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CHAPTER 1
FIRST THINGS FIRST

Introduction’

The surface of the earth is a sculpture that is never fin-
ished. Year after year, century after century, the rind of
rocks enveloping the globe continues to change. Even the
“everlasting hills” are temporary; wind, water, and ice
will, in time, erode the very highest mountains down to
sea level.

Some of the forces that shift and rearrange the earth’s
crust are swift and dramatic. Rocks on the side of a
mountain break free and cascade to the valley floor.
Without warning, a volcano erupts along the west coast
of North America or in the South Pacific; farms and vil-
lages nestled at the foot of the mountain are left buried
beneath a blanket of lava. Off Iceland, a new volcanic
island rises from the ocean floor. All of Alaska shudders
in earthquake shock as the rocks yield at last to stresses
that built up for centuries.

Modern examples of geologic change are all around
the edge of the Pacific Ocean—the northward shift of
western California along the San Andreas fault; the Aleu-
tian Island volcanoes of Alaska; the rise of coastal moun-
tain ranges in North, Central, and South America;
earthquakes of the Pacific coast of Asia; the volcanic
islands of Japan, the Philippines, the East Indies, New
Guinea, and New Zealand. In all these places, we find
one or more of the geologic processes that happen during
mountain-building: periodic earthquakes, erupting vol-
canoes, and deformation of rocks deep underground.

Less dramatic changes occur in the earth’s crust as
well. In the 10,000 years since the ice sheets of the Pleis-
tocene Epoch melted, the crust of northern North Ameri-
ca, relieved of that enormous weight, has risen steadily.
In Montreal, Canada, the ocean deposited beach sands
with marine shells and whale bones immediately after
the ice sheets’ retreat. Those beaches are now 165 m
above sea level on Mount Royal in the heart of Montreal.

1By Y.W. Isachsen

Thus, the “solid” rock of the earth’s crust can be squashed
down and later spring back, like bread dough.

Today the crust is relatively stable in New York State.
It has not always been that way! Rocks that were formed
as flat layers in shallow seas now lie well above sea level
and are tipped, folded, and contorted. Even the highest
mountains in New York State contain rocks that were
deposited in a quiet sea. The rocks of New York contain
evidence that our State has had a long and complex geo-
logic history. There have been repeated floodings by the
sea, at least four major cycles of mountain-building, and
multiple advances of thick glacial ice. In some areas, the
rocks even tell us of nearby ancient volcanoes, long since
eroded away.

This book comes with a companion publication, New
York State Geological Highway Map, which supplements it.
The map sheet is printed on plastic instead of paper for
durability. Together, these two publications are for peo-
ple who are interested in the ground they stand on—both
in their own backyards and throughout the State. What is
the land made of? Where did it come from? How did it
get the way it is today? What lies beneath? How old is it?
What is its geologic future? What explains the diversity
of landforms in the State?

The outline of the text can be seen in the table of con-
tents. By using it, you can jump directly to any area of
particular interest. However, we advise at least a prelimi-
nary glance at Plates 1 and 4 of the Geological Highway
Map and Chapter 3 of this book, to provide a regional
background.

If you would like to find out about the geology of a
particular area, the map in Figure 1.1, which shows
regions of the State, will be useful. Chapters 4 through 10
cover bedrock geology by region. Glacial features are
covered by region in Chapter 13.
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CHAPTER 2

CLOCKS IN THE ROCKS

Measuring Geologic Time'

Geologic history takes in a
vast amount of time, close to 4.6
billion years. The relative time
scale, which is based mainly on
observations about rocks and

SUMMARY

the fossils they contain, puts
geologic events in historical
order. The discovery of radioac-
tivity and the development of
radiometric dating gave us the

first reliable way to create a
quantitative time scale. This
scale assigns ages, in years
before the present, to the events
in the relative time scale.

INTRODUCTION

In order to understand geology, we have to under-
stand the vast scale of geologic time. The earth as we
know it is the product of 4.6 billion years of changes.
These changes are usually very slow, but occasionally
they may be rapid or even catastrophic, like an earth-
quake, volcanic eruption, or landslide.

Through geologic time, continent-size pieces of the
earth’s crust collide, break apart, and grind sideways
past each other. Mountains are built and eroded. Sedi-
ments are deposited, compacted, and turned into rock.
That rock may in turn be deformed by stress or metamor-
phosed by heat and pressure. Molten rock rises from the
earth’s interior, cools, and forms igneous rock. Most of
these processes are so slow that the changes they pro-
duce during one human lifetime can scarcely be noticed.
In fact, the amount of time involved is so immense that
it’s extremely difficult to imagine. Here’s one way to
think about it.

Suppose the entire history of the earth were com-
pressed into one year. Most of the year would be taken
up by the Precambrian, that long age that started 4.6 bil-
lion years ago with the origin of the earth. Life began in
the Precambrian; the oldest known fossil-bearing rocks
were formed about 3.5 billion years ago (about March 28
of our imaginary geologic year). We still know relatively
little about the earliest life-forms, because most of them
were very small or soft-bodied and were seldom pre-
served as fossils. In addition, most of the very old rocks
have either been eroded away or deformed and meta-
morphosed enough to destroy any fossils that might once
have been present.

TAdapted from a manuscript by P.R. Whitney.

The Cambrian Period, when marine animals with easi-
ly fossilized hard parts (such as shells or bones) first
became abundant, would start late on November 18. The
dinosaurs would appear on December 13 and would sur-
vive for 13 days, to disappear late on December 26. The
first humans wouldn’t show up until shortly after 8PM
on December 31. All of written human history would fit
in the last 42 seconds of New Year’s Eve. The average
lifetime of a late 20th century American would occupy
the last half second before midnight.

Yet despite humanity’s late appearance on the scene,
we have been able to piece together a picture of the
earth’s history. That history is summarized in the geolog-
ic time scale (Figure 2.1). This time scale was constructed
in two stages. First came our study of rocks and the
sequence of fossils and deductions about what changes
had happened and in what order. The resulting list of
events is a relative time scale. Then, early in this century,
radioactive “clocks” were recognized that could be used
to calculate the number of years between events. This
process made it possible to create a quantitative time
scale.

THE RELATIVE TIME SCALE

Relative geologic time refers to the order in which things
happened—which events are older and which are
younger. Much of the evidence for relative geologic time
is based on simple, commonsense observations. For
example, in undisturbed sedimentary layers or lava
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Figure 2.1. This figure includes the geologic time scale. In the left-hand part of the chart, the columns headed “EON,” “ERA,” “PERIOD,” and “EPOCH"” make up the rek
ative time scale. The two columns headed “Millions of years ago” convert it to the quantitative time scale. The rest of the figure summarizes important events in the geo-
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YORK STATE AT A GLANCE
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logic history of the world and of New York State. (The words used in the column “Tectonic Events Affecting Northeast North America” are explained in Chapter 3. The
term transform collision refers to a collision that takes place along a transform margin.)

7




flows, the rocks at the bottom of the stack were obviously
deposited before the younger rocks above. This principle
is known as superposition. Similarly, where layered rocks
have been partly worn away by erosion and new ones
deposited on the eroded surface, the worn layers are
older. Where molten rock has risen from below and cut
across layers in the rocks already there, we easily see that
the once-molten rock is younger. By combining such
observations we can construct a relative time scale for
any given area.

But how do we determine the relative ages of events in
one area compared with those in another? Fossils in sedi-
mentary rocks give us valuable clues!

Geologists in the late 18th and early 19th centuries
studied sedimentary rocks whose relative ages were
known from simple observations like superposition.
They observed that many fossils in older rocks were
never found in younger rocks; such species had become
extinct with the passage of time. These geologists also
found that new fossil species appeared in younger rocks.
They noticed that fossils in the older rocks were very
unlike modern, living organisms; fossils in younger rocks
became progressively more like living plants and ani-
mals. They observed that these changes were in the same
order in rocks all over the world. This fact led to the con-
clusion that fossils provided time markers. In other words,
by observing what fossils are present, geologists were
able to correlate, or match up, sedimentary rocks of the
same age, even when those rocks were far apart.

These methods tell us which rocks are the same age,
which are older, and which are younger. When we know
the ages of rocks relative to each other, we can construct
a relative time scale. But these methods don’t tell us how
long ago the rocks were formed. To find this information,
we need a method for measuring geologic time in years
or millions of years. This method will be discussed in the
next section.

The relative time scale we use today is the result of
information that has been collected for two centuries
throughout the world. It is a result of direct observations
on fossils and rocks and is continually being tested and
refined. The Phanerozoic Eon (Figure 2.1) is that part of
earth’s history that began with the Cambrian Period,
when animals with shells, bones, or other hard parts first
appeared. Animals without hard parts are very rarely
preserved as fossils. Because we have more fossils from
the Phanerozoic Eon than from earlier (Precambrian)
time, we understand its history in far greater detail. It has
been subdivided into eras, periods, epochs, and smaller
time divisions on the basis of fossils (Figure 2.1). This
detailed time scale, however, covers only the last one-
eighth of the history of the earth.

It has been more difficult to subdivide the earlier
seven-eighths of geologic time, in part because of the
scarcity of fossils. Radiometric dating, a method developed
during the 1930s and widely used since about 1950, has
proved to be very useful in studies of these older Precam-
brian rocks. It has also helped refine the Phanerozoic
time scale and determine just how long ago the events in
that relative time scale took place. This method provides
the basis for a quantitative time scale.

DEVELOPING A QUANTITATIVE
TIME SCALE

It has long been clear that the processes that shaped
the earth must have taken an immense amount of time. It
has been more difficult, though, to figure out just how
much time and to express it in years.

Early geologists tried to figure out how fast erosion
happened, sediments were deposited, and dissolved salts
accumulated in the oceans. They compared those esti-
mates with the results we see today to figure out how
long it would take to produce such results. However, the
rates of most geologic processes are both variable and
very difficult to measure. Therefore, the answers that
geologists got with these methods usually did not agree
with each other. Obviously, another approach was need-
ed in order to figure out the ages of rocks and to date the
events in geologic history.

RADIOMETRIC DATING

The discovery of radioactivity led to an accurate
method for determining ages. All atoms have a nucleus
that contains protons—positively charged particles. Each
atom of a specific chemical element has a fixed number of
protons. (For example, atoms of carbon always have
6 protons, and atoms of oxygen always have 8 protons.)

The nucleus of an atom also usually contains
neutrons—uncharged particles. Each chemical element
consists of one or more isotopes. All atoms of a specific
isotope have both a fixed number of protons and a fixed
number of neutrons. (For example, the isotope carbon-12
contains 6 protons and 6 neutrons. The isotope carbon-14
contains 6 protons and 8 neutrons. Both isotopes are the
element carbon.)

Some chemical elements have naturally occurring iso-
topes that are radioactive. (For example, potassium and
uranium both have radioactive isotopes.) Radioactive iso-
topes are unstable: that is, atoms of a radioactive isotope
(the parent) change into atoms of another isotope (the




daughter) by giving off particles, energy, or both. This
change, called radioactive decay, occurs at a constant rate
that we can accurately measure in the laboratory.

Small amounts of several different radioactive parent
isotopes exist in all rocks, along with the daughter iso-
topes produced by their decay. Modern laboratories can
measure accurately the amounts of both parent and
daughter isotopes in a rock or mineral sample. Since we
know the rate of radioactive decay and can measure the
amounts of parent and daughter in a rock, we can calcu-
late how long ago that rock was formed—how long ago
the radioactive “clock” started ticking.

This method is called radiometric dating. It can give us
very accurate ages for some rocks and minerals. In gener-
al, it works best with igneous rocks and minerals that
have not been metamorphosed. The heat and pressure
required for metamorphism can “reset” the radiometric
clock in a rock. Therefore, radiometric dating of a meta-
morphic rock may give the time when metamorphism
occurred, not the time when the rock first formed. Sedi-
mentary rocks can only rarely be dated by radiometric
methods.

Radiometric dating has given us ages for the eras, peri-
ods, and epochs of the Phanerozoic relative time scale. It
is also providing us with the information that is needed
to construct a detailed time scale for the Precambrian.
Both are summarized in Figure 2.1. The left-hand part of
the figure, without the columns of numbers giving ages,
is a relative time scale. Adding the numbers converts it to
a quantitative time scale.

REVIEW QUESTIONS AND EXERCISES

Define the following terms as they are used in this
chapter:

relative time scale

quantitative time scale

superposition

correlate

time marker

isotope

radioactivity

parent

daughter

radiometric dating

What methods were used to put together the relative
time scale? The quantitative time scale?

Because geologic time is so long, the geologic time line
in Figure 2.1 is not drawn to scale. On a long strip of
paper, redraw the time line to scale.







CHAPTER 3

CONTINENTS ADRIFT
The Plate Tectonic History of New York State’

The movement of tectonic
plates on the earth controls the
distribution of rocks and life on
the planet. By applying the the-
ory of plate tectonics to ancient
rocks, geologists have deci-
phered much of New York’s
geologic history. The State’s
oldest rocks were deposited
about 1.3 billion years ago in
shallow seas. They were
deformed and metamorphosed
in the Grenville Orogeny, a con-
tinent-continent collision that
occurred 1.1 to 1.0 billion years
ago and produced a high moun-
tain range and plateau. Over the
next 400 million years, erosion
reduced the mountains and
plateau to flat lands. During
this time, all the earth’s conti-
nents became joined into one
supercontinent. Then, about 660
million years ago, the supercon-
tinent began to break apart and
split along the east coast of
proto-North America. New

SUMMARY

oceanic crust formed in the
widening rift about 600 to 560
million years ago. The rift grew
into the Iapetus Ocean. A very
long volcanic island arc formed
in the ocean about 550 million
years ago, and volcanic activity
lasted until about 450 million
years ago. At this time, the
island arc collided with proto-
North America. The collision—
the Taconian Orogeny—built a
mountain range that extended
from Newfoundland to Alaba-
ma. The mountains eroded as
they rose, and rivers flowing
down the western slopes car-
ried the sediments into a shal-
low inland sea. Then, the
remaining part of the lapetus
Ocean closed; the ensuing colli-
sion was the Acadian Orogeny.
This orogeny built high moun-
tains and a large plateau along
the eastern part of the continent,
but it had few direct effects in
New York State. However, sedi-

ments eroded from the moun-
tains formed the huge “Catskill
Delta,” which partially filled in
the shallow sea. About 330 to
250 million years ago, proto-
Africa slid past proto-North
America along a transform mar-
gin. This collision, the Allegha-
nian Orogeny, built the
Appalachian Mountains. As the
mountains began to erode, sedi-
ments were dumped into the
shallow sea and eventually
forced it far to the south and
west. As a result of these and
many other orogenies, all the
earth’s continental crust was
again joined in a supercontinent
called Pangea. Pangea has been
breaking apart in a worldwide
rifting event that began 220 mil-
lion years ago. After Africa sep-
arated from North America, the
rift widened into the Atlantic
Ocean. Today, the east coast of
North America is tectonically
quiet.

INTRODUCTION

The theory of plate tectonics has been called the “glue”
that holds geology together because it relates all subdisci-
plines of geology to each other. Plate tectonic theory
explains the mechanisms that move and deform the
earth’s crust. This movement and the interaction of the
plates control the type and distribution of sedimentary
deposits, the type and distribution of volcanic and other
igneous activity, the location and intensity of earth-

1By A.E. Gates.

quakes, and indeed the very evolution of life on this
planet.

The outermost shell of the earth, called the lithosphere,
is composed of rigid crust with an underlying layer of
rigid mantle. The lithosphere floats on a soft, flowing
shell of the mantle called the asthenosphere (Figure 3.1).
The lithosphere is broken at present into about eight
large and several smaller fragments, or plates (Figure 3.2),




CONTINENTAL
CRUST
/
RIGID MANTLE @
s

FLOWING MANTLE

ASTHENOSPHERE |<—— LITHOSPHERE —>

Figure 3.1. This diagram shows the general structure of the outer part of
the earth. The outermost shell, the lithosphere, is made up of crust and
rigid mantle. The asthenosphere below it is made up of flowing mantle.
Notice that the light continental crust is much thicker and floats higher
than the dense oceanic crust. Continental crust is normally about 35 km
thick, whereas oceanic crust is normally about 10 km thick.

which resemble broken shell fragments on a hard-boiled
egg. A plate may contain continental crust, which is thick
(normally about 35 km) and of relatively low density;
oceanic crust, which is thin (about 10 km) and of relative-
ly high density; or pieces of both. Because of its high den-
sity, oceanic crust floats low on the asthenosphere and
forms ocean basins. Continental crust floats high and
commonly forms land. The North American plate, which
includes continental as well as oceanic crust, extends to
the middle of the Atlantic Ocean.

Convection currents, which are similar to the motion in a
slowly boiling pot of oatmeal, occur in the astheno-
sphere. The plates move around the earth by riding the
flow of these convection currents. The currents affect the
plates in three ways.

1. They can stretch the crust and pull plates apart to form

a divergent margin (Figure 3.3A).

2. They can push plates together to form a convergent
margin (Figure 3.3B).

3. They can cause plates to grind sideways past each
other to form a transform margin (Figure 3.3C).

A divergent margin usually begins as a splitting or rift-
ing of continental crust. Molten rock from the mantle and
lower crust seeps up to fill the gaps and forms volcanoes.
It hardens there to form dense new rock called basalt. If
rifting continues, the basalt will become new oceanic
crust (Figure 3.4). Most divergent margins are under the
oceans and are marked by a mid-oceanic ridge.

There are three types of convergent margins, depend-
ing upon the type of crust involved (Figure 3.5):

1. ocean-ocean collisions,

2. ocean-continent collisions, and

3. continent-continent collisions.

In an ocean-ocean collision, oceanic crust on one plate
is driven beneath oceanic crust on another plate (Figure
3.5A). The down-going plate sinks into the asthenosphere
and is consumed. This sinking process, called subduction,
creates a volcanic island arc, which appears as a chain of
volcanic islands on the overriding plate. Two modern
examples are the Caribbean Islands and the Philippines.

In an ocean-continent collision, continental crust over-
rides oceanic crust (Figure 3.5B). The subduction process
forms a magmatic arc, which appears as a mountain chain
on the edge of the continent. Two modern examples are
the Cascade Mountains along the west coast of North
America and the Andes Mountains in South America.

Continent-continent collision events build mountains
and are called orogenies. In a continent-continent collision,
one continent may override another (Figure 3.5C). How-
ever, continental crust is very light and buoyant; it does
not sink easily. Instead, the crust commonly piles up—
something like an auto collision. The result is a wide area
of uplift, highly deformed rocks, and greatly thickened
crust. A modern example is the Himalayan Mountains
and Tibetan Plateau.

Most transform margins occur on oceanic crust. At
transform margins, rocks move sideways past each other.
When a transform margin occurs on continental crust,
the movement is accompanied by uplift of the earth’s
surface along some segments and downwarping on oth-
ers. One modern example of a transform margin is the
San Andreas fault in California. There, the Pacific plate
on the southwest is slipping to the north past the North
American plate.

FORMATION OF NEW YORK’'S
OLDEST ROCKS

The rocks in the northeastern United States record a
long and complex plate tectonic history. The oldest rocks
in New York State are part of the Grenville Province (see
Figure 4.2). About 1.3 billion years ago, the continent that
would become North America looked very different
from today. This continent, called proto-North America,
was largely covered by shallow seas. Sand, mud, and
lime-rich muds accumulated in the seas. The underlying
rock, which was eroded to make the sand, is unknown.
We do know that it was much older. Grains of the miner-
al zircon in the sandstones formed from this sand have
ages of 2.7 billion years. This age is the same as that for
the Superior Province to the west.
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DIVERGENT

CONVERGENT

TRANSFORM

C.

Figure 3.3. The three types of plate margins: (A) divergent; (B) convergent; (C) transform. The black arrows show the motion of
convection currents in the asthenosphere.

Rift valley

sthenosphere:

<«——Mid-oceanic ridge——
Shelf Rift
Sea level

Figure 3.4. Two stages of rifting. In (A), the plate has begun to separate and a rift valley has formed. In (B), the rift has widened and
become a new ocean basin between two new continents. Notice the mid-oceanic ridge in the basin.
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Proto North America

~1160 Ma

Middle
] Proterozoic

Development of Magmatic Arc and Back Arc Rift

Figure 3.6. Block diagram showing subduction beneath proto-North America between 1.2 and 1.1 billion years ago. Notice the volcanoes in
the magmatic arc and the rift beginning behind it. (Compare with Figure 3.1 to recognize continental and oceanic crust and the boundaries of

the crust, lithosphere, and asthenosphere.)

Grenville Supercontinent

« NY -
Continued Grenville Orogeny

~1100 Ma
Middle
Proterozoic

Figure 3.7. Block diagram section showing the results of the Grenville Orogeny. Notice the double-thick continental crust where the conti-

nent-continent collision built mountains and a high plateau.

Approximately 1.1 to 1.2 billion years ago, oceanic
crust to the east of proto-North America began to
subduct beneath it in an ocean-continent collision (Fig-
ure 3.6). A magmatic arc formed on the edge of the con-
tinent. Proto-North America began to rift behind the
magmatic arc, but little or no oceanic crust was pro-
duced. The east coast of proto-North America at that
time probably looked much like the mountainous west
coast of South America today. As the ocean-continent
collision went on, the oceanic crust continued subduct-
ing beneath proto-North America and a separate conti-
nent attached to the oceanic crust slowly drifted closer.

About 1.1 billion years ago, all the of the oceanic crust
was subducted. The approaching continent collided with
proto-North America in a continent-continent collision
(Figure 3.7). This collision is called the Grenville Orogeny.
It produced a large mountain range, similar to the
Himalayan Mountains, along the collision zone (called a
suture zone). The two continents continued to push
against each other, and a broad area became uplifted on
proto-North America behind the mountain range. We
think that it was similar to the modern Tibetan Plateau
in China north of the Himalayan Mountains. (In the
Tibetan Plateau, the crust is 70-80 km thick—double the
normal thickness—and the surface is 5 km above sea
level.) This “Grenville Plateau” may have extended from
Labrador, Canada, south through Georgia and Texas
into Mexico.

The Grenville Orogeny ended about 1.0 billion years
ago. After the orogeny ceased, the “Grenville Plateau”
began to collapse and spread sideways. This spreading
thinned the double-thickened crust. Over the next 400
million years, erosion removed about 25 km of rock.
Eventually, the mountain range and plateau were
reduced to flat lands at sea level. As rock was removed,
the mountains and plateau remained relatively high
because the buoyant continental crust rebounded during
erosion.

The rocks of the Grenville Province form the basement
for all of New York State (see Figure 4.2). This basement
is buried by younger rocks over most of the State. How-
ever, it has been re-exposed at the surface in the Adiron-
dack Mountains and the Hudson Highlands (see
Chapters 4 and 5).

RIFTING AND OPENING OF THE
IAPETUS OCEAN

During the 400 million years of erosion in proto-North
America, numerous orogenies occurred throughout the
rest of the world. Each orogeny added another continent
to a growing Grenville supercontinent. At the end of this
time, all land was joined into one huge continent. When
all the continental crust is on one side of the earth, how-
ever, the situation is unstable. The Grenville superconti-
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Figure 3.8. Block diagram showing the rifting of the Grenville supercontinent along the east coast of proto-North America.
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Figure 3.9. Block diagram showing the Taconic island arc approaching proto-North America as the western part of the lapetus Ocean closes.

nent therefore began to split apart in a worldwide rifting
event. About 660 million years ago, a large divergent
margin developed along the east coast of proto-North
America, approximately along the earlier Grenville
suture zone (Figure 3.8). Rift basins began to open, and
very coarse sediments were deposited in huge alluvial
fans along their steep walls. Approximately 600 to 560
million years ago, during the Late Proterozoic, large
amounts of dense volcanic rock seeped up into the rift.
This basaltic rock eventually became new oceanic crust
between proto-North America and the rest of the
Grenville supercontinent to the east. As the basin contin-
ued to widen, a new ocean called Iapetus with a mid-
oceanic ridge was formed.

The eastern edge of the proto-North American conti-
nent was no longer the edge of a plate. Rather, it had
become a passive margin within a plate, similar to the
Atlantic coast of North America today. Although tecton-
ic activity continued at the divergent margin in the mid-
dle of the Tapetus Ocean, the margin of the continent
was tectonically quiet; it had no earthquakes or volca-
noes. Beach sands and shelly material were deposited
during the Cambrian and most of the Ordovician Peri-
ods, until about 460 million years ago. A wide continen-
tal shelf covered with these sedimentary deposits
formed along the east coast. Marine life flourished in the
sea and is recorded in the many fossils in the rocks of
that age in New York. These sedimentary rocks original-
ly covered most of the State.

THE TACONIAN OROGENY: ISLAND ARC
COLLISION

Starting about 550 million years ago, a large volcanic
island arc developed within the Iapetus Ocean (Figure
3.9). The island arc was the result of an ocean-ocean col-
lision; oceanic crust of the proto-North American plate
was subducted beneath a plate to the east. The arc was
very long and extended from Newfoundland to Alaba-
ma. The volcanic activity lasted from 550 to 450 million
years ago, but it occurred at different times at different
places along the arc.

The island arc eventually collided with the proto-
North American continent. This collision is called the
Taconian Orogeny (Figure 3.10). At the beginning of the
collision, the eastern edge of proto-North America was
bent upward in the west and downward in the east. The
uplift on the west arched and fractured the edge of the
continent, raising the carbonate rocks of the continental
shelf above sea level and exposing them to erosion. East
of the uplift, the edge of the continental crust was bent
downward. As that edge approached the subduction
zone, it sank beneath the sea. A deep marine trough
formed as the shelf approached the subduction zone.
Silty mud and impure sand of late Middle Ordovician
age were deposited on top of the continental shelf car-
bonate rocks in the trough.

As the collision proceeded, the rocks in the trough
were pushed westward over the rocks of the shelf. This
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Figure 3.10. Block diagram showing the collision between the island arc and proto-North America. This collision is the Taconian Orogeny.
Sediments eroded from the mountains built the Queenston Delta in western New York.
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Figure 3.11. Block diagram showing the small continent of Avalon approaching proto-North America as the eastern half of the Iapetus Ocean

closes.

stack of rock was, in turn, pushed westward over other
shelf rocks on huge thrust faults. These rocks now make
up the Taconic Mountains in eastern New York State
and western New England. At the suture between the
island arc and proto-North America, pieces of lapetus
Ocean crust are preserved. The best example in New
York is the Staten Island serpentinite (see Plate 2 of the
Geological Highway Map).

The mountains formed 450 million years ago by the
Taconian Orogeny extended from Newfoundland to
Alabama. These mountains—as high as the Himalayas—
were rapidly eroded during the orogeny and especially
after it. Huge rivers flowed down the western slopes of
the ancestral Taconic Mountains, depositing coarse sand
and gravel in a shallow sea that covered the middle of
proto-North America. The river deposits formed the
enormous Queenston Delta.

Proto North America

THE ACADIAN OROGENY:
INDIRECT EFFECTS

After the western part of the Iapetus Ocean closed, the
crust of the eastern Iapetus Ocean began subducting
beneath the proto-North American continent in an
ocean-continent collision (Figure 3.11). We think that
subduction was most intense under present-day Green-
land, southeastern Canada, and northernmost New Eng-
land. The east coast of proto-North America looked
similar to the Andes Mountains today, with elevations
becoming gradually lower to the south.

When subduction had consumed all the lapetus Ocean
crust, an intense continent-continent collision ensued
(Figure 3.12). The most intense part of the collision was
between proto-Scandinavia and northeastern proto-
North America (eastern Greenland); it lasted from

Middle
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Figure 3.12. Block diagram showing the mountains built by the Acadian Orogeny—the collision between Avalon and proto-North America.
Sediments eroded from the mountains built the “Catskill Delta” to the west of the mountains.




approximately 410 to 380 million years ago. Another
part of the collision is recorded in Great Britain and Ire-
land and involved southeastern Canada and parts of
New England. The southernmost part of the collision is
called the Acadian Orogeny; it resulted when a small con-
tinent called Avalon was attached to proto-North Ameri-
ca. Part of this continent can be found today in
easternmost New England.

The collision built high mountains along the eastern
part of the continent. It also greatly thickened the crust
of proto-North America and formed a large plateau.
This “Acadian Plateau” was similar to today’s Tibetan
Plateau in China. It extended to the Green Mountains of
Vermont and possibly as far south as Connecticut. There
was little uplift in New York. The only direct effects of
the initial collision are some small igneous rock bodies
in the southeastern part of the State.

Although the Acadian Orogeny had few direct effects
on New York, the erosion of the Acadian Mountains and
plateau was very important. The shallow Devonian sea
on the interior of the proto-North American continent
teemed with life. Much shelly debris accumulated, and
limestones were deposited before the orogeny. As the
Acadian Mountains rose, large rivers coursed down
their western slopes, spreading sand and gravel across
the region where the limestones had accumulated. The
rivers deposited the huge “Catskill Delta,” which par-
tially filled the shallow sea. These deposits now make
up the Catskill Mountains in southeastern New York.

THE ALLEGHANIAN OROGENY:
THE FINAL COLLISION

The last orogeny recorded in the Appalachians, the
Alleghanian Orogeny, lasted from about 330 to 250 million
years ago. In the Alleghanian Orogeny, proto-Africa was
attached to eastern proto-North America. The orogeny
produced the Appalachian Mountains we still see today.
The mountain chain extends from Alabama to New-
foundland.

Proto North America

Once, geologists thought that proto-Africa collided
head-on with proto-North America in a huge continent-
continent collision. They thought that this collision fol-
lowed the subduction of an Atlantic-sized ocean basin
under proto-North America. After careful study of the
Alleghanian faults along eastern North America, howev-
er, we now think that proto-Africa probably slid south-
ward past proto-North America along a transform
margin. There was little, if any, subduction involved
(Figure 3.13). As proto-Africa slid southward, it rotated
clockwise, pushing westward into the southern part of
proto-North America. This westward push produced
large faults. There was more movement along the faults
towards the south. Therefore, the Appalachian Moun-
tains were uplifted higher in the south than in the north.
Only portions of New York State were deformed.

A shallow sea extended across the central part of
proto-North America after the end of the Acadian
Orogeny. This shallow sea had huge swamps around its
edges just before the Alleghanian Orogeny. The uplift of
the Alleghanian Mountains again resulted in extensive
erosion. Huge rivers flowed down their western slopes
and dumped large amounts of sand and gravel into the
shallow sea. The swamps were filled in, and the shallow
sea was forced to the far south and west of the United
States. The eastern part of the proto-North American
continent was once again nearly all dry land.

RIFTING AND THE OPENING OF THE
ATLANTIC OCEAN

The Taconian, Acadian, and Alleghanian Orogenies
were three of many orogenies that took place around the
earth during the Paleozoic. Each of these orogenies
sutured continents to each other. As each collision took
place, there were fewer remaining separate continents
around the earth. Finally, one supercontinent, called
Pangea, formed (just as the Grenville supercontinent had
formed 650 million years earlier). Having all the conti-
nental mass concentrated in one supercontinent again

Proto Africa
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Figure 3.13. Block diagram showing proto-North America and proto-Africa colliding along a transform margin. This collision, the Alleghanian

Orogeny, built the Appalachian Mountains.




caused instability in the asthenosphere. Pangea broke
apart in a worldwide rifting event that began 220 million
years ago. Continents moved apart very quickly (up to
18 cm/year). Some of the largest volcanic eruptions in
the earth’s history covered large areas of the crust with
lava.

A divergent margin developed along the Appalachian
Mountains, and Africa began to rift from North America
(Figure 3.14). The rift first developed on continental
crust. The rifting created long, steep-sided valleys.
Rivers deposited huge alluvial fans of coarse sand and
gravel on the margins of these rift valleys; lakes filled
the central parts of valleys. Eastern North America
looked very much like the Basin and Ridge Province of
the western United States today. As rifting continued,
volcanoes erupted and covered the sediments with lava.
Finally, in the central portion of the rift, new oceanic
crust began to form. This event was the birth of the
Atlantic Ocean. The Atlantic continued to open over the
next 160 million years and became a full-sized ocean
basin. The east coast of North America developed into a
passive margin with a wide continental shelf—the situa-
tion we have today. Sediments eroded from the conti-
nent over millions of years built the shelf.

Some of the sediments deposited during the early part
of the rifting filled the Newark Basin, which underlies
most of Rockland County, New York, and extends into
New Jersey. The volcanic rocks, such as the lava flow
near Ladentown, formed during the rifting. The Pal-
isades Sill, which forms cliffs on the west side of the
Hudson River near New York City, was a large mass of
molten rock that cooled and hardened underground.
The sediments deposited since the passive margin
formed are found in the Atlantic Coastal Plain. They
include today’s beaches.

The east coast of North America is tectonically quiet
today. However, judging by past experience, it is only a
matter of time before active tectonism begins again.

REVIEW QUESTIONS AND EXERCISES

Why is the theory of plate tectonics important in geol-
ogy?

What are the two kinds of crust? How are they differ-
ent?

Why do plates move? Describe the different ways in
which they interact?

How old are the oldest rocks in New York State?
Where are they found?

Put the following events in chronological order, and
describe what happened in each:

Acadian Orogeny

Alleghanian Orogeny

erosion of Grenville Plateau

formation of “Catskill Delta”

formation of Grenville supercontinent

formation of Pangea

formation of Queenston Delta

formation of volcanic island arc in lapetus Ocean

Grenville Orogeny

opening of Atlantic Ocean

opening of lapetus Ocean

shallow inland sea forced far to south and west of

proto-North American continent

Taconian Orogeny

Identify the following. Explain when and how they
were formed:

basement rocks of New York State

the rocks of the modern Taconic Mountains

the Staten Island serpentinite

the rocks of the Catskill Mountains

the Appalachian Mountains

the rocks of the Newark Basin

the Palisades Sill

the sediments of the Atlantic Coastal Plain
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Figure 3.14. Block diagram showing the rifting of the supercontinent of Pangea. The Newark Basin is a rift formed at this time.
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