnnc.org/lp/editions/cede_smsandvol/2

Coastalsandis organizedinto barrier islands when three conditions are met: There is a supply
of sand sufficient to form islands; sealevel is rising; and there are winds and waveswith
sufficient energy...

Plate tectonics animation
http://www.learnnc.org/Ip/multimedia/7152

This animated video demonstratesplate tectonics, illustrating how the continents may have
acquired their present configuration.

More from LEARN NC

Visit us on the web at www.learnnc.orgto learn more about topics related to this article,
including AppalachianMountains, Burgessshale Cambrian period, North Carolina, Uwharrie
Mountains, barrier islands, evolution, fossil, geologic time, geology natural history,
paleontology andtrilobite.

Notes

1. The structure of this table is borrowed from Wikipedia. The names and dates of eons, eras,
periods,and epochsare alsofrom that page,which is in turn drawn from the time scaleagreed
upon in 2004 by the International Commission on Stratigraphy.Most of the information in the
table is drawn from Fred Beyer, North Carolina: The YearsBeforeMan, a GeologicHistory
(Durham, N.C.: Carolina Academic Press, 1991).

2. See http://www.learnnc.org/Ip/pages/1854.
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/search?phrase=North+Carolina
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/search?phrase=Uwharrie+Mountains
/search?phrase=barrier+islands
/search?phrase=evolution
/search?phrase=fossil
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/search?phrase=natural+history
/search?phrase=paleontology
/search?phrase=trilobite
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Figure 1(page 1)
From This Dynamic Earth: The Story of Plate Tectonics, published by the U.S. Geological
Survey. This image is in the public domain.

Figure 2 (page 1)

Image from http://en.wikipedia.org/ wiki/ Image:LeggedTrilobite2.jpg.This image is licensed
under a GNU Free Documentation License. To view a copy of this license, visit
http://en.wikipedia.org/wiki/Wikipedia: Text_of _the_GNU_Free_Documentation_License.
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