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GEOLOGIC HISTORY OF
ARKANSAS

INTRODUCTION

The purpose of this book is to present
the geologic history of Arkansas beginning
- with the oldest record present in the state
and ending with today. Knowing several
concepts will help vou study this history.
The first is geologic time. Just as in human
history, geologic history 1s subdivided into
intervals of time. These intervals of time are
bounded by dates, but they are millions of
years long rather than the decades or hun-
dreds of years long as in human history, For

B. frasion,
Nendepesition

Figure 1.
Formation of an unconformity

convenience these geologic intervals have
been given names, just as human history
utilizes convenient names such as the World
War [ Era, the Depression, the World War i1
Era, etc, The names of these geologic inter-
vals are included in the Geologic Time
Scale, which is utilized in this book (Table
1). Geologic history is continuous, but
sometimes there is no record of the history
in an area. This is called an unconformity
and may be the result of no rocks being
deposited during that time or later erosion
of those rocks (Fig. 1). Human history is

L. Renewed
Deposition
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Tablel.
Geologic time scale, in millions of years before present (MYBP)



similar. There may be no written record of
an interval of tirpe in a area or country
because the people did not know how to
write or because all the written records were
destroyed by a war, flood, or fure (for ex-
* ample, the destruction of the library in Al-
exandria, Egypt in 47 B.C.).

The second concept to remember
., when studying the history of Arkansas 1s
geography. The geography that you learned
in school is the geography today, including
where the various oceans and continents
are. The history of Arkansas is 1.4 billion
years long, During that great length of time
the geography of the world has changed
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jy TS

many times because of plate tectonics, The
continents and oceans were not In the same

positions that they are today (Fig. 2). As _

you study the history of Arkansas, you must
be aware of the geography during the time
period that you are studying. This is called
the paleogeography. Tohelp you visualize
this, paleogeographic maps for different
time intervals are provided. They will show
you where the seas, land, shorelines, and
mountains were for that geologic period.
Make sure that you examinc these maps as
you study the history for that period so that
you understand what is happening in Ar-
kansas and the surrounding area.
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Figure 2.
Paleogeography of the world from the Paleozoic to the present




PRECAMBRIAN ERA
(4700 to 570 MYBP)

The Precambrian Era is the oldest,
longest, and most poorly known subdivi-
sion of the earth’s history (Fig. 3). Itbegan
with the formation of the earth, approxi-
‘mately 4700 million years before present
= (MYBP). It ended with the appearance of
animals which are eastly preserved as fos-
sils because they have hard shells or skel-
etons, approximately 0.57 billion years ago
or 570 MYBP. Because fossils are almost
completely absent in Precambrian rocks,
these rocks are difficult and expensive to
date. This is the reason that the Precambrian
Eraisdifficult to subdivide and is 4.1 billion
years long.

Though we do not understand many
of the details, the Precambrian Era was a
period of time when vast changes were
occurring on earth. The lithosphere, or
solid portion of the earth, was becoming
segregated. The denser materials sank into
the center of the earth and the less dense
materials became concentrated at the sur-
face of the earth. Rocks of this age at the
surface of the earth today are commonly
ignecus and metamorphic. The hydro-
sphere, or liquid portion of the earth, was

- developing as abundant volcanos erupted

water vapor into the atmosphere that con-
densed to form precipitation and collected
to become the earth’s oceans, streams, and
groundwater. The atmosphere, or gaseous
portion of the earth, was altered from a
mixture of very light and toxic gasses to
nitrogen, oxyvgen, carbon dioxide, and
water vapor that are present In our atmo-
sphere today. The biosphere, or organic
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portion of the earth, developed and subse-
quently evolved from simple, single-celled
organisms to much more complex forms.
Prior to 570 million years (the end of the
Precambrian Era) these forms were
softbodied and therefore are rarely pre-
served as fossils in Precambrian rocks.
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Figure 3.
Precambrian time



During the later part of the Precam-
brian Era, approximately 1.3 to 1.4 billion
years ago, large velcanos were present in
the northern part of Arkansas and southern
Missouri (Fig. 4). These volcanos were
quite explosive and erupted large quantities
of 1gnecus volcanic ash that included vol-
canic glass and pieces of rhyolite. Some of
these volcanos were so explosive that very
large cones, or calderas, formed as the crest
of the volcanos collapsed inte an under-
ground cavity formed by the volcanic erup-
tion. Not all of the magma was erupted
from the volcano. Some cooled beneath the
volcanoe to form the igneous rock, granite.
None of this rhyolite ash or granite is ex-
posed dt the earth’s surface in Arkansas
because it is buried by younger sedimen-
tary rocks (Law of Superposition}, but it
is found in rock cores from deep weils

Figure 4.

drilled in northern Arkansas. However,
Precambrian igneous rocks are present at
the earth’s surface inlocal areas of Missouri
and Oklahoma.

After the intrusion of magma and
eruption of the volcanos in Missouri, Okla-
homa, and nerthern Arkansas, the entire
area was above sea level for the next 0.6
billion (6000 million) years until the end of
the Precambrian, While land is above sea
level it is generally weathered and eroded
with no rocks being deposited. After it is
buried by younger rocks, this erosion sur-
face is termed an unconformity (Fig. 1). In
Arkansas and most of the central part of
North America there are no rocks which
were deposited between 570 million years
and [.3 billion years ago. During this time
the continent was above sea level like it is
today, but it was not to stay that way!
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'Precambrian volcanoes in the vicinity of Arkansas
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PALEQZOIC ERA
{570 to 245 MYBP)

In the continuation of the earth’s his-
tory, the next major subdivision of time is
the Paleozoic Era, when ancient life ex-
isted. It begins with the rapid evolution of

. animals that are easily fossilized because
they have hard parts or skeletons, approxi-

Figure 6.
A Pennsylvanian
swamp
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mately 570 million years ago. It ends with
the extinctionof more than half of all types
of animals living on the carth, approxi-
mately 245 mitlion years ago. Throughout
the Paleozoic Era plants and invertebrate
animals that lived in the sea were common
(Fig. 3). Vertebrate animals, including
fish, amphibians, and reptiles, evolved
during the Paleozoic Era. Plants also began
to grow on the Tand during this era (Fig. 6).



The appearance of the great variety
of plants and animals in the beginning of the
Paleozoic Era may be related to plate tec-
tonics and the paleogeography of the world
during this era. In the beginning of the
Paleozoic Era the continents were dofting
apart. Lanrentia, the land mass that is now
North America and Greenland, began to
split apart from Baltica, the land mass that
is now Europe (Fig. 7). Gondwana, the

land mass that is now South America, Af-
' rica, Australia, and Antarctica also began to
split apart from Laurentia. Fapetus, the
ocean that emerged between these conti-
nents as they split apart, began to form by
sea-floor spreading and there were large
areas of warm shallow seas in which many

marine invertebrate and vertebrate animals
could live. '

The crises that caused the extinction
of 50 many of these animals at the end of the
Paleozoic Era may also be the result of plate
tectonics and the paleogeography of the
world at that time. By the end of the Paleo-
zoic Era, the continents were colliding into
one another to become one large Jand mass,
Gondwana, near the equator. This position
may have caused many deserts to form and
the extinction of many land animals in the
dry climate. The abundance of shallow seas
was also reduced at the end of the Paleozoic
Era and this may have caused the extinction
of many marine organisms.

Figure 7.

Late Precambrian to early Carmbrian rifting of Arkansas



During a large part of the 285 million
years of the Paleozoic Era much of the
continent known as Laurentia was covered
by the very warm, shallow seas, less than
200 meters deep. This included the north-
ern part of Arkansas (Fig. 8). Sometimes
northern Arkansas would emerge above sea
level to be weathered and eroded. Later sea
level would rise again to cover the land,
Marine sediments would be deposited over
these erosion surfaces to form numerous
unconformities in the Paleozoic rocks of the
Ouzark Plateaus Regionin northern Arkan-
sas (Fig. 1). To the porth in Missouri, the
area of Precambrian volcanos was higher in
elevation than in northern Arkansas and was
above sealevel asanislandorislandsduring
much of this time,

Figure 8.

Early Paleozoic paleogeography of Arkansa

\,

In contrast, the central and southern
portion of Arkansas in the Ouachita Moun-
tain Region was part of the deep ocean
basin that separated Laurentia and
Gondwana (Fig. 8). At the continental
slope of Laurentia, approximately where
the Arkansas River Valley Region, Fort
Smith, Russellville, and Little Rock are
today, there was a rapid dropoff from the
shallow continental shelf of the Ozark re-
gion to abyssal depths of the Ouachita Moun-
tain region. This area was covered by water
hundreds to thousands of meters deep and
was continuously below sea level. Sedi-
mentary rocks were deposited very slowly,
but continuously, throughout the early and
middle Paleozoic Era. No unconformities
are present between the Paleozoic rocks of .

central Arkansas.

It is presumed
that the deep ocean ba-
sin extended to the
south for some distance
in the area of the Gulf
Coastal Plain Region
but we do not know
how far south. Paleo-

» 20ic rocks that may
have been deposited at
the bottomoftheocean
are so deeply buried by
younger rocks that no
wells have been driiled
deep enough to inter-
sect them. Therefore,
we donotknow forsure
that they even exist,



Cambrian
Period

(570 to 505 MYBP)

Paleozoic-age rocks contain many
fossils, and the Paleozoic Era can easily be
subdivided into divisions called periods.
The oldest Paleozoic period is the Cam-
brian.

LATE CAMBRIAN

4

Figure 9. :

Late Cambrian paleogeography of North America

Sedimentary rocks deposited during
the Cambrian Period are present in Arkan-
sas. In the area that is near the Mississippi
River Alluvial Valley Region, including
northeast Arkansas, a trench began to form
as Laurentia split apart from Gandwana
(Fig. 7). Though the trench was deep, it was
still above sea level. Sand, eroded from
higher elevations in northern Arkansas and
southern Missouri filled in the trench with
sandstone deposited by rivers as alluvial
fans. There are no fossils in these rocks
because no plants or animals lived on land
yet. These Cambrian rocks have been bur-

ied by younger rocks in the Missis-
sippi Alluvial Valley of northeast
Arkansas and are not exposed at the
earth’s surface. We know that they
exist because cores of rock have
been obtamned from wells drilled i
the area. By the late Cammbrian time
the Ozark area in northern Arkan-
sas had been eroded to a very low
plain, the trench was filled, and the
whole area was slightly below sea
fevel (Figs. 8§ and 9). Carbonate
sedimentary rocks were deposited
in the warm, shallow sea. Inverte-
brate fossils are common in these
“tocks,
To the south the ocean became
- deeper and theshale andlimestone
that were deposited in this deep..
maring water are now exposed in
the Quachita Mountains of central
Arkansas, '

/



nent was covered by shallow seas than ear-
lier (Fig. 10). Some volcanic islands devel-
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as the lapetus Ocean began to narrow.

that of the Cambrian Period. Sea level was

a little higher and even more of the conti-
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Late Ordocician paleogeography of N orth America
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Neither of these changes in the paleo-
geography of North America had much
effect on Arkansas. In the Ozark region
sandstone was deposited when nearby areas
above sea level were being eroded and pro-
vided sediment to be deposited in the ocean.
Some of this sandstone is nearly pure (partz
and is mined to make glass. When sea level
was high and no land was present, carbon-
ate rocks were deposited in a warm and
very shallow sea, just as they had been
during the Cambrian Period. However, there
was ong major difference between the Cam-
brian and the Ordovician seas. There were
many invertebrate animals in the Cambrian
sea but there were no vertebrates. In the
Ordovician seas both invertebrate and ver-
tebrate animals were present because fish
evolved during this period.

Ordovician-age rocks are very simi-
~ lar to those deposited during the late Cam-
brian Period and are very common in the
Ozarks of northern Arkansas. Galena and
sphalerite minerals have replaced some of
the rock and have precipitated in cavities as
solutions containing lead, zine, and suffur
moved through fractures in Ordovician car-
bonates and sandstones. These minerals are
sources of lead (galena) and zinc (sphaler-
ite) and have been mined in the northern
part of the state. Manganese bas locally
replaced some of the carbonate rock around
Batesville and was mined for nse in the steel
- industry.

To the south, shale and sandstone
were deposited in the deep water of the
ocean basin. These rocks are very common
in the Ouachita region of central Arkansas,

Silurian Period
(438 to 408 MYBP)

The Silurian Period continued like
the late Cambrian and the Ordovician. The
Tapetus Ocean continued to shrink as the
continents of Laurentia and Baltica moved
toward each other. A warm, very shallow
sea covered the Ozark region of northern
Arkansas and deposited carbonate sedimen-
tary rocks. '

To the south, 1n central Arkansas,
shale and sandstone continued to be depos-
ited in deep ocean water. Though all of
Arkansas was below sea Jevel, areas that
were above sea level in other parts of the
world were covered with land plants for the
first time. '



Devonian
Period

{408 to 360 MYBP)

During the Devonian Period colli-
“sions of plates were occurring along both
the castern and western margins of North
America. In the west volcanic islands were
colliding with Laurentia. In the east the
continents of Laurentia and Baltica collided
to form a new larger continent, Laurasia.
Europe was now connected to North
America. The collision formed a mountain
range where New York, New England, and
Scotland are now (Fig. 11). To the west of
this mountain chain, a vast shallow sea still
covered the central part of North America,
including northern Arkansas. -

The development of the mountain
chain did have some effect on the geology
of Arkansas. FErosion of the mountains
provided sand which was deposited along
the shoreline in Pennsylvania and western
New York. Finer grained sediment was trans-
ported a greater distance from the shore,

@

and clay (which became shale) was depos-
ited in the eastern half of North America
including the Ozark area of northern Arkan-
sas. Fish became very abundant, and am-
phibians appeared during the Devonian Pe-
riod. Animals, including amphibians, in-
sects, spiders, and snails, invaded the land
during this period and joined the planis
which earlier had begun to live on land.
The Ouachita Mountain area in cen-
tral Arkansas continued to be part of a deep
ocean basin. Alittle of the clay, eroded from

. the mountains to-the east, was also trans-

ported into this deep ocean basin and was
deposited as shale. In addition to this shale,
chert was also deposited. Chert is a sili-
ceous sedimentary rock. It was derived
from the sponges and other organisms with
siliceous skeletons or from siliceous volca-
mic ash. The skeletons or the ash slowly
settled to the bottom of the ocean basin.
L.ater the chert was slightly metamorphosed
and converted to novaculite. The Arkansas
Novaculite is exposed in the Quachita Moun-
tains ‘near Hot Springs. Becanse the rock
has unique properties, it is used commer-
cially as whetstone to sharpen knives.
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Late Devonian paleogeography of North America

Figure.11.



izsissipnian
Period

(360 to 320 MYBP)

During the Mississippian Period vol-
canic islands continued to coilide with the

© western edge of the North American plate.-
The African plate also collided with the

southeastern edge of the North American

plate to form the Appalachian Mountains

and became part of Laurasia (Fig, 12).
Neither of these collisions had much

“of an effect on the geology of northern

Arkansas. The vast shallow sea continued
to cover most of North America and carbon-
ate rocks made up of calcareous shells of
invertebrate animals were deposited. Some
chert was also deposited as siliceous shells
and skeletons.

MID-MI53(55i7IAN

Figwe 12.

Mid-Mississippian paleogeography of North America
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The collision of North America and
Africa and formation of the Appalachian
Mountains did have a large effect on the
geology of central Arkansasin the Arkansas
River Valley and the Ouachita Mountains.
This part of Arkansas was still a deep ocean
basin, but it was becoming quite narrow
because Llanoria, a continent to the south,
was moving toward Laurasia. In the early
Mississippian Period chert continued to be
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Figure 13.

slowly deposited in the basin as it had been
during the Devonian. By the late Mississip-
pian the Appalachian Mountains were
formed. Erosion of these mountains pro-
vided abundant sand and silt that was trans-
ported into the deep but narrow basin from
the southeast. The ocean basin trapped all of
the sand and silt so that none of this sedi-
ment was deposited in the shallow water
that covered northern Arkansas (Fig. 13).

.

SUBMARING
ERNYON

Sediment from the continental shelf can be deposited as a submarine fan at the mouth
of a submarine canyon. The muddy sediment and water mixture is transported as a

furbidity carrent
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Pennsylvanian Period
(320 to 286 MYBP)

During the Penmsylvamian Peviod
great changes were occurring on the
Laurasian continent. [t was becoming part
of asingle large continent, Pangaea. Along
... the eastern edge of the continent, Laurasia
had already collided with Europe and Af-
rica and formed the Appalachian Moun-
tains (Fig. 14}. During the Pennsylvanian
Period the southern edge of Laurasia was
beginning to collide with a continent,
Llanoria, fo form the Ouachita Mountains.

This collision occurred in what is now Ar-
kansas. In fact, the state of Arkansas com-
prises two ancient continents. The present
day Ozarks and the Arkansas River Valley in
the nerthern part of the state were part of the
continent Laurasia and the Quachita Moun-
tains, and Guif Coastal Plain in the central
and southern part of the state were part of
the continent Llanoria. In Arkansas the
boundary between these two ancient plates
extends from Y City to Little Rock. Along
the western edge of the North American
continent the ancient Rocky Mountains were
being folded and uplifted,

MID- FENNSYLVAN AN

Figure 14.

Mid-Pennsylvanian paleogeography of North America
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The uplift and collision of the conti-
nent on three sides also affected the geology
of the interior part of the continent. The
whole continent was higher in elevation
than it had been during the entire Paleozoic
Era. The Appalachian Mountains were be-
ing eroded and provided abundant sedi-
ment. A lotof sediment was deposited inthe
deep ocean basin along the southern margin
of the continent but not all of the sediment
was trapped here as it had been previously.
Rivers also transported a lot of sand, silt,
and clay across the continent and much of
this was deposited as del€as along the coast
of the inland sea in the eastern and southern
part of the continent.

The change in the paleogeography of
the Laurasian continent had a greateffecton

Figure 135.

Early Pennsylvanian paleogeography of Arkansas

the geology of Arkansas. The Ozark region
of northern Arkansas, which had been cov-
ered by warm, shallow seas during the Pa-
leczoic Era, did not previously have asource
of sand, silt, and clay. This allowed the
deposition of carbonate rock throughout
most of the Paleozoic. Northermn Arkansas
was still covered by shallow marine water
during the early Pennsylvaman Pertod. How-
ever, carbonate rocks were no longer being
deposited because rivers to the north brought
large quantities of sand, silt, and clay from
the Appalachian Mountains and deposited
this sediment in deltas along the shoreline
{Fig. 15). The sediment eventually filled
much of the ocean in northerm Arkansas and
raised the elevation above sea level so that
deltaic deposits are overlain by nver and




swamp deposits near Fort Smith and
Russellville. Reptiles developed during
this period and inhabited the swamps with
the amphibians and plants such as trees and
ferns (Fig. 6). This plant material became
coal, which is mined commercially along
the Arkansas River Valiey. Small amounts
of organic material that were deposited with

... the sedimentary rocks have changed tonatu-

ral gas which is now produced from wells
drilled into the Paleozoic-age rocks in both
the Ozark and Arkansas River Valley re-
gions.
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Figure 16,

To the south in the Ouachita Moun-
tain area, the deep ocean basin was becom-
ing very narrow as Llanoria was moving
toward Lavrasia (Fig. 15). During the early
Pennsylvanian Period abundant sand was
still being trapped and deposited in this
irough as submarine fans (Fig. 13), which
are similar to deep underwater deltas, By
the middle Pennsylvanian Period the trough
had been closed as the collision of Laurasia
and Llanoria occurred (Fig. 16). During
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Middle Pennsylvanian paleogeography of Arkansas



this collision the rocks were folded into
anticlines and synclines, fauited, and up-
lifted to form the Quachita Mountains and
the new continent of Pangaea. The collision
not only squeezed together the deep ocean
basin shale, sandstone, and chert that had
been accumulating during the Paleozoic but
it also squeezed in some of the igneous rock
' from the ocean floor that formed along the
spreading center of the ocean basin. Very
small exposures of thisgabbro, soapstore,

and serpentine occur south of Little Rock.
The soapstone deposits are commercially
mined for filler in rubber and roofing prod-
ucts. During the collision, hot fliids rich in
silica, moved through the fractures in the
rocks. Quartz crystals that precipitatedfrom
these solutions are now mined in the
Quachita Mountains (Fig. 17). Most of

these crystals are sold to tourists, schools,
and museums. Somne are used for jewelry
‘and optical equipment.

Figure 17.
Quartz crystals
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Permian
Period

( 286 to 245 MYBP)

By the Permian Period the forma-

“tion of Pangaea was complete. All of Arkan-
sas and most of eastern and central North
America were above sea level (Fig. 18). In
the western portion of the continent, the
ancient Rocky Mountains werceraded. The
collision of Laurasia and Llanoria and the
uplift of the Ouachita Mountains that began
in the Pennsylvanian Period continued into
the Permian Period. Because the whole
area was well above sea level, no Permian
rocks exist in Arkansas. The erosion sur-
face began to form in the late Pennsytvanian
Period and continued throughout the Pei-
mian Period. '

At the end of the Permian Period,
more than half of the animal families be-
came extinct, perhaps a result of the differ-
entworld paleogeography and climate com-
pared to that which existed earlier in the
Paleozoeic Era. This mass extinction marks
the end of the Paleozoic Era, 243 million
years ago.

The end of the Paleozotc Era marks
the end of major sedimentationin the present
day Ozarks, the Arkansas River Valley, and
the Ouachita Mountains. These areas have
been above sealevel and undergoing weath-
ering and erosion since the Pennsylvanian
Period. During the remaining two eras of
the earth’s history, major sedimentation
occured in the Gulf Coastal Plain Regton
and the Mississippi Alluvial Valley.



LATE PERMIAN

Figure 18.
Late Permian paleogeography of North America
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MESOZOIC ERA
(245 to 66 MYBP)

The third major subdivision of geo-
logic time is the Mesozoic Era, or middle
life. The mass extinction at the end of the
Paleozoic Era provided many environments
for new species to populate. At the begin-
ning of the Mesozoic Era, approximately
745 million years ago, a rapid evolution of
many new families occurred, especially
' those of molluscs and reptiles. Though
reptiles evolved in the Paleozoic Era, they
did not become dominant untii the Meso-
zoic Fra. The best known of this group are
the dinosaurs, which persisted throughout

Figure 19,

this era for 180 million years (Fig, 19) and
then became extinct. The first birds and
maminals evolved during the Mesozoic
Era, but they did not become abundant until
the Cenozoic Era, the last major subdivi-
sion of geologic time.

The super continent of Pangaea that
had formed at the end of the Paleozoic Era
began to break up in the Mesozoic Era, and
the peography that we are familiar with
today was beginning to form. The present
ocean basins began to develop by sea-floor
spreading during the Mesozoic Era, and the
oldest rocks in those ocean basins are 200
million years old. This is much younger
than the continents where the oldest rocks
are 3.7 billion years old.

Dinosaurs in southern Arkansas during the Mesozoic Era

E



In Arkansas, the Mesozoic history 15

a history of the Guif of Mexico. Deposition
of sediment during this eva was restricted to
the Gulf Coastal Plain and the Mississippi
Alluvial Valley in the southern and castern
portions of the state. The Ozarks, the Ar-
kansas River Valley, and the Ouachita Moun-
tains in the northern and central part of the

state were above sea level during this era .

and were being weathered and éroded.
The end of the Mesozoic Era, 66

million years ago, is marked by a mass

extinction of many different groups, both

Did You Hear
A NOISE, Sid?

Figure 20.
Meteorite impact theory of late Mesozoic extinctions

marine and terrestrial, There are two major
competing theories forthis extinction. Some
argue fora catastrophic extraterrestrial event
such as a meteorite impact which modified
the worldwide environment (Fig. 20). The
opposing theory proposes that there was a
gradual change in the terrestrial environ-
ment and food supply, pethaps as a result of
more land being above sea level and a re-
duction of the area covered by shallow seas.
Another possible reason is the appearance
of cocler seasons as the continents moved
toward higher latitudes and altitudes.




Triassic
Period

(245 to 208 MYBP)

Much of North America, including

the eastern and central portion of the conti-
‘hent, was above sea level during the Trias-
sic Period. Pangaea began to rift or split
apart, with Enrope breaking away from the
eastern part of North America and South
America breaking away from the southern
partof North America (Fig. 21). Though the

- rifting, or splitting apart, began in the Trias-
sic, the faulting had not proceeded long
enough for the down dropped fault blocks to
be below sea level.
 Ocean or the Gulf of Mexico existed yet.
~Basalticigneous magma was intruded along
the developing cracks as the continents be-

- _gan to spread apart. As North America

moved westward, the western margin over-
rode oceanic crust and volcanic islands
formed along the subduction zone.

Neither the Atlantic.

All of Arkansas was above sea level
during the Triassic Period. No rocks of
Triassic age are present in the Ozarks, Ar-
kansas River Valley, or Ouachita Mountain
areas hecause the northern and central parts
of the state were high in elevation and were
being eroded. The only rocks of Triassic
age in the entire state are in the southern part
of Arkansas which was relatively low in
elevation. Deep troughs formed where
blocks were down faulted as South America
began to split apart from North America.
Sand and gravel eroded from the high
Quachita Mountains to the north were de-
posited by rivers in alluvial fans which
filled these troughs. The Gulf Coastal Plam
continued to subside during the rest of the
Mesozoic Era and part of the Cenozoic Era.
These Triassic-age rocks are now deeply
buried by younger rocks and are only seen
in cores of rock that have been recovered
from wells drilled in the southern part of the
state.
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Figure 21.
Triassic rifting of Pangaea in Arkansas
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Jurassic
Period

(208 to 144 MYBP)

The splitting of Pangaea continued
during the Jurassic Period, and by thistime
the continents had rifted apart enough that
the Atlantic Ocean and the Gulf of Mexico
began to form. Along the western margin of
North America, the contmental plate con-
tinued to override the oceanic plate as it
moved westward. Most of the continent was
above sealevel except foran area thatis now
Colorado, Wyoming, and Montana where a
shallow sea existed.

Northern and central Arkansas were
above sea level during the Jurassic Period,
but the southern part of the state was cov-
ered by the Gulf of Mexico. The Gulf of
Mexico was much narrower and shallower

. than 1t 1s today and probably was not perma-

nently connected to the Atlantic Ocean.
This geography caused poor water circula-
ion. Water periodically evaporated from
the Gulf and deposited beds of salt. The
element bromine 1s found in these salt
brines and has been produced commercially
in Arkansas. It is used as an antiknock
additive of gasoline and in medicines, As
rifting continued, the Gulf became wider
and conmected to the Atlantic Ocean. The
improved circulation caused evaporite beds
of salt to become less common and marine
carbonates to be deposited. All of these
Furassic rocks have been buried by younger
sediments of the Gulf of Mexico but they
have been studied extensively because oil is
produced from wells drilled into the car-
bonate rocks.



Cretaceous Period
{144 tc 66 MYBP)

During the Cretacecus Peried the
last large sea to cover a major portion of the
North American continent came into being
(Fig. 22). The rise in sea level may have
been the result of higher elevations along
the spreading center in the Atlantic Ocean.
The uplifted ridge displaced some of the
water from the ocean basin and the water
overflowed onto the continents. A shallow
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Figure 22.
Cretaceous paleogeography of North America
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sea covered the southeastern margin and the
western portion of the continent. Areas of
higherelevations, including the mountainous
areas along the west coast, the Appalachian
and Ouachita Mountains, and the eastern
part of the continent were above sea level.

Mountain building and volcanic eruptions
continued along the western margin of North
America asthe continent continued its west-

ern movement and subducted the Pacific
oceanic plate.
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The Gulf of Mexico rose to its high-
¢st level during the Cretaceous Period and
covered Arkansas south and east of the
Ouachita Mountains (Fig. 23). The eastern
part of the state was covered by a large
extension of the Gulf of Mexico, termed the
Mississippi Embayment because the
present Mississippi River flows along cen-

Figure 23,

ter of the area. During the early part of the
Cretaceous Period the Quachita Mountains
were high above sea level, and abundant
sand and gravel was eroded from the moun-
tzins.. This sediment was deposited in south-
ern Atkansas as stream and beach deposits
and today is quarried for sand and gravel.

Late Mesozoic to early Tertiary paleogeography of Arkansas
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The mountains were reduced in el-
evation by erosion during the Cretaceous
Period, and by the late Cretaceous Period
they were so low in elevation that they did
not contribute much sediment to the Gulf.
Clay, chalk (carbonate rock composed al-
most entirely of very tiny fossils}, and gyp-
sum were deposited in the shallow water.
Some of the organic matter preserved in
these rocks has been converted to o3l and
this is an important mineral resource in the
southern part of the state. In southwestern
Arkansas the chalk is mined for agricultural
- lime and cement and the gypsum is mined to
make sheet rock. As these sediments accu-
mulated in the shallow seas, dinosaurs
roamed along the shoreline and some of
their bones and tracks have been preserved
in the Cretaceous-age rocks.

Figure 24.
Diamond mining in southwestern Arkansas

Subsidence of the Mississippi
Embayment in eastern Arkansas, southeast-
ern Missouri, and western Kentucky and
Tennessee began during the Cretaceous Pe-
riod and is continuing today. This subsid-
ence is in about the same position as the
wough that developed during the late Pre-
cambrian Bra and early Cambrian Period
and may be a reactivation of the same struc-
ture. '

Igneous rocks were intruded during:
the early Cretaceons Period along the north-
east edge of the subsidence zone from
Murfreesboro to Little Rock. All of these
rocks are unusual. They have very small
amounts of silica. The intrusion at
Murfreesboro contains diamonds and is the
only area in the U.S. where diamonds have
been mined commercially (Fig. 24). An-
other of these intrusions occurs at Magnet



Do BTN L . R

. Cove and contains many very unusnal min-

erals which attract mineral collectors from
around the world. A third intrusion is Gran-
ite Mountain near Little Rock. The name is
not very accurate because the rock is really
syenite, which is similar to granite but does
not contain quartz.

There are a number of economic re-

... sources related to these igneous intrusions,

n addition to diamonds. Bauxite is formed
by tropical weathering of syenite. This
weathering leaches the relatively small
amount of silica that was present in these

rocks and concentrates the aluminum. It has

been economically mined as a source of
aluminum near Bauxite, in central Arkan-
sas. Where the syenite weathers to a high
alumina clay, the clay is mined to make
refractory bricks, Unweathered syenite is
quarried for rip rap and crushed rock for
roads and railroads.

Two other economic resources are
barite and vanadium. The origin of the
mineral barite in Arkansas is not well known.
One of the hypotheses of its formation is the
movement of barium-rich fluids through
fractures in the ocean bottom and flow of the
fluid into the sea like hot springs. The
barium and sulfur precipitated as barite
where the hot water mixed with the cooler
ocean water. This mineral was mined for
use as drilling mud, as filler, and in the
chemical industry. The element vanadium is

also associated with the intrusions and is

mined near Magnet Cove to be used as an
alloy in steel.

5
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CENOZOIC ERA
(66 MYBP to Present)

The fourth and last major subdivi-
sion,of geologic time is the Cenozoic Era,
the time of new life. After the extinction of

‘many families (especially the reptilian ones)

66 million years ago, many environmental
niches were left vacant and new groups of
animals evelved as aresult,. Mammals and
birds became dominant on the land. The
most abundant mammal on the land is man.
The earliest ancestors of man,
Australopithicus afarensis evolved about 4
million years ago in east Africa. Homo
sapiens sapiens, the modern species of man,
did not evolve until 35,000 to 50,000 years
ago, perhaps in Africa also, and has spread
across all the continents. Flowering plants
(angiesperms) and grasses evolved and
provided food for these terrestrial groups.
Invertebrate and single-celled animals con-
tinued to be successful in the sea.

The diversity of nearly all plant and
animal groupsinthe Cenozoic Era is greater
than during any era in the past because of
the configuration of the continents and con-
tinental shetves, The presence of multiple
continents that are separated by ocean ba-
sins and that extend from the equator to the

‘poles with different climatic zones has isa-

lated animal and plant groups. This separa-
tion allowed divergence in the evolution of
the groups and therefore a great diversity in
the Cenozotc animals and plants. The Cena-
z0ic Era is not over yet and this diversity
continues today.



Tertiary
Period

(66 to 1.65 MYBP)

The North American continent contin-
ued to move westward during the Teriiary
Period as it did in the Mesozoic Era, and the
geology of both times is similar. The Atlantic
Qcean became wider as the continent moved
to the west at an average rate of 5 cm/year.
Erosion of the Appalachian Mountains sup-
plied sediment that was deposited along the
Atlantic seacoast. The Gulf of Mexico was

- also becoming wideras SouthAmericamoved
away from North America. Ercsion of the
central part of the continent provided sedi-
ment that was deposited along the coastof the
Gulf of Mexico. In western North America
mountain building continued as the continent
¢ollided with and subducted plates of the
Pacific Ocean. Some of these mountains
were formed by folding such as the Rocky
Mountains, some mountains formed by intru-
sion of magma, some mountains were volca-
nic, and some mountains formed by uplift
along faults.

The greatest difference between the

. Cretaceous and the Tertiary Periods in North
America is that the continent was higher in
elevation during the Tertiary Period. There
were no shallow seas that covered the central
part of the continent during this time. in fact,

erosion of the Rocky Mountains provided a

large amount of sediment that was deposited

‘across the central portion of the continent to
form the Great Plains of Fexas, Colorado,
Wyoming, Kansas, Nebraska, the Dakotas,
and Alberta in Canada. The only areas of

* extremely low elevation were along the At-

lantic and Guif Coasts and these were cov-
ered by marine water when sea level rose
during the early Tertiary Period.

In Arkansas thisrise in sea level during
the early Tertiary Pertod drowned the south-
ern and eastern portions of the state. It wasa
substantial rise in sea level, but it was not
quite as high in most areas as during the
Cretaceous Period. Tertiary-age rocks de-
posited in streams, swamps, and i shallow
marine water are exposed throughout south-
ern Arkansas. They are also present in the
Mississippi Embayment of eastern Arkansas,
but here they are buried by younger deposits
of the Mississippl River everywhere but on
Crowley’s Ridge and the western margin of
the Mississippi Embayment. Though these
deposits are called rocks, they are so soft that
they can easily be dug with a shovel. In
addition to the sand and clay that was depos-
ited, lignite accumulated in the swamps. This
is a low-rank coal that could be produced as
an energy source, if the price of coal becomes
high enough. Marine water did not cover the
area of the present day Ozarks, the Arkansas
River Valley, or the Ouachita Mountains,
which were mountains no longer. Erosion
during the late Cretaceous Period had low-
ered these mountains to mere highlands. This
erosion continued during the Tertiary Period.
: In the middle and late Tertiary Period,
sea level was much lower than during the
early Tertiary Period, and the shoreline of the
Gulf was to the south of Arkansas. All of
Arkansas was above sealevel, and mostof the
area was beinyr weathered and eroded, except
eastern Arkansas. The Mississippi
Embayment continued to be a relatively iow
area, and the Mississippi River developed in
this trough. Ancient Mississippi River depos-
its are preserved on Crowley’s Ridge and are
an important economic source of sand and
gravel, ' '
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Quaternary Period

(1.65 to 0 MYBP)

The Quaternary Period, the last 1.65
million years of the earth’s history, is char-
acterized by significant changes in the world
climate. Glaciers have repeatably formed,
. perhaps 11 times. These glaciers covered a
significant portion of the continents and
then melted, except in Antarctica and
Greenland. They covered and directly af-
fected large areas of the North American
continent and had an indirect influence over
large areas beyond the margin of the gla-
ciers and over the sea, as well. The direct
influence of the glaciers included erosion
by theice and later deposition of that eroded
material by the glaciers. The indirect influ-
ence included:

1. Alowering of sealevel because mnuch of
the world’s water was incorporated
in the glaciers.

2. Thick deposits of niver alluvium and

~ loess in the glacial-outwash valleys
when the glaciers melted.

3. Sinking of the earth’s crust beneath the
weight of a glacier.

4. Bulging of the earth’s crust beyond the
glacier.

5. Deposition of large amounts of coarse
sediment in the ocean basing because
of increased erosion on the conti-
nents by the glaciers and floating ice
bergs.

34

Between glacial siages there were
warmer interglactal stages when most of

- the ice melted and sea level rose. We are

living in one of these interglacial stages.

+The cause(s) of alternating periods of
glaciation and interglaciation are not well
understood. One of the most popular theo-
ries is called the Milankovitch Theory It
proposes that the amount of seasonal solar
radiation (heat) which reaches a given lati-
tiede at the earth’s surface varies because the
movement of the earth around the sun
changesin three ways and these changes are
cyclical. Each of the three cycles takes a
different length of time to complete. Thus,
there are periods of time when winters are
cooler and summers are warmer. These
periods tend to be interglacial stages be-
cause all the snow melts in the summer and
it cannot accumulate to form a glacier.
During periods of time when there is less
seasonal contrast in solar radiation, the win-
ters are not as cold and the summers are not
as warm. These are glacial stages because
not all the snow melts during the cool sum-
mers and it can accumulate to form a gla-
cier. Variation in the seasonal distribution
ol solar radiation to reach the earth has
occurred before the Quaternary Period, but
the presence of continents near or over the
poles of the earth during this period has
allowed glaciers to form.



Glaciers never covered Arkansas dur-
ing the Quaternary Pertod and there is no
direct evidence of glaciation in the state
(Fig. 25). However, there is abundant indi-
rect evidence of glaciation in the Missis-
sippi Alluvial Valley of eastern Arkansas.
The Mississippi River was an outwash river
for glaciers that covered much of North
America. During the early and middle
Quaternary Period, the river eroded a deep
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vailey west of Crowley’s Ridge., Atthe same
time the Ohio River, also an outwash stream,
erodedadeep valley east of Crowley’s Ridge.
These two rivers joined south of Arkansas,
During the late Quaternary Period the Mis-
sissippi River cut through Crowley’s Ridge,
joined with the Ohio River near Cairo, Illi-
nois, and now flows on the east side of
Crowley’s Ridge.
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Early and middle Quaternary paleogeography of the south-central United States



Both the Mississippi and the Chio
rivers deposited abundant sand and gravel
in their valleys. When the wind blew across
these broad flat areas, it caused dust storms
(Fig. 26). This dust was deposited as loess
in and along the edges of the valleys. Some
sand was also transported and was depos-
ited as sand dunes.

There are other Quaternary deposits
in Arkansas that were not affected by gla-
ciation. River deposits occur along the
major streams in the state such as the Arkan-
sas, Red, White, and Ouachita rivers. They
are an imaportant source of sand and grave]
in many parts of the state. Landslide de-
posits occur in the mountains. There are

Figure 26.

good examples of these at Village Creek
State Park on Crowley’s Ridge, Queen
Willemena State Park in the Ouachita Moun-
tains, and Dewvil’s Den State Park in the
Qzarks.

A surface process that is ocomrring in
the Ozark region and that does not involve
sedimentation, is solution by groundwater.
{aves, such as Blanchard Caverns, were
and are forming by solution of soluble car-
bonate bedrock in the Ozarks. Asthe Ozark
streams have eroded deeper and caused the
water table to be lowered, caves that were
formed below the water table and were
formerty fitled with water, are now above
the water table and are filled with air. After

Late Quaternary dust storms depositing loess along the braided Mississiﬁpi river

valley :
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acave has formed, it can be partly filled with
insoluble and/or soluble material. Insoluble
materials, such as clay minerals and chert
gravel, are deposited by water flowing
through the cavern. Soluble material, such
" as calcite, precipitates from water dripping
into anair-filled cave. This calcite forms the
stalactites, stalagmites, and other beauti-
ful cave formations found in many of the
Ozark caves. _
Earthquakes also have occurred in
Arkansas during the Quaternary Period. In
fact the most hazardous seismic area in
eastern North America is the New Madrid
Seismic Zone that includes northeastern

Arkansas and the bootheel of Missourl.
During 1811 ad 1812 over 1800 earthquakes
were recorded in this area, and four of them
were estimated to be great earthquakes,
with a magnitiude of more than 8 on the
Richter Scale (Fig. 27). Eleven earth-
quakes of moderate magnitude have been
recorded in the area since that time. In

addition to damage to man-made structures,
these earthquakes have caused landslides or
slumping, uplift and depression of the
ground, and fissuring or splitting of the
ground with extrusion of underlying sand
and water through the cracks.

Figure 27. '

Mississippi river valley during the 1811-1812 New Madrid earthquakes
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Northeastern Arkansas is prone to
earthquakes beczuse of movement along
faults. The faults in the New Madrid area
are as old as the Precambrian and Cambrian
periods when North America and Llanoria
began to split apart. The New Madrid area
dropped along faults toform atrough. These
faults and the trough were reactivated again

“during the Cretacecus Period when the

trough subsided to form the Mississippi
Embayment of the Gulf of Mexico. The
earthquakes are evidence that the land is
continuing to move along faults in the New
Madrid area.

The last 10,000 years of the Quater-
nary Period are referred to as the Helocene
Epoch. During this interglacial stage the
climate became warmer and the vegetation
changed to plants that are suited to this
climate. Large numbers of people emi-
grated to North America from Asia just

prior to the beginning of the Holocene Ep-
och, about 11,000 to 12,000 years ago, by
walking across the land which connected
these two continents. This landbridge
formed during a glacial stage when sea level
was lower. During the Holocene Epoch
people spread throughout North and South
America. The oldest known human skeletal
remains in Arkansas are from an Indian
cemetery in the northeastern part of the
state. These bones are 9,500 to 10,500 years
old. Even older tools made by people have
been found in many areas of the state, but
because these peoples are so old we know
little about themn.

Shortly after the first humans arrived
on this continent, many large mammals that
roamed North America, such asmammoth,
mastedon, and saber tooth tiger, became
extinct (Fig. 28). This extinction may have

Figure 28.

Large Pleistocene animals which are now extinct



been hastened by man’s hunting as people
began to populate the Americas (Fig. 29)
but the main cause was probably achange in
climate and vegetation at the beginning of

the Holocene Epoch. In summary, the ap-
pearance of man and the changing climate
both had a great effect on North America
during the last 11,000 years.

Figure 29,

Hunting theory of large mammel extinction in earty Holocene.
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To survive, the early Indians in North
America adapted to their environment, just

as we have adapted to our environment, In

Arkansas early Indians utilized the rich
forests that occurred throughout the state
(Fig. 30) and used the local chert to make
their stone tools. They traveled in small
groups and utilized rock overhangs for shel-
. ter (Fig. 31). Their diet included many dif-
ferent foods. This good nutrition and the

general lack of communicable diseases re-
sulted in a relatively healthy population.
Indians began to use their environ-
mentdifferently about 3,000 years ago when
they-developed agriculture. They cleared
plots of land along the rivers to plant their
crops. This change in culture also resulted
in poorer health than during the previous
8,000 years. The increase in diseases oc-
curred because the population became con-

Figure 30,

Native Americans gathering. forest resources during the early and middle Holocene
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centrated in small areas where diseases could
spread and because diets became restricted
to only a few food types that were conse-
quently fess nutritions.

-However, agriculture did provide free

 time and allowed the development of art and

religion. Inmore populated areas the people
built mounds as both burial and ceremonial
sites. The Toltec mounds in central Arkan-
sas and the Spirc mounds in eastern Qkla-

homa were two larger centers for the Indi-
ans in Arkansas. The major ceremonial
center of the entire southeastern region,
including Arkansas, was at Cahokia in the
present city of East St. Louis, Hlinois, To-
day all of these sites are state parks. This
was the culture that existed when Europe-
ans discovered and began to explore North
America in the 16th century,

Figure 31.
Rock sheiters were and are a favorite place for humans to seek shelter. They
commonly preserve artifacts that would normally decay in the moist soil of Arkansas
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GEOLOGIC DIVISIONS OF
ARKANSAS

When you look at maps of Arkansas
that show the stream patterns, or the roads,
or the way the land is used, you will prob-

_.__?__ably notice that there are obvious differ-
ences in the state. When you travel in Ar-

kansas, these differences are easily seen.
The mountains and pastures of northern and
central Arkansas are quite different from
the vast, flat farmland of eastern Arkansas,
and both are different from the low rolling
hills of pine forests in southern Arkansas.
These variouns landscapes have natural dif-
ferences, such as different rock, soil, topog-
raphy, vegetation, and wildlife, and because
of these variations, man has used these
landscapes differently. Several areas are
guite beautilul and are used for tourism, one
area1s primarily used for farmland, another
for forestry, and some of the areas contain
natural mineral resources with o1l and gas
wells, refineries, mines, and quarries.

2/

~ Arkansas can be divided into five
different divisions or physiographic prov-
inces on the basis of its geclogy: the Ozarks,
the Arkansas River Valley, the Ouachita
Mountains, the Gulf Coastal Plain, and the
Mississippi Alluvial Valley (Fig. 32). These
divisions each have a different landscape
determined by the type of rock that is present,
the structure of the rock, and the weathering
and eroston of the rock. The reason for
these differences is the geologic history of
the state, and in a larger sense of the conti-
nent, discussed in the previous section. .
In this section we will summarize the
geologic history and examine the type of
geology that is present in each division. For
more detail on this history and the natural
resources associated with rocks of different
ages, be sure to refer back to the previous
section.



Figure 32.
Block diagram showing the geology of several divisions of Arkansas
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THE OZARKS

The Ozark division extends across
the north-central and northwestern part of

. the state and into the southern half of Mis-

souri. Thig broad area is a dome where
Precambrian igneous rock has been pushed
upward (Fig. 32). It is surrounded by
younger Paleozoic sedimentary rocks that
dip very gently away from it. The central
part of the dome is located in southeastern
Missouri, and the surrounding Paleozoic
rocks occur in Missount and Arkansas.

In Arkansas most of the rocks in the
Ozark region were deposited during the
Ordovician, Mississippian, and Pennsylva-
nian periods. The rocks of Ordovician and
Mississippian ages are mostly carbonates,
deposited in the shallow sea that covered
northern Arkansas through most of the Pa-
leozoic Era. The Pennsylvanian rocks are

mostly sandstone and shale that were de-

- posited in deltas along the coastling of that
shallow sea after northem Arkansas was
lifted above sea level. These rocks were not

strongly affected by the collision of Llanoria.

and Laurasia {North America), and they are
nearly horizontal (Fig. 32).

' The Ozark region has been above sea
level and subject to weathering and erosion
since the collision of the two continents at
the end of the Paleozoic Era. The topogra-
phy and dendritic drainage that have re-
sulted from this weathering and erosion are
due to the horizontal rocks in the area.

There are broad flat areas called .

teans. The Salem Plateau is the flat area
that i1s underlain by the nearly horizontal,
Ordovician-age carbonate rocks and is
mostly in north-central Arkansas (Fig, 33).
The Springfield Plateau is the flat area that

isunderlain by the nearly horizontal Missis-

sipplan-age carbonates and is in northwest-
ernand north-central Arkansas. The Boston
Mountain Plateau is the flat-topped moun-

 tains that are underlain by the nearly hori-

zontal Pennsylvanian-age sandstones in
central Arkansas. Streams have cut deep
valleys into this plateau to form the ero-
sional Boston Mountains.

Each of these plateaus is separated
from the adjacent platean by a steep slope.
The towns of Eureka Springs, between the
Salem and Springfield Plateaus, and
Fayetteville, between the Springfield and
Boston Mountain Plateaus, are located on
two of these steep slopes.

Figure 33.
Plateaus of the Ozark Region
E is Eureka Springs, F is Fayetteville



THE ARKANSAS
RIVER VALLEY

The Arkansas River Valley is south of
the Qzarks and extends across the west-
. central and central portions of the state
along the Arkansas River. It includes both
the river valley and alarge area on both sides
of the valley. This is a region of well
developed, but not complex, folds that are
oriented east-west (Fig. 32). These folds
formed because the collision between
Laurasia and Llanoria during the late Penn-
sylvanian and Permian periods compressed
the rocks like ribbon candy.

These folded Paleozoic-age rocks in
the Arkansas River Valley were originally
horizontal layers deposited in the ocean

basin. Prior to the Pennsylvanian Period the.

ocean basin in this area was relatively shal-
low, but probably near the outer part of the
.continental shelf. These rocks are predomi-
nantly carbonates and shale and are buried
by the younger Pennsylvanian-age rocks.
- By the middie of the Pennsylvanian Period
the ocean basin was becoming deeper, the
land to east and north was becoming higher,
and the continent to the south was getting
closer so that very thick deposits of the

sandstone and shale accumulated in this
narrow ocean basin. Finally, the deep basin
filled up with sediment and shallow-water
and deltaic deposits spread over the area.
All of these rocks, the shallow-water (pre-
middle Pennsylvanian age), the deep-water
and later the shallow water and deltaic
(middle Pennsylvanian age) sediments were
folded and uplifted when Laurasia and
Lianona finally began to collide in the late
Pennsylvanian Period.

The Arkansas River Valley division has
been above sea level and subject to weath-
ering and erosion since the collision of the
two continents at the end of the Paleozoic
Era. The topography and trellis drainage
that have resuited from this weathering and
erosion are mostly caused by the folded
siructures in the area. These folds form
long, narrow, east-west trending ridges of
more resistant sandstone, such asMt. Maga-
zine, Pettit Jean, and Mt. Nebo. Between
these nidges of more resistant rock is less
resistant shale that erodes easily and forms
broad valleys. The valley of the Arkansas
River is also controlled by these folded
rocks. Where the river flows through the
resistant sandstone, the valley is very nar-
row, and where it flows through the less
resistant shale the valley is very wide.

=/
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THE OQUACHITA
MOUNTAINS

The Ouachita Mountains are south of
the Arkansas River Valley division and ex-
tend across the west-central and central
portions of the state. This division contains
complex folds and thrust faults (reverse
faults that are nearly horizontal) which are
generally oriented east-west (Fig. 32). These
folds and faults formed because the colli-
sion of Llanoria with Laurasiz during the
late Pennsylvanian and Permian periods
compressed the rocks. The structures that
formed in the Ouachita Mountains are more
complex than those in the Arkansas River
Valley because the mountain area was closer
to the impact of the two continents.

The rocks that were deformed are
mostly Paleozoic-age sedimentary sand-
stone, shale, and chert deposited in a deep
ocean basin. Small segments of the under-
lying basaltic igneous rock were also folded
up into the Ouachita Mountains,

The Ouachita Mountain division has
been above sea level and subject to weath-
ering and erosion since the collision of the
two continents at the end of the Paleozoic
Era. The topography and trellis drainage

that have resulted from this weathering and

erosion are mostly determined by the folded
structures in the area. These folds form
long, narrow, east-west trending ridges of
more resistant sandstone and chert and nar-
row, paralle] valleys of less resistant shale.
The folds and valleys are narrower than
those in the Arkansas River Valley division
because the rocks have been more tightly
compressed.
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THE GULF
COASTAL PLAIN

The Gulf Coastal Plain is south of the
Ouachita Mountain division and extends
across southwestern and south-central Ar-
kansas. In this region the rocks dip very
slightly to the south {Fig, 32). Folds are
absent, but a few nermal faults are oriented
east-west with the down-dropped block on
the south side of the fault. These rocks were
deposited in the shallow Gulf of Mexico
and later in stream valleys, The Gulf cov-
ered the southern part of Arkansas begin-
ning in the Cretaceous Period through the
early Cenozoic Fra. As the Gulf of Mexico
shoteline receded to the south, rivers mi-
grated across the entire coastal plzin and
deposited river sediment throughout south-
emn Arkansas and Louwisiana during the
. middle Cenozoic Era. All the rocks are

poorly lithified and include evaporites, sand-
stone, and shale.

The Gulf Coastal Plain has been high
enough above sea level that the streams
eroded and have been restricted to distinct
valleys since the middle Cenozoic Era. Be-
tween the valleys the bedrock has been

-subject to weathering and erosion. These
dendritic streams have not been deeply
eroded into this plain. The topography that
results 1s one with low, rolling hills and
wide stream valleys cut into easily eroded,
horizontal sediments. Quaternary-age river
sedirpents are present in the valleys.



THE
MISSISSIPPI
ALLUVIAL
VALLEY

The Mississippi Alluvial Valley divi-

* s1om, which extends along the eastern edge

of the state, is commonly called the Delta, It
is not a delta in a geologic sense, Instéad of
being a fan-shaped deposit of a river where
it flows into the sea, it is a series of river
deposits in a very wide valley (Fig, 32).
These sediments are late Tertiary and Qua-
ternary-age deposits of the Mississippi River,
which dip very slightly to the south, the
direction that the Misstssippi river flows.

The topography inthe Mississippi River
Alluvial Valley has been developing during
the Quaternary Period by deposition of river
sediments, eolian sand dunes, and loess in
various parts of the valley. These deposi-
tional landforms are different than the ero-
sional landforms that dominate in the other
divisions of Arkansas.

When the Mississippi River first
formed it flowed in a wide, shallow valley
and deposited sand and gravel in a series of
channels that migrated across the valley.
Later the river eroded more deeply into the
Tertiary sediments along the west margin of
the valley, and the Ohio River eroded more
deeply into the Tertiary sediments along the
eastmargin of the valley (Fig. 25). Crowley’s
Ridge, which is made up of Tertiary sedi-
ments overlain by Mississippi river gravels,
was left as a divide between these two
rivers. Both the Mississippi and the Ohio
rivers deposited thick sand in their valleys

EZ_B?

when the glaciers to the north melted, Later
the rivers eroded some of this sandy allu-
vium and formed a newer and lower fleod
plain in a portion of their valleys. The older
and: higher flood-plain surfaces that have
been left are terraces. Because this
downcutting has occurred several times there
are several terraces, the highest terrace al-
ways being the oldest terrace. Finally the
Mississippl River cut through Crowley’s
Ridge, joined the Ohio River at Cairo, 1li-
nois, and began to flow down the eastern
side of the Ridge as it does today.

Periodically the wind blew sand and
dust from these valleys. The sand was
moved a short distance from the channels
and was deposited as sand dunes. The dust
wag lighter and could be blown greater
distances. The dust was deposited as loess
on Crowley’s Ridge and on the older ter-
races {Fig, 26),

About ten thousand years ago, the
Mississippi River switched from a braided
river to the meandering river that forms the
eastern boundary of Arkansas today, The
river migrates rapidly by eroding on the
outside of a river bend and depositing point
bars on the inside of the river bend. Abun-
dant oxbow lakes mark old positions of the
channel that have been abandoned when the
river cut through a narrow piece of land.
separating two imeander bends. Some of
these changes have occurred during historic
time with the result that the state boundary
18 not exactly the same as the river. There
are small areas of Arkansas that are ¢ast of
the river and small areas of Tennessee, and
Mississippi that are on the west side of the
river because the river has suddenly changed
position since the boundary was drawn.



CONCLUSION

As you can see, Arkansas has had a
complex and long geologic history. It ook
1.4 billion years for Arkansas to develop as
we see it today. During this time, the area
which we call Arkansas has been changed
from land to sea and back again to land
several times. Ithas changed its position on

the globe and in the process has been pulied -

apart and smashed together, and pulled apart
again due to plate tectonics. Through time
organisms that lived on the land and in the
seas of Atkansas and the world have changed
by becoming more complex and diverse.
Two times they experienced mass extinc-

tions, and the subsequent development of

even more complex and more diverse
QFgansisms. '

Arkansas has five very different areas
that provide different topography, different
rocks, different fossils, and different eco-
nomic resources. Itis ourstate touse wisely
. and to enjoy its abundant natural riches.
Treasure them, for they took as long as 1.4
billion years to form!
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 GLOSSARY

Alloy A substance with metallic
properties which is comprised of two
or more clements. A least one of the
combined elements must be metailic.

Alluvial fan A fan-shaped deposit of
sediment deposited by a river where
the river slope is abruptly reduced,
the width of the river valley is
abruptly widened, or near the
confluence of a tributary stream with
a main stream.

Allevium Unconsolidated sediment
deposited by a stream.

Amphibians A class of four-legged,
cold-blooded vertebrates. Many
amphibians have an aquatic larval

- phase and a partial or completely
terrestriat adult phase.

Angiosperms Flowering vascular plants
which produce seeds enclosed i
ovaries.

Anticline ‘Linear upfolded rocks with
the oldest rocks in the center of the
fold. it is the opposite of a syncline.

Arkansas River Valley Region A
_geologic region of Arkansas in the
west-central part of the state and to
the west in Oklaboma. Itisa’
transitional between the intensely
deformed rocks in the Ouachita
Mountains to the south and the
nearly undeformed rock in the Ozark

Plateaus Province to the north. The
late Paleozotc rocks in the region are
somewhat deformed. Long ridges of
resistant rock approximately parallel
the Arkansas River. Some of the flat
area between the ridges has been
cleared for farm and pasture land.

Almosphere The gaseous portion of the
planct, which is mostly oxygen and
nifrogen, with some argon and
carbon dioxide.

idaltica An ancient Paleozoic continent
that included most of the present
continent of Europe and Asia.

Barite A sulfate mineral comprised of
barium, sulfur, and oxygen.

Earium An element with an atomic
number of 56. Its abbreviation is Ba.

Bausite Aluminum ore formed by
intense weathering of aluminum-rich
rocks.

Biosphere The living organisms of the
planet. They may reside in the
lithosphere, the hydrosphere, or the
atmosphere,

Braided river A river with many
- ¢hannels that intertwine by merging
and separating. The channels are
separated by elongate islands or bars.
These channels resemble a complex

braid.
EY;
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_ Bromine An element with an atomic
number of 35. Tts abbreviation is Br.

Caldera A very large volcanic
depression formed by collapse of the
volcano after an eruption.

Cambrian Period A subdivision of the
Paleozoic Era of geologic time. The
Cambrian Period lasted from 570
million years ago to 505 million
years ago.

Carbon dioxide A compound of one
part carbon and 2 parts oxygen that

is common in the earth’s atmosphere.

It is exhaled by most animals and
-used by most plants.

Carbonate rock A group of
sedimentary rocks comprised chiefly
of carbonate minerals such as calcite
and dolommite. It is formed by
Orgamic or inorganic precipitation of
carbonates from water. The most
cominon rocks are limestone and
dolomite or dolostone.

Cave A naturally-formed underground
chamber or series of chambers that
are large enough for a human to
move through. Caves are most
commonly produced by solution of
soluble rock such as limestone,
dolomite, and evaporites.

Cenozoic Era A division of geologic
time from 66 million years ago until
today when “new” or modern life
forms existed.

g,

Chalk A soft, porous, nsually white
limestone made up of calcite shells
from fleating marine organisms,

Chert A sedimentary rock that is
comprised of very dense and very
finely crystalline quartz. Tt has
conchoidal fracture and can be used
to make arrowheads, axes, etc.

Clay A grain that has a3 maximum
diameter of 0.002 mn.

Clay mineral A group of hydrous
alumina silicate minerals with a platy
structure. Generally these minerals
are clay size.

Coal A combustible rock that is mostly
carbonaceous material derived from
plant remains.

Continental shelf The submerged
gently sloping («<3°) margin of the
confinent. It occurs between the
shoreline and the continental slope.

Continental stope The submerged steep
(3-67) slope at the edge of the
continent. It separates the
continental shelf from the deep
ocean basin.

Cretaceous Period A subdivision of the
Mesozoic Era of geologic time. The
Cretaceous Period lasted from 144

million years ago to 66 million years

ago. : '



Crowley’s Ridge A linear hill that rises
- about 50 meters above the level of
the surrounding Mississippi Alluvial
Valley in eastern Arkansas. The
ridge extends from the Arkansas-
Missouri state line south to Helena,
Arkansas.

Delta Sediment deposited near the
confluence of a river and a standing
body of water, such as the ocean or a
lake. A delta generally is a triangular
or fan-shaped deposit that 1s partly
submerged and partly above water,

Dendritic drainage A stream system -
* that resembles the pattern of a
branching tree. This pattern occurs
here the streams have developed on
horizontal rocks.

Devonian Period A subdivision of the
Paleozoic Era of geologic time. The
Devonian Period lasted from 408
million years ago to 360 million
years ago.

Dinosaur Nickname for two extinct

. groups of terrestrial reptiles that had
twao openings behind the eye and had
hips like a bird or hips like a hizard,
but didn’t fly or live in the ocean.
Dinosaurs lived during the Mesozoic
Era. The name means “terrible

* lizard” but they were misnamed
because none of them were lizards
and not all of them were terrible.

Divide An imaginary line that usually
corresponds.to # ridge and separates

two adjacent streams. All surface
water on one side of the divide will
flow to the stream on the same side
of the divide.

Dome Circular or elliptical upfolded
rocks with the oldest rocks in the
center of the fold. The rocks dip
away from the center in all
directions. It is the opposite of a
basin.

Earthquake Vibration of the earth
produced by a rapid release of
energy due to fanlting or volcanic
activity.

Embayment A bay or indentation of the
shereline that forms where water
covers the low area near the mouth
of a rver,

Eolian Pertaining to the wind.

Erosion Transportation of rock and/or
sediment across the earth’s surface.

Evaporite A sedimentary rock formed
by precipitation of minerals from
solution as water evaporates.

Evolution The theory that the earth’s -
Jife has developed gradually from
one or a few simple organisms to
many more complex organisms,

Extinction The death of all the
individuals of a single subdivision of
~ life, such as a species or genera.

=/



Fanlt A fracture in rock along which
there has been movement.

Fissuring Fracturing or cracking of the
ground along which there is distinct
separation.

Flood plain The flat, low-lying land
adjacent to a stream channel that is
frequently covered with flood water.

Folds Bent rocks due to deformation of
the original horizontal rock layers.

Fossils Remains, traces, or imprints of
organisms that lived in the past.

Gabbro A dark-colored, coarsely
crystalline igneous rock that cooled
slowly beneath the earth’s surface. It
15 relatively low in silica and high in
calcium, iron, and magnesium,

Galena An economic mineral comprised
of lead and sulfur. It is mined for
lead.

Glacial Stage A subdivision of a
generally cool-climate interval (Ice
Age) when glaciers were common.

Glacler A large mass of ice that forms at
least in part on land from the
compaction of snow that survives
from year to year. This ice slowly
moves or flows downslope under its
own weight.

Gondwana An ancient late Paleozoic
and early Mesozoic continent that

included all the continents and
subcontinents of the southern
hemisphere: South America, Africa,
Antarctica, Australia, and India.

Granite A coarsely crystalline igneous
rock with abundant quartz that
formed deep beneath the earth’s
surface.

Great Plains A generally flat plain that
extends from the Rio Grande River
in Texas north to the Arctic Circle
and from the Rocky Mountains east
to central North and South Dakota,
MNebraska, Kansas, Oklahoma, and
Texas,

Gulf Coastal Plain Region A geologic
region in the south-central and
southwestern part of the state, to the
south in Louisiana, the southwest in
Texas, and to the west in Oklahoma.
The late Mesozoic and early
Cenozoic rocks are nearly horizontal
and generally not consolidated to
form rock yet. The area has low
rolling hills covered with pine
forests. Some of the area has been
cleared for farm and pasture land.

Gypsum An economic mineral
comprised of calcium, sulfur, and
oxygen. It is mined to make sheet
rock and for agricultural lime.

Holocene Epoch A subdivision of the
Quaternary Period. The Holocene
Epoch lasted from 10,000 years ago
until today.



Hydrosphere The water of the planet,
including the oceans, rivers, lakes,
glaciers, ice, and groundwater. lt
does not include water in the
atmosphere.

Iapetus An ancient ocean basin that
_existed during the Paleozoic and
separated the ancient continents of
Laurentia and Baltica. 1t was in the
approximate position of the modern
north Atlantic Ocean.

Igneous Rock A rock that has formed
from cooling and crystallization of
molten material.

Interglacial stage A subdivision of &
generally cool-climate interval (Ice
Age) when the climate is relatively
warm, similar to or warmer than that
of today. Glaciers are not as
dominant as in a glacial stage. We

~ are living in an interglacial stage.

Intrusion The emplacement of magma
in previously existing rock.

- Jurassic Peviod A subdivision of the
Mesozoic Era of geologic time. The
Jurassic Period lasted from 208
million years ago to 144 millicn
Years ago.

Invertebrates Animeals without a
segmented spinal column or a

notochord. _

Landskide Moderately rapid to rapid

movement of rock, sediment, and/or
sotl downslope en masse. Itis due to
the force of gravity on the material

Laurasia An ancient Paleozoic
continent that included most of the
present continents of North America,
Greenland, Europe, and Asia. This
continent formed due to the collision
of Laurentia and Baltica.

Laurentia An ancient Paleozoic
continent that included the most of
the present continents of North
America and Greenland.

Law of Superposition A law which
states that where rocks are
undeformed by folding and fanlting,
each bed of sedimentary or extrusive
igneous rock is older than the layer
above it and younger than the layer
below it.

Leach The removal of more soluble
materials from the upper part of the
soil by dissolving them in water as it
moves downward through the soil.

Lead An element with an atomic
number of §2. Tts abbreviation is Ph.

" Lignite A brownish-black relatively

low-rank coal that is between peat
and bituminous coal.

Limestone A sedimentary rock mostly
comprised of the mineral caicite.

7/
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Lithosphere The outer rigid layer of the
earth, including all of the crust and
the upper part of the mantle.

Loess Wind-blown silt derived from
deserts, outwash plains, or alluvial
valleys and deposited as a blanket
across adjacent vegetated areas.

Magma Molten rock present beneath the
earth’s surface that may include
some dissolved gasses and
suspended mineral crystals.

Maugnitade A measure of the total
amount of energy released during an
earthquake. It is determined using a
seismograph.

Mammals A class of warm-blooded
vertebrates with body hair that
produce milk for their offspring.

Mammoths All extinct elephants. They
were grazers with teeth designed for
grinding.

Manganese An element with an atornic
mamber of 25. Its abbreviation is
Mn.

Mastodons Large extinct mammals,
similar to mammeoths, but were
slightly smatller than mammoths and
were browsers instead of a grazers.

Meandering river A river channel with
sinuous curves ot loop-like bends.

Mesozoic Era A division of geologic

time from 245 million years ago until
66 million years ago when “muddle”
Iife forms existed.

Metamerphic Rock A rock derived

from a previously existing rock, Tt is
formed by alteration in the solid state
due to changes in temperature,
pressure, andfor chemically active
fluids.

Meteorite An interplanetary object that
strikes the earth’s surface.

Mitankovitch Theory An astronomical
theory of glaciation. This theory
explains climatic change as a result
of different amounts of incoming
solar radiation to different areas of
the earth. The changing amount of
incoming radiation in an area is due
to variations in the earth’s inclination
and its orbit around the sun,

Mississippi Allavial Valley Region A
seologic region of Arkansas located
in the eastern part of the state, to the
north in Missouri, to the east in
Tennessee and Mississippi, and to
the south in Louisiana. The area is
underlain by late Cenozoic sediment
of the Mississippt River and its
tributaries. [ts broad, flat surfaces
and fertile soils make it excellent
farmiand.



Mississippian Period A subdivision of
the Paleozoic Era of geologic time.
The Mississippian Period lasted from
360 million years ago to 320 million
years ago.

Moelluscs A class of invertebrates with a
nonsegmented symimetrical body and
a symmetrical mantle or shell.
Snails, clams, squids, octopus, and
the pearly nautilus are molluscs.

- New Madrid Seismic Zone An
earthquake region centered around
New Madrid, Missouri, which
inciudes northeastern Arkansas.
-Surface deformation and faults are
rare in the area.

Nitrogen An element with an atomic
number of 7. Tis abbreviation is N.
It is a common gas in the
atmosphere.

Normal fanit A fault where the rock or
sediment above the fault plane
moves down in relation to the
sediment or rock below the fault
plane.

Novaculite  slightly metamorphosed
- chert which is very dense, hard, and
finely crystalline. The term is most
commonly used in Arkansas and
. Oklahoma, '

Ordovician Period A subdivision of the
Paleozoic Era of geologic time. The
Ordovician Period lasted from 505
million years ago to 438 million
years ago.

Ouachita Mountains Region A
geologic region of Arkansas located
in the west-central part of the state
and to the west in Oklahoma. In this
region Paleczoic rocks are intensely
folded and faulted due to the
collision of two continents during the
late Paleozoic. This mountainous
area is forested.

Outwash Sediment derived from a
glacier and deposited beyond the
glacier by streams of meltwater.

Oxygen An element with an atomic
number of 8. Itis a common gas in

the atmosphere and comprises about
half of the earth’s crust.

Ozark Plateaus Region A geologic
region of Arkansas located in the
north-central and northwestern part
of the state, to the north in Missouri,
and to the west in Oklahoma. In this
region Paleozoic rocks have not been
deformed and are horizontal. They
underlie several different levels or
plateaus in the region, which are
naturally forested. Much of thizs
province has been converted te farm
and pasture land. '

Paleogeography The geography of the
past, including the location of the
comntinents, ocean basins, mountains,
and shorelines.
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Paleozoic Era A division of geologic
time from 570 million years ago untl
245 million years ago when “old”
life forms with hard parts existed.

Pangaea An ancient Jate Paleozoic Era
continent that included most, if not
all, of the continental land masses.
Pangaea began to break apart during
the early Mesozoic Era into the
present continents.

Pennsylvanian Period A subdivision of
the Paleozoic Era of geologic time.
The Pennsylvanian Period lasted
from 320 million years ago to-286
million years ago.

Permian Period A subdivision of the
Paleozoic Era of geologic time. The
Permian Period lasted from 286
million years ago to 2435 million
years ago.

Plate Tectonic Theory The theury that
the earth’s outer shell, the
lithosphere, is broken into smaller
plates. These lithospheric plates
move in vartous ways, causing
earthquakes, volcances, the
movement of the continents, the
formation and destruction of the
oceans basins, and the formatmn of
mountains. '

Plateau A broad flat area of high
elevation.

Precambrian Era A divisionof
- geologic time from the beginning of

the earth about 4.6 billion years ago
until 570 million years ago. Though
life was present during part of this
era, most organisms did pot have

. hard parts and were not easily
fossilized.

Quartz A very common mineral in the
earth’s crust. Quartz is comprised of
‘one part silicon and two parts
axygen.

Quaternary Period A subdivision of the
Cenozoic Era of geologic time. The
Quaternary Period lasted from 1.65
million years ago to the present.

Refractory Heat-resistant, nonmetallic,
- ceramic materials, such as bricks.
These materials can be used in
furnaces where heat would destroy
cOmMMmOnN ceramic materials.

Reptiles A class of cold-blooded,
commonly terrestrial vertebrates, that
have scaly skin and lungs for
breathing.

Reverse fault A fault where the rock or
sediment above the fault plane
moves up in relation to the sediment
or rock below the fault plane. '

Rhyolite A volcanic igneous rock with
abundant quartz.

Richter Scale A numerical scale of
earthquake magnitude based on the
motion of a seismograph. '



Rift zone A linear area aloﬁg which
spreading of the earth’s crust occurs,

Rip rap A wall of stones without order
placed in deep water or on an
embankment slope to prevent

€rosion.

Saber tooth tiger An extinct camivore
(meat eater} of the cat family that
was the size of a lion and had two
huge saber-shaped teeth.

Sand A grain or rock fragment that has a

diameter between 0.5-2 mm.

Sandstone A siliceous sedimentary rock
comprised of sand-sized (0.5-2 mm)
mineral graing {most commonly
Quartz) or rock fragments that have
been cemented together.

Sea-floor spreading A hypothesis that
oceanic crust is formed by upwelling
of magma along ridges or rifts. The
new oceanic crust splits and moves
apart at a slow rate (cm per year),
enlarging the ocean basin. This -
hypothesis has been incorporated
into and is part of the theory of plate
tectonics.

Sediment Uncousolidated particles,
Inorganic or organic, created by
weathering of previousiy existing
rock, precipitation from solution, or .
secretion by organisms. These |
particles are transported and
deposited by air, water, or glacial ice.

Sedimenfary rack A rock formed from
weathering products of previously
existing rock. The previously
existing rock fragments may be: 1)
transported, deposited, and lithified
(i.e. sandstone}, 2) precipitated from
solution (i.e. limestone), or 3) consist
of the remains of plants and animals
(i.e. coal).

Seismoic area  An earthquake zone,

Serpentine A group of siliceous
minerals with a greasy luster and
slightly soapy feel. They are formed
by altering magnesium-rich siliceous
minerals and rocks such gabbro.

Shale A sedimentary rock mostly
comprised of small (<0.002 mm)
mineral grains that are most
commonly clay minerals. These
grains have been compressed or
cemented together.

Silica An element with an atomic
number of 14. Its abbreviation is Si.
Silica comprises about a quarter of
the earth’s crust,

Siliceous A material that contains
abundant silica.

Silurian Period A subdivision of the
Paleozoic Era of geologic time. The
Stlurtan Period lasted from 438
millton years ago to 408 million
vedrs ago. '

B



Soapstone A common name for the
mineral talc.

Solar radiation _
(energy) from the sun by
electromagnetic waves. This
requires no carrier and the heat can
be transferred through a vacuum,

Sphalexite An economic mineral
comprised of equal amounts of sulfur
and zine. - It is mined for zinc.

Spreading center A region in the earth’s
crust along which divergence of two
or more lithospheric plates is
gccurring.

Stalactite A conical or cylindrical-
shaped mineral deposit, usuaily of
calcium carbonate, that forms on the
ceiling of a cave by dripping water.

Stalagmite A conical-shaped mineral
deposit, usuvally of calcium
carbonate, that develops upward
where dripping water falls on the
floor of a cave.

Subduction Zone A long, narrow region
where one lithospheric plate
descends beneath another
lithospheric plate.

Submarine canyon
gully eroded into the edge of a
continental shelf and the adjacent
- continental slope by turbidity
currents. '

Submarine fan A cone or fan-shaped
deposit of sediment deposited below
sea level by turbidity currents at the
mouth of a submarine canyon.

Sulfur An element with an atomic
number of 16. Its abbreviation is S.

Syenite A coarsely crystalline igneous
rock that is similar to granite. It has
abundant silica and formed deep
beneath the earth’s crust. Unlike
granite, syenite does not have
abundant quartz.

Syncline Linear downfolded rocks with
the youngest rocks in the center of
the fold. It is opposite of an
anticline,

Terrace A long, narrow, nearly flat
surface within a stream valley. A
terrace is a former flood plain but is
rarely covered by floodwater any
longer because the stream has cut
downward and developed a new,
lower flood plain.

Tertiary Period A subdivision of the
- Cenozoic Era of geologic time. The
Tertiary Period lasted from 66
million years ago to 1.65 million
years ago, :

Thrust fault A low angle (<45°) reverse
tault. '



Trellis drainage A stream system that
has nearly parallel streams with
tributaries that join them at right
angles. This system resembles the
pattern of a vine on a trellis. It forms
in areas where the rocks are folded
into anticlines and synclines.

Triassic Period A subdivision of the
Mesozoic Era of geologic time. The
Triassic Period lasted from 245
million years ago to 208 million
years ago.

Turbidity current A movement down a
submarine canyon of dense
sediment-laden water that flows
underneath less-dense clear water.

Uncenformity An interruption in the
geotogic rock record caused by
erosion or nondeposition.

Vanadiam A metallic element with an
atomic number of 23. Iis
abbreviation is V.

Vertebrates A subdivision of animals
with a sepmented spinal column or a
notochord.

Volcanic ash Small (< 4 mm)}, solid
“material erupted from a volcano,

~ Volcanic glass  Sobid material erupted
from a volcano that formed from
very rapid cooling of lava or magma.

VYoleanns A vent at the earth’s surface
where gases, liquids (lava), and
solids (bombs, cinders, and ash)
erupt. The liquids and solids collect
around the vent, commonly building
a hill or mountain.

Weathering The decomposition and
disintegration of rock or sediment
near or at the earth’s surface by

- physical and chemical changes.

Zine An element with an atomic number
of 30, Its abbreviation is Zn.
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